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Summary

This studyaimed to determine the frequency and concordan8RAF and NRAS mutation in
tumous arisingsin patients witmultiple primary melanomaf{PM). Patients with MPMmanagedat
one of three tertiary referral centres in Melbourne, Australia from-2018 were included. Incident
and subsequent=melanomas underwent mutation testing. Cohen’s kappaefficient assessed
agreement/between incident and subsequent primary melarfontath BRAF and NRAS mutation
status(mutantvs. wild-type). Mutation testing ofat least two primary tumours fro% patientsvas
conducted Therewaspoor agreement fdooth BRAF andNRAS mutation status between incident and
subsequent melanomas=(.10, 95%CI -0.10 to 0.42x=0.06, 95%CI -0.10 to 0.57 respectively. In
view of the bw concordance iBRAF mutation status between incident and subsetgoelanomas
mutational analysis of metastatic tissue, rather than of a primary melamomatjents with MPM

shouldbe usedo guide targeted therapy.

Significance

Knowledge regarding the somatic mutational diversity of tumours in arisikdPM patients remains
limited. The low concordance iBRAF and NRAS mutation status between incident and subsequent
melanomas highlights the complexity of accurate molecular classificatitimesépatients.In the
current era’lof effective targeted therapies gatients withBRAF mutant metastatic melanonaad
recentevidence. supportingdjuvant usdn stage Il diseasdf is important to accurately identify
patients with activatindBRAF mutations who might derive benefit from this therapiierefore, m

MPM patientsjnutational analysis of metastatic tiss®uld be used to guide targeted therapy.

Key words:"melanoma, multiple primary melanonBRAF mutation, mutation status
Introduction

Mutationsin.the BRAF oncogeneccur in approximately 480% ofcutaneous melanomasid cause
constitutiveagtivation of the mitogeactivatedprotein kinase (MAPK)ignal transductiopathway
(Liu et al., 200; Long et al., 2011; Shain et al., 2015%pere is evidence to suggest tiBRAF

mutations arise early in melanomagenesis and seem to be preserved throughout digessstopr
(Omholt et al.,, 2003) BRAF mutant melanomas are associated witistinct clinical and

histopathological characteristics, such as younger patient age, superficial gpsdatiype, truncal
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location andmelanomas arising in areas of intermittent sun exposure compared to areas of wemulati
sun exposuréBarbour et al., 2014; Devitt et al., 2011; Ekedahl et al., 2013; Krauthammigr2étl2;

Liu et al., 2007; Maldonado et al., 2003; Mar et al., 2013; Menzies et al., 2012; Pdyalte2e06;
Viros et al., 2008)

The discovery=of activatingBRAF mutations and the development t#rgetedtherapies have
revolutionised the treatment of advanced melanoma for patients BR&F mutant tumours
(Chapman petsali,-2011; Flaherty et al., 2012; Luke et al., 2017; Robert et al.,Red&)t evidence
also suggeststhat aljuvant use of combination therapy with dabrafeniBRAF inhibitor) plus
trametinib MEK=inhibitor) confersa survival advantage for stage Il patients WBRAF V600
mutant melanomdglLong et al., 2017)In view of ths evidence, which suggests tldugstargeting
the MAPK pathway(BRAF inhibitors,MEK inhibitors and combination therapghhance survival for
patients withBRAF mutant advanced melanoma artdat combinedBRAF and MEK inhibition
improves oqutcometfor patients with stage Ill diseasgrecisemolecular classification of patients’
diseasdo guidetargetedherapyis of utmostimportanceThat is, accurately identifying patients with
activating BRAE mutatiors who might derive benefit from drugs targeting the MAPK pathway is

crucial

However, t is‘important to note thaip to12.7% of patients with melanoma develop multiple primary
melanomas‘(MPM]Bradford et al., 2010; DiFronzo et al., 1999; Ferrone et al., 2005; Goggins and
Tsao, 2003; Hwatal., 2012; McMeniman et al., 2010; Murali et al., 2012; Savoia et al., 2012: Stam
Posthuma et al72001; Titlsnstoff et al., 2006; Vecchiato et al., 20IPhereported rates atikely

a gross 'underestimation due to limitgata capture antbllow-up period of various observational
studies.In high risk cohorts, incidence rates for the development of subsequent primanomas

are even higher(Moloney et al., 2014; Salerni et al., 2012; Watts et al., 200"¢ poportion of
patients with-MPM isalsolikely to increase due to population increases inrdipectancy, advances

in early detection and the rising incidence of melanddeemnal et al., 2011; Moore et al., 2015)
Patients with dysplastic naevi, a high naevus count and a positive family histogfasfoma havan
increasedrrisk'of'developing MP{@e Giorgi et al., 2010; Ferrone et al., 2005; Siskind et al., 2011)

While thephenotypt characteristics of patients with MPaMewell-describedtherehas been limited
research investigatinghe somatic mutation status oftumours arising in patients wittViPM
(Colombino et al., 2014; Egberts et al., 2016jmilarly, while data on the frequency and
clinicopathological correlates @RAF and NRAS mutation arewell-characterised among patients
with a single primary melanom(&PM), informationon thesomaticmutatioral diversity of tumours
arisingin MPM patientsremains limited. The aim of this sty was to determine the frequenaynd
concordancef BRAF and NRAS mutations intumours arising in patients with MPNhformation on

the somatic mutational diversity of tumours arising in patients with MPM will allswto better
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understand and more accurately molecularly classify this group of pafles¢sondary aim was to

describe the clinicopathological charactiéeisof tumours arising in patients with MPM.

Results

The MelbournesMelanoma ProjectMMP) cohort included 1,63&atients with a histologically
confirmedprimarycutaneousnelanomadiagnosedvithin 6 months of presentatidretween 201@nd

2015 Patientswere followed up for a median of 4.7 yedusterquartile range (IQR3.3- 5.8 yeark

There were 1,484 patients diagnosed withPM There were 1549.4%) patientswith MPM with a

total of406 primary tumouranda mean of 2.6 primary melanomas patient Sixty-six patients had

a historical primary melanoma at the time of enrolniethe MMP studyand88 patientsleveloped a
subsequent primary melanoma during the followpepiod. Of the 154 patients with MPM, 98 had

two primary melanomas, 37 had three primary melanomas and 19 had four or more primary

melanomagFigure 1)

Among patientsvith MPM, 38/154 24.7%6) hada synchronousecond primary melanondetected
and116/15475:3%) developedanasynchronousecondprimary melanomat-or asynchronouMPM,
the median time,to the second primary melanoma was 20.7 months6(B3R37.3 months)None of
the subsequent primary melanomas developed in patients whilst on systemic thBatigietswith

MPM were olderat first melanoma diagnosis compared to patients av#i*M (mean65.9vs. 58.9

years, p<0:001)Fable 1 displays clinical characteristicstiof two groups

Tumour mutatien frequencies

Mutation testingswas performed BR1 tumoursfrom patients with MPMand 47 (21.3%) and 24
(11.799 were BRAF and NRAS mutant, respectivelyAmong theBRAF mutant tumoursn the MPM
cohort thesmestscommon genotype was V600E (61.7%), followed by V600K (25.5%) and less
common 'genotypes (11.7%). The vast majority (91.79%JRAS mutant tumours had a¥RAS codon

61 mutation.

BRAF wild-type tumours were significantly more common in the MPM than the SPM cohort
(p<0.00L)Indeed, among tumours 1054 SPM patientswith complete mutation testingf their
primary tumoursp490 (46.5%) weBRAF mutant, 194 (18.4%) weldRAS mutant and 37035.1%)
wereBRAF/NRAS wild-type. Among thdBRAF mutant tumours in th8PMcohort, the most common
genotype was V600E9.4%0), fdlowed by V600K (24.9) ard less common genotypes (5.7%), and
95.4%o0f NRAS mutant tumours had aiRAScodon 61 mutation.
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Pathological characteristics of tumoursarising in patients with MPM

Table 2 shows the histopathological characteristics of first and successive melanings in
patients withMPM and of melanomasn patients with aSPM. Among patients with MPM, hie
proportiors 'of melanomas in the thin, intermediate and thick categories were significdifee ol
between first and second (asynchronous) primamelanomas rharginal homogeneity(Stuart-
Maxwell), p=001€. Indeed, he first primary melanoas tended to be thickethan the second
(asynchrongusprimarymelanoma (meanBreslow thickness 1.5 mns. 1.1 mm, respectivelypaired
sample ttest 95%CH0.06 to 0.99, p=0.04).

Among MPM_patients with an incident pigmented melanoma, 132/138 (95.%#éYyelopeda
subsequent™ fpigmented melanoma an®/138 (4.3%) developed a subsequent
amelanotic/hypomelanotic  melanoma.There were six MPM patients with an
amelanotic/hypomelanotic incideptimary melanoma anall of these patients developeibsequent
pigmentednelanomagpoor agreement=-0.04, 95%C}0.08 t0-0.02).

Mutational statusiconcordance in tumoursarising in patientswith MPM

Of 64 patients wittpairedmutation testing of aeast two primary melanomas, 4@7.2%)patients
had concordarBRAF wild-type tumours, thre@t.7%)patientshad concordarBRAF mutant tumours
and 18 (28:19%) patients had discordant BRAF mutant/wildtype) mutation status (poor
agreementx=0.10, 95%CI -0.10 to 0.42)(Table 3) When stratified by ag@mongboth patients aged
less tharb0 yearsandthose ® years or greater, there was poor agreemerBRaF mutation status
between incident and subsequent melassaf=0.13, 95%CI-0.16 to 0.70x=0.09, 95%CI 0.16t0
0.48 respectively, When stratified by sex, agreement BRAF mutation status between incident and
subsequent melanomess moderate in womek=0.44 95%CI .15 to 1.0) and poor in men (k=-
0.03, 95%CI-0.19 to 0.29. There was poor agreement BRAF mutation status among patients with
bothsynchronous _and asynchronous primary melananh@s analysed separatéhky=-0.09, 95%C}
0.31to 0.00; k=0.11, 95%CI -0.13to 0.2, respectively)There wasalsopoor agreement foONRAS
mutation status between incident and subsequent melangra®( 95%CI -0.10 to 0.57)Table 4)

Discussion

This study analysed the somatic mutatjpmofile and concordance amongatchedincident and
subsequent primary melanomas arisingpatients withMPM. The findings of this studghowthat
there is poor concordance BBRAF and NRAS mutation status between first and successive primary

melanomas. Thisliscordancehighlights the complexity of accurate molecular classificatdmhis
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growp of patientsand provideggreaterinsight into thesomaticmutational profile of patients with
MPM.

In patients with metastatic disease, accurately identifying the presence of an actBRARg
mutation iscritical to inform clinical management. Indeette introduction oboth single-agent and
combination=targeted therapiesvhaled to significant improvements in overall survival and
progressioffree survival in patients withBRAF mutant advanced melanor@hapman et al., 2011,
Flahertyet alin2012;sRobert et al., 2015; Sosman et al., 20A@e recently adjuvant combination
targeted therapy hashown a survival advantage for patients WBRAF mutantstage Il disease
(Long et aly2027)Therefore, BRAF mutation testindhas important treatment implications and
likely occur at an earlier stage guide clinical decision making.

However, pior to,the adinistration of targeted therapjesiolecular testing of a patient’'s primary
tumour orof,a metastatic tumour deposit is required to detect the presence of an actiRiRable
V600 mutatiom=There are currently no clear guidelines regarding which melanomaesp¢em
primary tumeur;ocoregional metastatic deposit or distant metastagiosit) should be used for
BRAF mutationtesting. For patients with metastatic diseasean@n practiceis to perform
mutational @nalysis on the most readily available and/or recently obtainedirtsamps, with an
adequate quantity of viable tumours celtgl minimal admixture of netumour cell§¥Menzies et al.,
2014) In themabsence afearguidelines clinical decision makingegarding which tumour specimen

to be testednaybecome particularly complicated in patients with MPM.

Indeed, imurMMP cohort, 9.4% of melanoma patients were diagnosed with MPM. This is consistent
with the existing literaturewhich indicateghat up t012.7% of patients with melanoma will develop
synchronous or asynchronous MRBtadford et al., 2010; DiFronzo et al., 1999; Ferrone et al., 2005;
Goggins and Tsao, 2003; Hwa et al., 2012; McMeniman et al., 2010; Murali et al., 204i2; Saal.,

2012; StarPosthuma et al., 200Tjtus-Ernstoff et al., 2006; Vecchiato et al., 2014deed,when

there isdiscordancen the mutation statusf incident and subsequeptimary melanomas patients

with metastatic melanomareatment decisionsegarding targeted therayecome comgx, in the
absence of mutation testing of a metastatic deposit.

A recent German retrospective cohort study assessed the mutation st@Bé&Fofand NRAS
oncagyenes andlERT-promoter in 96MPM patients with237 primary melanomagEgberts et al.,
2016) These_investigators demonstrated that mutation patterRAF, NRAS and TERT were
concordantybetweefirst and subsequent primary tumours in 23.9% of patients and discordant in
61.4% of patients, where concordance referred to an identical genotype in all three genls an
melanomas(Egberts et al., 2016)An Italian study assessed the frequency and distribution of
alterations in BRAF, cKIT and CyclinD1 in 112 patientsvith MPM andalso showedhat there was

low concordance in somatic mutation patterns amueiged multiple primary tumoursith 32.8%
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having a discrepant BRAF mutation pattern betweeérst fand subsequenprimary tumours
(Colombino et al., 2014)Consistent withEgbertset al.’s study (Egberts et al., 2016and ours,
concordancein BRAF mutation was similar amongpatients with synchronous and asynchronous
multiple primary melanomag¢Colombino et al., 2014)Taken together, these findingsxd ours
demonstrate thatimoursarisingin patients with MPM often have heterogeneous somatic mutational

profiles

To the authors'vknewledge, the aforementioned two studies and ours are the only tstutiee
specifically 'exploredBRAF mutation status concordance of tumours arising in patients with MBM.
well as providingdescriptive statistics the form oftumourmutation frequencies arie percentage

of concordant mutation patterns, our studsed Cohen’skc coefficient to assesitersample
agreementfor BRAF and NRAS mutation statudetween first and successive primary melanomas
Unlike our study, this method of statistical testwas not used ikgbertset al.’s (Egberts et al., 2016)
and Colombinoet_al.’s (Colombino et al., 2014%¥tudies.This method represents a considerable
improvement overaw percentage calculations dsetc statistic provides a quantitative measure of
agreement that has been adjusted for the degree of agreement exgdebtezhgbe basis of chance
(Viera and“Garrett, 2005)An additional methodological strengtlef our studyis that we have
presented the. coefficiens with biascorrected and accelerated 95%Cls, whadtomatically adjusts

for bias and skewness in theotstrap distributioiKang et al., 2013)

Of note, 'gveralstudies have showgoodinter-tumouralagreement ilBRAF mutation status between
primary and metastatic tumour sampfiesm patients with &PM (Boursault et al., 2013; Menzies et
al., 2014;"Nardin“et al., 2015; Riveifalkenbach et al., 2015; Satzger et al., 20Monetheless,
severalother studieshiave demonstrated varying ratesimfa-patient heterogeneity with respect to
BRAF mutationsstatus in primary and metastatic tumour san{pleslish et al., 2015; Colombino et
al., 2012; Heinzerling et al., 2013a; Saietan et al., 2014While this area of research remains
somewhat controversiahe reportednter-tumouralheterogeneityor BRAF mutation status between
primary and metastatitssueaddsfurtherweight to ourrecommendatioto test for the presence of a
BRAF mutationrinmetastatic tissue rather than a primary melanoma in patients with MPM.

Furthermore, lie overall frequencyof BRAF mutation (21.3%)in our cohortof patientswith MPM

and inEgbertset al.’s Germancohort(35.4%)(Egberts et al., 201&ppear to beonsiderably lower
thanthat reportedn studies of patients with SPM (Greaves et al., 2018{einzerling et al., 2013b;

Liu et al5; 2007; Long et al., 2011; Menzies et al., 2GR) irdeed, inour cohort ofSPM patients
(46.2%). There @ae1multiple possible reasons that coalttount for this, one of which is thBRAF
mutation is welknown to be associated with younger patient@geet al., 2007; Long et al., 2011,
Menzies et al., 2012whereas patients with MPM tend to be oldefist melanomadiagnosis, as
shownin our study and othe(8ower et al., 2010; Hwa et al., 2012; McCaul et al., 2008; Moore et al.,

2015) Indeed, Longet al.'s prospective cohort studshoweda statistically significant association
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betweerBRAF mutation and a singleroccult primary melanoma (OR 4.8, 95%CI-21.1, p=0.037)
(Long et al., 2011)These authors therefore concluded that there is likely to be a relationship between

BRAF wild-type melanoma and a history of multiple primary melanofbasg et al., 2011)

Moreover, in our study,£27% of MPM patientdhadsynchronougprimary melanomas, where@s.3%
developed=asynchronous primary melanomas. TlaBrisar tothe exising literature, which suggest
that 15-40%of MPM develop as synchronous lesions, whilerémeainder develop as asynchronous
lesions(De ;Gioergi-etsal., 2010; DiFro et al., 2001; Goggins and Tsao, 2003; Savoia et al., 2012;
StamPosthumaet al., 2001; Vecchiato et al., 20THe median time to the secofasynchronous)
primary melanoma wa0.7 monthsin our study This is similarly consistent with the existing
literature which suggestshat therelative risk of developing a subsequent primary melanoma is
highest in the first year following diagnosis of the incident primary melan@uoggins and Tsao,
2003; Hwa et/al., 2012; Moore et al., 2015; Murali et al., 2012; Savoia et &;, 20dlden et al.,
2014) A populatiorbased cohort study from Queensland, Australia recently showed that the median
time between diagnosis of first and second primary melanoma was 3.0 years, afteingxcl
melanomas_diagnosed on the same @aulden et al., 2017)This underscores the importance of
intensive clinical surveillance in thirst few years followinga primary melanomadiagnosisin

addition tolifelongifollow up as the cumulative incidence ratedl inevitablyincrease with time

An interestingfinding from our study was that there was poor agreerB€ia §=-0.04) in
pigmentation status (pigmenteds. amelanotic/hypomelanotic) between matched incident and
subsequent primary melanomasowever, we had aery low rate of amelanosis/hypomelanosis
(3.0%) in“our“cohortof patients with MPM which may have underestimated theoefficient and

level of agreemant A recentinternational populatiorbasedcohortstudy showed thgbatients with
incident primarysamelanotimelanomas were more likely to have had a prior primary amelanotic
melanoma than those witinincident primary pigmented melanor@R, 4.62; 95%ClI, 1.284.13)
(Vernali et ‘alz»2017)These results suggest that clinicians should maintain an increased index of
suspiciouswhen assessingmelanotic/hypomelanotic lesions the follow up of patients with a
history of"amelanotic/hypomelanotic melanomhe relationship between tumour mutation status and

amelanosis/hypomelanosis represents an important area for future research.

In our studythe percentage afodular melanoma decreased with successiganomas (21.5%40.9%
and 5.8% infirst,.second andhird primary melanomasrespectively. Previous studies have also
repored that the wdular melanoma subtypés less common in subsequent primary melanomas
compared to incident primary melanon{8siljan et al., 2010; Moore et al., 2015; Savoia et 81,22
Correspondingly,dntigo maligna subtypleas been shown to Ineore commorin subsequent primary
melanomagBuljan et al., 2010; Murali et al., 2012pur study confirms this finding as lentigo
maligna subtype occurred in 15.6%, 26.5% and 28.9% of first, second and thirdyprielanomas,

respectively. Lentigo maligna subtype has dlsenshownto be ovefrepresented in both incident
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and subsequent melamas in patientsiith MPM (Moore et al., 2015; Murali et al., 2012)hich was
alsoin keeping with ourfindings This supports a heightened role for sun exposure as part of the

pathogenesis of melamas arising in patients witiPM.

Furthermorethe second primary melanomas our studywere significantly thinneron averagehan

the first primary=melanoma¥.ouldenet al.’s populationbased cohort study showed no significant
differencesgin thicknesbetween first and second primary melanomas in a cohort of patients from
Queensland,»yAustralifYoulden et al., 2016)Nonetheless, thexisting literatureoverwhelmingly
indicates that wsequent primary melanomas are more likely to be thinner than incident primary
melanomagBradford et al., 2010; De Giorgi et al., 2010; DiFronzo et al., 200toRe et al., 2005;
Moore et al., 2015; Moscarella et al., 2013; Murali et al., 2012; Savoia et al., 2012P&tdmma et

al., 2001; Vecchiato et al., 2014his may be explained by early detection as a result of improved
clinical surveillancgDe Giorgi etal., 2010; DiFronzo et al., 2001; Murali et al., 2018)support of

the early detection hypothesis, a retrospective study demonstrated that patientsPMtiwihbd
adhered to regular followp had significantly thinner subseant primary melanomas compared to
those who did.not (0.36s. 1.22 mm, p=0.02fDe Giorgi et al.2010) In further support of the early
detection hypothesig casecontrol study demonstrated that subsequent primary melanomas that were
diagnosed after.three years from the incident primary melanoma, which correspmadéte when
follow-up had beome less intense, were thicker than those diagnosed within the first three years after
diagnosis(Muralizet al., 2012) This highlightsthe importance of regular skin surveillance to detect

subsequent primary melanomas at an early clinical stage.

Strengths ef‘ourstudy included the multicentre and prospective nature of the stgdy ldesddition,
the MMP database includes highality longitudinal folbw up data in order to capture the diagnosis
of subsequentsprimary melanomas, which compares favourably to other databases. dhtass c

multiple tumourrelatedvariables providing a histologically weltharacterised dataset.

A limitation of our study is that we could not present data on participants’ naevus dentity a
variable was inconsistently recordadrossthe institutions A further limitation is that ofpossible
referral bias as our study was conducted at three tertiary referral centres in Melbogtradig and
therefore, patients with higher risk melanomas may have besprogdortionatelyrepresented
Another limitation is that the median follewp time was4.7 yearsthus, our study would not have
captured patients.whmight haveater developed aubsequentrimary melanoma. However, in view
of the fagt that the median time te@condasynchronousprimary melanomavas 20.7 months (IQR
6.2—37.3 months),our study likely captured a substantiahjority of second primary melanomdas.
further limitationwasthe lack ofavailability of all tumour samplefor moleculartesting as somef
the external laboratories were unable to sepdcimendor prospectivemoleculartesting.This raises
the possibility of ascertainment bias. However, there were no significant differenagapartant

clinicopathological characteristi¢se. age, sex, Breslow thickness, mitotic rate, ulceratimijveen
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thosethat were sent and those that weoesent for prospective mutational testiradl  values>0.5).
A further limitation is that we did not test fadditionalsomatic mutationsthis might represent an
area for future research. Nonetheless, we tested for the important driver oncBgéreand NRAS,
BRAF is currently the most actionable mutation melanoma andBRAF mutation status directly
informs therapeutic decisionsonsideration of targeted theragie. drugs targeting the MAPK

pathway).

In conclusiengeur:study contributes to the existing literature by providing @ulithformationon

the frequency and concordanceBRAF and NRAS mutation status in patients with synchronous and
asynchronous*MPM. In the current era of effective targeted therapies for patiénBRAR mutant
metastatic melanoma and recent evidence supporting adjuvant use in stage lll idiseasgortant,

now nore than ever, to precisely identify patients with activaBRAF mutations who might derive
benefit from this therapy. The observed low concordance in somatation status between incident
and subsequent primary melanonaglerscoreshe complexity ofaccurate molecular classification

of these patientdn patients with MPM who develop metastatic disease, it is not always possible to
accurately predict which primary tumour was responsible for the metastatic diseassv of the

low concordance iBBRAF mutation status, mutational analysis of metastatic tissue, rather than of a

primary melanoma, should lisedto guide targeted therapy in patients with MPM.

Methods
Study participants.and data collection

This was a prospective cohort study participants in the Melbourne Melanoma Project (MMP).
Patients referredsto one of three tertiary referral centres in Melbourne, Auétfigiorian Melanoma
Service at the Alfred Hospital, Peter MacCallum Cancer Centre and the Olivia NéstmorCancer
Research Institute at the Austin Hospital) with a histologically confirmed primatgneous
melanoma (were eligible for enrolment in the MMP. Patients were enrolled withiorghsn of
presentation to'the abovementioned institutions between 2010 and 2@it%tidnal ethics approval
was obtained from the contributing sites (project number 07/38). Abbriathad provided written
informed consent,prior to inclusion in the study. Patients with uveal melanwncasal melanoma or

melanoma 'of unknown primarytsiwere excluded.

MMP participants were included in this analysis if they were diagnosed with MPMs, which was
defined as multiplgrimary melanomas (invasive or in situ) that originated in independent grimar
sites and did not represent cutaneous metastases. MPM was categorised as synchronous or
asynchronous. Synchronicity has been defined in different ways in melanomahgbkearever, we

have used the most widely accepted definition, which describes the occurrence of a subsequent
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primary melanoma within one month of the diagnosis of the incident primelgnomgManganoni
et al., 2007; Savoia et al., 2012; Schuurman et al., 2016; Siskind et al., 2011)

Clinical, pathological and molecular characteristics were prospectively recorded clififel
variables that wereecorded by the treating doctor at the patients’ initial presentation included: age,
seX, phenotypic=markers (eye colour, hair colour and skin phototype), personal histooy of

melanoma skin cancer and family history of melanoma.

The tumour characteristics that were collected in the MMP database for each melanoneal:includ
date of diagnosis, anatomical location of the primary tumour, Breslow thickness Qtark level,
histologic subtype, mitotic ratevmn?), ulceration, tumour infiltratindymphocytes, regression and
amelanosis/hypomelanosis. The anatomical location of the primary tumour agagietl as upper
extremity, lower,extremity, head and neck region, or trunk. Clinical ameldmgsisnelanosis, as
assessed hy.the/doctor, patienfamily, represented melanomas with little or no pigment on visual
inspection(Rizzichetta et al., 2004)

Mutation testing

Among all patients enrolled in the MMP database, 71% of patient8RABE and NRAS mutation
testing of one ‘of<their primary melanomas at enrolment. This mutationgeséis performed at the
Department of Anatomical Pathology, Alfred Hospital, Melbourne, Australia eDipartment of
Diagnostic Molecular Pathology, Peter MacCallum Cancer Centre, Melbournetraka
Hematoxylin"and“eosiatained sections of formaliixed, paraffirembedded tissue were reviewed
by a pathologist, followed by macrodissection to ensure the gagmeof tumour cells was enriched
to at least 30%=DNA was then extracted from each sample and checked for adequateationcent
Matrix assisted laser desorption ionisation tiofidlight (MALDI -TOF) mass spectrometry was used
for mutational,analyses. DNA quality was evaluated via Eppendorf spectrophotontetesaimple
was checked for multiple known mutationsBRAF (exon 11 and 15N\RAS (exon 2, 3 and 4) and
KIT (exoms21y28-and 17) using Sequenom (Agena) Mass ARRAY OncoFoeliy¢arsion 3). The
vast majority“of'samples were tested by the method described above. A minority céssaraps
tested at Peter MacCallum Cancer Centre with next generation sequencing (lllurSe) Wi high
resolution melting (HRM) analysis followinghacrodissection of the paraffembedded tumour
specimensg@as previously descrilf{Pevitt et al., 2011; Wong et al., 2014)

In order to assess agreement between first and successive primary melanomas in patigiisyvith
the investigators subsequently analysed the mutational profile of the additiona¢s&ue or
historical) melanomas that had not beenlys®a at enrolment, or of both primary melanomas in
patient who did not have mutation testing of one of their melanomas at enrolmehis €od, the

investigators requested that tissue from each of the patients’ additional priralEmyomas be sent
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from the external laboratories to the Department of Anatomical Pathology, The Adfrepital,
Melbourne, Australia, for prospective mutation testing. Mutation testing ofaat teo primary
melanomas was only able to be conducted for 64/154 (42%) patients with MPM in our cewmendl S
laboratories did not respond to the authors’ multiple requests and a few laberatere unable to

retrieve thegarchival tissue, particularly for more historic specimens.

Statistical analyses

All statistical analyses wereeformed using Stata version 14.2 (StataCorp LP, College Station, Texas,
USA) statisticalmsoftware. Baseline descriptive statistics included proportions, engaadian, as
appropriate by data distributioBreslow thickness (<1mm, 1.8000 mm, >4.01 mmand mitotic

rate (<5/mmf] 59/mnt and>10/mm®) were analysed as ordinal variables and age was dichotomised
as less than“or“greater than 60 years. Ulceration, tumour infiltrating lyniphpeggression and
amelanosis/hypomelanosis were analysed as binariables. Tumour histologic subtype was
analysed as a nominal variable (superficial spreading melanoma (SSM), nodwaaomel(NM),
lentigo maligna melanoma (LMM) and ‘other’). ‘Other’ represented acral ientig melanoma,
desmoplastic melanoma and other less common tumour subtypes including naevoid, ldlloon c
spindle cell and Spitzoid melanonBRAF and NRAS mutation status were both classifiednagtant

or wild-type. ¥* tests were used to compare clinical categorical covariates between patiénés wit
SPM in the MMP cohort and those with MPM.

For patients.with.MPM, Cohen'’s kappa) Coefficient was used to assess agreement between paired
incident and subsequent primary melanomasBiRAF and NRAS mutation statugmutantvs. wild-

type). Discordance foBRAF corresponded to the presence oBRAF mutation in one primary
melanoma and,BRAF wild-type status in another primary melanoma from the same patient.
Agreement forBRAF mutation status among patients with both synchronous and asynchronous
primary melanemas were also analysed separatekyv#@lue of O indicates agreement equivalent to
that expected by chance. According to Landis and Koch, the followimglues were used for
interpretation:posto-fair (<0.4), moderate ((41-0.60), substantial (0.60.80) and almost perfect
agreement=(0:81:00) (Landis and Koch, 1977Biascorrected and accelerateBQ,) confidence
intervals (95%Cl) for Cohen’s coefficient were constructed by bootstrapping, using 1,000 bootstrap
replicates(Kangret al., 2013)The k coefficient was also used to assess agreement for pigmentation
status (amelanotic/hypomelanoties. pigmented) between incident and subsequent primary
melanomas. The Stuavtaxwell test for marginal homogeneity and the paired sarglst tvere used

to examine Breslow thickness among incident and subsequent primary melanoalgsed as a
categorical and numerical variable, respectivédy.values of less than 0.05 were considered

statistically significant.
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Table 1. Patient characteristics among patients with single and multiple prineanomas.

Clinical characteristick SPM MPM p value
patients patients
n (%) n (%)
Total number of patients 1484 154
Sex
Male 857 (57.8) 101 (65.6) 0.06
Female 627 (42.3) 53 (34.4)
Age at first melanoma
diagnosis
<60 years 784 (52.9 122 (30.1)
>60 years 699 (47.1) 284 (69.9) <0.001
Family history-of melanoma
No 1133(80.2) 121 (79.6)
Yes 279 (19.8)  31(20.4) 09
History of NMSC
No 1032 (72.2) 82 (55.0)
Yes 397 (27.8) 67 (45.0) <o.001
Skin Phototype
I 462 (32.3) 48 (31.4)
I 606 (42.4) 71(46.4) 0.6
Y 362 (25.3) 34 (22.2)
Hair colour
Red 130 (9.2) 15 (11.5) 0.7
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Blonde 287 (20.2) 27 (20.8)

Brown 931 (65.6) 79 (60.8)

Black 71 (5.0) 9 (6.9)

Eye colour

Blue 783 (56.0) 84 (65.1)

Green 169 (12.1) 16 (12.4) 016
Hazel 212 (15.2)  13(10.1)

Brown 234 (16.7) 16 (12.4)

SPM: single primary.melanoma, MPM: multiple primary melanoma, NMSGmmelanoma skin cancer

*Some variables haw@nallamouns of missing data

Table 2. Tumeur characteristics of single and multiple primary melanomas.

Multiple primary melanoma patients
Tumour characteristics Single First Second Third
primary primary primary primary
melanoma | melanoma  melanoma  melanoma
n (%) n (%) n (%) n (%)
Total number: 'ofimelanomas* 1,484 154 154 56
Anatomical location
Head & neck 352 (23.9) | 32(20.9) 44 (28.6 13 (23.2)
Trunk 469 (31.8) | 63(41.2) 51 (33.) 22 (39.3)
Upper extremity 360 (24.4) | 33(21.6) 27(175 12 (21.4)
Lower extremity. 294 (19.9) 25 (16.3) 32 (20.9 9 (16.1)
Breslow thickness
In situ 81 (5.5) 24 (17.0) 55(36.7 20 (37.7)
<1.0 mm 435 (29.5) | 48(34.0) 54(36.0) 25(47.2)
1.04.0 mm 721 (49.0) | 51(36.2) 31(20.% 8(15.1)
>4.0 mm 236 (16.0) | 18(12.8) 10 (6.7 0 (0)
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Histologic subtype

SSM 882 (59.4) | 76(56.3) 81 (55.) 43 (65.4)

NM 367 (24.7) | 29 (21.5) 16 (10.9) 3(5.8)

LMM 131 (8.8) 21 (15.6) 39 (26.5) 15 (28.9)

*Other 104 (7.0) 9 (6.7) 11 (7.5 0 (0)
Mitotic rate(d/mm?)

<5 993 (67.5) | 110(79.7) 136(90.) 51 (94.4)

5-9 263 (17.9) | 19(13.8) 7.9 0 (0)

>10 215 (14.6) 9 (6.5) 8 (5.3 3(5.6)
Ulceration

Yes 381 (26.4) | 27(19.9) 13 (8.6 2(3.7)

No 1062 (73.6) | 109 (80.2) 138 (91.4) 52 (96.3)
Regression

Yes 322(24.3) | 36(25.7) 37 (245) 13 (23.6)

No 1001 (75.7)| 104 (74.3) 114 (75.5) 42 (76.4)
Tumour -infiltratinglymphocytes

Yes 582 (49.2) | 45 (32.9) 38 (25.2 9 (16.7)

No 600 (50.8) | 92(67.2) 113 (74.8) 45 (83.3)
Pigmentation

Hypomelanotic/amelanotic 83 (5.7) 5 (3.4) 6 (4.1) 1(2.1)

Pigmented 1384 (93.3)| 144 (96.6) 140 (95.9 47 (97.9)

SSM: superficial spreading melanoma, NM: nodular melanoma, LMM: lentigo raatigtanoma.

*QOther’ represents acral lentiginous melanoma, desmoplastic melanoma anigsghsvmmon tumour subtypes including

naevoid, balloon cell, spindle cell and Spitzoid melanoma.

#Some variables’have'small amounts of missing data

Table 3. BRAF mutation statusoncordance amorfgst and successiverimary cutaneousielanomas in patients with

multiple primary melanomas.

No. of matched..[.No.of patients | No. patients No. patients Patientswith
primary with matched with all with all BRAF both BRAF WT
melanomas sampleswith BRAF WT mutant and BRAF

with BRAF BRAF tumours tumours mutant tumours
mutation mutation (concordant) | (concordant) (discordant)
testing testing

0 21

1 69

2 48 33 2 13

3 14 9 1 4

5 1 0

9 1 0 0
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Table 4. NRAS mutation status concordanamong first and successive primary cutaneous melanomas in patients with

multiple primary melanomas.

No. of matched | No. of patients | No. patients No. patients Patientswith
primary withymatched with all with all NRAS | both NRASWT
melanomas sampleswith NRASWT mutant and NRAS
with NRAS NRAS tumours tumours mutant tumours
mutation mutation (concordant) | (concordant) (discordant)
testing testing

0 30

1 66

2 42 35 1 6

3 14 10 0 4

5 1 0 0 1

9 1 1 0 0

Figure 1. Patients;and;tissue samples includeth@study.
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