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Abstract

Melanoma is a multifactorial disease with environmental exposure, phenotype, and in rare cases, cancer
predisposition genes each contributing to an individual’'s risk. Approximately 10% of melanomas occur in familial
clusters, and germline mutations in CDKN2A account for 20-40% of families at high risk for this cancer. Dermatologists
play a key role in identifying patients who may have an inherited risk for melanoma and in offering them appropriate
genetic counseling and testing services. Identifying high-risk families permits patients and their at-risk relatives to
benefit from tailored screening recommendations and risk reducing strategies. Incorporating risk assessment and
appropriate pre- and post-test counseling into routine clinical practice can be challenging; therefore, partnerships
with genetic counseling resources are necessary. Genetic counselors are trained to assess cancer risk, provide
personalized risk assessment and management recommendations, and counsel patients regarding the ethical and
psychosocial implications of genetic testing. This review will provide an updated guide for dermatologists regarding
factors to consider in melanoma risk assessment including environmental exposure, phenotype, and genetic status. We
will also discuss the process and potential outcomes of genetic testing for hereditary melanoma in high-risk families.
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Introduction

Melanoma is the second and third most commonly diagnosed cancer
between the ages of 20 and 29 years in women and men, respectively
[1]. Approximately 10% of cutaneous malignant melanomas have been
found to occur in familial clusters [2]. This may be due to a combination
of factors such as sharing a similar pattern and degree of ultraviolet
radiation (UV) exposure and phenotype. However, rare families within
this population have a greatly increased risk for melanoma due to
mutations in a high-risk cancer predisposition gene. Dermatologists
are typically on the forefront of identifying those patients who are at an
increased risk for melanoma and who candidates are for further genetic
evaluation. They are also in a unique position to encourage patients
to adopt behavioral changes in order to reduce their melanoma risk
and can refer them to specialists to further discuss strategies for risk
reduction and cancer prevention. In this manuscript, we will provide
an updated review of the environmental, phenotype characteristics, and
genetic factors that contribute to melanoma risk. We will also review
the benefits of communicating this information effectively to high-risk
patients and their families within the context of their reported medical
and family history and available genetic test results.

Melanoma Risk Assessment

Melanoma is a multifactorial disease in which factors such as
ultraviolet radiation, family history, genes that determine phenotype,
and high and moderate risk genes have been shown to contribute to its
risk of development. All of these factors should be taken into account in
the risk assessment process and the magnitudes of several of these risk
factors are illustrated in Table 1.

Ultraviolet Radiation Exposure

Ultraviolet (UV) radiation exposure is a significant melanoma
risk factor. While its impact is still being studied, in the Caucasian
population, a history of blistering sunburns has been found to be
associated with a 2.0 fold increased risk (95% CI 1.7-2.4) relative to
individuals with no history of sunburn [3]. Other studies have shown
that cumulative average sun exposure since age 20 years (measured per
5,000 minimal erythemal dosages) increases the risk of melanoma by

1.52 fold (95% CI 1.3-1.8). This risk increased 1.15 fold (95% CI 1.3-
1.8) when the initial sun exposure occurred at relatively younger ages,
specifically between the ages of 5 and 12 years [4].

Indoor tanning beds are an especially intense source of UV
radiation and in many studies their use has been implicated as a major
factor increasing the risk of early-onset melanoma. The more frequent
use of tanning beds and a younger age at first use have been shown
to increase an individuals lifetime risk of melanoma, often with an
earlier onset. Use of a tanning bed for more than 10 sessions with first
use under the age of 25 years was associated with a 2.13 fold increased
risk (95% CI 1.13-4.03) for melanoma when compared to no history of
tanning bed use [5]. Studies continue to suggest that UV radiation is a
major environmental risk factor for melanoma with both the frequency
and intensity of exposure and the age at first exposure increasing the
overall lifetime risk of melanoma.

Phenotype

Melanoma risk can be further modified by an individual’s physical
characteristics including: skin type, number and type of nevi, and hair
color. A strategy proposed by Thomas B Fitzpatrick in 1988 classified
skin type based on individuals’ skin reaction to an initial sun exposure.
These classifications have been and are still frequently used both
clinically and often in research studies as a standard means to categorize
an individual’s skin type from type I (always burn, never tan) to type IV
(never burn, tan easily) [6]. Using this classification, studies have shown
a 2.1 fold (95% CI 1.7-2.6) increased risk for melanoma associated with
skin type I relative to individuals with skin type IV [7].

The number and type of nevi have also been shown to impact

*Corresponding author: Marjan Champine, MS, Huntsman Cancer Institute,
University of Utah, 2000 Circle of Hope Dr, Salt Lake City, UT 84112, USA, E-mail:
marjan.champine@hci.utah.edu

Received April 04, 2013; Accepted June 13, 2013; Published June 24, 2013

Citation: Champine M, Kohimann W, Leachman SA (2013) Genetic Counseling
and Testing for Hereditary Melanoma: An Updated Guide for Dermatologists.
Genetics S2: 004. doi:10.4172/2161-1041.52-004

Copyright: © 2013 Champine M, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

Hereditary Genetics

Cancer Genetics

ISSN:2161-1041 Genetics an open access journal



Citation: Champine M, Kohlmann W, Leachman SA (2013) Genetic Counseling and Testing for Hereditary Melanoma: An Updated Guide for

Dermatologists. Genetics S2: 004. doi:10.4172/2161-1041.S2-004

Page 2 of 7

melanoma risk. The presence of more than 100 nevi counted on the
whole body likely increases the risk of cutaneous malignant melanoma
6.89 fold (95% CI 4.63-10.25) when compared to the presence of fewer
nevi, defined as less than 15 [8]. Of note, while the nevi counts in
the studies analyzed in Gandini et al’s review were obtained through
various means including self-report, the examiner counting the nevi
on subjects’ arms, and total body skin examinations by a trained
clinician, these were all considered statistically comparable. Finally, the
anatomical location of typical nevi seems to play a role in melanoma
risk as well. The risk of melanoma in individuals with approximately
11-15 typical nevi on their arms was shown to be 4.82 times greater
(95% CI 3.05-7.62) when compared to individuals with no nevi on their
arms [8].

While numerous nevi may be considered a significant melanoma
risk factor, studies have also suggested that a smaller number of
clinically atypical nevi may play an independent role in predicting
melanoma risk. According to the International Agency for Research
on Cancer (IARC), atypical nevi are defined as having at least three of
the following: (1) poorly defined border, (2) equal to or greater than
5mm in size, (3) multiple colors, (4) uneven edges, and (5) presence of
erythema. Individuals with just one atypical nevus were found to have
almost a 2 fold increased melanoma risk (RR=1.60; 95% CI 1.38-1.85)
while this increased to nearly tenfold (RR=10.49, 95% CI: 5.05, 21.76)
when five atypical nevi were identified [8].

Finally, red hair is associated with greater than a 3-fold increased
risk for melanoma compared to individuals with brown or black hair
[7]. The red hair phenotype is related to variants in the melanocortin
receptor 1 (MCIR) gene, which is often also seen in association with a
higher number of freckles, fair skin, and poor tanning ability [9]. One of
the central functions of MCIR is to regulate the relative concentration
of skin pigmentation and variants in MCIR have been shown to impact
the function of this receptor. Not all variants in the MCIR gene that
increase skin cancer risk are associated with red hair color phenotype,
emphasizing that there are genetic changes that increase melanoma

¥ Sporadic melanoma (90%)
® Familial melanoma (10%)
¥ Unknown genes (60%)

1 CDKN2A (20-40%)

¥ CDK4/BAP1 (1%)

Figure 1: Prevalence of an identifiable mutation in high-risk families.

risk independent of the pigmentation effect. On the other hand, while
genome-wide association studies (GWASs) performed in 2008 and
2009 helped to confirm previously reported candidate genes associated
with melanoma predisposition, more recent melanoma GWASs with
dense single-nucleotide polymorphism coverage have identified
additional genes in other pathways associated with phenotype that may
impact melanoma risk [10]. Therefore, while not all genetic changes
that increase melanoma risk are associated with phenotype, the GWAS
studies have shown the important role of pigment in assessing this risk.

Family History

While environment and phenotype are significant factors in
determining melanoma risk, rare families are at a greatly increased risk
for melanoma due to an inherited mutation in a cancer predisposition
gene [4]. While having one first degree relative with melanoma has been
found to be associated with between a 1.7- and 3.1-fold relative risk for
melanoma, the risk in families with multiple cases of melanoma may
be up to 30-70 times greater than individuals with no family history
[7,11,12].

Melanoma risk is known to be increased, along with other cancer
risks, in hereditary cancer syndromes caused by mutations in the RBI
(hereditary retinoblastoma) and BRCA2 (hereditary breast/ovarian
cancer) [13,14]. However, these genes do not generally account for a
significant portion of familial melanoma cases and the genetic basis of
melanoma for many high-risk families remains unknown. The cyclin-
dependent kinase inhibitor (CDKN2A) gene located on 9p21 is the most
significant melanoma predisposition gene identified to date. Mutations
in CDKN2A are identified in 20-40% of families with a hereditary
pattern of melanoma and in less than 1% of all melanoma cases overall
[15,16]. Due to an alternate reading frame in exon 1, CDKN2A encodes
two proteins, pl6 and p14*¥, and mutations affecting either or both
of these proteins are thought to cause an increased melanoma risk.
To a lesser extent, mutations in the oncogene, CDK4, and the gene
encoding BRCA1 associated protein-1 (BAPI), have also been reported
in high-risk families and clinical genetic testing is currently available
for these genes. (Figure 1) Mutations in BAPI in particular have been
found to segregate with cases of rare types of melanoma, such as
uveal melanoma, and variants in this gene have also been associated
with other cancers such as renal clear cell carcinoma and malignant
mesothelioma. [17-19]. However, as CDKN2A/p16 is still considered
to be the most frequent genetic cause of melanoma risk in these high-
risk families we will focus on discussing the role of genetic testing for
CDKN2A/p16 in this manuscript.

Mutations in the CDKN2A/p16 gene are inherited in an autosomal
dominant manner, meaning that a mutation in one copy of the
CDKN2A/p16 gene is enough to confer an increased risk for melanoma.
An individual with a deleterious mutation likely inherited it from either
his/her biological mother or father, as spontaneous mutations are rare.

Relative risks for developing melanoma

Risk Factor

Approximate/Estimated Relative Risk

5 atypical nevi

10.5 (95% CI 5.1-21.8) Relative to those with no atypical nevi’

Previous primary cutaneous melanoma

8.6 (95% Cl 8.3-8.9) Relative to those without prior melanoma™

100 or more nevi

6.9 (5% Cl 4.6-10.3) Relative to those with < 15 nevi’

Red Hair

3.6 (95% Cl 2.6-5.4) Relative to those with dark hair™

Skin Type | (fair skin)

2.1 (95% CI 1.7-2.6) Relative to those with type IV or darker skin®

High density freckling

2.1 (95% CI 1.8-2.5) Relative to those with few freckles”

History of blistering sunburn

2.0 (95% CI 1.7-2.4) Relative to those with no history of sunburn*

Blue eyes

1.5 (95% CI 1.3-1.7) relative to those with dark eyes”

Table 1: Risk factors for melanoma [3,7,8,43,44].
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Each offspring of a parent with a CDKN2A/p16 mutation will have a
50% chance of inheriting the familial mutation.

CDNK2A/p16 Cancer Risk

In the US, the estimated lifetime melanoma risk associated with a
CDKN2A/p16 mutation in families with multiple cases of melanoma is
76% [20]. However, population based studies have found a lower, but
still significant, risk of 28% by age 80 [21]. The penetrance of CDKN2A/
p16 mutations is related to the population incidence of melanoma
and co-inheritance of phenotypic factors. CDKN2A/p16 penetrance
estimates are lower in areas with a low melanoma incidence (i.e. 58%
in England) and higher in high melanoma incidence areas (i.e. 91%
in Australia) [20]. As previously discussed, MCIR has been found to
be another modifier of melanoma risk. Box et al. suggest that when
stratified by MCIR status, the risk for melanoma among individuals
with only a CDKN2A/p16 mutation had a 50% risk for melanoma,
while those who carried both a CDKN2A/p16 and MCIR mutation had
an 84% risk [22]. Therefore, family history, geography, and phenotype
should be taken into consideration when counseling a patient about the
risk conferred by a CDKN2A/p16 mutation.

In addition to melanoma risk, CDKN2A/p16 mutations also confer
an increased risk for pancreatic cancer. The Melanoma Genetics
Consortium (GenoMEL) found that 28% of CDKN2A/p16 families
included a relative with pancreatic cancer [15] though the likelihood of
developing pancreatic cancer seems to vary by mutation. The association
with pancreatic cancer has been studied most extensively in carriers of
the p16-Leiden mutation which is a 19 base pair deletion and founder
mutation in the Dutch population. Carriers of this specific mutation
have been found to have between 17% to 25% risk for pancreatic cancer
[23,24]. Estimates from studies using population based identification
of subjects have shown a 7.4 relative-risk (95% CI 2.3 to 18.7) for
pancreatic cancers in families with other CDKN2A/p16 mutations [25].

Genetic Counseling and Testing

The first step in the process of evaluating a patient for hereditary
melanoma is to obtain a family history. Ideally the family history would
include three generations, all cancer diagnoses and their ages of onset,
phenotypic features of relatives, and the family’s ethnic background
and region of residence. Family history is the most important tool for
identifying high risk families; however, it is important to remember that
reported family history alone may not be sufficient for risk assessment,
as one study found that up to 40% of reported melanomas may be
inaccurate. Confirmation with medical records should be obtained
whenever possible [26].

The next step is determining whether the family history meets
criteria for genetic counseling and potential testing. The threshold
for when genetic testing should be considered varies based on the
incidence of melanoma in the population. For example, in moderate to
high melanoma incidence areas, such as the US, Northern Europe, or

Low Melanoma Incidence Area/Population
. An individual with two primary melanomas

Australia, three or more cases of melanoma and/or pancreatic cancer
should be present in the family for consideration of genetic testing.
In geographical areas or populations with a lower incidence, only two
cases of melanoma (or a combination of melanoma and pancreatic
cancer) are required to suggest a hereditary pattern [27]. Table 2 lists
more detailed criteria for consideration of genetic testing classified by
low and moderate/high incidence area.

When CDKN2A/p16 genetic testing is being considered, pre- and
post-test counseling is recommended. The goal of counseling is to
ensure that patients can make an informed decision about whether
to have genetic testing, that they will understand the implications of
the results of genetic testing for them and their family members, and
to facilitate psychological adjustment to learning their genetic status.
Genetic testing should ideally be performed first in a family member
who has had melanoma. This increases the likelihood of detecting a
mutation if one is present in the family. Genetic testing is generally
only informative for unaffected relatives once a mutation is present
in the family. As part of the process of obtaining informed consent,
patients should be informed of the purpose of the test (i.e. to plan their
management, to determine risks for family members) and the possible
outcomes of the testing [28].

There are three possible results that may come from genetic testing.
First, the result may be positive, meaning a mutation associated with
an increased cancer risk is identified in the CDKN2A/p16 gene. This
result would confirm the cause of the elevated melanoma risk in the
family and also alert the family to their increased risk for pancreatic
cancer. At-risk relatives should be notified of the genetic test result and
informed that they could be tested for this specific mutation in order
to determine whether or not they are also at increased risk. At-risk
relatives would include all first-degree relatives including offspring
and siblings of the proband or individual identified with the genetic
mutation. Other relatives of the proband may also be at risk depending
on which side of the family the mutation was inherited. This may be
determined based on family history and can be confirmed by offering
genetic testing to the parents of the proband. The second possible
outcome from genetic testing is a negative result, which means that no
mutation is identified. This result does not rule out an inherited risk for
melanoma in the family. As was noted earlier, mutations in CDKN2A/
p16 account for less than half of high-risk families. Other, as of yet,
undiscovered high risk genes and/or clustering of other factors such
as modifier genes, a melanoma-prone phenotype, and unprotected
UV exposure may still be causing an increased risk in these families.
Therefore, careful melanoma screening and minimization of UV
exposure should still be recommended in these families. However,
hereditary melanoma, in the absence of a CDKN2A/p16 mutation, has
not been shown to be significantly associated with an increased risk
for pancreatic cancer, and pancreatic cancer screening would not be
recommended in these families. Of note, if no changes are identified
in the CDKN2A/p16 gene in a proband with a family history highly
suggestive of hereditary melanoma, sequencing of CDKN2A/p16 may

. Two cases of melanoma among first or second degree relatives on the same side of the family

. One case of melanoma and one case of pancreatic cancer in first or second degree relatives on the same side of the family

Moderate/High Melanoma Incidence Area/Population
. An individual with three primary melanomas

. Three cases of melanoma among first or second degree relatives on the same side of the family

. One case of melanoma and two cases of melanoma and/or pancreatic cancer among first or second degree relatives on the same side of the family

Table 2: Criteria for considering CDKN2A/p16 gene testing [27].
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still be warranted for other relatives who have a personal history of
pancreatic cancer or early-onset/multiple diagnoses of melanoma. This
is because of the possibility that the proband’s diagnosis of melanoma
was sporadic in an otherwise familial setting and thus making him/
her a phenocopy. In this case, it may be helpful to offer genetic testing
to additional family members with a personal history of melanoma or
pancreatic cancer as they may still carry a mutation in the CDKN2A/
P16 gene and thus have a greatly increased risk for developing cancer.
The final possible outcome from genetic testing is a variant of uncertain
significance. This refers to a variation in the genetic code that has
been identified that has an unknown effect as of yet on gene function.
Genetic variation is common and not all genetic alterations result in
disease. When a variant of uncertain significance is identified, there
may be research opportunities available for the patient and/or his/her
family to pursue to try and determine the effect of the variant. However,
in these rare cases, management recommendations should be made
based on the available family history and testing of the variant should
not be routinely offered or used to predict melanoma risk in unaffected
relatives.

Once a mutation in the family has been identified, genetic testing
for subsequent relatives, including those who are unaffected, is
generally a much cheaper and more straight-forward process. If there
is a known CDKN2A/p16 mutation in the family, first degree relatives
should be offered the option of site-specific genetic testing. Genetic
counseling should also be available to assist in discussing the benefits
and limitations of testing and to further personalize the medical
management recommendations made. For unaffected individuals in the
family, genetic testing would be site-specific and would only look for the
mutation previously identified in the family. The possible results would
be positive or negative. If an unaffected family member tests positive
for the familial CDKN2A/p16 mutation, their medical management
recommendations would be comparable to those listed above and again
reiterated in Table 4. However, if a CDKN2A/p16 gene mutation is
identified as being associated with the melanoma and pancreatic cancers
seen in the family, unaffected family member who test negative for the
familial mutation would still be considered as having a moderately
increased risk (2 to 3 fold) of developing melanoma compared to the
general population [12,29]. This is based on their shared phenotypic
characteristics and the common environmental, lifestyle, and behavior
traits amongst family members. However, we would not expect them
to be at increased risk for pancreatic cancer based on their negative
genetic test results.

To date, utilization of genetic testing for hereditary melanoma has
lagged behind other hereditary syndromes such as hereditary breast/
ovarian cancer syndrome or Lynch syndrome. The reason for the
limited use of genetic testing for hereditary melanoma is unknown,
but concerns have centered on the supposition that since everyone
could benefit from minimizing UV exposure regardless of their family

Name of Resource
American Board of Genetic
Counseling (ABGC)

Gene Tests
National Cancer Institute — Cancer
Genetics Service Directory
National Society of Genetic
Counselors (NSGC)

GenoMEL

Description of Services
Locate genetic counselors nationwide that are certified by the ABGC, the
credentialing organization for the genetic counseling profession.
Find information regarding genetic testing services and genetic laboratories and
their service providers nationwide.
Locate professionals who provide cancer genetics services, including cancer
risk assessment, genetic counseling, genetic testing, etc.)
Search a national network for a genetic counselor by zip code or by the
counselor’s information.
An international melanoma research consortium that provides information about
melanoma genetic research and tutorials on genetic counseling and testing.

history or genetic status, genetic testing to identify high risk individuals
would not sufficiently change management recommendations. Another
concern is that people who test negative for a genetic mutation previously
identified in their family may be falsely reassured and abandon
screening or protective practices. However, the currently available
data do not support these concerns. A research study performed
by Aspinwall, et al. in 2008 to assess the clinical utility of CDKN2A/
P16 genetic testing showed how test result reporting led to significant
positive changes in the intention and magnitude of intention to screen
between baseline, immediately following results disclosure, and one
month post-reporting amongst high risk patients. Furthermore, this
research study concluded that test reporting did not decrease the level of
adherence for those who tested negative for the CDKN2A/p16 mutation
previously identified in their family. The participants in this study had a
family history of melanoma, and these results suggest a positive impact
of genetic test reporting and counseling on patient behavior beyond
what was motivated based on family history and independent of the
test result itself [30]. Additional analysis of this sample population
also found that the degree of photoprotection increased among both
those who tested positive and negative for a CDKN2A/p16 mutation.
Overall, 33% of the participants in that study indicated using one or
more new photoprotective behavior following disclosure of test results
and counseling [31].

Parents with a CDKN2A/p16 mutation have reported a keen interest
in genetic testing for their minor children because of a strong belief that
knowledge of one’s genetic status will allow children and their parents
to make better decisions about screening and minimizing UV exposure
early in life [32]. Finally, a study published by Kasparian et al. in 2008
did not identify any clinically significant levels of generalized distress
or anxiety among patients receiving CDKN2A/p16 test results; however,
several individuals indicated a level of concern about the implications
of their results for their family members [33].

Overall, research has indicated that genetic testing can play
an important role in identifying high risk families and motivating
adherence to screening and protective practices. However, these
studies were done in settings in which participants were provided with
thorough counseling and education. Providing comprehensive genetic
counseling may be challenging in a busy clinical practice. Therefore,
partnering with local genetic counseling resources may help ensure
that this service is available for all at-risk patients. Resources for finding
genetic counseling and testing services nationwide are available in
Table 3.

Management Recommendations
Melanoma risk management

The clinical management recommendations for individuals with
a CDKN2A/p16 mutation continue to evolve due to developments in
the medical field. The two major screening strategies currently used to
Web-site

http://www.abgc.net

http://www.ncbi.nlm.nih.gov/sites/GeneTests/

http://www.cancer.gov/cancertopics/genetics/
directory

http://www.nsgc.org/FindaGeneticCounselor/
tabid/64/Default.aspx

http://www.genomel.org

Table 3: Genetic counseling and testing resources.
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¢ Melanoma
o Annual total body skin examination with a dermatologist

= This examination should include baseline and annual follow-up photographs of moles, if needed, and biopsy and/or removal of suspicious moles

o Monthly self-skin examination
= Mutation carriers should be taught how to conduct these exams
* Pancreatic cancer

No standard guidelines

o
o Mutation carriers should consider screening beginning at age 50 or ten years prior to the youngest known diagnosis of pancreatic cancer in their family
o

Current recommended screening protocol include:
= Imaging of the pancreas with endoscopic ultrasound and/or MRI
e Other recommendations
o First-degree relatives should be referred for genetic counseling and testing.

The following are current screening recommendations for CDKN2A mutation carriers:

Table 4: Management recommendations for COKN2A/p16 mutation carriers.

detect melanoma at an earlier stage are total-body skin examination
(TBSE) and self-skin examination (SSE). A TBSE with a dermatologist is
recommended every 6-12 months beginning at approximately 10 years
of age for individuals with a deleterious CDKN2A/p16 mutation. These
high risk patients should also be reminded to point out any suspicious
lesions to their dermatologist regardless of the last time they had a
formal examination. Monthly SSE is also recommended for CDKN2A/
p16 mutation carriers. Dermatologists should continue to assist their
patients in conducting high quality SSE screenings by reviewing how to
administer a systematic and thorough self-exam [34].

Some lifestyle and behavioral changes that should be discussed
when counseling individuals with a CDKN2A/p16 mutation include
encouraging them to minimize UV exposure. Other preventative
recommendations include wearing protective clothing, keeping in the
shade when outdoors, and avoiding sun exposure by staying indoors
during hours of peak UV intensity: 10:00 am and 4:00 pm. Avoiding
use of indoor tanning beds is critical and counseling of young adults
about the risks of tanning beds, especially young women who tend to
use these facilities more frequently than men, is still needed [35]. A
randomized control study within a high incidence area of Queensland,
Australia found that regular application of sunscreen with SPF 15 or
higher for 5 years decreased the incidence of a new primary melanoma
among adults between the ages of 25 and 75 years, ten years following
trial cessation. Regular sunscreen use was also associated with a 73%
reduction in the development of invasive melanoma in this population
(HR, 0.27; 95% CI, 0.08 to 0.97; p = 0.045) [36,37). While data have
shown that modern sunscreens may prevent melanoma, it is also
important to continue encouraging high-risk patients to engage in
other sun protective behaviors as these may also help to reduce their
overall melanoma risk.

The benefit of identifying a CDKN2A/p16 mutation in a family is
that it allows genetic testing of other, unaffected, family members to
determine their lifetime cancer risks. If an individual tests negative
for the familial mutation, he/she still has a residual risk for melanoma
that is 2-3 fold increased above the general population [12,28]. While
moderately increased, it is important to note that this risk is not as high
asifthey tested positive or if genetic testing had not identified a mutation
in their family. Determining appropriate screening recommendations
for these individuals may be more difficult as it includes personal risk
factors such as phenotype, use of tanning beds, and other behavior and
lifestyle choices.

Pancreatic Cancer Risk Management

Consideration of pancreatic cancer screening has been suggested

for those who test positive for a CDKN2A/p16 mutation due to the high
risk for pancreatic cancer in this population [38]. However, data on the
overall impact of pancreatic cancer screening in high risk individuals
are still limited. Several recent studies of pancreatic cancer screening
have included CDKN2A/p16 mutation carriers in their analyses to
further understand this impact. Poley et al. [39] evaluated the findings
from endoscopic ultrasound for 44 individuals with genetic mutations
associated with pancreatic cancer risk, including 13 CDKN2A/pl16
mutation carriers. Ten participants had findings in their baseline exam,
three with masses and seven with side-branch intraductal papillary
mucinous neoplasia (IPMN). The three patients with masses, two of
whom had CDKN2A/p16 mutations, underwent resection and were
found to have pancreatic adenocarcinoma. Two cases were N1 and one
case was NO suggesting that screening may have led to earlier detection
than diagnosis based on symptoms alone [39]. A 2011 study by Vasen
et al. [40] evaluated the efficacy of magnetic resonance imaging (MRI)
and magnetic resonance cholangiopancreatography (MRCP) based on
screening 79 individuals with a common Dutch founder mutation in
the CDKN2A/p16 gene. During four years of follow-up, 7 individuals
were diagnosed with cancer. Three cases were diagnosed during their
baseline exam and the others were diagnosed after prior negative scans.
All patients had resectable lesions, but four had died within two years of
their diagnosis. Additional lesions of uncertain clinical significance were
identified in 9 other participants [40]. The International Cancer of the
Pancreas Screening Consortium has recommended pancreatic cancer
screening with endoscopic ultrasound and/or MRI/MRCP on an annual
basis beginning at age 50 or 10 years prior to the earliest diagnosis of
pancreatic cancer in the family [41]. However, since pancreatic cancer
occurs in only a minority of CDKN2A/p16 families, they suggested that
pancreatic cancer screening may be most appropriate for those families
where a pancreatic cancer has occurred. A summary of the most
updated medical management recommendations for CDKN2A/p16
mutation carriers, including recommendations for pancreatic cancer
screening, can be seen in Table 4.

Itisimportant to note that some lifestyle factors have been associated
with an increased risk for developing pancreatic cancer. These include
cigarette smoking, heavy consumption of alcohol, and increased body
mass index [42]. Avoidance of the above lifestyle factors has not been
proven to prevent pancreatic cancer. However, it is important to address
these factors with patients who have a deleterious mutation in the
CDKN2A/p16 gene as these factors may increase the risk of developing
pancreatic cancer even further.

Conclusion

Dermatologists play a leading role in identifying those amongst
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their patients who have a high-risk for melanoma based on their
personal and family history, lifestyle, phenotype, and genotype. In this
review we outlined the information currently available regarding high-
risk and modifier genes associated with hereditary melanoma, how to
identify an individual or family at high risk for melanoma, and those
eligible for genetic counseling and testing. We have also described how
to efficiently incorporate these medical management recommendations
into clinical practice. Furthermore, extensive counseling and test
reporting have been shown to be of greater benefit to the patient,
especially with regards to increasing their intentions to adhere to the
recommended behavioral and screening guidelines. Collaboration
with a genetic counseling resource is an especially effective method for
providing counseling, coordination of genetic testing, and consultations
to discuss screening and prevention recommendations based on
genetic test results and available family history. Genetic counselors can
be especially helpful in obtaining family history, coordinating genetic
testing for at-risk family members, and tailoring test results to each
patients own history. The use of genetic counselors in this context
represents an increasingly cost-beneficial strategy to extend physician
influence and encourage prevention behaviors that have the potential to
increase quality of life while reducing health care costs.

Information gained from genetic testing may have a greater impact
on patients’ behavior than counseling based on family history alone.
While test reporting and extensive counseling have been shown to
increase the level of compliance to recommendations, continual
reinforcement is needed, likely from dermatologists, to maintain
healthy photoprotective behaviors over an extended period of time.
It is also important to offer additional specialized support to patients
who are identified as being at increased risk for hereditary melanoma.
Genetic testing, informed consent, and appropriate results disclosure
and follow-up counseling are critical due to the high probability of
developing melanoma with a deleterious CDKN2A/p16 mutation, the
poor prognosis of late stage disease, and the positive impact of these
interventions on maintaining healthy photoprotective behaviors.
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