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Abstract

pyrosequencing.

below 20% and 4 (19.05%) below 10%.

Objective: We aimed to investigate the prevalence and type of BRAF V600 mutations and the associations with
clinicopathological variables in primary skin nodular melanoma cases in Yogyakarta and Central Java, Indonesia using

Results: BRAF /600 mutations of the V60OE type were found in 21 (53.85%) specimens. The variant allele frequencies
(VAFs) ranged from 5.07 to 94.70%, averaging 29.05%. However, most cases had low VAFs, with 13 (61.9%) specimens
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Introduction

Despite its low incidence, melanoma remains the deadli-
est skin malignancy and the main contributor to deaths
from skin malignancies. With a global death toll of 60,712
deaths in 2018, this disease is responsible for over half the
mortality from skin cancer [1]. The dismal outcomes for
melanoma patients call for further research to improve
their management, which is currently focused on molec-
ular profiling of melanomas.

The BRAF V600 is the most commonly found somatic
mutation in melanomas and thus has become a poten-
tial marker and therapeutic target [2]. There is a wide
range of research on this mutation, from its role in mela-
noma pathogenesis to the development of specific tar-
geted therapy. Even nowadays, application of the BRAF
V600 mutation for diagnostic and prognostic purposes
is still under investigation. However, not all countries are
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equally represented in these bodies of data. For example,
there is a paucity of studies from Asian and African coun-
tries, in which patterns of clinical behavior and underly-
ing molecular pathogenesis are relatively different from
Caucasians.

The under-representation of Asian populations is an
important issue to address in melanoma research. Asia
accounts for 18.6% of deaths caused by melanomas,
despite only providing 7.6% of new cases worldwide [3].
Asian melanoma cases differ in characteristics from Cau-
casians, such as predominance of the acral lentiginous
subtype and low BRAF mutation prevalence. Variations
also exist within certain parts of Asia and even between
different ethnicities [4, 5].

In Indonesia, melanoma cases are relatively rare but
lethal, with only 1.392 new cases but 797 deaths per year
[6]. Indonesian melanoma cases have distinct clinical fea-
tures, showing different clinical presentations and his-
topathological subtypes from other Asian populations.
As opposed to the acral lentiginous melanoma subtype
predominance in Asia, most cases from Indonesia are
of the nodular subtype, which is associated with worse
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prognosis [7]. The prevalence of BRAF V600 mutations in
melanoma patients from Indonesia has also been shown
to be relatively low. In our previous study, we investigated
the prevalence of the BRAF V600 mutation among Indo-
nesian melanoma cases using real-time polymerase chain
reaction (RT-PCR) as the detection method and obtained
a low percentage compared to Asia and other countries
[8]. To our knowledge, previous researches in Indone-
sian populations have only used immunohistochemistry
or RT-PCR methods in their studies [8, 9]. With clinical
consideration that BRAF inhibitors are indicated for all
BRAF V600 mutation-positive tumors, the detection of
BRAF mutations must be done with more sensitive test-
ing methods.

Therefore, we aimed to investigate the prevalence and
type of BRAF V600 mutations using pyrosequencing in
primary skin nodular melanoma in Yogyakarta and Cen-
tral Java, Indonesia. With the higher sensitivity of this
method, more patients with BRAF mutations might ben-
efit from targeted therapy.

Main text

Materials and methods

This retrospective cross-sectional study was done at Dr.
Sardjito Hospital and dr. Soeradji Tirtonegoro Hospi-
tal which were the main referral hospitals in Yogyakarta
Province and Central Java Province, Indonesia. Paraffin-
embedded tissue specimens from primary skin nodular
melanoma cases in 2011-2018 were used as samples.
Thirty-nine specimens from Javanese patients were
included in analysis. DNA extraction from formalin-fixed
paraffin-embedded (FFPE) primary skin nodular mela-
noma tissue was performed after selection of tumor-rich
slides using the GeneAll® Exgene™ DNA Extraction Kit
(GeneAll Biotechnology, Seoul, Korea) according to the
protocol provided by the producer.

We assessed BRAF V600 mutation status using
pyrosequencing. Each 25 ng sample of DNA was ampli-
fied using 1x PCR buffer (Invitrogen, Frankfurt, Ger-
many), 1.5 mM MgCl,, 200 pM dNTPs, 0.5 U HotStart
Taq-Polymerase (Platinum Taq " DNA polymerase,
Invitrogen, Frankfurt, Germany), and a 1:9 mixture of
forward (5-CCTAAACTCTTCATAATGCTTGC-3)
and reverse (5-GGGACACCGCTGATCGTTTAAACT
CAG-3’) primers with universal biotinylated primers
(5'-GGGACACCGCTGATCGTTTA-3’).  Thermocy-
cling was performed with preheating 95 °C for 4 min
and 40 cycles of 95 °C for 15 s, 60 °C for 30 s, and 72 °C
for 20 s, followed by 72 °C for 3 min using Biometra
PCR Thermocycler (Analytic Jena AG, Jena, Germany).
Pyrosequencing was then performed with Pyro-
Mark Gold RQ96 Reagent (QIAGEN GmbH, Hilden,
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Germany), 1x annealing buffer (200 mmol/L Tris ace-
tate, 50 mmol/L Mg-acetate) after separation of bioti-
nylated sequence using 3 uL streptavidin sepharose (GE
Healthcare Life Sciences, Amersham, UK) and bind-
ing buffer (10 mmol/L tris—HCI, 2 M NaCl, 1 mmol/L
EDTA, 1 ml/L Tween 20) using PyroMark Q96 Vacuum
workstation (QIAGEN GmbH, Hilden, Germany). The
pyrosequencing primer was 5-TGATTTTGGTCTAGC
TACAG-3'. Pyrograms and quality control of the sam-
ples were analysed using PyroMark Q96 Software ®
(QIAGEN GmbH, Hilden, Germany).

Clinicopathologic data were obtained from medical
records. The data collected included age, sex, anatomic
location, lymph node metastasis, tumor thickness,
ulceration, mitotic index, necrosis, lymphovascular
invasion, and tumor-infiltrating lymphocytes (TILs).
The lymph node metastasis, tumor thickness, ulcera-
tion, necrosis, lymphovascular invasion, and TILs were
observed from hematoxylin—eosin stained slides, while
the mitotic index was calculated from Ki-67 immuno-
histochemistry-stained slides as previously described
in our study [8]. We used Ventana Ultra Cell Condi-
tioner 1 solution (Ventana Medical Systems, Tucson,
AZ, USA) under pH 8-9 in 64 min on 95 °C for antigen
retrieval and the monoclonal Ki67 antibody (Abcam,
Cambridge, MA, USA) for the immunostaining accord-
ing to the protocol previously described in our study
[8]. The associations between BRAF mutation status
and clinicopathologic parameters were analyzed by the
Chi square test or Fisher’s exact test for categorical var-
iables, and the independent ¢-test or Mann—Whitney
test for continuous variables.

Results

The patients’ age ranged from 21 to 80 years, with
an average of 60.67 years of age. Seventeen (43.59%)
patients were male and twenty-two (56.41%) patients
were female. Twenty-nine patients (74.36%) had tumors
on extremities, while 10 (24.64%) had tumors on the
trunk or head and neck (centrally located).

Out of the thirty-nine samples, BRAF V600 muta-
tions were found in twenty-one (53.85%) samples.
Variant allele frequencies (VAFs) ranged from 5.07 to
94.70%, with an average of 29.05% and standard devia-
tion of 26.77%. Fifteen (71.4%) samples had VAFs below
30%, while 13 (61.9%) samples had VAFs below 20%. All
mutations were of the V600E subtype. The complete
distribution of VAFs is shown in Fig. 1. No statistically
significant associations were found between the BRAF
V600 mutation status and the clinicopathological char-
acteristics analyzed (Table 1).
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Discussion

In this study, the BRAF V600 mutation was found in
53.85% of the nodular melanoma cases. This result
resembles the mutation prevalence found in Caucasian
populations, which range around 40-60% [10]. Data on
the nodular subtype from Asia is scarce with two studies
reporting rates of 50 and 29.4% from Japan and Turkey,
respectively [11, 12]. The outcomes of our research are
especially at odds with the result of our previous study
using RT-PCR, which report a 10% BRAF V600 preva-
lence among Indonesian nodular melanomas [8]. The
higher prevalence found in this study may arise from the
difference in methods. In terms of sensitivity, pyrose-
quencing is superior compared to high-resolution melt
PCR studies [13]. In a comparation of methods, RT-PCR
detected 98% of cases while pyrosequencing had 100%
sensitivity [14].

Analysis of the VAF in our study shows a wide variation
of 5.07 to 94.70%, with an average of 29.05%. However,
most of the cases had low VAFs, with 13 (61.9%) speci-
mens below 20% and 4 (19.05%) below 10%. For com-
parison, a previous study on BRAF mutation profiling in
melanomas report a VAF below 20% only in 28% of sam-
ples and below 10% in 13% [15]. Given the dominance of
low VAF percentages, many mutation-positive tumors
which would have been detectable by pyrosequencing
would likely go undetected in RT-PCR studies. The low
VAF distribution in the Indonesian population in general
may explain the difference in the mutation prevalence
found when using RT-PCR and pyrosequencing despite

the slight differences in sensitivity. The difference might
be also influenced by the low sample size.

When compared to other Asian countries, the BRAF
V600 prevalence in this study is relatively high. This
mutation is found in 11.9 to 41.8% of Asian melanoma
cases in general [5, 12, 16, 17]. The only two studies on
Asian nodular melanoma cases reported the mutation
prevalence at 29.4 and 50% [11, 12]. This suggests that
Indonesian melanoma cases have a high BRAF V600
mutation prevalence, but at low intratumoral mutation
rates. Variations in melanoma subtype, ethnicity, and
different mutation detection methods may partially be
responsible for the differences found.

No significant associations were found with clinico-
pathologic characteristics. The general trends, such as
younger age, central location, absence of ulceration, and
presence of lymphovascular invasion, mirror the findings
of previous Asian studies. In our previous study done
with RT-PCR in nodular melanoma patients in Indone-
sia [8], central location and lymphovascular invasion
were correlated with BRAF V600 mutation. The differ-
ences could have been caused by the low VAFs found in
this study, which may cause mutation-positive tumor to
behave like mutation-negative tumors instead. Another
factor that possibly dissipated any correlations would be
the unbalanced proportions of patient characteristics, as
the subjects in this study were dominated by advanced
extremity-located melanomas.

The presence of TILs is one of the indicators of the
immune response to melanomas and is associated with
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Table 1 The association between BRAF V600 mutation
status and clinicopathologic characteristics

BRAF (+4) BRAF (—) p value™
Age, mean =+ SD" 60.67+1581 60671349  1.000
Age category, n (%)
<65 years 13(33.33) 10 (25.64) 0.469
> 65 years 8(20.51) 8(20.51)
Sex, n (%)
Male 8(20.51) 9(23.08) 0.336
Female 13(33.33) 9(23.08)
Anatomic location, n (%)
Extremity 14 (35.90) 15 (38.46) 0.207
Central 7 (17.95) 3(7.69)
Lymph node metastasis, n (%)
Present 10 (25.64) 8(20.51) 0.549
Absent 11(28.21) 10 (25.64)
Tumor thickness, n (%)
<4mm 1(2.56) 3(7.69) 0.246
>4 mm 20 (51.28) 15 (38.46)
Ulceration, n (%)
Present 10 (25.64) 12 (30.77) 0.192
Absent 11(28.21) 6(15.38)
Mitotic index, mean#SD" 258241877 232241608 0.648
Mitotic index category, n (%)
>20% 12 (30.77) 10 (25.64) 0.588
<20% 9(23.08) 8(20.51)
Necrosis, n (%)
Present 17 (43.59) 11(28.21) 0.570
Absent 4(10.26) 7(17.95)
Lymphovascular invasion, n (%)
Present 9 (23.08) 4(10.26) 0.153
Absent 12 (30.77) 14 (35.90)
Tumor-infiltrating lymphocytes, n (%)
Present 13(33.33) 13(33.33) 0.368
Absent 8(20.51) 5(12.82)

*SD standard deviation

**p value < 0.05 was considered significant

better prognosis. Oncogenic BRAF mutations are associ-
ated with immune escape of tumor cells and a lower pres-
ence of TILs [18]. In our study, BRAF mutation-positive
tumors tended to have a lower presence of TILs, despite
not reaching statistical significance. Along with the other
associations, this trend suggests that Indonesian nodu-
lar melanoma cases with the BRAF V600 mutation tend
to have worse prognoses than cases with the wild-type
BRAF.

BRAF mutation testing and targeted therapy has yet
to be used in melanoma case management in Indonesia.
These are due to limitations in both availability and costs.
Currently, BRAF mutation testing and BRAF inhibitors
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are not included in the Indonesian national health insur-
ance program. Healthcare centers that provide molecu-
lar mutation testing are also still scarce. Most melanoma
patients in Indonesia cannot afford the price of complet-
ing a whole cycle of BRAF inhibitor therapy. As a result,
BRAF V600 mutation testing is only done in research set-
tings and treatment for melanomas is commonly limited
to surgery and cytotoxic chemotherapy (dacarbazine).

These difficulties suggest that currently it is only possi-
ble to provide molecular testing and treatment to a select
portion of patients who would most likely benefit from it.
The mutation rate could be a potential marker to predict
response to targeted therapy. A study shows that higher
BRAF V600 mutation VAFs are associated with better
response rates to vemurafenib [19]. Quantification of
BRAF mutation levels may help select patients with the
best potential for molecular treatment.

Another option would be to use a less sensitive method
for clinical usage in Indonesia, such as RT-PCR. The
facilities for this method are more widely available, easier,
and cheaper in Indonesia than pyrosequencing. Although
only tumors with higher VAFs would be detected by PCR
studies, this would mean that the identified tumors will
have better treatment response. Thus, using PCR meth-
ods for mutation detection may be more feasible and
cost-effective for prognostic and therapy decision-mak-
ing in Indonesia.

Our previous research provided the BRAF V600 muta-
tion prevalence in Indonesian skin nodular melanoma
cases. This research improved it using a more sensitive
method and specified the mutation subtype. Through
these studies, we have advanced knowledge on BRAF
V600 mutation profiles in primary skin nodular mela-
noma cases in Indonesia. This information will help
develop prognostication and treatment decision-making
for Javanese patients.

Conclusion

The BRAF V600E mutation was found in 53.85% of pri-
mary skin nodular melanomas, albeit with low variant
allele frequencies. The high prevalence of mutations sug-
gest that many Indonesian melanoma cases may benefit
from molecular testing and targeted therapy, but more
sensitive detection methods are needed for BRAF V600
mutation status testing. However, availability and fea-
sibility may need to be considered for usage in clinical
practice. Further research is needed on the prognostic
value of this mutation in Indonesian populations.

Limitations

The small sample size was the main limitation in this
study. Besides that, all the patients were Javanese people,
the largest ethnic group in Indonesia. Data in this study
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might not be able to represent the entire Indonesian pop-
ulation which consists of more than 600 ethnic groups.
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