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Summary

Metastasis|represents the gmdduct of an elaborate biological process, which is determined by a
complex_interplay between metastatic tumour cells, host factors and homeostatiznismash
Cutaneous melanoma can metastasise haematogenougiyptiogenosly. The thregpredominant
models that"endeaur to explain thepatterns ofmelanomaprogressionare the stepwise spread
model, the simultaneous spread model and the model of differential spread. Theuise to the
development of metastases differs between the different metastatic routesaiihseveral clinical
and histopathological risk factors for the different metastatic pathways. loytartipatient sex and
the anatomical location of the primary tumour influesgatterns of disease progressi There is
limited existing evidenceegarding the relationshipetween tumour mutation statugher diagnosti
and prognaostic biomarkers artle metastatic pathways of primary cutaneous melancohhgs
knowledgegap needs to be addressed to better identify patients at high risk of disessececand

personalise surveillance strategies.
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I ntroduction

Recent advances in melanoma treatmeme ked to more intensive surveillance of high risk patients
as there_is evidence that treatments are more effective in patients with low volume metissasie
(Hodi et al.,"2010; Sosman et al., 2014&) improved understanding of the pathways of metastatic
disease anthe biology that influences these pathways is importardarder to improve surveillance
strategies ando personake follow-up of high riskpatients.The former part of this review will
explore theipathogenesis of metastasis and the patterns of progression of sutaglaoomaThe
existing modelsthat endeavour to explain thepatterns ofprogression will be describeid the
context of our current understandingf the biology underlying each mechanism of spread.
Additionally, thetime course tdhe development of metastasegatients with cutaneous melanoma
andtherecagnised risk factors for the different metastatic pathways will besdisdilhe effect of
mutation statusand other biomarkersn tumourbehaviour anctlinical outcomesin patients with
cutaneous melanomaill subsequenthbe outlined Finally, he limited existing body ofevidence
regarding the relationship betweémmour mutation statusand metastatic pathwaysf primary

cutaneous melanoema will be examirsad! future directions proposed

Pathogenesis of metastasisin primary cutaneous melanoma

Metastasis represents the gmdduct of a intricate biological process which necessarily involves
dissemination of neoplastic celte different anatomic sitesand adaptation of neoplastic cells to

foreign tissue microenvironmenf&upta and Massague, 2006; Valastyan and Weinberg, .Z0{4)
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process of metastasis is determined by the interplay between metastatic tumour dalis, hast
factors and homeostatic mechanis(ridler, 1988; Leiter et al., 2004Moreover, netastasis i|
multistep process, which includes proliferation, neovascularizatimmune system evasion,
lymphangiogenesis, invasion, circulation, emboligrtravasationand colonisation(Fidler, 1988;
Leiter et aly 2004; Nguyen and Massague, 200f¢ interactiondetween the neoplastic cells and
the nonneoplastic stromal cellareimportant in the progression die invasioametastasis cascade
(Gupta and Massague, 2006; Valastyan\Afeinberg, 2011)

Furthermore, githelia-mesenchymal transition (EMT) is a complex biological process, which plays
an importantsrole’ in the biology underlyir@@arcinoma metastasi®uring the process of EMT, a
differentiated polarized epithelial cell undergoes multiple biocheriaakitory ianges to enable it

to obtain a mesenchymal cell phenotypdonso et al., 2007; Kalluri and Weinberg, 2009; Rowe and
Khosrotehrani, 2015) Mesenchymal cells have enhanced migratory capacity, invasiveness,
production of extracellular matrix components and resistance to apofedlisri and Weinberg,
2009) Consequetly, tumour cells detach from the epithelial layer, interact with the extracellular
matrix, become.motile and acquire the capacity for metastakiniso et al., 2007; Kalluri and
Weinberg, 2009)There are multiple molecular processes involved in EMT, which incatieation

of transcription.factors, expression of certain -selifface proteins and cytadetal proteins,
production | of \extracellular matrix degrading enzymes and changes in the expressiogifaf spe
microRNAs(Kalluri and Weinberg, 2009Epithelial tumour cells may undergo EMT to different
extents; some tumour cells may retain several epithelial features, while others mpiag admplete
mesenchymal phenotygKalluri and Weinberg, 2009}t is likely that EMT is a plastic phenomenon,
whereby cells may become mesenchymal in order to teigwad invade, before switching back to an
epithelial phenotypas nesenchymal tumouwells maybe unable to proliferate in the organ in which
they haveseededAlix -Panabieres and Pantel, 201B)rthermorea recent study has demonstrated
that melanocytes directly influence the formation of the dermal tumour rbghenicroRNA
trafficking prierste invasionDror et al., 2016)Melanocytes were shown to release melanosomes,
which carry mircoRNA ito primary fibroblasts and serveit@wrease proliferation, migration and pro

inflammatory.gené expressigDror et al., 2016)

As melanoma originates from neural crdstived melanocytes and not from epithelial cgélidoes

not progress through classical EMT; rather, melanoma progresses through a ditiFikeEproces
(Caramel etal., 2013; lgt al., 2015; Vandamme and Berx, 2014)this EMT-like process, certain
EMT transcription factors appear to be tumour suppressive in patoile others promote invasion
and progressionln particular, melanoma cells cycle between a differentiated state, which is
characterised by high levels of ZEB2 and Slagd an oncogenic invasive phenotype, which is
characterised by high levels of ZEB1 and TWIGT et al.,, 2015; Vandamme and Berx, 2014)
Importantly, the reversible phenotypic switch between differentiatedraragive phenotypesvhich
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is a mechanism that may account for melanoma heterogeisaiyupled with the EMT transcription
factor signalling switch. Oncogenic signalling and changesthim micreenvirorment drive
phenotypeswitching (Vandamme and Berx, 2014hdeed, both proliferative and invasive cell®

present within heterogeneous metastatic melangH@ek et al., 2008; Li et al., 2015)

Lymphatiesflows=chemotaxis and chemime/chemokine receprs are responsible for homing of
melanoma cells to differeminatomic site§Zbytek et al., 2008)Extravasation of tumour cells into the
surrounding tissuesrequires expression of adhesion moleculedegratiatiorof components of the
extracellular matrix(Leiter et al., 2004; Zbytek et al., 200&dhesion molecules of the integrin
cadherinand‘immunoglobulin families are involved in the metastasis of cutameelasiomaLeiter

et al., 2004) Furthermore, formation of new bloods vessels by vasculogemdcmyi in which
tumour cellsacqué endotheliallike features, is an important mechanism in the pathogenesis of
melanoma imetastagigbytek et al., 2008)Notably, vascular endothelial growth factor (VEGF) is an

key factor in_ angiogenesis in metastatic melan¢hgtek et al., 2008)

Lugassy and«Barnhill have desribed an alternate moddbr melanoma metastasis, whereby
angiotropic/amelanoma cells migrate ipericytelike manner(pericytic mimicry)along the abluminal
vascular surfacey without intravasatighugassy and Barnhill, 2007)This model is termed
‘extravasaclar mgratory metastasis’ and is distinct from intravascular dissemingticggassy and
Barnhill, 2007;xlklugassy et al., 2014)here is accumulating evidence to support angiotropism,
pericyticcmimicry and extravascular migratory metastasis as important altermagans of melanoma
metastasigBald-et'al., 2014; Lugassy et al., 2014; Van Es et al., 2008)

M etastatic pathways in patientswith primary cutaneous melanoma

Cutaneousmelanoma is considered to have a high metastatic potential (Meie2@D2; Mervic,
2012; Tejeravaguerizo et al., 2007)Cutaneous melanoma can metastasesamatogenously or by
the lymphatic systen{Mervic, 2012) There are three predominant metastatic pathways in the
progressia=of=primary cutaneous melanon{deier et al., 2002; Mervic, 2012)Specifically,
cutaneous'melanoma can metastasise as satellitédrangit metastas, as lymph node metastasor

as distantmetastass (Leiter et al., 2004; Meier et al., 2005 atellite metastasis represents the
development of‘metastatic nodules within two centimetres of the primary tumbile intransit
metastasis.ds‘defined as the develeptrof metastasis within treeermal and subdermal lymphatics in
the drainage“area before the first regional lymph node ksiter et al., 2004; Meier et al., 2002)
Intralymphatic metastasis includes both satellite artdainsit metastasi&Grotz et al., 2011 )Satellite
metastasis, Hransit metastasis and lymph node metastasis representelfional metastasis.
Occasionally, loceregional disease can agcdistal to the primary tumour in the lirmbDistant

metastasis represents metastasis beyond regional lymph nodes and frequdwdy insceral sites.
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There ha beenlimited researchinvestigatingthe pattern of metastatic pathy&in patients with
primary cutaneous melanoma. A landmastudy on the patterns of progressiom patients with
primary cutaneous melanomavhich was conductedby Meier and colleaguest the Department of
Dermatology at Tuebingen University (Bermany analysed data from tli@erman Central Malignant
Melanoma jRegistryMeier et al., 2002)This study tacedthe metastatic pathways of 3,001 patients
with primaryseutaneous melanoma from 19I/A496 (Meier et al., 2002)Of the patients who had
disease confined to the primary tumour at diagnats, developed metastssduring the study
period(Meieret.al, 2002)Of the patients who developed metags50% developed regional lymph
node metastases, 28% developed distant metastases and 22% developed satelitansit
metastaseas’théssite of first tumour recurren@deier etal., 2002) The results fronthis studyare
consistent with.other studies, which have confirmed that approximatelyhiwis of patients who
develop metastases initially present with loegional metastases and ethed present with distant
metastase@CohrrCedermark et al., 1999; Reintgen et al., 1992; Soong et al., 1998;-Vaparizo
et al., 2007)

Existing modelsitaiexplain the progression of cutaneous melanoma

There arghree predominannodels that endeavour to explain the progression of primary cutaneous
melanomaFigure 1)(Pizarro, 2015)The stepwise spread modgmsitsthat melanoma metastsss
initially via™the lymphatic system towards regional lymph nodes andesuiently, systemic
disseminatienoccurs (Mervic, 2012; Tejera/aquerizo et al., 2007)Proponens of the stepwise
spread modelnitially used thismodelto argue in favour of routine sentinel lymph node bigpsy
maintainingthat melanoma spreads to regional lympheasogrior to systemic metastag&orton et

al., 2006) Nevertheless defenders of the stepwise spread model acknowledge that direct

haematogenous Spreaty occur in exceptional casgeong and Tseng, 2014)

The secondpredeminantmodel is the simultaneous spread model, which maintains that primary
cutaneous ‘melanoma metastasises simultaneously by haematogembuymphatic pathways
(Pizarro, 2015)Proponents of this model, such edalie andAckerman,contend that lymph node
involvementsisthereforea marker of systemic disea@dedalie and Ackerman, 2004; Mervic, 2012;
Pizarro, 2015)Conversely opponentsnaintainthat this modeis not able taccount for the fact that

in patients wherundergeegional lymph node dissection, approximately 30% of patients do not
develop “further disease progressi(Meier et al., 2002; Mervic, 2012; Pizarro, 2015; Tejera
Vaquerizo et al.2007)

The third modelwhich attempts t@xplainthe patterns ofprogression of cutaneous melanorhas
been coinedhe model of differential spredqd@ejeraVaquerizo et al., 2007Yhis model proposethat

there are multiple independent dissemination pathWbgjeraVaquerizo et al., 2007Yhat is some
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cutaneous melanoma® not have thdiological potential to metastasise at all, oshare able to
metastasise only tegional lymph nodesthers are able to metastasisdy haematogenouslyvhile
othersstill are able to metastasise botiahatogenouy and via the lymphatic syste(€lark, 1991,
Mervic, 2012)

The role of sentinel lymph node biopsy canevaluatedwithin the context of the abovementioned
models of melanoma progressiorhe Multicentre Selective Lymphadenectomy T+HaMSLT-I)
evaluate outcomesof patients randomised to eitheentinel lymph node biopsjollowed by
immediate completion lymphadengamy if nodal disease was identifiedbr observation with
lymphadenectomy for clinical evidence of nodal disgdserton et al., 2014)Whilst there was no
benefit to averall survivakentinel lymph node biopsyas shown to provide prognostic information
and regional disease contr@orton et al., 2014) While the hypothesis of thisandomised
interventionaltrial waspremisedon the stepwise spread model, Pizarro arguesrttatt, the model
of differential spread most accurately accounts fordisalts(Pizarro, 2015)The fact that a negative
sentinel lymph node biopsy does not guarantee survival can be accounted for by the model of
differential spread as it purports that some cutaneous melanomas metastasieelxalia the

bloodstrean{TejeraVaquerizo et al., 2007)

Time course to the development of metastasesin patients with cutaneous melanoma

The time cours'to.the development of metastases in patients with primary cutaneousmeelzunght

to be considered within the context of the abovementioned models of disease progireddeiar
and colleagues’ study, the time to development of primary tumour recardifiered significantly
between the different routes of metastgdieier et al, 2002) The median time course to the
development.of,distant metastases as first tumour recurrence was-twentyonths(Meier et al.,
2002) The 'median time course for regional lymph node metastases and satéthiesin metastases
as primary tumeur recurrence was sixteen months and seventeen months, resgbtgieelgt al.,
2002) It is important to consider lead time bias in the time course to the developnraetastases.
That is, small irtransit and lymph node metastases are more likely to be detected by patiemtg, leadi
to earlier detection, compared to distaigceral metastases of the same size. Similarly, very small
visceral metastases may not be detected on radiological surveillance with CoMipotedraphy
(CT) or Positren"Emission Tomography (PET) imag{fgiedman and Wahl, 2004)n addition,

routine radielogical surveillance is not a universal practice

In terms of melanoma progression, the German Central Malignant Melanoma Relgistgterised
four distinct metastatic routes, which includddDevelopment of satellite or in-transit metastases
followed by regional lymph node metastases and distant metastases, 2-Development of satellite or in-
transit metastases followed by distant metastases, 3-Development of regional lymph node metastases
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followed by distant metastases and 4-Development of distant metastases as first tumour recurrence
(Meier et al., 2002)Notably, in patients who developed distant metastases, irrespective sifetfof
primary recurrence, the time course to distant metastases was betweenfomerand thirty months
following detection of the primary melanoniieier et al., 2002)Thus, the time course to the
development of distant metastases was established to be independent of the eytstati(Meier
et al., 2002)

Several othersstudies have similarly demonstrated that the time course to distastases is
comparable across the various metastatitesiDong et al., 2000; Tejerdaquerizo et al., 2007)n
particular, Tejera/aquerizo and colleagues’ performed a retrospective study of patients with primary
melanoma (in Spain from 1999004; of the 575 patients with primary melanoma, ssdyen
developed metastaséEejeraVaquerizo et al., 2007)n their study, he most common pattern of
progression was metastases to lymph nodes followed by distant metastases, aast tb@mmon
pattern was_satellite/itransit metastases followed by distant metasté§$egraVaquerizo et al.,
2007) Importantly, this study demonstrated that prior recurrence, either irotivedf satellite/in
transit metastases or lymph node metastases, did not affect the time to the dewvelfpdistant
metastaseflejeraVaquerizo et al., 2007Thus, similar to previous research, this study reported that
the time course.to distant metastases was independent of the metastatic pE¢fevayaquerizo et

al., 2007)

Clinical andshistological risk factorsfor the different metastatic pathways

While there are welkstablished clinical and histopathological risk factorsthe development of
tumour recurrence, there is limited data on the factors that influenddfdgrent metastatic pathways
for patients with, primargutaneous melanomBata from theGerman Central Malignant Melanoma
Registry was analysetb determime possibleclinical and histologicatisk factorsfor the different
metastatic pathway(Meier et al., 2002)Patient sex, anatomical location of the primary tumand
tumour thickness were demonstrated tosigmificant risk factors for the development of metastases
by theaforementionednetastatic pathway&igure 1)(Meier et al., 2002)0On the contrary, age, level

of invasionand-histological subtype did nmipactthe distribution of the metastatic pathwditeier

et al.,2002)

The most.important factdo influencethe different metastatic pathwawss anatomicalocation of
the primary tumou(Meier et al., 2002)Melanomas on the trunk and upper extremitvese noted to
display distinctly different patterns of progression compared to thoseedovier extremities and the
head and neck region. In particulaf,the patients who developed metastagesater than 30% of
patients with melanomen the lower extremity or heaand neck region developpdmary satellite or

in-transit metastases, whereas greater than 30% of patients with melanahm trunk or upper
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extremity developged direct distant metastasgdleier et al., 2002) Further, CohnCedermark and
colleagues’ populatiehased study in Swedgefiom 19761987, demonstrated that patients witad
and neckprimary melanoms& had a higher frequency of demging direct distant metastases
compared to those with primaries on all other anatomical locat@oisnCedermark et al., 1999n
addition, in TejeraVaquerizo and colleaguerttrospectivestudy, anatomical locatioof the primary
melanomasignificantly influenced which metastatic pathway was follow@&ejeraVaquerizo et al.,
2007) Specifically, patients who had a primary cutaneous melanamahe lower extrenty
demonstratedi.statistically significant lowerisk of direct distant metastasesompared taall other
primary sites (TejeraVaquerizo et al., 2007)The abovementioned studies occurred priothe
routine testing of,mutation status in patients with advanced dise@seonsequentlyhese studies
did not contrel for this potential confounding factor. More specificdigAF-mutant tumoursare
associatdd with' sites of intermittent sun exposyMaldorado et al., 2003; Menzies et al., 2012;
Poynter et al., 2006whereas sites of chm@, cumulative sun exposure have a higher frequency of
tumours withNRAS mutations(Platz et al., 2008)Therefore,the extent to whictthe anatomical
location of the primary tumour influences tlifferent metastatic pathwayindependent of the

somatic mutational profile of the tumoigrunclear.

Some authors. suggest that the lower risk of developing distant metastases in witietutaneous
melanoma 'of the lower extremities is a result of the longer lymphatiselandthe greater number
of lymphghedeghat are requiretb be passedntil the systemic circulatiois reachedGarbe et al.,
1995; Leiter et"alk, 2004; Ner et al., 2002)Therefore, the lymphatic drainage system associated
with different.anatomical locations may be responsialdeast in parfor the patterns of progression
and consequent clinical course patients with cutaneous melanortieier et al., 2002)In fact,
primary melanomas on the lower extremities héeen reported to hava favourable progrsis
comparedtoimelanomas on other body sitgsiter et al., 2004; Meier et al., 2002 contrast,
melanomas locatedn the head and neck region hdeen reported to have a poorer prognosis, with
higher predilectiorfor metastasis and pooreverall survival (de Giorgi et al., 20%,2Lachiewicz et
al., 2008; Pollack et al., 2011)

It has been welestablished that primary melanon@s the lower extremities are more common in
females, wkreasthose on the trunk are more commonniales(Buettner and MacLennan, 2008;
Erdei and Torres, 2010; Garbe and Leiter, 2009n largeAustralian studyof 34,021 patients with
invasive_melanoma and 1,7patients with in situ melanonmthat werediagnosedbetween1982
2002, incidenerates were the highest for the trunk in males tedlowerextremitiesin females
(Buettner and MacLennan, 2008pome authors propose that diénces in clothing, hairstyle and
occupationare posdile reasons taaccount for thesex differences in anatomical location thie

primary tumour (Bulliard et al., 1997)However, theaforementionedocio-cultural factors are lkely
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to only partially explain theseex differencesand there are likely to be sexspecific tumourhost

interactionghat play a importantrole (Joosse et al., 2011)

Patient sex, as well as influencing anatomical location, indepedently effects drerdifinetastatic
pathways for patients with primary cutaneous melan@loasse et al., 2011; Meier et al., 200R)
German populatiofased cohort studywhich wasconductedby Joosseet al., investigatel gender
differencesginsurvival and disease progression at all progression phases in patients with cutaneous
melanomgJooese et:al., 2011)his studydemonstrated a significant female advantage in melanoma
specific 'survival, a lower risk of progressiom females, includinga lower risk of lymph node
metastase andwisceral metastasesee\after controlling foanatomical site of the primary tumour
(Joosse et al., 2011¢enderindependently affected melama in all phases of progression; thing
results of this'study lend further support to the notion that #eresexdifferences in biolog and
diseaseéhost interactiongJoosse et al., 2011furthermoreMervic analysed data from tHéerman
Central Malignant Melanoma Registryvhich included 7,338 patients with primary cutaneous
melanomafrom 19762008 in order to identify sex differences in the patterns noélanoma
progression(Metrvic, 2012) In their analysis, lte ratesof primary ymph node mettasisand direct
distant metastasiwere similar among men and won{®fervic, 2012) However females displayed a
significantly greater predilection for primary satelliteinrtransit metastasj particularly,in 18.7% of
menand 29.2% of womerthe first metastasis was alite or intransit metastasigvlervic, 2012) An
importantfindingsfrom this analysis was thiaétmedian time to distant metastasis was approximately
forty morths andythirtythree months in womeand men, respectivelfMervic, 2012) Thus, the
pattern of metastatic spread, with a higher frequencprimhary satellite/n-transt metastases in
femalesand the extended time course to distant metastasis in females;omiaypute tothe sex

differences‘in melanoma progno§igervic, 2012)

The sex differences in melanoma prognases weltrecognisedfemales are reported to have better
survival ratesgseomparetb their male counterpartéde Vries et al., 2008; Downing et al., 2006;
Lasithiotakis et al., 2008)'he enhancedurvival ratesannot beascribed solelyo the differences in
anatomical“padilectionof the primary tumou¢(Nikolaou and Stratigos, 2014 fact, a Dutch study

of 10,538 patients witbutaneous melanoma denstrated that after adjusting for known phenotypic
and histpathdogical prognostic factors, including age, anatomical location of the primargutyum
Breslow thickness, histologic subtype and metastatic involvement, males still hadfiessigexcess
mortality_risk’(de Vries et al., 208). The results of this study and others highlight that a complex
biological basis,is likely to underlie females’ survival advaniageutaneous melanongde Vries et

al., 2008; Lasithiotakis et al., 2008; Nikolaou and Stratigos, 2014)

Tumour thicknessias alsobeen reported to be factor infuencingthe patterns ofprogressionin
patients with primary cutaneous melanofdeier et al., 2002)In Meier's discussed aboy¢he

majority of melanomas metasised initially to lymph nodes.dwever,tumours less than 0.76mm
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thick and those greater than 1.5mm thick preferentially developed satellitetrangit metamses
(Meier et al., 2002)Conversely, tumours between 0:Z5mm in thickness demstiated the highest
rate of direct distant metastas@deier et al., 2002)In contrast to the above finding§ohn
Cedermark and colleaguestudy, which assessed the impact of nplé histological factors on
melanomametastatic pathwaysiemonstrated that metastatic pathways were similar with respect to
primary tumaeurthickness, among othéamourfactors, such as histologsubtype, Clark’s level of
invasion and ulceratioiCohnCedermark et al., 1999Therefore, further research is required to
elucidatethevariouspatient and tumouirelatedfactorsthat mayimpactthe patterns of progression

in patients with cutaneous melanoma.

Effect of tumoursmutation status on clinical outcomes of patients with cutaneous melanoma

Our understanding of the molecular basis underlying the pathogenesis of melanommproasd
considerablyoverrecent yearsActivation by mutation or amplification of various oneogs, such as
BRAF, NRAS KIT, cyclin D and cyclirdependent kinase d4re significant events in the development
of melanoma(Devitt et al., 2011) Activation of the mitogeractivated protein kinase (MAPK)
pathwaycouples signals from cell surfaceceptors to transcription factors, thereby regulatiege
expression'and cell proliferatigicCubrey et al., 2007 onstitutive activation of MAPK signalling
may becaused by mutations in tlBRAF oncogene, while mutations the NRAS oncogenamay lead

to upregulation_of the MAPK pathwg{ovindarajan et al., 2003; Mishra et al., 2010; Peyssonnaux
and Eycheney2001furthermore, inactivating mutations in NF1 (tumour suppressor gene) are present
in 50% of wildtype tumours compared with 4% BRAF/NRAS mutant tumourgMar et &, 2013)
Inactivation,of NF1 tumour suppression can result in constitutive MAPK pathwawtamti(Basu et

al., 1992) Nonethelessthe precise role oBRAF and NRAS mutations in melanomagenesiad

tumour progressiars yet to becomprehensively established.

It is well-recognised tha#0-50% and 15% of cutaneous melanorhagbouractivating mutations of
BRAF andNRAS, respectivelyDevitt et al., 2011; Hocker and Tsao, 2007; Liu et al., 2007; Smalley,
2003) Mutations.in NRAS and BRAF oncogenesare mutually exclusive of one anothand are
associated mwithedistincphenotypic and histgpathological characteristicBarbour et al., 2014;
Colombino et al.,.2012; Hodis et al., 2018pwever,there is some evidente suggesintra-tumour
heterogeneity,~wherebBRAF and NRAS activating mutations can exist in the same tumour
specimeninydifferent clonal sulpopulations(Chiappetta et al., 2015; Sensi et al., 20ERAF
mutant tumoursre more common in patients wlawe younger, have multiple naevi and arere
likely to arisein areas of intermittent sun exposwempared to areas of cumulative sun exposure
(Barbour et al., 2014; Devitt et al., 2011; Krauthammer et al., 2012; Liu et al., 20Qignddo et al.,
2003; Mar et al., 2013; Menzies et al., 2012; Poynter et al., 2006; Viros et al., BRAB mutations
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are alsomore common in superficial spreadingelanomagEkedahlet al., 2013; Liu et al., 2007;
Long et al., 2011)Recent evidence suggests tB&AF and NRAS mutations, which confer distinct
clinical and pathological characteristics, are also associated witbrgmwognostic outcomegDevitt

et al.,, 2011; Long et al., 2011; Mann et al., 2013; Mar et al., 2015; Moreau et al., 2012|.Si et a
2012)

There areconflicting results in the literature regarding the clinicakrelationsand prognostic
significanceofsNRAS:mutant tumoursDevitt and colleagues’ prospective study of 249 patients with
cutaneous ‘melanoma demonstratieat NRAS mutations were associated with a shorter melanoma
specific survivalsecompared to witype andBRAF V600E mutationgDevitt et al., 2011)Similarly,
Jakobet al.’s American study of 677 patients with cutaneous melanoma reportedRA&mMutation

is independently associated with decreased overall survival after a diagfiostiage IV disease
(Jakob et fal.; 2012)In contrast, other studies have reported tNRAS mutation was notan
independenprognostic factoin patients with metastatic melanori®&arbour et al., 2014; Ekedahl et
al., 2013)

While the evidence regarding the prognostic significancBIRAS mutationhas yieldedsomewhat
inconsistent results, the emerging literature suggest8R&EE mutant tumows may confer a poorer
prognosigLonget al., 2011; Mar et al., 2015; Moreau et al., 200@)g et al.’s prospective study of
197 patientsawith’metastatic melanoma revealed that the presen8&RAFanutation had no impact

on the diseasfree interval from primary melanoma diagnosis to first distaetastasigLong et al.,
2011) Howeverthe median survival of patients with newly diagnosed metastatic melanomadvas 5
months for“patients witlBRAF-mutant tumours and 8.5 months for patientdh VBRAF wild-type
tumours. Thereforethese results demonstrate thia¢ BRAF mutationhad a significant impact on
survival aftersthemdevelopment of first distant metastdkisng et al., 2011)Overall survival in
patients withBRAE mutant melanoma may be improved by the use of BR#hbitors with or
without MEKuinhibitors (Chapman et al., 2011; Hauschild et al., 2012; Long et al., 2014; McArthur et
al., 2014) In addition, Barbour and colleagues’ stuafypatients wih stage 11IB andlIC cutaneous
melanomainvestigated the patterns of recurrence following therapeutic lymph node dissectio
associated witiimour mutation statugBarbour et al., 2014)Patients with tumours harbouring a
BRAF mutation had a significantly poorer recurrefiee survivd and diseasspecific survival
compared to patigs with BRAF wild-type tumours (Barbour et al., 2017his study established that
the BRAF _mutation is an independent prognostic factor for patients with resected stagad/IBC

cutaneous melanongBarbour et al., 2014)

While the majority ofstudiesinvestigating the relationship between tumour mutation status and
clinical outcomes aréocused on patients with metastatic diseiseng et al., 2011; Mann et al.,
2013; Moreau et al., 2012; Si et al., 2012)few studies haveemonstratedhat BRAF mutant

melanomas are associated withhmrterdiseasdree andmelanomaspecific survivain patients with
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early-stagediseas€Mar et al., 2015; Nagore et alWhile thesestudies were small cohorts (196 and
147 patientsrespectively) the results suggest that mutation statusbmapimportant consideration

in assessing the ris&f diseaseprogression(Mar et al., 2015; Nagore et alNotably, a recent
populationbased study by Thomast al. demonstrated thamelanomaspecific survival was
significantlydecreasedor higherrisk tumours (T2b or higher stage), but not lower risk tumours (T2a
or lower stage)harbouringNRAS or BRAF mutations compared to wiype tumouss (Thomas et al.,
2015) The‘authors explained th#ie decreased melanosrspecific survivalin BRAF- and NRAS
mutant melanemasyhich was limited to higher risk tumours, may be result ofthese tumours
acquiringadditionalgenetic alterations during their progress{@homas et al., 2015 he results of

this study provide support that mutational status may offer prognostic informatidrigherrisk

primary melanomas

The relationshipbetween tumour mutation status and metastatic pathways of primary

cutaneous melanema

Data on the relationship betwe&mmour mutation status and thdifferent metastatic pathwaym
patients withprimary cutaneousielanomas scarce Notably, a large cohorstudydemonstrated that
BRAF mutant tumoursbut notNRAS mutant tumoursare associated with greater risk of nodal
metastais at diagnosig¢Mar et al., 2014)These results are consistent with Broekekeat.’s previous
study, whichsestablished thBRAF mutant tumours metastasise more frequently to regional lymph
nodes, whereaBRAF wild-type tumous are more likely to metastasise to fmmual sitegFigure 1)
(Broekaert et al., 2010)The authorsof the latter studyconcludethat BRAF mutant melanomas
thereforerepresent a biologically distinct subtype of melanoma that differs in its ipaftenetastasis
(Broekaert et al., 2010)n contrastBarbour and colleagues’ staf patients with stagdl disease
revealed that, in patients witBRAF mutant melanomassolatedregional lymph node metastases
wererare and almost all primary recurrencespresentedlistant metastasg8arbour et al., 2014)
Moreover, Changnd ceworker’s study demonstrated that melanomas harbo®iRAfF mutations
were more likely than BRAF wildtype tumours to metastasise the liver (Chang et al., 2004)

However, the results of this study are limited by its small sample size and retrospadijveestign.

Contraryto Changet al. (Chang et al., 2004Broekaertt al. (Broekaert et al., 2010and Maret al.’s
(Mar et al., 2014jindings,Jakob and colleagues’ study has demotedréhat BRAF mutant taours
were not associated with higher rateseatherlymph nodeor liver metastaseglakob et al., 2012)
Rather BRAF mutant tumours displagd significantly higher rates of central nervous system
involvementand lower rates of pulmonary involvemexttthe time of diagnosis of distant metastatic

diseasdJakob et al., 2012Yhe authors contend that if this finding is validated in other studies, a role
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for heightened central nervous system surveillance in patients with tumounsutiag BRAF

mutations may be warranted (Jakob et al., 2012)

Biomarkersin early stage disease

While there isJlimited research on tumour mutation status as a predictor of tistatiefzathways of
disease pragression, various other prognostic biomarkersatsneeen investigated. Biomarkers in

early stage.diseasee of increasing importance in order to stratify the risk of progressioatignts

with primary, cutaneous melanoma and to provide prognostic informéBoaold Rothberg et al.,

2009; Weinsteimwet al., 201MHlowever, there is currently a lack of reliable molecular biomarkers to
predict the“.course of melanoma progression despite extensive efforts and an abundance of
investigational/studie@Gould Rothberg et al., 20Q9)hile there is yet to be any novel diagnostic or
prognostic biomarkers added to the current melanoma staging guidelines, recenh riegeahis

area has provided invaluable insight into the biology of melanomagenesis and tumoessoogr

Recentstudes_have investigated the factors involved in EMT as potential biomarkers imeouta
melanoma (Figure 1). The process of EMT involves the loss of the multifunctranamembrane
protein, Ecadherin (epithelial cadherin), and increased expression-aidiNerin (neural cadherin)
(Miller andiMihm, 2006) In melanona, the EMT-like processmay be affected by the transcription
factor, SNAIL(snail 1), by modulating expression efdfiherin and inducing fdadherin(Bennett,
2008; Kuphal etsal., 2005)n other malignant process, such as breast, endometrial, ovarian, cervical
and oralssquamous cell carcinoma, the upregulation otrémescriptional repressor Snail and the
reduced expression of&dherin has beeatorrelated with poor prognosis (Abouhashem et al., 2016;
Blanco et al., 2002; Blechschmidt et al., 2008; Peng et al., 2016; Yokoyama et #&).,|208act,
several studies, have demonstrated that reduceddBerin expression may be have a role in
promoting 'melanoma cell invasion and metastasis and thus, may be of progigosiicasce in
cutaneous melanoem&reizenbeck et al., 2008; Tucet al., 2007)Alonso and colleagues analysed
gere-expression profiles of vertical growth phase melanomas using cDNA ma&ysaland
determined that_expression of a set of proteins in the EMT grougadNerin, osteopontin and
SPARPC/osteenectin) were significantly associated with the development stasetlonso et al.,
2007) The authors concluded that EM#&lated genes contribute to the promotion of the metastatic

phenotype by.supporting specific adhesive, invasive and migratory progaftieso et al.2007)

Boyd and ceworkers applied wholgenome expression analyses to reveal that oncogenic BRAF
(V600E) regulates genes associated witle EMT-like processin normal cutaneous human
melanocytegBoyd et al., 2013)In particular, this study determined tHBRAF V600E induces the
transcriptional repressor, Tbx3, which repressesadherin expression in human melanocytes and

melanoma céd (Boyd et al., 2013)These authors propose that the BRAF/Tbx848herin pathway
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has a significant role in metastasis BRAF-mutant melanomas and consequently, inhibiting Thx3
expression or activity may represent a potential downstream therapggtt(Boyd et al., 2013)
Moreover, Mitchell and colleagues’ recent studyguuo elucidate the relationship betwesRAF,

Snail, Ecadherin and other prognostic marker primary cutaneous melanoiiditchell et al., 2016)
These investigators demonstrated i BRAF mutation is correlated with the loss ofcRdherin.
Thus BRAF may.act to repress-éadherin expression and consequently, it may have a catalytic role
in EMT (Mitchell et al., 2016)While this study had a robust methodology, the results are somewhat
limited by the.small sample size (n = 68) and hence, further research is requiremidte vthleir
findings.In alarger cohort of 814 pants,BRAF mutant primary melanomas were significantly more
likely to presentwwith involvement of the regional lymph nodad were also more likelto have
RAC1 immunereactivity(Mar et al.,, 2014)RAC1 is a member of the Rho subfamily, which is

important for celimotility and may also have a role in EMT.

In addition to_Snail and £adherin, Twistl and Twist2 are major regulatory proteins that induce EMT

(Ansieau et al., 2008)Several small studies have determined that elevated Twist expression is
associated with._poor prognostic comnes in patients with melanorf@aramel et al., 2013; Hoek et

al., 2004) In,addition, there is some evidence to suggest that Twistl and Twist2 have the @bility t

override oncogeeinduced premature senescence (Ansieau et &8)20

Cell senescencerdenotes an irreversible arrest of cellular proliferation and is a processstt o
overcomefor the development of melanoma (Bennett, 2008; Campisi and d'Adda di Fagagna, 2007)
Inducers of senescence include oncogenic stress, telomere shortening (replicative senestence) an
sustained signalling ybcertain antproliferative cytokinegBennett, 2003; Campisi and d'Adda di
Fagagna, 2007 5ome authors maintain that oncogémduced senescence is not a distinct process
from telomereinduced senescen¢Bennett, 2008; Campisi and d'Adda di Fagagna, 200dged,

both oncogenes and short telomeres may activate DNA damage signalling, reggesaaimmon
mechanism-ef.senesicce inductior{Bennett, 2008; Di Micco et al., 2006; Herbig and Sedivy, 2006)
Cellular senescence is established by the p53 angRB&umour suppressor pathwg@ampisi and
d'Adda dimFagagna, 20Q7Henescencimducing signals engage these pathways independently;
however, these pathways may interact with one another to hattycdl progressioriCampisi and
d'Adda di Fagagna, 20Q7)

Immunohistochemical staining for pl6, a cell cycle regulator and tumour supprkasoheen
demonstrated to be a potential diagnostic marker in differentiating éetwalignant melanoma and

Spitz naevi(Al Dhaybi et al., 2011; George et al., 2010; Hilliard et al., 2008)ile p16 expression

has been reported as a potential diagnostic biomé&Medhaybi et al., 2011; George et al., 2010;
Hilliard et al.,2009) several studies have also demonstrated that p16 may have value as a prognostic
biomarker(LadeKeller et al., 2014)A large cohort study determined that loss of pl6 expression

predicted ovelr and distant metastadi®e survival independent of known histopathological
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prognostic markers and tumour stdgadeKeller et al., 2014)Thus, pl6 expression may represent

an independent prognostic biomarker fatipnts with cutaneous melanoifi@adeKeller et al., 2014)

Furthermore, Gould Rothberg and colleagues conducted aamafgsis of immunohistochemistry
based protein biomarkers of melanoma outcome and determined that pl6/INK&homal cell
adhesionmmolecule (MCAM)/MUC18, matrix metalloprotein@seKi-67 and proliferating cell
nuclear antigen are promising prognostic biomark@muld Rothberg et al., 20Q9)he results of this
metaanalysisisupport the role of effectors of DNA replication and cell proliferatj@inedependent
kinase inhibitors, transcription factors and regulators of tissue invasion etipobiomarkers in
melanoma prognosiéGould Rothberg et al., 2009None of the abovementioned biomarkers have
been adopted as standard of care for patients with melanoma. Therefore, futiesrasturequired to

validate the prognostic valwend clinical utilityof these biomarkers

Biomarkersin advanced disease

While none of the serological or immunohistochemical biomarkers discussed above areyroseidel
in clinical practice in patients with early stage disease, lactate dehydrogenase (LDH) is a serum
biomarker that has been included in the American Joint ConemotteCancer (AJCC) staging and
classification guidelines for patients with advanced stage disease. @tugrostic biomarkers
includedying,the ,AJCC staging system include, Breslow thickness, ulceration, mitosda) n

involvement andhe site of distant metastag@alch et al., 2009)

The cytoplasmic'enzyme LDH is one of the earliest studied biomarkers in cutaneous melan@ma and i
a surrogate marker of disease dmmr (Karagiannis et al., 2014; Weinstein et al., 20Marious
inflammatorymisehaemic and infective processes may result in elevated LDH; tBusptia specific
marker of malignancyKaragiannis et al., 2034While the specificity of LDH in sera increases with
disease progression, the sensitivity of this biomarker decreases (Brochez and Naégfert, 2
Deichmannfet al1999; Sirott et al., 1993; Stark et al., 2015; Weide et al., 2@li&)noteworthy that

LDH has=beensdemonstrated to be a predictor of progression in patients with stageasé dind
numerous- studies have reported an association between elevated LDH and reduced patigint surviv
(Balch et al., 2009; Sirott et al., 1993; Weide et al., 2012; Weinstein et al., ROpdjticular, Weide

and colleagues™cohort study determined that both elevated LDH and S100 independentlgdpredict

disease outeome in melanoma patients with advanced stage (Weabe et al., 2012)

S100 proteins are involved in a variety of cellular functions, including cell growthcyse
regulation and cell motility (Weinstein et al., 2018).00 is frequently used as a diagnostic biomarker
when the histopathological djaosis of melanoma is uncertgWeinstein et al., 2014)Numerous
studies have demonstrated that S100 may be a useful serum prognostic biomar&gerits with
stage lll and IV diseasg=gberts et al., 2008; Kaskel et al., 1999; Kruijff et al., 2009; Mohammmed e
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al., 2001; Smit et al., 2005; Tarhini et al., 2009; Weide et al., 2ad@may be useful forthe
stratification of gage Il patients for adjuvant treatmgiruijff et al., 2009) However, there is no
current consensus on its routine use in the clinical setting. Indeedhbdbrtsitivity of serum S100
and LDH varies with diseasgrogression anadonsequently, these are inadequate biomarkers for
detecting early progression at all stages of diséasek et al., 2015)More reliable, sensitive and
specific novelsbiomarkers are required in order to detect early disease poygrasd provide

prognostication for all stages of disease.

There is evidence to suggest that in patients with advanced disease, treatment is more ieffectiv
those with a'lower disease burden (M1a/M1b) compared to those with distakases (M1c)Hodi

et al., 2010; Sosman et al.,, 2012; Starkalet 2015) This underscores the importance of early
identification of disease progression in order to detect low volume metasssase] particularly in

the context of the rapidly progressing landscape of melanoma therapeuticd, fedest advances in
melanoma treatment with new targeted therapies and checkpoint inhibitors has lgé totemsive
surveillance of high risk patients. Blood tests which are able to relisgct circulating biomarkers
may assist_with_providing impved and individualised surveillance strategies for these patients.
Therefore, ‘circulating tumour products, which include circulating tumour cell€4¥; Tcirculating
tumour DNA.(ctDNA) and ritcroRNA (miRNA), represent areas of immense interest in melanoma
research{Xu etlal., 2016)

CTCs represent cells that hagbeal from primary tumoursor metastatic depositand ae thus
circulating in_thevasculature(Haber andVelculescu, 2014)Examining CTCs may enhance our
understanding ofthe metastatic cascade and may flatlve seriaimonitoring of tumour genotypes
(Pantel and Speiche2p16) CTCs are difficult to isolate from patients with melanoma as they do not
express common: CTC markers, suchepgthelial cell adhesion molecule (EpCAM) or epithelial
cytokerating(Gkountela et al., 2016Morphological and immunophenotypical profiling to detect
CTCs remainsschallengingnd therefore, sophisticated cellular isolation platforms are required
(Haber and'Velculescu, 2014; Hong and Zu, 20IBg multistep preparation process of CTC assays,
including“bloed“sample preparation, tumour cell separation, cell staining by aesbodgene
probing and CTC detection, may lead to challenges in interpreting the i@suits and Zu, 2013)
Just as primary melanomas are made up of a heterogeneous population of cellsb@i@lations

in melanoma have also been shown to be heterogeri@oan et al., 2015a)t is unknown at this
stage whether, CTCs have specific protein expression signatures that enable metastasigtiaimd g

specific organ'sites, such as the brain.

Several studies have demonstrated that CTCs may represent potential progoostikdss in
patients with metastatic melanorfBidard et al., 2014; Khoja et al., 2013; Koyanagi et al., 2010;
Reid et al., 2013Khojaet al.’s prospectivestudy used thenethod of CTC enumeration per 7.5 ml of
bloodas previously described by Real. (Rao et al., 2011anddetermined that 26% of patients had
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>2 CTCs at baseline and that a baseline CTE bivas an independent prognostic marker for overall
survival in pdients with metastatic melanonfishoja et al., 2013)These authors also demoiagéed

that CTC measured sequentially throughout treatment provided additional progmiosthation and
information regarding treatment responoja et al.,, 2013)Moreover, in patients with uveal
melanomaa recent prospective study demonstrated that CTC count was strongateassath
progressiorfreessurvival and overall survivaBidard et al., 2014)However, CTCs were only
detected in'12 of the 40 (30%) patients with metastatic uveal melanoma in thigBitlaiy et al.,
2014) Netwithstanding the low sensitivity, the investigators maintain that detecti@TGE merits
further investigatio as it may be coupled to downstream molecular analysis to improve our

understanding ofithe biology of metastd&iglard et al., 2014)

An additional circulating noimvasive biomarker, which may assist in improving our understanding
of the biology/of metastasis, ©tDNA. The isolation of ctDNAN the blood which is derived from
primary tumoursmetastatiadeposis orlysedCTC, is simpler than the isolation of CTCsaber and
Velculescu, 2014)Thereis emerging evidence to demonstrate that ctDNA may be detected in
patients with.advanced stage melanoma and that ctDNA levels are indrepaéidntswith a higher
tumour burdenBettegowda et al., 2014; Chang et al., 2016; Tsao et al., .2@X&cent American
study of patients.with unresectable stage IlIC/IV melanoma has demonstratediohdq pitiation

of treatment, in patients with low volume metastatic disease, ctDNA levels were elavéitex of
seven (71%)spatients and among patients with disease progression, ctDNA had a sexis@fity
(Chang et al.,"2016)Iin fact, their study revealed that ctDNA was more sensitive than BDH
detecting'metastatic diseg&&hang et al., 2016)

Among patients receiving treatment for melanoma, ctDNA may serae aarly indicator of changes

in tumour burden and as a monitoring tool for response to thé@py et al., 2015b; Lipson et al.,
2014; Schreueryet al., 2016; Tsao et al., 20%86hreueret al. quantitatively analyse@8RAF V600
mutant ctDNA fream plasma in patients treated WRRAF/MEK inhibitors (Schreuer et al., 2016)
BRAF V600.-mutant ctDNA decreased rapidly upon initiation of targeted thespy was
undetectable after six weeks of treatment in seven of 12 (60%) of patients. Inspatiese disease
progressed, an increase in tBBRAF V600 mutant ctDNA fraction was detedtgprior to clinical
evidence ofspragression in 12 of 27 (44%) patients and simultaneously in seve(26#@7patients
(Schreuer et.al.,.2016)heir findings suggest that plasrBRAF V600 mutant ctDNA may serve as a
potential monitering tool during taeément withBRAF/MEK inhibitors (Schreuer et al., 2016)ipson

et al.’s pilet,study monitored serial plasma ctDNA levels in patients with metastatic medano
undergoing treatment with immune checkpoint blocking drigsson et al., 2014)Of the ten
patients who completed treatment, increasing levels of ctDNA were observed in conjunttion wi
radiological eviégnce of progressive disease in three patifrifson et al., 2014)These findings

support the notion that changes in ctDNA may predicttantour activity of immune checkpoint
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blockade; however, these finds require validation with larger patient numbers in future prospective
studieg(Lipson et al., 2014)

While the aforementioned studies by Lipsaral. (Lipson et al., 2014and Schreueet al. (Schreuer

et al., 2016)assessed ctDNA levels in paits treated with immune checkpoint inhibitors or
BRAF/MEKginhibitors, respectively, aecent Australian study monitored plasma ctDNA levels in
both patientsswith advanced metastatic melanoma receiving targeted dhefpagnurafenib,
dabrafenib“or dabrafib/trametinib combinationdr immunotherapies (ipilimumab, nivolumab or
pembrolizumab)(Gray et al., 2015b)This study revealed that plasma ctDNA levels decreased
significantly.in_patients receiving MAPK inhibitors in accordance with respansigetapy, whereas
ctDNA levels' didynot decrease in patients treawdth immunotherapie¢Gray et al., 2015b)Thus,

the findings ef,this study indicate that ctDNA may be a valuabteinvasive biomarker of response
to kinase inhibitor therap{Gray et al., 2015b)The utility of ctDNA to predict progression in early
stage disease has yet to be evaluated.

Recent evidence)is emerging ttharculating miRNAsmay be used as biomarkers in multiple
malignant processe including cutaneous melanorf@llegra et al., 2012; De Guire et al., 2013;
Fleming etial., 2015; Friedman et al., 2012; Stark et al., 2015; Weiland et al., RORR)As are
small noncoding ribonucleic acids that are involved in the regulation of gene sskpneathe post
transcriptional leve(Bartel, 2004) Tumour cells have been demonstrated to release miRNAs into the
circulation. Thus, extracellular miRNAs are detected in serum, whereas intracliRAAs are
profiled frometumair tissue(Margue et al., 2015)t is noteworthy that miRNAs in serum are highly
stable as they are resistant to endogenous RNase activity, prolonged room tempexgiation and
multiple freezethaw cyclegMitchell et al., 2008)In contrast, the limited stability of ctDNA is due to
the presence of DNAse activity in the bloodstrdifaber and Velculescu, 20114

There is evolving evidence that various miRNAs and miRNA expression signatures mssdbasu
biomarkers in ptients with cutaneous melanoifMione and Bosserhoff, 20153tark and colleagues’
multicentre study has recently identified a panel of seven melarelatad miRNAs (MELmIR7)

that is able to detect the presence of melanoma in serum with 93% sensitivity82%d specificity
when at least 4 of the miRNAs are exgex(Stark et al., 2015)This melanomaelated miRNA
panel was found to be superior to LDH and S1@®PBredicting overall survival, disease progression
and recurrence in patients with stagerélanoma(Stark et al., 2015)The panel was also able to
discriminate stage I/l and stage Ill melanoma from controls, showingtdhaur products are
evident in the [blood from an early stage, prior to any evidence of metabtasiger, ArmandLabit

and colleagues” recent prospective study identified a profile of two plasma miRNRsLg#6 and
mirR-185) that was significantly related to metastatic melanoma compared to healttoyscaith a
sensitivity of 90.5% and a specificity of 89.1%rmandLabit et al., 2016)Therefore, this plasma
mMiRNA profile may be a noinvasive biomarker for the timely detection of disease recurrence
(ArmandLabit et al., 2016)
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Furthermore, Friedmasat al.’s study revealed that a signature of five miRNAs categorised patients
into high and low recurrence risk groups with a significant separation of recufreacsurvival
(Friedmanet al., 2012)Hence, serum miRNAs may assist with identifying melanoma patients who
are at high risk of recurren¢&riedman et al., 20120f note, a group of Australian investigators
utilised anextensive validation approach among multiple independent melanoma cohorts and revealed
that five mIRNAs (miR-1425p, miR150-5p, miR342-3p, miR1555p, and miR146b5p) were
reproducibly. correlated with patient outcome and thus, may have the potentfatui@ clinical
application(dayawardana et al., 2016)

Moreover, Fleming and colleagues’ recent study determined that four miRNRs1g@i miR30d,
mMiR-15b and miR425) in combinatin with AJCC stage predicted recurreffiee survival and
overall survival better than that predicted by AJCC stage alBleening et al., 2015)Pathway
analysis of‘'the miRNAs that predicted disease recurrence showed that thdyaweaw role in
regulating immune signalling pathways and the cell cyEleming et al., 2015)This study also
reported that, in particular, milRSb levels increased with time in patients with disease recurrence,
while it did not significantly increase in naacurrent patient@-leming et al., 2015)These findings
provide support for the clinical utility of serubased miRNAs in improving stratification and
surveillance practices.

The relationship tbetween serum miRNA expressammd tumour mutation status has been only
scarcely described in the literature. Temdteal. recently investigated the relationship between
MiRNA expressionBRAF mutation status and clinical outcomes of melanoma pat{&etabe et al.,
2015) Theirsstudy revealed that there is an inverse relationship betweerl5@iR and BRAF
mutation status with prognosis and disease stage. That is, elevatedb@bR and the absence of
BRAF mutation were demonstrated to be positive prognostic markers in metastatioma(Tembe

et al., 2015)The relationship between mutational status and serum miRNA expression merds furth

investigation in order to understand its potential clinical application.

Conclusion

Melanoma ‘metastes is a complex, mulistep processin view of the evidence, the model of
differential spread, which posits that there are multiple independent dissemipathways, most
accurately accounts for our current understanding of melanoma progréHsaa. is evidence to
suggestthat melanomas arising in different anatomical locationgnatfahomasassociated with
different degreesuof sun exposure behave differeRilythermore, it is weléstablished thasome
somatic mutations are more commonly associated with intermittent sun expogutatatumours
with a high mutation burden are associated with chronic ultraviolet dardégiée there is some

evidence to suggest thBRAF and NRAS mutant tumoursnay behave more aggressivéan wild
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type tumoursthe extent to which mutation stataed other molecular characteristics of the tumour

determinghe pathway of metastasssunknown.

With multiple new targeted therapies and checkpoint inhibitors now availableitmdesults from
adjuvant trials for p@ents with stage Il diseasen the horizon accurate staging and close
surveillancewofshigh risk patients is of upmost importanfe. understanding of thdiology of
metastasigthe clinicopathological factors that influence the pathways of progreastheutility of

the variouscgireulating biomarkerss required tobetter identify patients at high risk of recurrence,
individualisesurveillance strategies and improve our understanding of which pathway ofgsiogre

any particularprimary tumous most likely tofollow.
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Figure Legends:

Figure 4 Patterns of metastasis, time course to the development of metastasis and the
clinicopathological and other biomarkers to predict the pathways of progression inspatigmt
primary cutaneous melanom@rimary cutaneous melanoma can metastasise asteaielliransit,

lymph nodeordistant metastaselaematogenous angimphogenous routesf melanoma metastasis

are depictedThe stepwise spread model, the simultaneous spread model and the model ofidifferent
spreadare threadiscrete modelthat endegour to explain thgatterns oimelanomagprogressionThe
simultangous_spread model maintains that melanoma metastasises simultaneoushatygbaens

and lymphogenouls routes, whereas the stepwise spread model upholds that lymphogerbus sprea
necessarilyprecedes haematogenous spread. The modkdifferential spread proposes that some
melanomas_are/able to metastasise dgpipphogenously others are able to metastasise only

haematogenously, while others still are able to metastasisetb roues.
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