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Summary 
Sino-nasal mucosal melanoma (SN-MM) is an aggressive and rare form of melanoma aris-
ing from mucosal melanocytes with pathogenesis unrelated to sun exposure. Conversely 
to cutaneous melanoma (CM), the molecular bases underling SN-MM development and 
progression are unclear, and no molecular predictive markers have been identified yet. To 
better define the molecular landscape of SN-MM, a retrospective series of 37 SN-MMs 
from 31 patients was analysed for both somatic mutations and cytogenetic alterations. 
The somatic mutation analysis identified the presence of a driver gene pathogenic vari-
ant in 54% of cases. In detail, mutually exclusive NRAS mutations were found in 42% of 
cases, KRAS mutations in 6%, and KIT mutations in 6% of cases. Remarkably, no BRAF 
mutations were detected. Patients with NRAS-mutated/KRAS-wild type (wt) melanomas 
showed better outcome than patients with NRAS-wt/KRAS-mutated melanomas, which 
were associated with multiple recurrences at local or regional sites. On the other hand, 
focusing on genomic alterations, copy number variants (loss of 1p36, loss of 3p/3q) were 
identified in 19% of SN-MMs, which showed poor overall survival and short disease-free 
survival with early metastatic dissemination. This work describes a new integrated char-
acterization of both single nucleotide variants and, for the first time, genomic alteration in 
SN-MM, providing a new insight into molecular bases of these neoplasms and prompting 
further efforts for personalized clinical protocols according to tumour aggressiveness. 

Key words: Sinonasal melanoma, molecular analysis, KRAS, NRAS, copy number 
alterations

Introduction 

Mucosal melanoma (MM) is an aggressive and rare form of melanoma 
arising from mucosal melanocytes with pathogenetic mechanisms unre-
lated to sun exposure 1. Head and neck, in particular the oral cavity and 
the sinonasal tract (SN), represents the most common MM site 2. SN-
MM is the tumour type associated with the worst oncological outcome 
among paranasal sinuses neoplasms, due to its high tendency to recur 
and metastasize, regardless of stage at diagnosis 3. At present, survival 
rates are dismal, with 5-year overall survival less than 30% 4 5. Despite 
technological developments in surgery and improvement of radiation 
and systemic therapies, no increased survival is achieved 6. The rarity of 
this neoplasm, the delay in diagnosis, its heterogeneity in growth pattern 
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(superficial spreading vs deep infiltration), and differ-
ent sites of origin (nasal fossae, paranasal sinuses, 
nasal septum, nasopharynx) have hampered identi-
fication of specific prognostic factors 6. Nevertheless, 
molecular bases underlying tumour initiation and pro-
gression are still unclear and there are not predictive 
molecular markers to use for specific target therapies.
Conversely, molecular genetics of cutaneous melano-
ma (CM) and uveal melanoma (UM) are better charac-
terized. Indeed, for CM a molecular classification able 
to identify different clinical subgroups based on muta-
tions targeting BRAF, NRAS, and NF1 has been pro-
posed and currently used 7. Analogously, cytogenetic 
abnormalities have largely been described in UM and 
used to stratify patients in different prognostic groups 
8. Chromosome 3 and chromosome 8 status are con-
sidered prognostic factors that strongly correlate with 
clinical outcome. Moreover, oncogenic variants have 
been identified in GNA11, GNAQ and BAP1 genes 9.
To better define the molecular landscape of SN-MM, 
a retrospective series of 37 MM from 31 patients was 
analysed for both somatic mutations and cytogenetic 
alterations. 

Materials and methods

Case series

This retrospective study includes 37 SN-MMs from 31 
patients who referred to the University Hospital (ASST 
Sette Laghi) of Varese from 2000 to 2017. Only pa-
tients receiving surgical-based treatment with curative 
intent were included in the study. At least 12 months of 
follow-up for surviving patients was considered. 
In detail, local extension of disease was assessed 
by means of multiplanar computed tomography (CT) 
scan and contrast-enhanced magnetic resonance im-
aging (MRI) in all cases. All patients underwent pre-
operative nasal endoscopy with multiple biopsies to 
define tumour histology before treatment. Surgical 
procedures were performed according to a previous-
ly described technique 3. In detail, for all 31 patients, 
surgical resection was tailored on preoperative radi-
ological findings with the aim to obtain a radical re-
section. The surgical procedures performed included 
an exclusive endoscopic endonasal resection (EER), 
endoscopic endonasal resection with transnasal cra-
niectomy (ERTC), combined cranio-endoscopic ap-
proach (CER), craniofacial resection (CFR). Final his-
tology report was used to define the surgical margin 
status (infiltrated versus uninvolved). 
In adjuvant setting, post-operative radiotherapy 
(PORT) was delivered in cases with locally advanced 

stage of disease (stage pT4a and pT4b) and in cases 
with microscopically-involved surgical (20 out of 31 pa-
tients, Supplementary Table I). The irradiation modali-
ty included 3D-conformal radiotherapy (3D-CRT) and 
intensity-modulated radiotherapy (IMRT) for patients 
treated before the 2012 and carbon ion radiotherapy 
(CIR) for patients treated since that date. Concurrent 
cisplatin-based chemo-radiotherapy (POCHTRT) was 
performed only in selected cases of macroscopic per-
sistence of disease in sites not further amenable for 
surgery and in case of early systemic dissemination 
of disease during the post-operative period or during 
the adjuvant irradiation delivery (3 out of 31 patients, 
Supplementary Table I).
All cases were re-staged according to the 8th edition 
of the American Joint Committee on Cancer (AJCC) 
tumour/node/metastasis (TNM) classification for mu-
cosal melanoma of the head and neck 10. All patients 
were followed according to a protocol that included 
monthly endoscopic examinations and MRI every 4 
months during the first year; endoscopic examination 
and MRI every 2 and 6 months, respectively, during 
the second year; and both examinations at 6-month 
intervals thereafter, as previously described 3 5. A total 
body PET-CT scan was prescribed once per year in 
order to rule out systemic dissemination of disease. 
All histological slides were reviewed, and, for each 
case, the following parameters were evaluated: cell 
morphology, growth pattern, pigmentation, presence 
of necrosis, vascular invasion, and local infiltration. For 
each sample, immunohistochemical staining including 
MelanA, HMB45, S100, and SOX10 were performed.
The study was approved by the Institutional Review 
Board (Insubria Board of Ethics, approval number 
0033025/2015) and performed in accordance with 
the Helsinki declaration and its later amendments. In-
formed consent was obtained from all participants.

Gene mutation analysis by MALDI-TOF Mass 
Spectrometry

Tumour DNA was extracted from three representative 
8µm-thick sections obtained from 37 formalin fixed 
and paraffin embedded (FFPE) samples available for 
the molecular analyses and neoplastic areas were 
manually microdissected in order to have at least 50% 
of tumour cells. DNA was extracted by using Max-
well® DNA FFPE Kit and Maxwell 16 system (Prome-
ga, Madison, Wisconsin, USA) according to the manu-
facturer’s protocol. Each sample was quantified using 
Qubit dsDNA High Sensitivity Assay kit (Invitrogen, 
Thermo Fisher Scientific, USA). Genotype analysis of 
four genes, namely KRAS, BRAF, NRAS and PIK3CA 
was performed by MassARRAY® System (Agena 
Bioscience™, Hamburg, Germany) using Myriapod 
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Colon kit as recommended by the manufacturer (Di-
atech Pharmacogenetics, Jesi, Italy). A total of 184 
mutations (Supplmentary Table II) were tested in 8 
multiplex reactions for each tumour. The spectra were 
processed using SpectroACQUIRE software (Seque-
nom) and genotype calls are automatically generated 
using mathematical algorithms by the MassARRAY 
Typer 4.0 software (Sequenom). Dossier software 
(Diatech Pharmacogenetics) was used for automat-
ed data analysis, accompanied by visual inspection of 
extension products. 

Targeted next generation sequencing (NGS) analysis 

A gene-targeted NGS analysis was performed on a 
subset of 18 DNA samples, for which a good quality 
DNA was available, using the Human Actionable Solid 
Tumor Mutations QIAseq DNA Panel (DHS-101Z, Qia-
gen, Hilden, Germany) that analyses 22 oncogenes 
(BRAF, PDGFRA, EGFR, KRAS, NRAS, KIT, AKT1, 
ALK, CTNNB1, ERBB3, ESR1, FOXL2, GNA11, GNAQ, 
IDH1, IDH2, MET, RAF1, RET, ERBB2, PIK3CA, TP53). 
A targeted amplicon-based library was constructed 
as previously described by our group 11 12 according 
to the manufacturer protocol. Barcoded libraries were 
pooled together at 8pM and sequenced on an Ion S5 
XL System (A27214, Thermo Fisher Scientific) using 
Ion 530 chip (Thermo Fisher Scientific). Unmapped 
BAM (uBAM) files were imported into the CLC Genom-
ics Workbench (Qiagen Bioinformatics, Germany, ver-
sion 12) and mapped on the Human hg19 genome. 
Sequencing data were analysed using the Biomedical 
Genomics Analysis plugin and filtered ensuring a cov-
erage of at least 100X and a variant allele frequency 
(VAF) higher than 5%.

Multiplex Ligation-dependent Probe Amplification 
Assay specific for Uveal Melanoma abnormalities

Deletions/duplications analysis of regions in chromo-
somes 1p, 3, 6 and 8 was performed using SALSA ML-
PA (Multiplex Ligation-dependent Probe Amplification) 
probemix P027 Uveal Melanoma (MRC-Holland, Am-
sterdam, Netherlands) according to the manufacturer’s 
protocol. Electrophoresis of the amplified products was 
performed with a SeqStudio Genetic Analyser and the 
electropherograms were checked with GeneMapper 
Software version 6 (Thermo Fisher Scientific). Output 
data were analysed comparing the samples with three 
healthy controls using Coffalyser.net MLPA Analysis 
Software (MRC-Holland). The cut-off values used to 
evaluate gene/exon imbalances were 0.8 and 1.2 for 
loss and gain of signal, respectively.

Statistical Analysis

Statistical analysis was performed using Pearson chi2-

test for groups comparison, while the Kaplan-Meier 
method was used to estimate the Overall (OS) and 
Disease-Free Survival (DFS) survival probability with 
Greenwood standard errors. Survival was estimated 
and compared based on log rank test. A multivariate 
proportional hazard Cox-regression model was imple-
mented for the same endpoints (OS and DFS). Age 
at diagnosis, as a continuous variable, was analysed 
using univariate Cox models. Results are shown in 
term of hazards ratios (HR), 95% confidence intervals 
(CIs), and p values. All statistical tests were two-tail 
and p values were considered significant when ≤ 0.05. 
Pearson chi2-test was performed using GraphPad 
v.5.0 software (GraphPad Software Inc, San Diego, 
CA, USA) and survival analyses were performed us-
ing IBM SPSS statistical software, version 25 (Chica-
go, IL, USA).

Results 

Clinical and histopathological results

In Table I and Supplementary Table I are reported 
the clinico-pathological characteristics of the series. 
After a mean follow-up of 41.1 months (range, 3-206 
months; median, 17 months), 6 patients (19.4%) were 
alive without evidence of disease (NED), 2 (6.4%) 
were alive with disease (AWD), 22 (71%) died of dis-
ease and 1 (3.2%) died from other causes (DOC). In-
terestingly, independently from treatment administrat-
ed, 10 patients out of 31 patients showed a significant 
longer overall and disease-free survival (median OS 
206 months and median DFS of 51 months, respec-
tively) than that observed for the remaining 21 patients 
(p-value < 0.0001 for both test) and were classified as 
“long survival”. Nine patients developed multiple mela-
nomas which were operated in different surgical ses-
sions: multiple samples were available for molecular 
analysis for four patients of this subset. In detail, two 
asynchronous melanomas were available for case#3, 
case#16 and case#21 and four different melanomas 
were tested for case#20. 
The prevalent histotype recognized was the epithelioid 
one (25/37, 67.6% Fig.  1A), followed by mixed type 
consisting of both epithelioid and spindled cells (6/37, 
16.2% Fig. 1B) or epithelioid and pleomorphic (6/37, 
16.2% Fig. 1C). The pattern of growth was evaluable 
in 36 out of 37 SN-MMs and the main architectures 
were diffuse (16/36, 44.4% Fig. 1D) and mixed diffuse 
and pseudopapillary pattern (16/36, 44.4%); 3 cas-
es showed pseudopapillary pattern of growth alone 
(8.4%, Fig.  1E) and only 1 case displayed a mixed 
diffuse and alveolar architecture (2.8%, Fig. 1F). Mel-
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anin pigmentation was evaluable in 35/37 SN-MMs: 
in 10 cases no pigmentation was present (28.6%), 
11 cases presented focal pigmentation (rare and in-
terspersed positive cells, 31.4%, Fig.  1G) and 14 
SN-MMs showed zonal pigmentation (positive areas, 
40%, Fig. 1H). Intra-tumoral necrosis was present in 
28/36 SN-MM (77.8%, Fig.  1I) and was significantly 
associated with poor prognosis (chi2-test p = 0.0461, 
Tab. I). Finally, the level of tissue invasion was evalu-
able in 35 SN-MMs showing invasion of sub-epithelial 
connective tissue in 21 cases (60%, level II of inva-
sion, Fig. 1J), whereas 14 cases showed level III inva-
sion of the deep-tissue (40%, Fig. 1K). Mucosal ulcer-

ation was observed in 21/32 SN-MM (65.6%, Fig. 1L).

Gene mutation analyses 

Mutation analysis of KRAS, BRAF, NRAS and PIK-
3CA genes was possible in 36 out of 37 SN-MMs from 
30 patients by using MassARRAY® System. Fifteen 
out of 36 cases (41.7%) showed at least one patho-
genic variant within one of the 4 analysed genes, as 
reported in Supplementary Table I. In detail, in 13 SN-
MMs (42%) a pathogenic NRAS variant was identified 
in codon 12 (8 melanomas) or codon 61 (5 cases), 
while two cases showed KRAS mutations (6%). Ad-
ditionally, 18 out of 36 SN-MMs were also tested with 

Figure 1. Histopathological features. Cell morphology: examples of epithelioid cells (1A; EE 10X), spindled cells (B; EE 10X), 
pleomorphic cells (C; EE 10X); growth pattern: diffuse (D; EE 4X), pseudopapillary (E; EE 4X) or alveolar (F; EE 20X); pigmen-
tation type: focal (G; EE 10X) and zonal (H; EE 10X); example of intra-tumoral necrosis (I; EE; 10X); example of level II (J; EE 
4X) and III (K; EE 10X) tissue invasion; example of ulcerated SN-MM (L, EE 10X). 
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NGS approach, which analysed other 18 oncogenes 
in addition to KRAS, BRAF, NRAS and PIK3CA. Syn-
onymous or variants listed in 1000 Genome Project 
were filtered out. As summarized in Supplementary 

Table I, all variants identified with MassARRAY® Sys-
tem were confirmed with NGS analysis. Moreover, 
cases MN#27 and MN#48 showed a pathogenic mu-
tation in cKIT gene (p.Asn822Tyr and p.Leu576Pro, 

Table I. Clinicopathological features of 37 sino-nasal melanomas from 31 patients.

All cohort Long survival Poor survival p-value

Number of patients 31 10 21
Age of onset (mean) 68 years 67.3 years 68.2 years ns

Patients with multiple melanomas 9 6 3

Gender ns
 Male 15 4 11

 Female 16 6 10
Number of melanomas 37 15 22

Site 
 Naso-ethmoid 28 13 15

 Maxillary 6 2 4
Naso-pharynx 2 0 2

Mesentery metastasis 1 0 1
Cell morphology ns

Epithelioid 25 10 15
Mixed (epithelioid and spindled/pleomorphic) 12 5 7

Architecture ns
Diffuse 16 6 10

Pseudopapillary 3 2 1
Mixed (diffuse and alveolar/pseudopapillary) 17 7 10

Not evaluable 1 0 1
Pigmentation ns

Present/Zonal 14 7 7

Absent/Focal 21 8 13

Not evaluable 2 0 2

Level of Infiltration ns

I 0 0 0

II 21 10 11

III 14 5 9

Not evaluable 2 0 2

Necrosis 0.0461

Present 28 9 19

Absent 8 6 2

Not evaluable 1 0 1

Treatment ns
 Surgery alone 8 1 7

 Surgery and PORT/POCHTRT* 23 9 14*
Overall survival

Median survival (months) 17 206 13  < 0.0001

Died 23 4 19 0.0059

Alive 8 6 2

Disease free survival

Median survival 9 51 5  < 0.0001

Relapsed 25 5 20 0.0075

Disease free 6 5 1

Legend: PORT, post-operative radiotherapy; POCHTRT, post-operative chemo-radiotherapy; *plus chemotherapy.
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respectively). Interestingly, case MN#4A and case 
MN#22B had two concomitant pathogenic variants 
in NRAS and in PIK3CA (p.Arg524Lys) and CTNNB1 
(p.Thr41Ala), respectively. Conversely, NRAS, KRAS 
and KIT variants were mutually exclusive events. Re-
markably, no BRAF alterations were observed in any 
case. The mutation analysis of the four patients who 
experienced multiple local recurrences (patient 3, 16, 
20 and 21) showed different types of NRAS variants 
in different samples of recurrent disease (MN4A-B, 

MN22A-B, MN30A-D and MN32A-B, respectively). 
Of note, the four melanomas (MN#30A, MN#30B, 
MN#30C and MN#30D) developed by patient 20 
showed three different NRAS variants, namely NRAS 
p.Gly12Arg (MN30A and MN30B), NRAS p.Gln61His 
(MN30C) and NRAS p.Gly12Asp (MN30D).
The prognostic impact of the gene mutations found in 
this case-series was analysed in univariate analysis. 
NRAS and KRAS mutations showed an association 
with prognosis (Fig. 2), whereas KIT did not show any 

Table II. Cox regression model for Overall Survival and Disease-Free Survival.

Variable
OS DFS

HR HR 95% p-value HR HR 95% p-value

Age (continue variable) 1.01 0.96 – 1.05 0.65 1.02 0.97 – 1.06 0.37
NRAS (wt vs mutated) 6.40 1.45 – 28.17 0.01 2.55 0.82 – 7.92 0.10

1p-3p/3q-8p LOSS (yes vs no) 9.12 2.19 – 37.97 0.002 3.58 1.08 – 11.87 0.03
Legend: OS overall survival; DFS disease-free survival; HR hazard ratio; wt wild type; vs versus.

Figure 2. Prognostic impact of gene mutations in 31 patients affected by SN-MM. (A) Overall Survival (OS) analysis compar-
ing NRAS mutated cases (red) with NRAS wild-type cases (blue, p-value = 0.05); (B) Disease-Free Survival (DFS) analysis 
comparing NRAS mutated cases (red) with NRAS wild-type cases (blue, not significant p-value); (C) Overall Survival (OS) 
analysis comparing KRAS mutated cases (red) with KRAS wild-type cases (blue, p-value = 0.01); (D) Disease-Free Survival 
(DFS) analysis comparing KRAS mutated cases (red) with KRAS wild-type cases (blue, p-value = 0.01). 
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prognostic role in our series. NRAS mutated cases 

had increased OS rates (p = 0.05) compared to wild 

type cases, but this difference was not found in terms 

of DFS (p = 0.3). On the other hand, KRAS mutations 

were associated with worst prognosis both in terms of 

OS (p = 0.01) and DFS (p = 0.01).

Multiplex Ligation-dependent Probe Amplification 
Assay for Uveal Melanoma 
MLPA assay for the detection of deletions or duplica-
tions in chromosomes 1p, 3, 6 and 8 obtained suita-
ble results in 26 cases, with a specific pattern of copy 
number alteration (CNA) as represented in Figure 3. 
In details, the most frequently observed alterations 

Figure 3. Schematic representation of genomic alteration of 26 SN-MM (upper panel). Each column indicates a specific 
chromosomic region, each raw indicates a single SN-MM analysed. Red square indicates loss of the chromosomic region; 
blue square indicates duplication of the chromosomic region; white square indicates no copy number alteration. Prognostic 
impact of the Copy Number Alteration (CNA) pattern characterized by 1p36 loss, 3p/3q loss and 8p loss in 26 patients affected 
by SN-MM (lower panels). On the left, Overall Survival (OS) analysis comparing the presence of the CNA pattern (red) with the 
absence of CNA pattern (blue, p-value = 0.02); on the right, Disease-Free Survival (DFS) analysis comparing the CNA pattern 
(red) with the absence of CNA pattern (blue, p-value = 0.05).
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were the gain of 6p (25/26 cases, 96.1%) and the 
gain of 8q (26/26 cases, 100%), which could be con-
sidered as a distinctive signature of SN-MM. Loss of 
1p36 was observed in 18/26 (69.2%) cases and it was 
associated with poor prognosis, with statistically sig-
nificant values both in terms of OS (p = 0.006) and 
DFS (p = 0.01). Loss of 3p and/or 3q was observed 
in 11/26 (42.3%) cases and it was associated with 
poor prognosis, with statistically significant values 
both in terms of OS (p = 0.004) and DFS (p = 0.009). 
Loss of 8p was observed in 10 (38.4%) cases and 
it was associated with poor prognosis, with a statisti-
cally significant value only in terms of OS (p = 0.003) 
but not for DFS (p = 0.14). Gain of 3p and/or 3q was 
observed in 7/26 (26.9%) cases but no statistically 
significant associations with prognosis were found in 
terms of OS and DFS. Globally, the MLPA CNA pat-
tern characterized by 1p36 loss, 3p/3q loss and 8p 
loss (5/26 cases, 19.2%) was found to be a strong 
negative prognosticator, with statistically significant 
worse outcomes both in terms of OS (p = 0.02) and 
DFS (p = 0.05), as shown in Figure 3. Finally, a Cox 
regression model was implemented in order to identify 
independent prognostic factors in MM (Tab. II). Wild-
type NRAS status was associated with worse prog-
nosis and increased risk of overall death (HR = 6.40, 
p = 0.01) while the combined loss of 1p, 3p/3q and 
8p was associated with and increased risk of overall 
death (HR = 9.12, p = 0.002) and increased of recur-
rence (HR = 3.58, p = 0.003). It is worth noting that 
KRAS mutations, which were previously identified as 
strong negative prognostic marker in univariate analy-
sis, were not statistically significant in the multivariate 
setting, indicating that was not an independent prog-
nostic factor.

Discussion 

Both basic and drug discoveries research in CM have 
achieved enormous progress, whereas little is known 
about the genetic alterations which characterize SN-
MM cancerogenesis that may be considered to im-
prove targeted therapies. As a result, patients affected 
by SN-MM are suffering from limited treatment options 
and undesirable response rates that lead to ominous 
prognoses. Data currently available in literature on 
clinical trials have produced sparse and conflicting 
results, which seem to support a limited efficacy of 
therapies currently in use for CM when extended to 
SN-MM patients. Therefore, extensive analysis of ge-
netic landscape of SN-MM is urgently required to find 
biomarkers able to predict prognosis and to identify 
patients who can benefit from target therapy. 

In this context, we have retrospectively analyzed a 
cohort of 31 patients affected by SN-MM in order to 
describe their clinical course and to investigate their 
genetic profile. In this study, we investigated genetic 
alterations that are associated to CM, such as BRAF, 
NRAS, c-KIT variants, together with genomic altera-
tions involved in tumorigenesis of UM such as chro-
mosome 1p36 loss, chromosome 3 monosomy, chro-
mosome 6 aberrations and chromosome 8q gain. Our 
analysis has shown that SN-MM has a unique pattern 
of alterations, including both gene variants and copy 
number alterations. 
First of all, the somatic mutation analysis identified a 
driver gene pathogenic variant in 54% of SN-MMs, 
a percentage considerably lower compared to that 
observed by TCGA consortium for CM (more than 
80%) 7. In detail, in our cohort, we found mutually ex-
clusive NRAS mutations in 42% of cases, KRAS mu-
tations in 6% of cases and KIT mutations in 6% of cas-
es. Remarkably, in line with other literature data 13 no 
BRAF mutations, which are involved in the classical 
molecular profile of CM, were found, strongly argues 
against the clinical utility of BRAF inhibitors in such 
group of patients. These results, besides clarifying 
the molecular pathogenesis of SN-MM, prompt some 
considerations about therapeutic options for these 
patients. First, NRAS mutations, although considered 
as undruggable targets until recently in melanoma, 
are emerging as potential actionable driver muta-
tions using MEK inhibitors target therapy and PI3K-
AKT-mTOR inhibitors associated with CDK4/6 inhibi-
tors 14,15. Analogously, KRAS was considered a not ac-
tionable marker, but recent discoveries have led to the 
clinical use of several inhibitors that target the p.Gly-
12Cys mutation in non-small cell lung cancer 16,17. In 
this series, all KRAS variants were p.Gly12Ala. How-
ever, due to the small number of the cohort, further 
studies are required to search for p.Gly12Cys in larger 
series of SN-MM. Finally, the role of KIT as marker for 
target therapy is well known in GIST and, recently, in 
metastatic CM 18,19.
Our survival analysis suggests a relevant prognostic 
role of NRAS and KRAS variants. In detail, the oc-
currence of NRAS mutations was associated with an 
improvement in OS (p = 0.05) while KRAS mutations 
was correlated with worst OS (p  =  0.01) and DFS 
(p  =  0.01). Despite the dismal overall prognosis of 
such cancer, the occurrence of NRAS or KRAS mu-
tation might be used in the future to stratify patients in 
“long-survivors” (NRAS-mutated/KRAS-wt), who can 
experience multiple recurrences at local or regional 
sites but late systemic dissemination of disease, and 
“short-survivors” (NRAS-wt/KRAS-mutated) with ear-
ly metastatic spread of disease and OS rates less 
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than 3 years. Although other molecular markers, not 
investigated in this study, could be identified from ge-
nome-wide analysis on lager cohorts, this study high-
lighted the therapeutic impact of NRAS, KRAS and 
KIT mutations and the prognostic impact of NRAS and 
KRAS mutations, which should be analyzed and in-
corporated into routine clinical testing for SN-MM in 
the precision medicine era. 
Interestingly, our study identified the occurrence of dif-
ferent genetic alterations during the follow-up time of 
SN-MM disease in the same patient (patient 20), which 
can be explained by two hypotheses. One hypothesis 
can be related to therapy, as it has been reported that 
radiochemotherapy and/or immunotherapy can switch 
or select specific tumor clones with different driver mu-
tations in few cases of SN-MMs 20. Indeed, this patient 
was exposed to intensity modulated radiotherapy and 
multiple resections. A second explanation, less like-
ly, is the co-occurrence of multiple primary tumors 21. 
However, the cancer site of onset was spatially locat-
ed always in the same region and no family history 
of cancer was identified for this patient. Nevertheless, 
these findings are relevant and provide an important 
rationale for longitudinal molecular testing of SN-MM, 
based on the evidence of unforeseen recurrent event 
of molecular switch in progressing SN-MM.
Finally, focusing on genomic alteration and on chro-
mosomal instability, the analysis of specific copy 
number alterations in our series of SN-MM was able 
to reveal some chromosomal abnormalities associat-
ed with poor overall prognosis (loss of 1p36, loss of 
3p/3q and loss of 8p) and short DFS with early met-
astatization rates (loss of 1p36 and loss of 3p/3q). 
Prognostication was improved by considering chro-
mosome 3 loss (both 3p and/or 3q arms) together 
with 1p36 loss and 8p loss, which was found to be 
an independent predictor of poor overall outcome and 
early metastatic dissemination of disease and might 
represent a signature of chromosomal instability that 
can add a specific HR value for classification of risk 
categories. This result is innovative in the field of SN-
MM and is in line with findings already described for 
uveal melanoma, where it has been demonstrated 
that monosomy of chromosome 3 was associated 
with increased risk of metastasis  8,9,22,23. At present, 
cytogenetic abnormalities observed both in SN-MM 
and UM do not have direct implications in terms of 
molecular-based therapeutic approaches. However, 
multiple genomic aberrations described in our series 
may represent a step forward in the management of 
SN-MM. Indeed, genomic instability might help iden-
tifying cancers showing a more aggressive behavior 
and, consequently, patients at high risk of early re-
currence or systemic dissemination spread to tailor 

intensified treatment strategies including radical surgi-
cal resection, carbon ion irradiation in case of involved 
surgical margins or unresectable disease.

Conclusions

This work describes a new integrated characterization 
of both single nucleotide variants and, for the first time, 
genomic alteration in SN-MM, providing a new insight 
into molecular bases of these neoplasms and prompt-
ing further efforts for drug discovery and personalized 
clinical protocols according to tumor aggressiveness.
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