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HIS DOCUMENT represents the consensus view of theproduct, pl4ARF. Thes€EDKN2Aencoded proteins play a
Melanoma Genetics Consortium on appropriate re-central role in maintaining cell-cycle control; p16INK4A
sponses to requests for genetic counseling of personggulates G1l-phase exit by inhibiting tiekDK4-mediated
perceived to be at high risk of cutaneous melanoma. Thehosphorylation of the retinoblastoma protein. p14ARF acts
major determinant of interest in genetic testing is a positivevia the p53 pathway to induce cell-cycle arrest or apoptosis
family history of melanoma with multiple affected relatives, in response to hyperproliferative oncogenic sigiak.
as members of melanoma-prone families are at substantialligonsequently, mice that lack p16INK4A/p19ARF (the mouse
increased risk of melanomaThis document is therefore homolog of p14ARF) or p19ARF alone are highly suscep-
concerned primarily with advice given to high-risk families tible to tumorigenesi&? and the CDKN2A locus is fre-
and with recommended programs of surveillance and priguently deleted in human tumors and particularly in melano-
mary prevention for them. These same surveillance angnas, gliomas, and mesotheliomas.
prevention programs may, however, be justified in others e Approximately 20% to 40% of families with three or
deemed to be at high risk of developing melanoma forany of ~ more affected first-degree relatives show inheritance of
the other known risk factors listed in Table 1. The best mutations in the€CDKN2Agenel?
currently available estimates of risk have been used. e Two families in the United States and one in France
have mutations in th€EDK4 gene on chromosome 12q
MELANOMA SUSCEPTIBILITY GENES which inhibit binding of its inhibitor, pLEINK4AL4:15

The proportion of all cutaneous melanomas that is attrib- e The genetic basis for the remaining 60% to 80% of
utable to the inheritance of autosomal dominantly inherited families, in which highly penetrant genes may be
mutations in melanoma susceptibility genes is unknown, but  operating, is the subject of active research by the
it is estimated by the Consortium to be less than 1% to 2%. Melanoma Genetics Consortium. New families are
This is the approximate proportion of melanoma cases keenly sought and may be reported to members of the

involving multiple relatives also affected by melanoma. Melanoma Genetics Consortium in the country of
More frequently, a person newly diagnosed with melanoma  greatest convenience for referring clinicians. The Ap-
will report one other relative with melanoma (Table 1). Such pendix gives a full list of current Consortium members.
families may or may not have the same level of risk as e Mutations in theCDKN2Agene occur throughout the
families with many members with melanoma, and careful first two of the three exon$, and a mutation in the
verification of their family history is a cornerstone of their 5'-untranslated region has also been descried.

risk assessment. Families in which these genes are inherited @ Because current information on each mutation is lim-

have members who may be distinguished by the presence of jted and confined to data from large, specifically

some, but not necessarily all, of the features listed in Table 2. gscertained families, the confidence limits on current

Of particular interest is that in certain, but not all, of these

families, there seems to be an association with the presence

of multiple unusual or atypical moles.
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Table 1. Risk Factors for the Development of Cutaneous Melanoma

Approximate

Factor Relative Risk Reference
Member of melanoma-prone family* Up to 35-70 2
Previous primary melanoma 8.5 3
Family history of melanomat 2-3 4
Skin type | 1.4 5
Freckling 2-3 56
Blue eyes 1.6 56
Red hair 2.4-4 5,6
History of blistering sunburn 2-3 5,6
Multiple moles and atypical moles 2-12 7,8,9

*Multiple affected relatives on the same side of the family.
tOne or more affected first-degree relatives.

estimates of penetrance of mutations in @BKN2A
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melanoma with a strong family history of melanoma. Even
among these high-risk families, less than half will have
CDKN2Amutations (Table 2).

Among patients with multiple primary melanomas with-
out regard to family history, a small percentage may be
found to have mutations iICDKN2A (Table 2). Genetic
testing for mutations among individuals with multiple
primary melanomas alone is still a research question; it is not
recommended as part of routine care at this time. In a similar
manner, early age of onset of melanoma is common in
high-risk families, but in a clinical setting, genetic testing for
CDKN2Amutations is currently a research tool only.

Atypical or dysplastic nevi are major risk factors for
melanoma, both in high-risk families and in the general

gene are extremely wide. Assessment of penetrance igopulation??! The relationship between these nevi and

also the subject of intense interest for the Consortiummelanoma susceptibility genes is unclear at present. Al-
® This penetrance seems to be strongly influenced byhough early on, dysplastic nevi and melanoma were pro-

birth cohort!® levels of sun exposur€;2°and possibly ~ posed to be pleiotropic effects of a single géfmmore recent

by modifier genes, which, in certain families, may also data suggest that these nevi are independent risk factors for

be responsible for the presence of multiple méfes.

WHO IS AT HIGH RISK BECAUSE
OF GENETIC SUSCEPTIBILITY?

melanom&?

In addition to families in which the predominant cancer is
melanoma, there are other rare families in which melanoma
is part of the constellation of observed cancers. Cutaneous

Characteristics of familial melanoma among high-risk melanoma is among the most common second cancers in
families include frequent multiple primary melanomas, earlyindividuals with heritable retinoblastonf&aCutaneous mela-
age of onset of first melanoma, and frequently the presenceoma occasionally occurs in families with Li-Fraumeni
of atypical or dysplastic nevi (moles) (Table 2). Neither syndrome, some of which have germline mutations in
these nor any other characteristics are good clinical predicTP532* Cutaneous melanoma is also increased in two
tors of the likelihood of carrying a mutation in a melanoma autosomal recessive conditions, xeroderma pigmefftésa
susceptibility gene. The best predictor at present is havingnd Werner’s syndrome (adult progerfaye

Table 2. Features Associated With Genetic Susceptibility fo Melanoma

Feature

Comment

Multiple cases of cutaneous melanoma on the same side of the family Mutations in the CDKN2A gene have been found in 20% to 40% of families with three

or more affected members, but in less than 5% of two-member families.’3

Multiple primary cutaneous melanomas in the same individual(s) Mutations in the CDKN2A gene have been found in 15% of patients with multiple pri-

mary melanoma lacking a family history?? and in 9% of patients for whom the
family history is negative to the second degree (B. Bressac-de Paillerets, personal
communication, November 1998)

Earlier age of onset of cutaneous melanoma In hereditary melanoma kindreds showing an autosomal dominant pattern of inheri-
tance, the median age of onset is considerably earlier than in a matching general

population. 2
Multiple nevi The presence of melanocytic nevi is often distributed over both sun-exposed and non-

exposed skin surfaces of melanoma patients. The nevi may be just unusually
numerous (eg, > 100 nevi > 2 mm diameter), or they may be of unusual appear-
ance (called atypical). Atypical nevi may be distinguished by their asymmetry,

border (indistinct irregular margins), colour (presence of unevenness of pigmenta-

Other cancers

tion, red-brown color), and diameter = 5 mm. Multiple nevi of atypical appearance
are called dysplastic nevi, the atypical mole syndrome, or familial atypical multiple
mole-melanoma syndrome. Only one third of Australian hereditary melanoma fami-
lies display this phenotype,®' but the maijority of northern hemisphere families do so.

There is no clear association with other cancers, although certain families with muta-
tions in the CDKN2A gene show an association with pancreatic cancer,'#2 and cer-
tain other families show an association with ocular melanoma.




CONSENSUS STATEMENT ON GENETICS OF MELANOMA 3247

WHO SHOULD BE OFFERED COUNSELING impaired in their ability to inhibit the catalytic activity of the
AND POSSIBLE GENETIC TESTING FOR target cyclin D1/CDK4 and cyclin D1/CDK6 complex&s.
SUSCEPTIBILITY TO CUTANEOUS MELANOMA? It is reasonable to offer genetic counseling and education

There is a demand for gene testing from some familiesabout melanoma prevention strategies to such families. Even
with an inherited pattern of melanoma and concern on thdor these families, there is little information about pen-
part of clinicians about the role of that testing. The demandetrance. In other families, novel putative mutations have
for gene testing from families is frequently based on anbeen identified for which no functional data are available.
unrealistic expectation of its definitiveness, sensitivity, andSome of these mutations are likely to be population polymor-
specificity. Given the current paucity of knowledge about thephisms of no functional significance. The Consortium’s
penetrance ofCDKN2A mutations, the failure as yet to view is that genetic counseling about these mutations is
identify mutations in over 60% of hereditary melanoma currently premature.
kindreds, and the limited data on the efficacy of prevention The pretest education and Counse]ing should include
and surveillance strategiés,the most prudent clinical  jnformation about the following:
course is to enroll all members of high-risk kindreds in the o cyrrent uncertainties about the penetrance and genotype/
same common-sense programs of surveillance and preven- phenotype correlations @DKN2Amutation;

tion, i_rrespective _of their DNA status. The Melanoma ¢ the |ack of proved efficacy of prevention and surveil-
Genetics Consortium recommends, therefore, that DNA lance strategies based on DNA testing, even for muta-

testing for mutations in known melanoma susceptibility tion carriers:
genes should only rart_ely b(_a performed OU_tS'de of dgﬂ_ned e the fact that a negative test result at best returns risk to
research programs. With this general proviso, two distinct that of the general population, which in certain locali-

clinical situations need further consideration: families in . . : )
. . . e 1 ties may be as high as one in 25 people. Prevention and
which aCDKN2Amutation has been identified in a proband . . . o
surveillance strategies must, therefore, continue in this

as part of a research study and families for which no prior group. Within the families identified so far, in which a

testing of affected individuals has been conducted. . . o .
CDKN2Amutation has been identified, there is a lack

Families in Which &DKN2A Mutation Has Been of correlation between the presence of the atypical or
Identified in a Proband as Part of a Research Study dysplastic moles and gene carrier stat%;* which
has led to the suggestion that within these families,

other genes may induce moles and may increase risk of
melanoma. Recent data suggest that atypical or dysplas-
tic moles confer a risk of melanoma in family members

Individuals who participate in genetic research protocols
frequently consent on the basis that relevant genetic informa-
tion will be made available to them after appropriate
education and genetic counseling, if they choose to receive .
the information. When a laboratory research program de-  ndependent oEDKN2Amutation statufs, N
tects a potentially relevant mutation in such a family, ©® @nd the potential benefits and risks of positive and
participants in the study should be informed that a prelimi- ~ Negative results of genetic testing (Table 3).
nary, but not definite, laboratory finding has been made that
might have potential significance for family members. Table 3. Some Potential Benefits and Risks Associated With Positive or

Participants should be offered the opportunity of genetic Negative Test Results for Mutations in Melanoma Susceptibility Genes
testing if they want it after appropriate education and

counseling by qualified health care providers. IndividualsP "
. . S|
who choose to undergo genetic testing should have a second

Test Result Potential Benefits Potential Risks

ive (mutation found)  Particular focus on and Discrimination in insur-

motivation for preven- ance, employment
independent diagnostic (as distinct from research) DNA test fion, surveillance Disruption of family
performed in an accredited genetic testing laboratory. This Lowered threshold for relationships
enforces a strict separation between research and diagnostic biopsy of suspicious  Over-biopsying

lesions

testing and ensures that there is no confusion between the
widely different ethical, medicolegal, consent, counseling,
and accreditation issues that pertain to each.

Earlier detection of pri-
mary melanoma

. X . . . Negative (mutation Reduction in anxiety Survivor guilt
SomeCDKN2Amutations have been identified in fami- .4 out in known Disrupfion of family
lies around the world and have been shown to co-segregatemutation-carrying relationships
with tumors in the family. Moreover, for a proportion, in  family) “False security,” aban-
vitro functional tests have shown evidence that the mutation donment of preven-

tion and surveillance

is likely to be causal, as the mutant p16INK4A proteins were
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When a mutation ilCDKN2Ahas been found in affected  Table 4. Estimate of Yield of Positive Test Results for COKN2A Mutations

members of a family, the sensitivity of genetic testing is not CDKN2A

an issue, because results of a simple allele-specific oligo- Cotegory Mutations (%) Reference

nucleotide test, specific for the mutation already identified infwo affected first-degree relatives <5 13,37
Three or more affected first-degree relatives 20-40 37

the family, will be positive in all mutation carriers. However, . .

) . ’ Multiple primary melanoma 15 29
the penetrance of such mutations remains so uncertain as te
make accurate risk assessment extremely difficult for the

genetic counselor. Not all mutations have been demonstrategopulation-based data on which to base these estirtfates,

to cause a functional deficit, and confusion with polymor- they must be considered as guides only and almost undoubt-
phisms may potentially occur. Furthermore, melanomasedly as overestimates.

have occurred in non-gene carriersGDKN2A mutation— The potential benefits and risks associated with genetic
carrying kindreds? and some gene carriers living to older testing for melanoma are similar to those for the testing of

ages have not developed melanothdhis further high-  other cancer susceptibility genes and are summarized in
lights the importance of recommending surveillance andTable 3.

prevention for all members of these families, irrespective of
their DNA status, especially in countries such as Australia MANAGEMENT OF INDIVIDUALS PERCEIVED TO HAVE

that have high population rates for the tumor. HIGH GENETIC SUSCEPTIBILITY TO MELANOMA

An advantage of testing for certain individuals may be a Given current gaps in knowledge about the expression of
subjective, psychologic one, poorly studied at present bufn€lanoma susceptibility genes in the population, DNA
anecdotally reported as a perception of freedom of parenliesting cannot be used as a guide to the clinical practice of
guilt for those who test negative. These individuals report @Prevention and surveillance. All individuals deemed to be at
sense of relief that they have not transmitted the diseasdli9h risk of melanoma, because of the presence of any of the
associated gene to their offspring. This potential “benefit” of risk factors outlined in Table 1, should be managed with the

testing must be weighed against the potential for survivor"°“5“?e attentl?]n tof theh foIIoer]]_g hm_eaksufres,l as dgg;wously
guilt, well described in those who test carrier-negative for Ut ined by others for t 0se athigh-risk o Melanofr In
other inherited diseasdé the absence of randomized, controlled, clinical trial-based

data, the evidence for each of these measures is level IV.
Education of all family members about the need for sun
Families for Which No Prior Testing of Affected protection is essential. Parents in particular should be
Individuals Has Been Conducted educated about sun protective measures for infants and
children?84941including the use of sun-protective clothing,

When families present to a familial cancer clinic without
n identified mutation-carrving proband. DNA testing sh IO|the use of hats and sunglasses, the use of broad-spectrum
andentiied mutation-carrying proband, esting should ;i aviolet A and ultraviolet B protective sunscreéfé?

be performed only rarely, if ever, outside of defined researcf&voidance of peak ultraviolet conditions, and absolute
protocols. Individuals who seek such testing should be give%voidance of sunburns

informgtio.n that ad_quately explgins_ the following: (1) the Commencing at the age of 10 years, family members
small likelihood of finding a mutation in tl@DKN2Agene.  gpq 14 have a baseline skin examination with characteriza-

In these circumstances, a negative test result is meaningle§§, of moles. Overview photographs of the entire skin
and cannot be used as a basis for altering prevention ang,itace and close-up photographs of atypical nevi are useful.
surveillance or as a basis for reassurance. The value of thggividuals should be taught about routine self-examination
test for the majority of families to date is, therefore, i, the hope that this will prompt earlier diagnosis and
minimal; (2) current uncertainties about the penetrance ofgmoval of melanomas. Patients may be given their own
CDKNZAmUtationS, even if such a mutation is fOUnd; (3) copy of photographs and shown how to use these in
the lack of proved efficacy of prevention and surveillance self-examination. The significance of change in shape and
strategies, even for mutation carriers; and (4) the potentiasize of pigmented lesions should be understood, and the
benefits and risks of positive and negative results of genetigules regarding asymmetry, border, color, and diameter (ie,
testing (Table 3). the ABCD rules) are often helpful in this rega¥dColor
Table 4 gives an estimate of the frequency with whichphotographs of early melanomas and atypical moles may be
CDKN2Amutations will be found by genomic sequencing in given to the patient as an aid. It is recommended that an
individuals of different categories; these estimates may beappropriately trained health care provider carry out skin
useful in assisting this discussion. Because there are fewxaminations every 6 months until the nevi are stable and the
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patient is judged competent in self-surveillance. Subse- 3. Where cases of ocular melanoma have occurred in the

quently, the individual should be seen annually or have
prompt access to that health care provider as necessary.
During puberty or pregnancy, when the nevi may be
unstable, more frequent health care provider examinations

family, annual fundoscopy after adequate mydriasis is
recommended, although it is of unproved efficacy in
screening or early detection. The risk in any individual
of developing this tumor is likely to be low.

may be indicated. Examination should include adequate The discovery of mutations in the melanoma susceptibil-
examination of the scalp and genitalia. Skin-surface microsity genes CDKN2A and CDK4 in families showing an

copy (epiluminescence microscofyjmay be helpful in a
surveillance program.
The indication for surgical removal of a pigmented lesion

inherited pattern of cutaneous melanoma has raised expecta-
tions in health professionals and patients about the possible
value of genetic testing for this disease.

is the same as in the general population, that is, suspicion of '€ American Society for Clinical Oncology’s statement

malignant change. There is no justification for prophylactic
excision of moles, since the probability of a single nevus
becoming melanoma is low and, with time, many nevi will
mature and disappear. Furthermore, melanomas may occ
on previously entirely normal skiti,so that “prophylactic”
excision of all moles would not change guidelines on
surveillance by the patient or the health care provider.

on genetic testing for cancer susceptibility recommends that
this testing be performed only when “the test can be
adequately interpreted; and the results will influence the
medical management of the patient or family memb@r.”
"frhe Melanoma Genetics Consortium, having reviewed
current information about these mutations, concludes that
neither of these criteria is met for the testing of known
melanoma susceptibility genes. It is therefore premature to

The Consortium recommends a monthly self-exammatlonoffer DNA testing outside of defined research protocols,

or examination by parent, partner, or family member. A
careful initial extended family history is imperative, includ-

except in rare circumstances and only after careful genetic
counseling that adequately addresses the following issues:

ing the ages and verified histologic diagnoses of all familye vy Jikelihood of finding mutations; current uncertain-
members with cancer. The pedigree should be reviseges apout the penetrance of mutations, even if found; the

annually.

lack of proved efficacy of prevention and surveillance strategies,

Screening and surveillance guidelines for other cancergyen for mutation carriers; and the potential benefits and risks of
ShOU|d be Carried out as in the general pOpU|atI0n, W|th thEbOvae and negative results Of genenc test|ng

following special considerations:

The Consortium will review this advice regularly, in

1. Melanoma in the context of the Li-Fraumeni syn- keeping with developments in the field, to maintain a current

drome. The hallmark for the Li-Fraumeni syndrome is consensus opinion.
the presence of sarcomas and other early-onset can-
cers, particularly breast cancer, in the pedigree. Rarely,
individuals with this syndrome also develop mela-
noma. Screening should be conducted in accordance
with guidelines for this condition.

2. Melanoma in the context of a presence of a family
history (two or more family members) with pancreatic
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