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Abstract. Background/Aim: The mutational status of stage
III and 1V melanomas should be recognized in order to allow
for targeted therapies. The aim of our study was the
characterization of BRAF, NRAS and C-KIT melanoma
patients, in order to define their optimal management.
Patients and Methods: Between 1991 and 2015, 63 mutated
melanoma patients were treated and monitored during their
diagnostic and therapeutic management at a single
institution. Results: BRAF-mutated melanoma patients were
the most common, representing 70% of the study population,
while NRAS- and C-KIT-mutated melanoma represented 19%
and 11% respectively. BRAF-mutated melanomas were
mostly located at sites of intermittent sun exposure, and were
associated with higher Breslow thickness and an increased
number of mitosis. NRAS mutated melanoma were mainly
observed in chronic sun-damaged areas and had a negative
prognostic value, with shorter time to progression and a high
incidence of central nervous system involvement. C-KIT
mutated melanoma were located at acral and mucosal sites.
Overall survival observed in the three groups of patients
revealed wide differences. Conclusion: BRAF, NRAS and C-
KIT melanomas constitute distinct clinico-pathological
entities. BRAF-mutated melanoma benefit from both anti-
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BRAF and anti-MEK targeted therapies while triple-negative
melanomas could benefit from novel anti-CTLA-4 and anti-
PD-L1 immunotherapeutic approaches.

Recent advances in the field of molecular biology and
genetics, allowed for identification of several mutations that
play a key role in the development and progression of
malignant melanoma (MM). The main genes involved in the
melanocytic cancerogenesis are: RAS/RAF/MEK/ERK
Mitogen Activated Protein Kinases (MAPK) and PI3K-AKT.
Mutations along BRAF, NRAS, C-KIT and GNAQ are the
main causes of MAPK pathway disregulation in MM (1-3).
The mutational status of BRAF, NRAS and C-KIT was
correlated with body site and histopathological
characteristics of MM (1-3). Some recent metanalyses
presented the incidence of BRAF mutations of 36-52% of
MM (2, 3), with the identification of more than 40 different
MM BRAF mutations, mainly at the aminoacidic position
600 (95%), where valine is substituted with another
aminoacid. The most common is the BRAF V600E, that
occurs in 71-75% of cases, followed by the V60OK that
occurs in 7-22% of cases. Other, less frequent mutations are
V600R, V600D and V60OM (4, 5). NRAS mutations are the
second most frequent mutations in MM. RAS proteins play
a key role in signal transduction of MAPK and PI3K
pathway. Regarding C-KIT, it is an important key-player in
the pathogenesis of melanoma, especially acral and mucosal
melanoma, gastro-intestinal stromal tumours (GIST) and
chronic myeloid leukemia (6, 7). The frequency of C-KIT
mutated melanoma is 1-7% (2, 8-10). C-KIT mutations are
associated to older age at diagnosis (>60) (11, 12). The
determination of the mutational status of unresectable III and
IV stage melanoma, and high risk (Ilc, IIIa, IlIb e IIlc)
resectable melanomas should be performed in order to allow
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Table 1. Clinical and familial features of mutated melanoma patients.

Mutation type Patients Gender  Average and Other tumors Other tumors Site of primary
(%) median age in patient (%) in family (%) (%)
M F  atdiagnosis
BRAF* 44 (69.8%) 25 19 57-56 NS/NE 9/44 NS/NE 10/44 Unknown primary 8/44
Present 14/35 (40%) Present 9/34 (26.5%) Head and neck 11/36 (30.6%)
Absent 21/35 (60%) Absent 25/34 (73.5%) Trunk 10/36 (27.8%)
Upper limb 5/36 (13.9%)
Lower limb 10/36 (27.8%, 2 acral)
V600E 32 16 16 56.2-54.5 NS/NE 6/32 NS/NE 7/32 Unknown primary 8/32
(72.7%) Present 13/26 (50%) Present 8/25 (32%) Head and neck 5/24 (20.8%)
Absent 13/26 (50%) Absent 17/25 (68%) Trunk 6/24 (25%)
Upper limb 4/24 (16.7%)
Lower limb 9/24 (37.5%, 2 acral)
V600K 10 8 2 59.2-58.5 NS/NaE 3/10 NS/NE 3/10 Head and neck 5/10 (50%)
(22.7%) Present 1/7 (14.3%) Absent 7/7 (100%) Trunk 4/10 (40%)
Absent 6/7 (85.7%) Lower limb 1/10 (10%)
V600 not E/K 3 2 1 61-65 Absent 3/3 (100%) Present 1/3 (33.3%) Head and neck 1/3 (33.3%)
(6.8%) Absent 2/3 66.7%) Upper limb 2/3 (66.7%)
NRAS 12 9 3 64.9-69 NE/NS 2/12 NS/NE 3/12 Trunk 9/12 (75%)
(19%) Present 4/10 (40%) Present 2/9 (22.2%) Lower limb 2/12 (16.7%)
Absent 6/10 (60%) Absent 7/9 (77.8%) Mucosal 1/12 (8.3%)
C-KIT 7 2 5 65.9-66 Present 2/7 (28.6%) Present 2/7 (28.6%) Unknown primary 1/7
(11.1%) Absent 5/7 (71.4%) Absent 5/7 (71.4%) Mucosal 3/6 (50%)

Acral 2/6 (33.3%)
Head and neck 1/6 (16.7%)

NS/NE: Not Specified or not evaluable, n: number of patients. *1 patient with double mutation V600E+V600M.

the usage of target therapies. Differently from BRAF
melanomas, for NRAS and C-KIT mutated melanomas
targeted therapies are not available. The aim of our study
was the clinical, epidemiological, histopathological and
molecular characterization of a cohort of patients affected by
MM in order to better understand the optimal management
of MM patients.

Patients and Methods

Patient selection. A total of 63 patients diagnosed with MM and
harbouring BRAF, NRAS or C-KIT gene mutations were monitored
during their diagnostic and therapeutic management at the the
University of Modena and Reggio Emilia. The diagnosis was made
at the identification of a primary tumour or metastasis between
1991-2015. Patients were divided into 3 groups based on the
melanoma mutational status: BRAF, NRAS or C-KIT.

Therapies Patients with BRAF mutated melanomas were treated
with anti-BRAF monotherapy; Vemurafenib (Zelboraf, 960 mg twice
daily) or Dabrafenib (Tafinlar, 150 mg twice daily), or the
combination Dabrafenib (Tafinlar, 150 mg twice daily) + Trametinib
(Mekinist, 2 mg, once daily). Patients with disease progression
despite anti-BRAF monotherapy or combination anti-BRAF+anti-
MEK (combination Dabrafenib (Tafinlar, 150 mg twice daily) +
Trametinib (Mekinist, 2 mg, once daily), were treated with
immunotherapy based on Ipilimumab (Yervoy, 3 mg/kg every 3
weeks x 4 times).
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Parameters and measurements. Clinical and pathologic stage was
classified according to the American Joint Committee on Cancer
criteria (AJCC 7th edition). RECIST criteria were applied. Patients
receiving treatments were monitored on a monthly basis with
clinical visits, and total body imaging (TC or PET/TC+TC) was
performed every 3-6 months.

Statistical analysis. The statistical analysis was performed using
software SATA (version 13). Kaplan-Meier curves were drawn.

Results

Our study population included 63 patients with MM.
Melanomas were located on the head and neck area (n=12,
22.2%), on the trunk (n=19, 35.2%), on the upper limb (n=6
of which 1 was acral, 11.1%) and on the lower limb (n=13
of which 3 were acral, 24.1%), 4 patients had mucosal
melanoma (n=4, 7.4%). Nine patients (14.2%) had an
unknown primary site.

The prevalence of BRAF, NRAS and C-KIT mutations, the
average and median patient age at diagnosis, clinical details
and histopathological features for each group of patients are
reported in Tables I and II. BRAF mutated melanomas were
located at sites of intermittent sun exposure and were
associated with high Breslow thickness and an increased
number of mitosis, while NRAS mutations occurred in
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Table II. Clinical and histopathological features of mutated melanoma patients.

TILs
(%)

Stage at
diagnosis (%)

Average and median

time to metastatic
progression (n)

NS/NE 17/44
Present 18/27 (66.7%)
Absent 9/27 (33.3%)

NS/NE 13/32
Present 13/19 (68.4%)
Absent 6/19 (31.6%)

NS/NE 4/10
Present 3/6 (50%)
Absent 3/6 (50%)

Present 3/3 (100%)

NS/NE 3/12
Present 5/9 (55.6%)

NS/NE 1/44
1 8/43 (18.6%)
T 5/43 (11.6%)
11 22/43 (51.2%)
IV 8/43 (18.6%)

14/32 (12.5%)
11 3/32 (9.4%)
T 18/32 (56.2%)
IV 7/32 (21.9%)

NS/NE 1/10

1 4/9 (44.4%)
I 1/9 (11.1%)
I 3/9 (33.3%)
IV 1/9 (11.1%)
I 1/3 (33.3%)
I 2/3 (66.7%)

NS/NE 2/12
II 3/10 (30%)

42 months-
23 months (33/44)

42 months-
17 months (24/32)

44 months-
44 months (7/10)

30 months-
31 months (3/3)

65 months- 1
4 months (10/12)

Absent 4/9 (44.4%) II1 7/10 (70%)

NS/NE 3/7 12/7 (28.6%) 20 months-

Mutation type  Patients T Mitotic index
(%) (%)
BRAF* 44 (69.8%) NS/NE 2/44 NS/NE 11/44
Unknown primary 8/44 >1/mm?2 22/33 (66.7%)
T1 5/34 (14.7%) <1/mm? 11/33 (33.3%)
T2 12/34 (35.3%)
T3 7/34 (20.6%)
T4 10/34 (29.4%)
V600E 32 (72.7%) NS/NE 1/32 NS/NE 10/32
Unknown primary 1/32  >1/mm?2 17/22 (77.3%)
T1 2/23 (8.7%) <1/mm?2 5/22 (22.7%)
T2 8/23 (34.8%)
T3 5/23 (21.8%)
T4 8/23 (34.8%)
V600K 10 NS/NE 1/10 NS/NE 1/10
(22.7%) T1 3/9 (33.3%) >1/mm? 5/9 (55.6%)
T2 3/9 (33.3%) <1/mmZ2 4/9 (44.4%)
T3 1/9 (11.1%)
T4 2/9 (22.2%)
V600 not E/K 3 T2 1/3 (33.3%) >1/mm?2 3/3 (100%)
(6.8%) T3 1/3 (33.3%)
T4 1/3 (33.3%)
NRAS 12 NS/NE 2/12 NS/NE 3/12
(19%) Tis 1/10 (10%) >1/mm? 9/9 (100%)
T2 1/10 (10%)
T3 4/10 (40%)
T4 4/10 (40%)
C-KIT 7 Unknown primary 1/7 NS/NE 3/7
(11.1%) T1 2/6 (33.3%) >1/mm?2 2/4 (50%)

T3 3/6 (50%)
T4 1/6 (16.7%)

<1/mm?2 2/4 (50%)

Present 3/4 (75%)
Absent 1/4 (25%)

II 1/7 (14.3%)
11 3/7 (42.9%)
IV 1/7 (14.3%)

20 months (2/7)

NS/NE: Not Specified or Not Evaluable, n: number of patients. *1 patient with double mutation V600E+V600M.

chronic sun damaged (CSD) skin areas, i.e. arms and legs,
and had a negative prognostic value, because of a shorter
time to progression and a high incidence of central nervous
system (CNS) involvement. NRAS and C-KIT melanoma
patients showed an older age at diagnosis with respect to the
BRAF group. Kaplan-Meier curves represent global survival
of the cohort of patient (Figure 1). Most BRAF mutated
patients (40/44; 91%) received anti-BRAF therapy as a single
line of treatment or in association with anti-MEK target
therapy. Average and median treatment times were 10.6 and
8.0 months (range 2-38) respectively. Table III summarizes
the objective response rate, treatment time and progression
free survival. Eight patients encountered disease progression
during anti-BRAF single or association therapy and were
treated with ipilimumab.

There were 12 NRAS mutated melanoma patients; five of
whom were treated with chemotherapy as a first line
treatment (2 patients with temozolomide, 2 patients with
dacarbazine and 1 patient fotemustine), one patient was

treated with ipilimumab and another patient was treated with
anti-MEK agent (pimasertib) according to a clinical protocol.
As second line of treatment, 3 patients were treated with
ipilimumab and 1 with chemotherapy. Average and median
treatment time of the 5 patients that received chemotherapy
as first line of treatment were 3 months, with 100% of no
response to the treatment and an average and median
progression free survival of respectively 2.6 and 3 months.
A patient participating in a clinical trial received pimasertib,
and initially showed a partial response and progression of the
disease after 6 months of treatment.

Among 7 patients with C-KIT mutated melanomas, 4
underwent clinical and radiologic follow-up, 3 were treated
respectively with imatinib (as an off-label), ipilimumab and
chemotherapy (temozolomide). The patient that received
imatinib had a course of 8§ months of therapy, going into
progression after 6 months of therapy and showing stable
disease as the better objective response. The patient that
received ipilimumab shows stable disease after 9 months
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Figure 1. Kaplan-Meier curves represent global survival of the cohort of patient (a) and metastatic subgroup (b).

Table III. Clinical efficacy and impact of anti-BRAF and the association of anti-BRAF and anti-MEK target therapies.

No. of treated

Treatment duration

Objective response PFS (No. of patients with PD)

patients
Average

Median

(%)

Average Median

Monotherapy with anti-BRAF 32 11 months

Dabrafenib + Trametinib 8 9.1 months

Total 40 10.6 months

8 months

9 months

8 months

4 CR (12.5%) 8.2 months (29) 6 months (29)
18 PR (56.3%)
4 SD (12.5%)
6 NR (18.7%)
1 CR (12.5%)
6 PR (75%)
1 NR (12.5%)
5 CR (12.5%)
24 PR (60%)
4 SD (10%)
7 NR (17.5%)

7.3 months (3) 6 months (3)

8.1 months (32) 6 months (32)

CR: Complete Response; PR: partial response; SD: stable disease; NR: non-response; PD: progression disease.

from the beginning of the treatment. The patient that
received chemotherapy received temozolomide for 4 months,
without any objective response, and with progression of the
disease.

Cutaneous erythema, rash, hyper-transaminasemia and
alopecia were more commonly associated with vemurafenib,
whereas headache and fever were more commonly reported
in association with dabrafenib.

Discussion

The clinical, epidemiological and histopathological
characterization of patients affected by MM with distinct
molecular signatures is crucial for the adoption of personalized
therapeutic patient management. There is a correlation
between different clinical characteristics, histopathological
features and sensitivity to different therapeutic approaches.
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The genes involved in this new melanoma “molecular
classification” are BRAF, NRAS and C-KIT. The most common
mutations associated with MM are the BRAF mutations (2, 3),
that are also the most frequent in this series, representing
almost 70% of the population. The most common BRAF
mutation was the V600E, identified in over 70% of the BRAF
MM. BRAF mutations have been associated with superficial
spreading melanoma (SSM); skin void of chronic solar sun
damage (non-CSD); history of intermittent sun exposure;
localization to the trunk, arms or legs; presence of multiple
melanocytic nevi; young age at diagnosis (<50 years); high
risk of metastasis to lymph node and brain, and aggressive
behaviour (9, 13-15). These features are valid for the V60OE
mutations, while melanoma harbouring the V600K mutation
usually shows different clinical, pathological and prognostic
characteristics (16, 17). The age at onset of BRAF and NRAS
mutated melanomas is slightly higher than what is reported in
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literature: BRAF MM were more frequent on the trunk and
legs, but a high number of V600K mutated melanomas were
localized on the head and neck site (50%) (17). NRAS mutated
melanomas were most frequently localized on the trunk,
contrary to that reported by Ellerhorst et al., who found a
higher prevalence of NRAS MM on the arms and legs (18).
BRAF mutated melanomas were often characterised by a
discrete mitotic index (zl/mmz) and an advanced stage at
diagnosis (stage III or IV). NRAS mutated MMs were
correlated to a higher Breslow thickness at diagnosis. The
mitotic index was >5/mm” in 78% of the NRAS MM:s.
Comparatively, half of the C-KIT MM were associated with a
<1/mm? mitotic index. The C-KIT MMs were predominately
acral and mucosal distribution, confirming similar results
previously reported in literature (11).

In the current study, metastatic progression was evidenced
in 75% and 83% of BRAF and NRAS patients respectively.
Comparatively, only 28.6% of C-KIT patients progressed to
metastasis. BRAF and NRAS MMs exhibited a more
advanced clinical stage (70% stage III and IV) with earlier
progression to metastasis. The mean time to metastatic
progression for BRAF and NRAS MMs was 23 and 14
months respectively. Among the BRAF MMs there was
however, a large range; the V60OE subgroup had a time to
metastatic progression of 17 months and the V600K
subgroup 44 months. The C-KIT MMs had a relatively short
time to progression (20 months).

The recent development of anti-BRAF and anti-MEK
targeted therapies has been a major improvement in the
management of BRAF MM patients. Targeted therapies are
still to be developed for NRAS and C-KIT MMs, but
currently there are clinical trials evaluating anti-MEK
therapies for NRAS MMs and tyrosine-kinase inhibitors, i.e.
imatinib, for C-KIT MMs. In this study, the objective
response rate (partial or complete) for BRAF MM patients,
was higher for the group treated with the association therapy
compared to the monotherapy anti-BRAF (87.5% vs. 68.8%).
These results are similar to those reported by of the COMBI-
v and COMBI-d studies (19, 20). The median treatment time
and progression free survival were similar for the groups
treated with single and association therapy.

The current study is not based on a large population of
mutated advanced MM patients that would allow a complete
statistical evaluation, our analysis has the remarkable value
of being a monocentric study which permits to accurately
describe the different biomolecular signatures underneath the
MM pathogenesis: this is a comprehensive retrospective
study that followed up a specific cohort of MM patients.
Being advanced melanoma a rare disease, the collaboration
between several national and international referral centres is
auspicable and necessary in order to recognize the best
management of advanced MM patients and the novel
therapeutic approaches (21-25).

Conclusion

In conclusion, BRAF, NRAS and C-KIT melanomas constitute
distinct clinicopathological entities. The advances in the
molecular characterization of melanoma and the
identification of the involvement of BRAF, NRAS and C-KIT
genes in the pathogenesis of the disease lead to the
development of new targeted therapies that significantly
improved the survival of patients with metastatic disease.
BRAF mutated melanomas seem to benefit from both anti-
BRAF and anti-MEK targeted therapies while triple-negative
melanomas could benefit of novel anti-CTLA-4 and anti-PD-
L1 immunotherapeutic approaches. The adoption of the
single anti-BRAF therapy (dabrafenib/vemurafenib) or the
combination therapy (dabrafenib/vemurafenib + trametinib)
is an important step in the management of BRAF-mutated
melanoma patients. Patients affected by advanced malignant
melanoma that do not harbour BRAF mutations are still
waiting for approved and effective target therapies, and are
currently treated only with the immunotherapeutic approach
(ipilimumab, nivolumab, pembrolizumab) or chemotherapy.
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