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Background: Melanoma is the most aggressive skin cancer type and is responsible for 80%
of deaths from this entity. Itis considered one of the tumors with the highest mutational load,
with approximately 50% of cases in codon600 of the BRAF gene.
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Objective: To determine the frequency of BRAF V600E/E2/D and BRAF V600K/R/M
mutations in patients with malignant melanoma unresectable stage III-IIIC — IV, during the
period May-2018 and August-2021, at UNIGEM, in Medellin.

Methodology: Observational, retrospective study, which included 154 paraffin-embedded
biopsies from patients with stage III-IIIC-IV unresectable malignant melanoma. The
evaluation of the BRAF V600E/E2/D and BRAF V600K/R/M mutations was carried out
through real-time PCR using the Idylla platform.
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Results: 154 test results for the BRAF V600 mutation were reviewed, with a total of

60 (38.9%) mutated cases, of which 56 (93.3%) correspond to the V60OE/E2/D change,
predominantly in minors or equal to 63 years of age.

Conclusion: We found that in the population analyzed with metastatic melanoma, 38.9% of
the patients presented alterations in the BRAF gene, more frequently in men, in the V600

E/E2/D codon and in the age group<63 years.
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Introduction

Skin cancer is a common neoplasm in humans, with 1805 (1.6%)
new cases and 490 (0.89%) deaths worldwide. It is generally divided
into two large groups, non-melanomas (mainly basal cell and
squamous cell carcinoma) and melanomas. Basal cell carcinoma is the
most frequent skin tumor, with 75% of all cases in the world, followed
by squamous cell carcinoma with 20% and finally melanoma, although
it represents only 4% of skin cancers, but is themost aggressive and
responsible for 80% of deaths from this type of cancer due to its
ability to cause metastasis.'?

Melanoma arises from melanocytes, which are responsible for
producing and releasing melanin (specialized pigment cells) whose
function is to minimize DNA damage from ultraviolet radiation. They
are found in the epidermis, meninges, inner ear, and eyes.’> Several
factors are involved in the development of melanoma, whether
environmental or genetic. The first group includes sun exposure,
while the second includes family history of skin cancer, the number
of nevi, and the light photo type.'# affects young and middle-aged
people, the average age at diagnosis is 57 years.?

The worldwide incidence and mortality (for both sexes and
all ages) in 2020 was 324,635 and 57,043 cases, respectively.’ In
Colombia, the National Institute of Cancerology reported during the
period between 1996-2010, 1,853 (16.1%) cases, with an average of

124 cases per year of malignant melanoma and a mortality of 16.1
cases per year in the period 2001-2009, without differences according
to sex.® Instead, GLOBOCAN in 2020, reported 1,805 (1.6%) new
cases and 490 deaths (0.89%) for melanoma of the skin, with an
estimated S-year prevalence (forall ages) of 10.35% per 100,000
population,® which reflects a significant increase in the number of
new cases and mortality of this entity in our setting.

Melanoma is an entity that has particular characteristics such as:
high metastatic potential, rapid development, poor prognosis, high
mortality rate, and mutational burden. The most frequent somatic
mutations refer to BRAF (50%), NRAS (15-30%), NF1 (10-15%), KIT
(10%), which are genes involved in the MAPK (mitogen-activated
proteinkinase) pathways and PI3K (phosphoinositol-3-kinase),
these pathways are responsible for controlling cell proliferation,
differentiation, or even survival.! These mutations lead to abnormal
activation of the downstream MAPK pathway, in the absence of any
extracellular stimulus, favoring cell proliferation and survival (resistance
to pro-apoptotic signals), because the mutant protein is ten times more
active than the wild-type protein.”

BRAF gene (B1 homologue of the murine sarcoma viral oncogene
v-Raf) belongs to the RAF (rapidly accelerated fibrosarcoma) family
of proto-oncogenes. More than 40 different BRAF mutations have
been identified in human cancer, with a predominance in malignant
melanomas (40-60%), followed by thyroid cancer (45%) and
colorectal cancer (10%).® The main mutation observed in BRAF is
V600E (originating in exon 15), it epresents 90% of the mutations. It
is a substitution of a valine for a glutamic acid with a single nucleotide
change at position 1799 from a thymine to adenine (T>A). Other
reported mutations are: V600D (<5%, valine for aspartic acid, are very
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rare and biochemically very similar to glutamic acid substitutions),
V600K (12-15%, valine for lysine),V600R (3-5%, valine for arginine).

The main value of detecting BRAF mutations for malignant
melanoma is not diagnostic, but therapeutic. The understanding
of the molecular mechanisms involved in this entity has facilitated
its biological understanding, and has allowed the creation of drugs
that block the different pathways that are activated when this type
of mutation occurs (tyrosine kinase inhibitors and inhibitors of
immune control points).” which leads to a decrease in tumor size and
increased survival in these patients.? Due to the increase in melanoma
cases in our environment, the small number of articles published about
the mutational behavior of the BRAF gene, and the impact that these
mutations have on the choice of drug therapy, the objective of the study
was: To determinethe frequency of BRAF V600E/E2/D and BRAF
V600K/R/M mutations in patients with stage III-IIIC-IV unresectable
malignant melanoma between May-2018 and August-2021 at a molecular
diagnostic center in Medellin (UNIGEM).

Material and methods

154 cases received at UNIGEM for molecular diagnosis were
selected, from May 2018 to August 2021, previously classified with
a diagnosis of malignant melanoma by pathology report. The samples
were analyzed by the Idylla methodology, which detects the VO60OE/
E2/D and V600K/R/M mutations in codon 600 of the BRAF gene.
This methodology does not discriminate between V600E, E2 and
D mutations, nor between V600K, R and M mutations. It also does
not detect other rare mutations, such as V600G. It has an analytical
specificity: 100% mutant V60OE and 100% mutant V600K and an
analytical sensitivity mean probability of detection of 95%, 4 copies/
PCR of V600E and 10 copies/PCR of V600K. The detection limit is
greater than 5% for the V60OK/R/M mutation and for the V600OE/E2/D
mutation the detection limit is 1%. Some negative results reported as
V600E/E2/D*, have additional explanations: “It is possible to miss
the V600OK/R/M mutation with DNA <5% in the sample tested”.

Ethical considerations

The genetic tests were performed at UNIGEM, after the completion
and signing of the informed consent by the patients at the different
referring institutions. During the development of the work, the rights,
integrity and confidentiality of the study subjects were protected.

Clinical features

Sociodemographic and clinical-histopathological data were
obtained from a secondary source (Pathology Report). A classification
of the type of melanoma was made, anatomical location of the tumor
in 5 levels: head and neck, trunk, upper limbs, lower limbs and others;
as well as, variables such as Clark, Breslow, Borders/margins and
ulceration were classified (Table 1).

Molecular analysis

IdyllaTM BRAF Mutation Test kit was used for the detection of
mutations, it consists of three allele-specific duplex PCR reactions,
designed to specifically amplify mutations in wild-type BRAF, V60OE,
V600E2, V600D, V600K, V60OR and V600M, each combined with
an endogenous control gene that acts as a sample processing control.
Thekit detects 2 groups of mutations V60OE/E2/D and V600K/R/M;
however, it does not discriminate between V600OE,E2, and D mutations,
nor between V600K, R, and M mutations. The cartridge contains the
necessary reagents to perform sample preparation, amplification, and
real-time PCR detection, starting from the insertion of formalin- fixed
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paraffin-embedded tissue into the cartridge. The process steps in the
test are tissue liquefaction and cell lysis, followed by real-time PCR
using allele-specific primers. The presence of a mutated genotype is
determined by calculating the ACq. (The ACq value is the difference
between the Cq of the wild type BRAF and the Cq of V600E/E2/D or
V600K/R/M.) The signal from the mutated alleles is considered
valid if the ACq is within apredefined range (BRAF V600 positive
sample). Any sample with a valid wild-type signal but with a ACq
value outside the predefined range is considered BRAF V600 negative.
The analytical specificity is 100% for V600OE and V600K mutants.
Analytical sensitivity, understood as the mean 95% probability of
detection, is 4 copies/PCR for V60OE and 10 copies/PCR for V60OK.

The determination of gene mutations was evaluated by real-time
PCR using the Biocartis IdyllaTM platform. The interpretation of the
results (analysis of the mutations) was carried out using its software.

Statistical analysis

Among the variables analyzed, there are two groups:
sociodemographic variables: sex/age and clinical- histopathological
variables: anatomical location, histological type, Clark, Breslow,
Borders/margins, ulceration and mutational status. The qualitative
variables were summarized through descriptive statistics and sector
graphs and the quantitative variables (age) with measures of central
tendency and their respective measure of dispersion, using the
statistical program SPSS version 21.

Results

In total, 154 test results for the BRAF V600 mutation were
reviewed, 2 sociodemographic variables were characterized, age and
sex, we found a range between 23 and 88 years with a mean age of
62 years old and a higher frequency in men (62.3%), than in women
(37.7%). According to the anatomical location, 40.9% of the cases
occurred in the lower limbs. The most frequent type of melanoma was
nodular melanoma (22.7%), followed by Acral lentiginous (13.6%).
The clinical type was not defined in 56.5% of the pathology reports,
it was classified as unspecified melanoma (malignant, amelanotic,
metastatic). Most of the cases were found in a Clark IV stage 51.7%
and had a lesion depth (Breslow) greater than 4 mm 52.8%. Ulceration
was present in 68.6% of cases and the edges/margins were free from
contact with the lesion in 70.8% of cases. (Table 1)

The cases’ mutation distribution was the following: “Wild
type” genotype 57.8%, (were reported 17.5% cases with additional
explanationsV600E/E2/D*), followed by the group of “V600E/
E2/D Mutated” with 36.4%, then the “Invalid” group, 3.2% (they
were executed in duplicate for confirmation) and finally, the group
of V600OK/R/M Mutated with 2.6% (Figure 1). The distribution of
the mutations versus the sociodemographic variables, the anatomical
location of the tumor and the histological type (complete data) was
analyzed. Two age groups were created taking into account the median
age (63 years). All mutated genotypes were more frequent in men
(including the K/R/M mutation, which only occurred in this group).

The age group > 63 years, presented more frequently the “Wild
Type” genotypes (62.9%), while in the group < 63 years old,
predominated the genotype “BRAF V600E/E2/D Mutated “ (73.2%).
The majority of “Wild Type” tumors were located in the lower limbs in
50.6%, and the “BRAF V600E/E2/D Mutated” cases were located in
the trunk in 30.4%. There were 56.5% of classified “Without specifying
the clinical type (malignant, amelanotic, metastatic)” cases, presented
mayor frequently “Mutated” genotype, in 66.6%, (BRAF V600E/E2/D
and V600OK/R/M with 61.6%and 5.0% respectively) (Table 2).
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Table | Main characteristics of the patients studied

Variables Female (%) Male (%) Total (%)
Frequency 58 (37,7) 96 (62,3) 154 (100)
Age (Media) 62,4 (DE * 13,9)

Anatomical localization (n=154)

Head and neck 9 (15,5) 15 (15,6) 24 (15,6)
Trunk 10 (17,2) 20 (20,8) 30 (19,5)
Upper limbs 10 (17,2) 20 (20,8) 30 (19,5)
Lower limbs 25 (43,1) 38 (39,6) 63 (40,9)
Other* 4(6,9) 330 7 (4,5)
Clinical type (n=154)

Superficial spreading 352 4 (4,2) 7 (4,5)
Nodular 10 (17,2) 25 (26,0) 35 (22,7)
Acral lentiginous 9 (15,5) 12 (2,5) 21 (13,6)
Lentigo maligna 2 (3,4) 2(21) 4 (2,6)
Clinical Type not defined (maligno, amelanédtico, metastasico) 34 (58,6) 53 (55,2) 87 (56,5)
CLARK (n=58)a

Il 1 (4,5) | (2,8 2 (34)
11l 3(13,6) 5(13,9) 8(13,8)
I\ 11 (50,0) 19 (52,7) 30 (51,7)
\% 7 (31,8) I'1(30,6) 18 (31,1)
Breslow (n=89)b

<l mm 4(12,9) 5(86) 9 (1o,1)
1,1-2,0 mm 5(l6,1) 9 (15,5) 14 (15,7)
2,1-4,0 mm 7 (22,6) 12 (20,7) 19 (21,3)
>4,0 mm 15 (48,4) 32 (55,2) 47 (52,8)
Borders/Margins (N=72)c

Free Border-margins compromise 17 (70,8) 34 (70,8) 51 (70,8)
Compromised 7 (29,2) 14 (29,2) 21 (29,2)
Ulceration (n=86)d

Absence 11 (33,3) 16 (30,2) 27 (31,4)
Presence 22 (66,7) 37 (69,8) 59 (68,6)

* 2 gluteus, | vulva, | vagina, | scrotum, | pubis and | anus cases
a No data = 96 cases, b No Data = 65 cases, c No Data = 82 cases,d No Data = 68 cases.

Table 2 Mutations distribution vs gender, age and anatomic location

Wild type BRAF BRAFV600E/E2/D BRAFV600K/R/M  Invalid

Variables Wild type (%) V600E/E2/D* (%)  Mutated (%) Mutated (%) (%)
Gender

Male 39 (62,9) 17 (63,0) 33 (58,9) 4 (100) 3 (60,0)
Female 23 (37,1) 10 (37,0) 23 (41,1) 0 2 (40,0)
Age

<63 23 (37,1) 10 (37,0) 41 (732) 2 (50,0) 4(80,0)
> 63 39 (62.9) 17 (63,0) 15 (26,8) 2 (50,0) 1 (20,0)
Anatomic location

Head and neck 1 (17,7) 6 (22,2) 6 (10,7) 0 (0) I (20,0)
Trunk 8(12,9) 3(1L1) 17 (30,4) 2 (50,0) 0 (0)
Upper limbs 6(9,7) 5(18,5) 16 (28,6) 2 (50,0) 1 (20,0)
Lower limbs 33 (532) 12 (44,4) 15 (26,8) 0(0) 3 (60,0)
Other* 4(6,5) 1 37) 2 (3.6) 0(0) 0 (0)
Clinical type (n=154)

Superficial spreading 2(32) 4(148) 1 (1,8) 0 (0) 0 (0)
Nodular 10 (16,1) 6 (22,2) 17 (30,4) | (25,0) 1 (20,0)
Acral lentiginous 15 (24,2) 5(18,5) 0(0) 0(0) 1 (20,0)
Lentigo maligna 2(32) 1 37) 1 (1,8) 0(0) 0 (0)
Clinical Type not defined

(maligno, amelanético, 33 (53.2) 11 (40.7) 37 (66,0) 3 (75,0) 3 (60,0)

metastasico)

* 2 gluteus, | vulva, | vagina, | scrotum, | pubis and | anus cases.

Note: Some wild type results reported with V600E/E2/D¥, have additional explanations:“It is possible to miss the V600K/R/M mutation with DNA <5% in the
sample tested”
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Figure | BRAFV600 mutational status distribution in patients with malignant
melanoma.

Note: E/E2/D* Some wild type results reported with V600E/E2/D*, have
additional explanations: to miss the V600K/R/M mutation with D

Discussion

Melanoma is responsible for the high mortality of skin cancer, due
to this, a large number of investigations have been carried out, with the
aim of clarifying the clinical-pathological and genetic mechanism of
this entity. This allowed us to understand the value of mutations in the
BRAF gene (exon 15, codon 600) as a marker in the choice of therapy
for patients with malignant melanoma. We provide a description of the
BRAF status in patients diagnosed with melanoma.

Of the total sample, 62.3% were men, and male pre-dominance
was maintained in all melanoma subtypes, being more marked in
nodular and acral lentiginous (26.0 and 12.5%, respectively). This
differs slightly from that reported in the literature, where there is
usually a slightly higher incidence in women and in Lentigo Maligna,
results that do not agree with previous local studies'™!! but do with
international research'>!* Similar to that reported globally are also
observed in relation to the mean age whichranges between 57-63 years
of age'*!" however a study conducted in Japan reported an increase in
cases in populations under 50 years’ as illustrated in Table 1.

Although this study is not based on incidence, it is important to
highlight that nodular melanoma was the most common histological
type, followed by Acral lentiginous, with a histological representation
similar to that reported in a study carried out in Bucaramanga-
Colombia.' These results differ from studies that report a greater
number of cases for superficial Spreading melanoma and Acral
lentiginous melanoma, while the proportion of Lentigo maligna
melanoma is below the reported values®'’” The most frequent
anatomical site was the lower limbs, as described'>'® however
several publications report the trunk as the most common site!>!518
followed by upper limbs; other authors have reported lower limbs as
the most common site.

The Breslow and Clark are considered the most important
parameters for the prognosis of melanoma, because the survival of
patients is closely related to the invasion of the tumor, therefore an
early diagnosis is essential to reducethe presentation of metastases.
Median survival time for melanoma patients with metastatic disease is
8 to 9 months,and the 3-year overall survival rate is less than 15%."

Among the cases reported as unspecified malignant melanoma,
three cases diagnosed as amelanotic melanoma were found, two of
which had a mutated state for BRAF E/E2/D (2 in the lower limbs and
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1 in the arm). This type of melanoma is one of the most difficult to
identify due to the atypical presentation characteristics, for this reason
the cases are diagnosed in advanced stages (the three cases were in
the advanced Breslow and Clark stage). This type of lesion is located
more frequently in the trunk, head and neck, and in the lower part of
the extremities and has a worse prognosis compared to patients with
pigmented metastases.” The frequency of mutations in codon 600 of
BRAF in patients with melanoma ranges from 40-60%. In general,
BRAF V600 mutations were detected in 39%, a value below the range
reported by other Latin American countries®'* the United States'
and Europe.'?93.3% (56/60) of the mutated cases corresponded to the
V600E/E2/D mutation, a value consistent with that reportedby other
studies.”?

The literature reports that there is a non-concordance between the
presence of the BRAF V600E mutation and age,while some studies
have shown that this mutation is frequent in younger patients, others
show the opposite. In our case, we observed a higher frequency of
BRAF V600E/E2/D in patients under 63 years of age (73.2%)'* while
the BRAF V600K/R/M mutation had the same number of cases in
both groups of ages. Most of the pathological anatomy results do not
describe the Breslow, Clark, Edges/Margins and Ulceration variables,
including some of the reports, only documenting the site where the
tumor is located and the diagnosis of “malignant melanoma”; this was
a great limitation for the research, preventing the exploration of the
association of these variables with mutational status.

Conclusion

Exploring the genomic panorama has allowed us to know the
mutational profile in patients with Type III-IIIC-IV metastatic
melanoma in our population and its high impact for timely
establishment with the choice of therapy for the signaling pathways
affected in patients with this disease. According to studies published
in the country, our research contains one of the largest populations
studied. We found that in the population analyzed with metastatic
melanoma, 38.9% of the patients presented alterations in the BRAF
gene, more frequently in men, in the V600 E/E2/D codon and in the
age group <63 years old, mainly in lesions originating in the trunk and
upper extremities; values consistent with the international literature
found.
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