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ABSTRACT A high proportion of cutaneous melanomas harbor activating muta-
tions of the BRAF or NRAS genes, which are components of mitogen-activated 
protein kinase (MAPK) signal transduction pathway. The importance of BRAF 
V600E mutation in melanoma is not only related to the possibility of the admin-
istration of the targeted therapy, but also to the fact that BRAF V600E mutated 
melanomas have distinct clinicopathological features. We investigated the clini-
copathological features of 80 primary skin melanomas with known BRAF V600E 
mutation status excised in the Dalmatian region of Croatia, with comparison of 
these features between the mutated and wild-type group. The frequency of BRAF 
V600E mutation was 47.5%. In comparison with wild-type melanomas, BRAF 
V600E mutated melanomas were significantly associated with younger age and 
female sex (P=0.014 and P=0.011, respectively). The mutated melanomas were 
more often located on the extremities, of a nodular type, ulcerated, and with 
higher median of mitotic index but without significant difference in comparison 
with wild-type tumors. There were no differences in the depth of invasion and 
the presence of lymphovascular invasion, tumor infiltrating lymphocytes, and 
regression between the investigated groups. The frequency of BRAF V600E mu-
tation in our cohort of primary skin melanomas and the clinicopathological fea-
tures of mutated tumors were similar to those reported in the literature, except 
for the higher proportion of women observed in our group with mutation.
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INTRODUCTION
The majority of skin tumor deaths are related 

to melanoma, and the worldwide incidence rate of 
melanoma has been increasing (1). In the countries 
of South-Eastern Europe the incidence rates of mela-
noma, particularly in those aged over 50, have also 
increased, while mortality rates have increased less 
prominently and with a diversity of trends across dif-
ferent countries (2). Melanoma comprises 3% of all 

newly diagnosed malignant tumors in Croatia, with 
an incidence rate of 13.7 per 100 000 (14.8 per 100 
000 in men, and 12.7 per 100 000 in women) (3).

The risk factors for cutaneous melanoma are well-
established and include a history of intermittent sun 
exposure and sunburns (especially during childhood), 
pale skin phenotype, red or blond hair, large number 
of common melanocytic nevi, three or more atypical 
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nevi, family history of melanoma, existence of non-
melanocytic skin tumors or lesions related to actinic 
damage, and sunbed use (4-7).

The recent findings of causative genetic altera-
tions in melanoma have provided a link between skin 
actinic damage and some frequent gene mutations. 
Melanomas occurring in non-chronically sun-dam-
aged skin frequently harbor BRAF mutation, while 
melanomas occurring in chronically sun-damaged 
skin usually harbor NRAS or KIT mutations with infre-
quent BRAF mutation (8-10). Identification of these 
frequent changes of genes involved in cell signal 
transduction pathways is a prerequisite for the ad-
ministration of the targeted therapy with BRAF and 
BRAF/MEK inhibitors (11).

The aim of this study was to determine the fre-
quency of BRAF V600E mutation in a group of prima-
ry skin melanomas in Dalmatia and to compare the 
clinicopathological characteristics of the melanomas 
with and without this type of mutation.

PATIENTS AND METHODS
Clinicopathological features of 80 primary cuta-

neous melanomas with known BRAF V600E status ex-
cised in the period from 2004 to 2017 were retrieved 
from the databases of four Dalmatian hospitals (Split, 
Zadar, Šibenik, Dubrovnik). The analysis included 
22 patients with stage 3 melanoma and 58 patients 
with stage 4 melanoma. BRAF V600E mutation analy-
sis was performed at the Institute of Pathology and 
Cytology, Clinical Hospital Center Split, Croatia, in 
the period from 2013-2017. The analysis included 38 
BRAF V600E mutation cases and 42 BRAF V600E wild 
type cases of cutaneous melanoma.

The following clinicopathological features were 
analyzed: patient age, tumor size, patient sex, tumor 
site, tumor histological type, Clark and Breslow stag-
ing, mitotic index, ulceration, lymphovascular inva-
sion, presence of tumor infiltrating lymphocytes, and 
presence of regression. All aforementioned features 
were presented in a standardized pathohistological 
report (12). Pathohistological features, except for the 
histological types, were assessed according to recent 
AJCC cancer staging criteria (13). The tumors were his-
tologically classified according to WHO criteria (14).

Hematoxylin and eosin (H&E) stained slides from 
each submitted sample were reviewed by a patholo-
gist for DNA extraction analysis, and tumor tissue was 
also identified for analysis. For all tissue specimens, 
DNA was extracted from 10 mm thick sections us-
ing the cobas® DNA Sample Preparation Kit (Roche 
Molecular Diagnostics) following the manufacturer’s 
protocol.

Table 1. Clinicopathological features of the study 
group of primary skin melanomas

Feature Value /range / or 
number (%)

Age* (years ± SD) 59.5±15.6 /25-84/
Tumor size* (cm ± SD) 1.93±1.15 /0.5-7.5/
Sex
male
female

59 (73.7)
21 (26.2)

Tumor site
head
trunk
extremities
hand
foot

9 (11.3)
37 (46.2)
30 (37.5)
2 (2.5)
2 (2.5)

Tumor histological type
nodular
superficial spreading
acral lentiginous
other
unclassifiable

38 (47.5) 
21 (26.2) 
4 (5)
1 (1.3)
16 (20)

Clark
2
3
4
5

1 (1.3)
10 (12.6)
56 (70)
13 (16.3)

Breslow
1
2
3
4

1 (1.3)
6 (7.5)
23 (28.7)
50 (62.5)

Mitotic index** (number per mm²) 7 
Ulceration
present
absent

49 (61.2)
31 (38.7)

Lymphovascular invasion
present
absent

12 (15)
68 (85)

Tumor infiltrating lymphocytes
absent
nonbrisk
brisk

42 (52.5)
15 (18.8)
23 (28.7)

Regression
present
absent

4 (5)
76 (95)

BRAF mutation status
mutated
wild type

38 (47.5)
42 (52.5)

*Mean
**Median
SD: Standard Deviation

The amount of genomic DNA was quantified us-
ing the Qubit® 2.0 Fluorometer (Life Technologies) 
and adjusted to a fixed concentration to be added to 
the amplification/detection mixture.
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Table 2. Comparison of clinicopathological features between the groups with mutated BRAF V600E and 
with BRAF V600E wild-type melanomas

Feature
Value /range/ or number (%)

P*** 
BRAF mutated BRAF wild type

Age* (years ± SD) 54.9±16.6 /25-84/ 63.7±13.6 /34-84/ 0.014
Tumor size* (cm ± SD) 1.96±1.06 /1-4.5/ 1.92±1.25 /0.5-7.5/ 0.89
Sex
male
female

23 (60.5)
15 (39.5)

36 (85.7)
6 (14.3) 0.011

Tumor site
head
trunk
extremities
hand
foot

3 (7.9)
15 (39.5)
19 (50)
0
1 (2.6)

6 (14.3)
22 (52.4)
11 (26.2)
2 (4.8)
1 (2.4) 0.18

Tumor histological type
nodular
superficial spreading
acral lentiginous
other
unclassifiable

20 (52.6)
8 (21.1)
1 (2.6)
0
9 (23.7)

18 (42.9)
13 (31)
3 (7.1)
1 (2.4)
7 (16.7) 0.50

Clark
2
3
4
5

1(2.6)
4 (10.5)
26 (68.4)
7 (18.4)

0
6 (14.3)
30 (71.4)
6 (14.3) 0.67

Breslow
1
2
3
4

1 (2.6)
2 (5.3)
10 (26.3)
25 (65.8)

0
4 (9.5)
13 (31)
25 (59.5) 0.6

Mitotic index** (number per mm²) 7 6 0.15
Ulceration
present
absent

25 (65.8)
13 (34.2)

24 (57.1)
18 (42.9) 0.43

Lymphovascular invasion
present
absent 5 (13.2)

33 (86.8)
7 (16.7)
35 (83.3) 0.66

Tumor infiltrating lymphocytes
absent
non-brisk
brisk

17 (44.7)
9 (23.7)
12 (31.6)

25 (59.5)
6 (14.3)
11 (26.2) 0.37

Regression
present
absent

2 (5.3)
36 (94.7)

2 (4.8)
40 (95.2) 0.92

*Mean
**Median
*** χ2 test except t-test for age and size, and Mann-Whitney test for mitotic index
SD: Standard Deviation

For mutation analysis, the target DNA was ampli-
fied and detected on the cobas® z 480 analyzer using 
the amplification and detection reagents provided in 

the cobas® 4800 BRAF V600 Mutation Test kit, accord-
ing to the manufacturer’s protocol.

The cobas® results were reported as follows: V600E 
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mutation detected, V600E mutation not detected, or 
invalid (i.e. no result was obtained on the cobas® test).

The comparison of the clinicopathological fea-
tures between the groups of melanomas with and 
without BRAF V600E mutation was performed using 
the χ2 test, Mann-Whitney, and t-test. The significance 
of the differences was calculated as P value with 
probabilities lower than 5% (P<0.05) considered sig-
nificant. Statistical analysis was performed using the 
MedCalc ver. 11.5.1.0 statistical software for Windows 
(MedCalc Software, Ostend, Belgium).

RESULTS
Clinicopathological features of the study group 

of stage 3 and 4 primary cutaneous melanomas are 
summarized in Table 1. The group predominantly 
consisted of male patients (mean age of 60 years) 
with the tumors of the average size of 1.9 cm. The 
majority of the tumors were located on the trunk 
and extremities (46.2% and 37.5%, respectively), and 
were predominantly of the nodular histological type 
(47.5%). The majority of the melanomas were of Bre-
slow 4 and Clark 4 levels of invasion (62.5% and 70%, 
respectively), with high mitotic count (average mi-
totic index of 8/mm2), with ulceration (61.2%) and no 
lymphocytic infiltration (52.5%). The lymphovascular 
invasion of melanoma cells and regression were rare 
events (15% and 5%, respectively). BRAF V600E muta-
tion was observed in 38 patients (47.5%).

The comparison of the prevalence of the inves-
tigated clinicopathological features between the 
group of BRAF V600E mutated and the group of BRAF 
V600E wild type cutaneous melanomas is shown in 
Table 2. The patients with BRAF V600E mutated mela-
nomas were significantly younger than patients with 
melanomas without BRAF V600E mutation (55 years 
vs. 64 years, respectively; P=0.014). We also observed 
a significantly higher percentage of women in the 
group of patients with BRAF V600E mutated melano-
mas than in the group of patients with BRAF V600E 
wild type melanomas (39.5% vs. 14.3%, respectively; 
P=0.011). In the group of BRAF V600E mutated mel-
anomas we also observed a higher percentage of 
melanomas located on the extremities, higher per-
centage of nodular melanomas, and higher mitotic 
activity, but these differences did not reach statistical 
significance in the comparison with the group of mel-
anomas without BRAF V600E mutation. There was no 
difference between this two groups of melanomas in 
tumor size, Breslow and Clark levels of invasion, pres-
ence of ulceration, presence of lymphovascular inva-
sion, amount of tumor infiltrating lymphocytes, and 
presence of regression.

DISCUSSION
BRAF is a serine/threonine protein kinase which 

is an essential part of the mitogen-activated protein 
kinase (MAPK) pathway. It is physiologically activated 
by RAS, but in mutated form BRAF becomes con-
stitutively active due to molecular conformational 
change, with subsequent persistent activation of 
downstream cytoplasmic and nuclear proteins (MEK, 
ERK, ETS) which ultimately leads to gene expression 
that promotes cell growth and survival (10,15). Inhibi-
tion of the altered MAPK pathway by BRAF inhibitors 
and combined BRAF/MEK inhibitors in BRAF mutated, 
unresectable, or metastatic melanoma has become 
the standard therapeutic approach (11).

The most common among the BRAF mutations 
in melanoma is the V600E mutation (over 90% of all 
BRAF mutations), which is a single nucleotide muta-
tion at codon 600 causing amino acid substitution 
(glutamic acid for valine). The other types of BRAF 
mutations (V600K, V600R, V600E2, and V600D) are in-
frequent (11,15).

The frequency of codon 600 mutation in BRAF 
among cutaneous melanoma is 40-60% (11,15,16). 
The frequency of BRAF V600E mutation observed in 
this study is 47,5%. Katunarić et al. found a frequency 
of 52% for BRAF V600E mutations among patients 
with melanoma in the Rijeka County, while Kožaj et 
al. found that 43% of cases in their cohort harbored 
the same type of mutation (17,18).

Investigation of clinical characteristics of BRAF 
V600E mutated melanomas in this cohort found that 
the mutated tumors were significantly associated 
with earlier age of onset and female sex in compari-
son with wild-type tumors (P=0.014 and P=0.011, 
respectively). Several studies have found that BRAF 
V600E mutation is associated with the presentation 
of melanoma at an earlier age, indicating that the 
BRAF mutation is an early molecular event in mela-
noma evolution (18-21,23). Although the majority 
of studies have found no difference in sex between 
BRAF V600E mutated and wild-type melanomas or 
male predominance in the group of mutated mela-
nomas, in the present study we found a significantly 
higher proportion of women in the group of mutated 
tumors (P=0.011) (18,21,22). Only a Japanese cohort 
of primary cutaneous melanomas showed female 
predominance in the group of BRAF V600E mutated 
tumors, but with borderline significance (P=0.087) 
(23). BRAF V600E mutated melanomas are related to 
intermittent sun exposure and usually arise on cov-
ered, truncal part of the skin (19,21,22). We did not 
find any significant difference in primary tumor site 
or in the average size of the tumors between the 
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BRAF V600E mutated and wild-type group, although 
our BRAF V600E mutated tumors were larger and 
in more commonly located on the extremities than 
wild-type tumors. Menzies et al. also reported that 
BRAF (V600E and non-V600E) mutation status is not 
associated with anatomic site in their large group of 
301 primary cutaneous melanomas, but the authors 
found a significantly higher proportion of tumors lo-
cated on the extremities in the BRAF V600E mutated 
tumors subgroup (20).

Many studies have investigated the correlation be-
tween BRAF status in melanoma and various patho-
histological variables. Sehdev et al. found that BRAF 
mutation was significantly associated with higher 
Breslow thickness, higher mitotic rate, and presence 
of ulceration on multivariate analysis (22). Long et al. 
reported significant association of superficial spread-
ing or nodular histological subtype, presence of mito-
sis, and histological signs of chronic sun damage with 
BRAF (V600E and non-V600E) mutation, and no as-
sociation with Breslow thickness and presence of ul-
ceration in their cohort of 197 cutaneous melanomas 
(19). Baiter et al. also showed an association between 
BRAF (V600E and non-V600E) mutation and superfi-
cial spreading and nodular histological subtypes (24). 
In the present study we also observed a higher per-
centage of nodular subtype and ulcerated tumors as 
well as higher median mitotic index in the group of 
BRAF V600E mutated melanomas, but without signifi-
cant differences in the comparison with wild-type tu-
mors. There was no difference between the mutated 
and wild-type group in presence of lymphovascular 
invasion, tumor infiltrating lymphocytes, regression, 
and the depth of invasion.

Some other, more subtle morphological features 
may be related to BRAF status. Viros et al. found sig-
nificant association between BRAF codon 600 muta-
tion and increased upward migration and nest for-
mation of intraepidermal melanocytes, thickening 
of the involved epidermis, sharper demarcation of 
BRAF mutated melanoma from the surrounding skin, 
and larger epithelioid melanoma cells with abundant 
pigment (25). We were not able to investigate some 
of these features in our cohort of primary skin mela-
nomas because none of these features were listed in 
standardized pathohistological reports of melanoma 
in Croatia (12).

CONCLUSION
Herein we have reported a frequency of BRAF 

V600E mutation of 47.5% in the group of 80 prima-
ry skin melanomas excised in the southern part of 
Croatia (Dalmatia). Comparison of the clinicopatho-

logical features between mutated BRAF V600E and 
wild-type melanomas showed that mutated tumors 
were significantly associated only with younger age 
and female sex. The mutated melanomas were more 
often located on the extremities, of the nodular type, 
ulcerated, and with a higher median of mitotic index, 
but without significant difference in comparison with 
wild-type tumors.
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