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The growth of molecular technologies analyzing skin cells and inherited genetic variations has the potential to
address current gaps in both diagnostic accuracy and prognostication in patients withmelanoma or in individuals
who are at risk for developing melanoma. In the second article in this continuing medical education series, novel
molecular technologies are reviewed. These have been developed as adjunct tools for melanoma management
and include the Pigmented LesionAssay,myPathMelanoma, andDecisionDx-Melanoma tests, and genetic testing
in patients with a strong familial melanoma history. These tests are commercially available and marketed as
ancillary tools for clinical decision-making, diagnosis, and prognosis. We review fundamental principles behind
each test, discuss peer-reviewed literature assessing their performance, and highlight the utility and limitations of
each assay. The goal of this article is to provide a comprehensive, evidence-based foundation for clinicians
regarding the management of patients with difficult pigmented lesions. ( J Am Acad Dermatol 2020;83:996-1004.)
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olecular technologies have the potential to
improve melanoma management by
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prognostication. Currently, diagnostic accuracy of
the clinical examination is limited, as evidenced by
the high proportion of benign lesions from which
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biopsy specimens are obtained to rule out
melanoma.1-3 In addition, although histopathologic
differences between melanoma and nevi are well
described, borderline lesions may exhibit
characteristics of both; 8% to 20% of pathologist-
evaluated lesions are classified as ambiguous or
indeterminate.4-6 Studies also demonstrate signifi-
cant interobserver variability between dermatopa-
thologists regarding severity of atypia.2,7,8 As a
further challenge, even accurate histologic diagnoses
do not always correlate with biologic behavior and
prognosis. While Breslow thickness and ulceration
are the foundations of tumor staging based on robust
associations with patient survival, approximately
15% of melanoma deaths still result from metastases
of thin melanomas that lack these features.9

Given the current subjective nature of melanoma
diagnosis, more objective and accurate methods to
guide skin cancer examinations, refine diagnostic
classification of borderline lesions, and enhance
prognostication could improve patient care.
Herein, we review molecular technologies devel-
oped to address these issues and present advantages,
limitations, and practical applications of each.

These tests are evaluated within the biomarker
development paradigm: discovery, validation, and
clinical utility.10 Although validation studies are essen-
tial fordevelopment andcandemonstrate correlationof
a biomarker with clinically relevant endpoints, they are
generally retrospectively designed and do not reflect
actual practice in the intendedusepopulation. They are
subject to selection bias and often have missing data
that may bias the results. Evaluation of biomarker
clinical utility requires studiesofprospectively collected
data from a cohort representative of the intended use
population. Ideally, these studies should be replicated
in$1 additional independent patient cohort.11 We will
use this lens to examine the available literature on these
technologies to best convey their practical applications.
Applications of genetic testing for melanoma suscepti-
bility genes will also be described.

PIGMENTED LESION ASSAY/TAPE
STRIPPING

Key points
d The pigmented lesion assay is a noninvasive
molecular test that determines expression of
2 genes (PRAME and LINC00518) using RNA
from the stratum corneum overlying a
suspicious lesion

d Melanoma risk in a lesion positive for PRAME
is approximately 50%, for LINC00518 is 7%,
and for both PRAME and LINC00518 is 93%

d High negative predictive value ([99%) sug-
gests a role as a rule-out tool for melanoma,
reducing biopsy specimens being obtained
from benign lesions

Background
The pigmented lesion assay (PLA) is amolecular test

developedbyDermTech, Inc (La Jolla, CA) to provide a
noninvasive, prebiopsy approach to melanoma detec-
tion (Table I). Also known as ‘‘tape stripping,’’ it uses
proprietary adhesive patches (ie, tapes) to collect
stratum corneum overlying a lesion of interest in the
office setting.12,13 Lesional RNA from the tapes is
analyzed to measure levels of 2 genes preferentially
identified in melanomas, LINC00518 and PRAME.
Clinical utility studies found that the PLA differentiated
melanoma from other lesions with 91% to 95% sensi-
tivity, 69% to 91% specificity, and a negative predictive
value (NPV) [99%.14,15 In 1 study, 93% of assays
positive for both LINC00518 and PRAME were diag-
nosed histopathologically as melanomas.15 The high
NPV was recently supported by a 12-month follow-up
study of 734 PLA-negative tests, wherein 98.2% were
monitored without biopsy procedures. Of the 13
lesions from which biopsy specimens were obtained
(6 at patient request, 7 prompted by clinical change),
none received a histopathologic diagnosis of
melanoma.16

Impact on management
In 2 recent studies including nearly 5000 lesions

clinically suspicious for melanoma, PLA results
impacted clinical decision-making. Approximately
97% of PLA-positive cases had biopsy specimens
obtained, while 99.9% of PLA-negative cases were
clinically monitored. In both studies, clinicians
typically chose to follow-up PLA-negative cases for
6 or 12 months.16,17 Clinical application was also
demonstrated in a web-based reader study of
45 dermatologists evaluating 60 clinical and
dermoscopic images of clinically atypical pigmented
lesions. Use of PLA increased sensitivity from 95% to
98% and specificity from 32.1% to 56.9%.18

Applications and limitations
The PLA can provide clinicians with additional

information when deciding whether to obtain a biopsy
specimen from a clinically suspicious lesion. The high
NPV suggests a role as a noninvasive rule-out test for



Table I. Summary of noninvasive molecular tests

Test

Adjunct

test type Key features and advantages Limitations

Statistical data from

prospective trials* Financial information

Pigmented
Lesion Assay
(DermTech Inc,
La Jolla, CA)

Diagnostic Noninvasive risk stratification of
suspicious lesions before biopsy
procedure; can be used for
cosmetically sensitive areas;
test takes\5 min to perform
using company-provided kits;
specimens mailed in
preaddressed courier envelopes;
results generally available
within 1 week

Cannot be used on mucosal or
acral surfaces, on lesions
\5 mm, in patients\18 years
of age, or if blood or hair are
present

Sensitivity 91-95%, specificity
69-91%, and NPV[99%

List price: $1300
Cost to patient: maximum
of $50 if not covered
by insurance

Insurance coverage:
covered by Medicare
($760 reimbursement)
and many commercial
insurers; DermTech, Inc
submits claims on
patient’s behalf

Cost to clinician: none
myPath
Melanoma
(Myriad
Genetic
Laboratories,
Salt Lake City,
UT)

Diagnostic Adjunct diagnostic test for
dermatopathologists when
assessing histopathologically
ambiguous melanocytic
lesions; tissue block or slides
mailed to company using
provided kits; cost of shipping
reimbursed; results available
online in 5-7 days

‘‘Indeterminate’’ category leads to
equivocal results; clinical
validation studies used
specimens with histopathologic
concordance; limited prospective
data available

Sensitivity 50%, specificity 96%,
74% agreement between assay
result and final histopathologic
diagnosis (data for studies of
histologically ambiguous cases
only)

List price: $1950
Cost to patient: average
patient pays $95 (fully
covered by some
insurances; financial
assistance offered)

Insurance coverage:
covered by Medicare
and some commercial
insurers; Myriad submits
claims on patient’s behalf

Cost to clinician: none
(must be ordered by
dermatopathologist)

DecisionDx-
Melanoma
(Castle
Biosciences,
Friendswood,
TX)

Prognostic Prediction of metastatic risk in
lesions diagnosed as melanoma;
validated for biopsy-proven,
nonmucosal primary melanoma
that is beyond in situ depth;
results available via fax 5 days
after specimen receipt

Test results are not integrated with
current AJCC staging and
management guidelines;
management in cases where
test results are discordant with
SLNB status is unclear; results of
large prospective studies
demonstrating prognostic value
independent of current staging
criteria are lacking

Stage Iy

(n = 96)
Sensitivity 0%,
specificity 94.6%,
PPV 0%, NPV 96.7%

List price: $7900
Cost to patient: patients
typically have no copay

Insurance coverage:
covered by Medicare;
covered in part by many
commercial insurers
(Castle Biosciences
covers any remaining cost)

Cost to clinician: none

Stage IIy

(n = 40)
Sensitivity 85.7%,
specificity 53.8%,
PPV 50%, NPV 87.5%

Stage IIIy

(n = 23)
Sensitivity 91.7%,
specificity 81.8%,
PPV 84.6%, NPV 90%
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melanoma and the potential to reduce unnecessary
biopsy procedures. It may be particularly useful for
lesions in cosmetically sensitive areas and in patients
who are at risk for poor biopsy procedure outcomes,
such as impaired wound healing or exuberant scar-
ring. Tape stripping removesonly theoutermost layers
of the stratum corneum and does not impact future
histologic examination of the underlying epidermis.19

The reduction of unnecessary biopsy procedures
not only decreases patient morbidity but also
reduces costs to the health care system. An eco-
nomic impact analysis modeled potential savings of
$447 (47%) per PLA-assessed lesion, mainly attrib-
uted to reductions in biopsy/excision procedures
and decreased treatment costs from fewer missed
melanomas.1 The selling price used to estimate
these savings was $500; however, the newly issued
Centers for Medicare and Medicaid Services reim-
bursement is $760, suggesting that the potential cost
reduction may be less than previously calculated.20

There is concern that the 91% to 95% sensitivity
quoted in validation studies will result in missed
melanomas.21 If physicians choose to follow-up
negative test results in 6 to 12 months as most did in
several registry studies, the risks of missed mela-
nomas should be mitigated.

myPath MELANOMA
Key points
d myPath Melanoma is offered as an adjunct
test for dermatopathologists to aid in the
assessment of histologically challenging or
equivocal melanocytic lesions

d A 23-gene expression profile provides a
numerical score assessing the likelihood of
melanoma

d Though the technology holds promise, the
collection of long-term outcomes data with
rigorous analysis of ambiguous lesions is
needed

Background
Myriad Genetics Laboratories (Salt Lake City, UT)

offers myPath Melanoma, a diagnostic test to help
dermatopathologists resolve histopathologically
ambiguousmelanocytic lesions (ie,when pathologists
are uncertain whether a specimen constitutes mela-
noma vs atypical nevus, and might consult colleagues
for opinions) (Table I). RNA from formalin-fixed
paraffin-embedded tissue sections is examined for
expression of 23 genes whose pattern differs between
nevi and melanoma.22 Evaluation of this gene signa-
ture produces a numerical score that classifies the
lesion as ‘‘likely benign,’’ ‘‘likely malignant,’’ or
‘‘indeterminate.’’ Since the test was developed based
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on consensus diagnoses of benign and malignant
melanocytic neoplasms, themolecular score essentially
approximates the likely histopathologic diagnosis that
might be rendered in consensus conference.

Clinical studies
The initial training set included 464 lesions with

clearly benign or malignant diagnoses as determined
byapanel of 2 to 3dermatopathologists.22 Subsequent
retrospective validation studies including 1355 lesions
yielded sensitivities of 91.5% to94%and specificities of
90% to 96.2% to classify melanomas as ‘‘likely malig-
nant’’ and nonmelanoma lesions as ‘‘likely benign’’ in
agreement with dermatopathologists.22-24 These
studies notably excluded histopathologically ambig-
uous lesions and any ‘‘indeterminate’’ 23-gene expres-
sion profile (23-GEP) results in sensitivity/specificity
calculations.

Studies that did include lesions deemed ‘‘histologi-
cally equivocal’’ (withdiagnoses subsequently resolved
by consensus panel) reported lower sensitivities and
specificities with respect to the consensus-determined
diagnosis. One retrospective study of 57 equivocal
lesions by Minca et al25 reported 52% sensitivity, 80%
specificity, and 64% agreement between the 23-GEP
result and the final diagnostic interpretation. A pro-
spective study of 53 equivocal lesions collected over
17 months by Reimann et al26 reported 74% overall
agreement between 23-GEP result and consensus
diagnosis, with 50% sensitivity and 96% specificity.
The agreement rate for 81 unequivocal lesions was
similar to the rate for the equivocal lesions. Inparticular,
16 unequivocal invasive and in situ melanomas had
false negative ‘‘likely benign’’ results.

Impact on management
There are limited data examining how the test results

impact treatment recommendations. Cockerell et al27

published a retrospective study where 79 dermatopa-
thologists examined 218 ‘‘diagnostically challenging’’
cases before and after receiving a myPath-melanoma
score (gold standard diagnoses subsequently estab-
lished by a consensus panel). Treatment recommenda-
tions were changed correctly (aligning with the
consensus-based diagnosis) in 76.7% of cases.
However, 9.8% of malignant samples were reassigned
a ‘‘benign’’ diagnosis based on a false negative ‘‘likely
benign’’ score, and 8.5% of benign samples were
upgraded to a ‘‘malignant’’ diagnosis based on a false
positive result.

In a prospectively accrued case series including 77
equivocal lesions submitted from 3 academic and
community-baseddermatopathologypractices, recom-
mendations before and after receiving myPath results
showed an 80.5% reduction (33/41) in recommended
reexcision of these indeterminate lesions based on
‘‘likely benign’’ myPath Melanoma results.28 However,
lack of consensus-based diagnoses or of follow-up
patient outcomes limits interpretation of whether these
revised treatment decisions may have resulted in
missed melanomas or unnecessary excisions.

Applications and limitations
myPath Melanoma is primarily a tool for the

dermatopathologist rather than the dermatologist
because it is an ancillary test for melanocytic lesions
that cannot be confidently diagnosed by histopatholo-
gy alone. The assay showed promise in using gene
signatures to differentiate nevi from melanoma in
retrospective validation studies.22-24 However, these
and most other studies of assay performance predom-
inantly used samples with clear histopathologic
consensus, which differs from the histologically ambig-
uous lesions for which the tool is marketed.22-24,29

There are limited available prospective data to support
the routine use of this test to resolve equivocal cases.26

Though the technology holds promise, additional pro-
spective studies of equivocal lesions with long-term
outcomes data are needed.

myPath Melanoma is covered under Medicare and
some commercial insurers. A 2014 economic impact
analysis for US commercial payers modeled potential
savings of $1268 (8.3%) per patient tested over
10 years, mainly attributed to catching missed
melanomas at earlier stages.30 Of note, these data
are based on 2013Medicare fee-for-service rates, and
calculated savings are based on sensitivity and
specificity data from retrospective studies of histo-
logically unequivocal lesions.

DecisionDx-MELANOMA

Key points
d DecisionDx-Melanoma is intended as a prog-
nostic risk stratification test for patients
with melanoma to identify a subset that
might benefit from closer surveillance

d Using a 31-gene expression profile, lesions
are classified as having low risk (class 1A/
1B) or high risk (class 2A/2B) for metastasis
or locoregional recurrence

d To date, the American Joint Committee on
Cancer staging system does not include the
results of DecisionDx-Melanoma

Background
Castle Biosciences (Friendswood, TX) offers

DecisionDx-Melanoma, a prognostic test for
determining the risk of melanoma recurrence or
metastasis using measures independent of
American Joint Committee on Cancer (AJCC)



Table II. Clinical studies/test metrics for DecisionDx-Melanoma

Melanoma

stage(s)

studied (n)

Sensitivity

of class 2*

Specificity

of class 1*

PPV

of class 2*

NPV of

class 1*

5-year DFS

for class 1*

5-year DFS

for class 2*

Retrospective studies
Gerami et al63y I-IV (104) 88.6% 82.6% 72% 93% 97% 31% (P\ .0001)
Zager et al34y I (264) 35.3% 86.6% 15.4% 95% 96% 85% (P = .01)

II (93) 76.9% 42.6% 49.2% 71.9% 74% 55% (P = .043)
IIIA (69) d d d d 72% 51% (P = .015)
I-III (523) 70% 71% (for

recurrence)
48% (for
recurrence)

87% (for
recurrence)

88% 52% (P\ .001)

Greenhaw et al35z I (219) 0% 91.7% 0% 99.5% d d
II (37) 83% 44% 42% 84.6% d d
I-III (256) 77% 86.8% 23.8% 99% 93% 69% (P\ .0001)

Gastman et al36 T1 (281) 21% 90% 10% 96% 96.8% (class 1A) 64.6% (class 2B)
Prospective studies
Hsueh et al64 I-III (322) 80% (1.5 year) 81.8% (1.5-year) 27% 98% 97% (1.5 year) 77% (1.5-year)

(P\ .0001)
Keller et al38 I (96) 0% 94.6% 0% 96.7% d d

II (40) 85.7% 53.8% 50% 87.5% 87.5% 50%
III (23) 91.7% 81.8% 84.6% 90% d d
I-III (159) 79% (3-year) 85.4% (3-year) 54.8% 94.9% 96.6% (3-year) 47.4% (3-year)

(P\ .0001)

Italicized values for sensitivity, specificity, PPV, or NPV were calculated by the authors from outcomes data provided in study results.

DFS, Disease-free survival; NPV, negative predictive value; PPV, positive predictive value.

*For 5-year DFS unless otherwise stated.
yValidation subsets.
zCalculations are for metastasis/metastasis-free survival.
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staging criteria. Using reverse transcription poly-
merase chain reaction technology on biopsy spec-
imens, lesions are classified as ‘‘low risk’’ (class 1 or
1A/1B) or ‘‘high risk’’ (class 2 or 2A/2B) based on a
31-gene expression profile (31-GEP) signature.
This result classification should not be confused
with AJCCmelanoma stages IA/IB/IIA/IIB or tumor
classifications T1a/T1b/T2a/T2, etc. Clinical
validation studies were conducted using stage I to
III melanomas, but the test is particularly marketed
for traditionally low-risk tumors (eg, T1) (Medical
Science Liaison at Castle Biosciences, telephone
communication, December 4, 2019), which
account for [70% of melanomas in the United
States.31 With a 5-year melanoma-specific survival
of 98% in stage 1 melanoma, recurrences are
expected to be rare in this subset.32 DecisionDx-
Melanoma is intended to help identify those high-
est risk tumors to help direct increased surveillance
and to guide decision for sentinel lymph node
biopsy (SLNB) for T1 and T2 tumors.33

Clinical studies
Stage Imelanoma. Retrospective studies currently

comprise the majority of published research and show
variable performance of the 31-GEP, especially in
early-stage disease (Tables I and II).34-36 In a retro-
spective study of 219 patients with stage I melanoma
by Greenhaw et al,35 1 of 201 class 1 (low risk) patients
developed metastases and 0 of 18 class 2 (high risk)
samples metastasized. Zager et al34 showed a modest
ability of the 31-GEP to predict differences in 5-year
disease-free survival (DFS) for stage I patients (96% for
a class 1 result and 85% for class 2), withmore apparent
differences when comparing 1A and 2B subclasses
(98% and 73%, respectively). Gastman et al36 reported
larger differences in DFS in a study of 281 T1
melanomas (96.8% 5-year DFS for class 1A and 64.6%
for class 2B), but an analysis of these data by Marchetti
et al37 argued that the low calculated sensitivity
and positive predictive value (21% and 10%,
respectively) would limit clinical utility.

The only prospective examination of Decision-Dx-
Melanoma that reported outcomes by stage is a 2019
study by Keller et al.38 The study included 96 stage I
melanomas and also suggested limited sensitivity, with
all 3 stage I patients who had recurrences having
received class 1 results.38 Also concerningwere the 5 of
96 (5%) stage I patientswho received a class 2 result but
remained disease-free (total study population median
follow-up time, 44.9 months).

Stage II/III melanoma. There may be greater
utility of the 31-GEP in stage II/III disease, with 2
retrospective studies suggesting higher sensitivity for
recurrence.34,35 Zager et al34 reported greater ability of
the assay to predict 5-year DFS in stage II and III
melanomas (74% and 72% for class 1, 55% and 51% for
class 2). The prospective study by Keller et al38
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supported these findings, with 40 stage II patients
demonstrating 87.5% 3-year DFS for class 1 and 50%
for class 2.

Applications and limitations
DecisionDx-Melanoma is promoted as an aid to the

management of early-stage melanoma, and its poten-
tial clinical utility should be evaluated from prospec-
tive studies within this intended use population.
Currently these data are limited to few studies. The
challenge in patients with stage I disease is the low
recurrence rate, so large studies will be needed to
demonstrate a benefit of 31-GEP use in these patients.
For patients with stage II disease, potentially the most
promising subset, results from only 40 prospectively
studied patients are available, making it difficult to
draw firm conclusions on clinical utility at this time.38

Patients with stage III disease are already eligible for
adjuvant therapy, and therefore a high-risk test result
would not alter patient management.

In summary, as noted by the 2020 National
Comprehensive Cancer Network clinical melanoma
guidelines, ‘‘the currently available prognostic molec-
ular techniques should not replace pathologic staging
procedures, and the use of GEP testing according to
specific melanoma stage (before or after SLNB) re-
quires further prospective investigation in large,
contemporary data sets of unselected patients.’’39

For clinicians who are currently using DecisionDx-
Melanoma, the integration of resultswith the newAJCC
staging criteria is not clearly defined, particularly if 31-
GEP results are discordant with SLNB status. There are
no established criteria to guide clinicians on the sur-
veillance andmanagement of patientswithmelanomas
that are SLNB-negative but receive a high-risk 31-GEP
score, and additional imaging studies may not be
covered by insurance based on current standard of
care. If class 2 patients were reliably shown to be at
significantly higher risk for recurrence, a randomized
clinical trialofmoreaggressive treatmentoptionsversus
placebo in the high-risk group would facilitate assess-
ment of clinical utility.

GENETIC TESTING FOR FAMILIAL
MELANOMA

Key points
d Individuals with a strong personal or family
history of melanoma may possess mutations
in melanoma susceptibility genes and may
be candidates for genetic testing

d CDKN2A is the most commonly mutated
gene associated with familial melanoma
and is associated with pancreatic cancer

d Patients with CDKN2A mutations can be
screened for pancreatic cancer
Identification of high-risk patients for genetic
testing

Most melanomas develop from somatic muta-
tions, but 5% to 10% of melanomas occur in the
setting of strong family history and inherited muta-
tions.40 Up to 30% to 40% of individuals with a strong
personal or family history of melanoma ($3 cases of
melanoma in first- or second-degree relatives) carry
a melanoma susceptibility gene.40 Individuals with a
germline mutation may require fewer somatic muta-
tions to reach a critical oncogenic threshold. The
most common mutation occurs in CDKN2A.41 Other
high-penetrance genes include CDK4, BAP1, POT1,
ACD, TERF2IP, and TERT.42 Combined, these
mutations comprise approximately 50% of familial
melanoma cases42,43; causative mutations for the
remainder of hereditary melanomas have not yet
been identified.

Besides conferring a greater melanoma risk, some
predisposition genes are also associated with cancer
syndromes, which are either melanoma-
predominant (ie, BAP1 cancer syndrome) or
melanoma-including (ie, LieFraumeni syndrome).40

The 2019 National Comprehensive Cancer Network
guidelines recommend referral to a genetic coun-
selor for p16/CDKN2A mutation testing if a patient
has $3 invasive melanomas, or a mix of invasive
melanoma, pancreatic cancer, or astrocytoma di-
agnoses in an individual or family.44 Other groups
have proposed identifying patients who require
genetic testing using a ‘‘rule of threes’’ scoring
system, with points assigned depending on personal
or family history of various cancers, such as mela-
noma, pancreatic cancer, astrocytoma, and other
tumors or cancer syndromes, and accounting for
geographic differences in melanoma incidence.43,45

Clustering of these cancer types in melanoma
families suggests the possibility of common under-
lying oncogenetic pathways and potential future
treatment targets.

CDKN2A and pancreatic cancer
CDKN2A is the gene most commonly implicated

in familial melanoma, accounting for 20% to 40% of
familial cases.46 It encodes 2 tumor suppressor pro-
teins involved in cell cycle regulation, p14ARF and
p16INK4A, which regulate the p53 and retinoblastoma
pathways. Mutations in CDKN2A/p14 are potentially
associated with risk of central nervous system
tumors, such as astrocytomas, though the published
literature remains limited.46-48

In contrast, the association between CDKN2A/p16
and pancreatic cancer is extensively docu-
mented.46,49-52 The gene confers a 10% to 30% risk
of pancreatic cancer, with a relative risk from 22 to
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80.8.52,53 Large international studies of melanoma-
prone families have revealed geographic variations
in associations, suggesting involvement of both
genetic and environmental factors.46,54

Pancreatic cancer screening in familial high-risk
individuals is associated with enhanced detection
rate and longer survival.55 The optimal screening
strategy for these high-risk patients is still evolving,
but current recommendations involve yearly
pancreatic imaging, alternating between endoscopic
ultrasound and magnetic resonance cholangiopan-
creatography.56,57 Multigene panels may also be
used for screening.43,58,59

By identifying individuals with a strong personal or
family history of melanoma and referring them appro-
priately for genetic testing, dermatologists may help
facilitate early detection of aggressive diseases, such as
pancreatic cancer, encourage appropriate screening in
relatives of affected individuals, and further advance
the understanding of cancer susceptibility genes.

In conclusion, molecular genetic tests have gained
momentum in recent years, as evidenced by the
availability of commercial tests marketed as ancillary
tools for clinical decision-making, diagnosis, and
prognosis. Of note, the molecular assays discussed
above do not currently require approval from the US
Food and Drug Administration. Instead, commercial
laboratories may obtain a Clinical Laboratory
Improvement Amendments certification, the require-
ments for which are much less stringent than US Food
and Drug Administration approval.60 Clinical
Laboratory Improvement Amendments certification
sets quality control standards for and ensures accu-
racy, reliability, and timeliness of laboratory testing,
but does not take into account the clinical implica-
tions of test results for patient management.

Before incorporation into their clinical practices,
physicians should maintain a healthy scientific skepti-
cism toward manufacturers’ claims. By evaluating the
strengths and weaknesses of each study design with a
critical eye, physicians can better process conflicting
information regarding the utility of these assays.61,62
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