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ORIGINAL ARTICLE
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Abstract

Thyroid malignancy status is usually confirmed through histopathological examination (HPE)
following thyroidectomy. In Malaysia, the application of molecular markers in pre-operative
diagnosis of thyroid cancer remains unexplored. In this study, BRAF and NRAS gene mutation panel
was assessed, and the results were compared with retrospective HPE findings. Malaysian patients
with benign goitre (BTG: n=33) and papillary thyroid cancer (PTC: n=25; PTCa: n=20, PTCb:
n=>5) were recruited at Universiti Malaya Medical Centre from September 2019 to December 2022.
PCR-direct DNA sequencing of BRAFY*®, NRAS®'2, NRASC!?, and NRAS®®! was conducted on DNA
extracted from the patients’ thyroid tissue specimens following thyroidectomy and HPE. BRAFYE
and NRAS®™® mutations showed absolute PTC-specificity with PTC-sensitivity of 32% and 28%,
respectively. NRAS?™H demonstrated lower PTC-specificity (94%) but higher PTC-sensitivity (72%)
compared to the BRAFY™E and NRAS®'R mutations. Although the NRASS'? and NRAS®'3 variants
were absent in this study, a novel NRASY'*P mutation was detected in a PTCa patient. Unlike PTCb,
coexistence of BRAFY™E and NRAS®! variants was commonly observed among the PTCa patients.
Notably, all PTCb patients had NRAS®™ mutation with one patient carried both the NRAS®™ and
BRAFV®E mutations. Association analysis revealed potential link between gender, BRAFY°F mutation
and lymph node metastasis. In conclusion, mutation panel comprising BRAFV°E, NRAS®'R | and
NRAS®'™M did not discriminate the two PTC subtypes but replicated the retrospective HPE findings
in differentiating BTG from PTC. The application of this mutation panel in pre-operative diagnosis
of thyroid nodules requires further validation in a larger sample size, preferably incorporating fine-
needle aspirate biopsies.

Keywords: papillary thyroid cancer; benign goitre; BRAF; NRAS; histopathological examination;
fine-needle aspiration cytology

INTRODUCTION which patients with thyroid nodules require
surgical intervention.** The cytology findings
are classified according to the Bethesda System
for Reporting Thyroid Cytopathology (TBSRTC)
framework. Although it is highly specific
for identifying thyroid malignancy, cytology
examination has a lower sensitivity, with 30%

Thyroid nodules are prevalent, with approximately
7% being palpable.! While the majority of these
nodules are benign, malignancies can be detected
in up to 6.5% of cases.? Fine-needle aspiration
cytology (FNAC) is the most commonly used
and cost-effective method for determining
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of nodules being indeterminate that requires
further confirmation through post-operative
histopathological examination (HPE).>” HPE
results revealed that approximately 40% of the
indeterminate nodules are actually malignant.®
As a result, patients with benign goitre (BTG)
may unnecessarily undergo thyroidectomy. To
reinforce the diagnostic accuracy of FNAC, a
potential strategy is the combinational use of
genetic markers.’

The most common type of thyroid cancer
is papillary thyroid cancer (PTC), accounting
for approximately 80% of all thyroid cancer
cases.'” Two subtypes of PTC, namely PTCa
and PTCb were recently proposed based on
variations in cytomorphological background
and the underlying molecular mechanism of
the malignancy.!"'? PTC is often associated
with oncogenic activation of the mitogen-
activated protein kinase (MAPK) due to genetic
changes. The most commonly observed genetic
alterations associated with PTC include RET/
PTC chromosomal rearrangement, as well as
point mutations in the BRAF and RAS proto-
oncogenes."* Mutations in at least one of these
genes were detected in over 70% of PTC cases,
with the BRAFY®E mutation being the most
prevalent.'*!° The BRAF gene encodes the serine/
threonine protein kinase B-Raf. Amino acid
substitution of valine (V) to glutamate (E) at
position 600 results in the constitutively active
B-RafV®E protein.!” This BRAFY®® mutation
upregulates the MAPK signalling pathway in
the absence of external stimuli. Mutations in
three members of the RAS gene family (HRAS,
NRAS, and KRAS) have also been reported
in thyroid cancer." The most common RAS
mutations in thyroid tumours were detected in
the NRAS gene, of which codons 12, 13, and
61 are the mutation hotspots, with the NRAS?!
point mutation being the most common.!%192
These RAS mutations affect the GTPase activity
of the RAS proteins by modifying the binding
affinity of RAS to GTP.2' Substitution of the
wild-type GIn-61 with other amino acid residues
such as Arg (NRAS'®), Lys (NRAS?®'X), and His
(NRAS®'™M) | has been associated with various
types of cancers, including the thyroid.?>?* The
high prevalence of BRAF and RAS mutations in
thyroid malignancies has made the two mutations
candidates for molecular markers in the diagnosis
of thyroid nodules.**?” The combination of
FNAC and pre-operative BRAFY*E mutation
analysis has been shown to increase diagnostic
sensitivity from 75.7% to 92.3% and diagnostic
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accuracy from 78.7% to 90.6%, compared to
FNAC alone.? However, little is known about
the prevalence and clinical significance of BRAF
and NRAS mutations in Malaysian PTC patients.
Therefore, the potential use of these mutations
as biomarkers in Malaysian patients with thyroid
nodules could not be gauged.

To address this gap in knowledge, this
retrospective study was conducted to examine
the sensitivity and specificity of BRAF and
NRAS point mutations in Malaysian patients
with BTG and PTC tumours. The study aimed
to determine whether the mutational analysis
results can replicate the findings of HPE.
The present study also aimed to identify and
compare the prevalence of BRAF and NRAS
point mutations between the two PTC subtypes.
The findings from this study may contribute to
the development of personalised and effective
approaches for PTC diagnosis. These approaches
can be utilised alongside or as alternatives to
current diagnostic procedures, treatments, and
management strategies for PTC in Malaysia.

MATERIALS AND METHODS

Study design and subjects

This pilot study included patients with palpable
thyroid nodules who were admitted to Universiti
Malaya Medical Centre (UMMC) between
September 2019 and December 2022. The
study protocol was approved by the Medical
Research Ethics Committee of UMMC (MREC
ID NO: 2019619-7540) and conducted in
accordance with the International Conference
on Harmonisation of Good Clinical Practice
(ICH GCP) guidelines and the Declaration of
Helsinki. Prior to the study, written informed
consent was obtained from all patients.

In the project workflow as outlined in Figure 1,
thyroid tissue specimens obtained from
thyroidectomies were immediately submerged
in Allprotect tissue reagent (Qiagen, Hilden,
Germany) at 4 °C overnight and subsequently
stored at —80 °C. After the malignancy status
of the thyroid nodules was confirmed through
HPE, the patients were grouped into BTG
(n = 33) and PTC (n = 25). PTC patients were
further classified into (i) PTC without BTG
cytomorphological background (PTCa, n = 20)
and (ii) PTC with BTG cytomorphological
background (PTCb, n = 5).

Genomic DNA extraction from thyroid tissue
specimens
Genomic DNA (gDNA) was extracted from the
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FIG. 1. Overview of the project workflow.

tissue samples using Qiagen AllPrep DNA/RNA/
Protein Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s protocol.
The concentration and purity of the extracted
gDNA were determined using Thermo Scientific
NanoDrop™ 2000c Spectrophotometer (Thermo
Fisher Scientific, Massachusetts, USA).

Polymerase chain reaction (PCR)-direct DNA
sequencing

Primer pairs specifically targeting BRAFV®,
NRASC'2, and NRAS®"® mutations were designed
using Primer3 (https://primer3.ut.ee/), while
primers for NRAS?®! mutation screening were

obtained from Campenni et al. (2015). The details
of the primers are presented in Table 1. PCR was
carried out following the protocol outlined in Lee
et al. (2016). Subsequently, the PCR products
were purified using QIAquick PCR Purification
Kit (Qiagen, Hilden, Germany), following the
manufacturer’s instructions. Sequencing of the
PCR products was performed using the Applied
Biosystems 3730XL DNA Analyzer (Thermo
Fisher Scientific, Massachusetts, USA). The
obtained Sanger sequencing electropherograms
were then analysed, and the sequencing results
were compared to the reference gene sequence
using Basic Local Alignment Search Tool

TABLE 1: Sequences of the primers used for mutations screening

Gene Targeted Primer Annealing Product
mutations temperature size (bp)
(°C)
BRAF  BRAFY®  Forward 5’ 52 199
CCTCAATTCTTACCATCCAC 3’
Reverse 5°
CTCTTCATAATGCTTGCTCTGATAG 3’
NRAS NRASC"? Forward 5’ 51 248
CCAGAAGTGTGAGGCCGATA 3’
NRASSH Reverse 5’
CTGGATTGTCAGTGCGCTTT 3’
NRAS NRAS! Forward 5’ 44 174
TCTTACAGAAAACAAGTGGT 3’
Reverse 5°

GTAGAGGTTAATATCCGCAA 3’
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(BLAST, https://blast.ncbi.nlm.nih.gov/Blast.
cgi) of National Center for Biotechnology
Information (NCBI). The results of mutational
analysis were then compared among BTG, PTC,
PTCa, and PTCb patients. Mutation(s) which
was not reported in the Database for Single
Nucleotide Polymorphisms (dbSNP, https://
www.ncbi.nlm.nih.gov/snp/) and the Catalogue
of Somatic Mutations in Cancer (COSMIC,
https://cancer.sanger.ac.uk/cosmic) databases
are considered novel .

In-silico functional analysis of a novel mutation
The functional impact of the novel mutation
identified in the present study was predicted using
three in-silico functional prediction tools, namely
Polymorphism Phenotyping v2 (PolyPhen-2,
http://genetics.bwh.harvard.edu/pph2/), Sorting
Intolerant from Tolerant (SIFT, https://sift.bii.a-
star.edu.sg/), and MutationTaster (https://www.
mutationtaster.org/).

Statistical analysis

Statistical analysis was conducted using
GraphPad Prism 8, unless otherwise stated. The
diagnostic performance of the mutations for PTC
was calculated using the Wilson/Brown method
to determine the sensitivity, specificity, positive
predictive value (PPV), and negative predictive
value (NPV). Comparisons of categorical
variables were performed using Spearman’s
rank correlation coefficient analysis and Fisher’s
exact test. In addition, the genotype and allele
frequencies of the variants among different
disease groups were analysed using Fisher’s
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exact probability test in Genepop software.
The statistical significance of the results was
determined with a significance level of p-values
less than 0.05.

RESULTS

BRAFY5% NRASY'?, NRASC3, and NRAS?
mutations in our cohort of patients

Figure 2 shows a representative Sanger
sequencing electropherograms of PCR products
targeting BRAFYE, NRAS®'R and NRAS'H
mutations. Findings from the mutational
screening in the BTG and PTC patients are
summarised in Table 2(a) and Table 2(b),
respectively. BRAFVE was absent in the BTG
patients. Among the 25 PTC patients, eight of
them (32%) carried the BRAFY®°E mutation,
where seven of them belonged to the PTCa
group (35%).

Although none of the patients had the NRAS®'?
and NRASY" variants, one of the PTC patients
(PTC14) had a novel mutation that resulted in
amino acid change from valine (Val) to asparagine
(Asp) at the 14" amino acid residue (NRASY'*P)
(Figure 3(a)). In silico functional analysis using
PolyPhen-2, SIFT, and MutationTaster predicted
that the NRASY'*P mutation was functionally
deleterious.

Two NRAS?! variants namely NRAS?®'® and
NRAS®™ were identified in this study. NRAS'R
was detected in 28% of the PTC patients (six
PTCa and one PTCb patients), while 72% of the
PTC patients harboured the NRAS?®'™ mutation
(13 PTCa patients and five PTCb patients).

0] Al

a)

Gn/Arg G
It L I L

@)

Gly GIn/Arg/His Glu Glu
L L L L

r | — R —

VT VT I —

G G A C AG A G A A G A G

G A CAGAT G A A G A G

Y

()

(b)

FIG. 2. Representative PCR-Sanger sequencing electropherograms of wild-type and mutant BRAF (a) and NRAS
(b). (a) homozygous T/T (wild type) in PTCI0 (i) and heterozygous T/A for BRAFY*F mutation in
PTCS5 (ii). (b) wild-type NRAS®! in PTC11 (i), heterozygous A/G for NRAS®'® mutation in PTCI6 (ii),
heterozygous A/T for NRAS®™ mutation in PTC20 (iii), and both NRAS®'® and NRAS®™ mutations in

PTC22. The mutation is indicated with an arrow.
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PTCb: Papillary thyroid cancer with benign goitre (BTG) cytomorphological background

BRAF AND NRAS MUTATIONS IN THYROID NODULES

(a)

(b)

FIG. 3. PCR-Sanger sequencing electropherograms of a novel NRASV'*P mutation (a) and NRAS®'™ mutation (b).
(a) homozygous T/T (wild type) in PTCI10 (i) and heterozygous T/A for NRASY'*P mutation in PTC14
(ii). (b) heterozygous A/T for NRAS®™ mutation in BTG7 (i) and BTG26 (ii). The mutation is indicated

with an arrow.

Additionally, two BTG patients (BTG7 and
BTG26) were found to have the NRASQ!M
mutation (Figure 3(b)). Noteworthy that all the
PTC patients carrying the BRAFYE mutation
were found to have either NRAS®'R, NRAS™M or
both NRAS'® and NRAS?®'™ mutations. Among
the PTC patients, three patients in the PTCa
group (PTC4, PTC9, and PTC18) had lymph
node metastasis.

High prevalence of NRAS?' mutation in PTCb
patients

Based on the findings shown in Table 2(b),
NRAS®™ mutation was detected in all the five
PTCb patients. Among the five, one patient
(PTC23) was a compound heterozygote for the
NRAS®™Mand BRAFV*E mutations. PTC23 had
a history of prolonged goitre since the age of 16,
and she was diagnosed with left breast cancer
at the age of 27. She was also diagnosed with
right invasive breast cancer and was diagnosed
with PTC two months after.

Concordance between BRAF"*"F, NRAS?'R and
NRAS™ mutations and HPE findings

Figure 4 summarises the mutations that were
detected in this cohort of BTG and PTC patients,
and their potential impacts (as evaluated
retrospectively) on pre-operative decision
making. Among the 33 BTG patients and 25
PTC patients included in this study, a total of
21 individuals were identified as carrying at
least one mutation. This indicated that the use

of molecular markers in this study could reduce
thyroid lobectomies by approximately 64% (37
out of 58 cases). Specifically, at least 94% (31
out of 33) of BTG patients could be accurately
excluded from surgery based on the mutation
screening results: BRAFY®E (100%), NRAS®'®
(100%), and NRASP'M (94%). However,
when relying solely on the results of mutation
screening, approximately 24% (6 out of 25)
of PTC patients may be falsely excluded from
further evaluation because none of the targeted
mutations were identified in their thyroid tissue
specimens.

Table 3 shows the concordance between the
BRAFVS™E NRASQR "and NRAS?'™M mutational
analysis and HPE results in our cohort of
patients. Both the BRAFYV’E and NRASQR
mutations displayed specificity and PPV of
100% for PTC. On the other hand, the NRAS™
mutation, despite having the highest sensitivity
(72%) [95% CI (52.42%, 85.72%)] among the
studied mutations, had a specificity and PPV for
PTC of 94% [95% CI (80.39%, 98.92%)] and
90% [95% CI (69.90%, 98.22%)], respectively.
The NRAS®™ mutation was found to have the
highest NPV among all mutations [82%, 95%
CI (66.58%, 90.78%)]. However, the use of
more than one mutation in combination did not
result in an improvement to the performance,
such as NPV, as compared to the use of a single
mutation.
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> 94% of the BTG patients can be
excluded from thyroidectomies

Groups | n | BRAFVSE (%) | NRASQS'R (%) | NRASQH (%) | At least one mutation (%)
BTG 33 0(0) 0 (0) 2 (6%) 2(6%) | _ _
PTC 25 8 (32%) 7 (28%) 18 (72%) 19 (76%)
Total 58 8 (14%) 7 (12%) 20 (34%) 21 (36%)

FIG. 4. Mutational analysis and potential influence on pre-operative decision-making. BTG, benign goitre; PTC,

papillary thyroid cancer; n, number of patients

Association between the mutations and
clinicopathologic characteristics of PTC

Figure 5 shows a correlogram linking data
from the mutational analysis with clinical
characteristics of the PTC patients. The
prevalence of BRAFYSF mutation (r = 0.514, p
=0.009) and lymph node metastasis (r = 0.431,

p = 0.032) demonstrated a positive correlation
with the gender of the patients. Multivariate
analysis further unravelled significant difference
of BRAFY®E mutation rate between male and
female PTC patients in this preliminary study
[odds ratio (OR) (95% CI) = 16 (1.51, 204.1)]
(p = 0.0235) (Table 4).

TABLE 3: Concordance between the BRAFV6E, NRAS'R and NRAS™ mutational analysis

and histopathological examination

(HPE) results

Sensitivity,
% (95% CI)

Specificity,
% (95% CI)

Positive predictive
value, % (95% CI)

Negative predictive
value, % (95% CI)

BRAFVE 32(17.21,51.59)
NRASIR 28 (14.28,47.58)
NRAS®M 72 (52.42, 85.72)
BRAFVOE + NRASIR 16 (6.40, 34.65)
BRAFVOE + NRASQ!H 28 (14.28, 47.58)
NRASEIR+ NR 4SQ61H 24 (11.50, 43.43)
BRAFV6WE + NRASQ6R+

NRASMH 12 (4.17, 29.96)

100 (80.64, 100)
100 (89.57, 100)
94 (80.39, 98.92)
100 (80.64, 100)
100 (80.64, 100)
100 (80.64, 100)

100 (80.64, 100)

100 (67.56, 100)
100 (64.57, 100)
90 (69.90, 98.22)
100 (51.01, 100)
100 (64.57, 100)
100 (60.97, 100)

100 (43.85, 100)

66 (52.15, 77.56)
65 (50.99, 76.37)
82 (66.58, 90.78)
61 (47.79, 72.96)
65 (50.99, 76.37)
63 (49.87, 75.20)

60 (46.81, 71.88)

Sensitivity measures the ability of the mutation test to correctly identify individuals with the disease or
condition within the disease group.
Specificity measures the ability of the mutation test to correctly exclude individuals without the disease or
condition within the disease group.

95% confidence intervals (Cls) are presented as (lower limit, upper limit) in brackets.
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FIG. 5. Correlogram showing the association between molecular analysis and clinical characteristics of the PTC
patients. LN, lymph node. (*) indicates significant difference at p < 0.05.

Genotypic and allelic frequencies of BRAF"*"E,
NRAS?'R and NRAS?'" mutations in BTG and
PTC patients

Table 5 displays the genotypic and allelic
frequencies of BRAFV6E NRASQR  and
NRAS®™M between different disease groups.
The frequencies of BRAFV®E NRASQR  and
NRAS®'™ genotypes and alleles were significantly
different between the BTG and PTC groups (p
< 0.05) (Table 5(a)). Additionally, significant
differences were observed in the genotypic and
allelic frequencies of the BRAFY*™E mutation
among the BTG, PTCa, and PTCb groups.
However, only the pairwise comparison of the
BTG and PTCa groups showed a significant
difference (Table 5(b)(i)). The genotypic and
allelic frequency differences for the NRAS'R
variant were significant only between the
BTG and PTCa groups (Table 5(b)(ii)), while
NRAS'™ mutation was able to distinguish
between the BTG and PTCa groups and the BTG
and PTCb groups. None of the four variants
could differentiate between the PTCa and PTCb
subtypes (p = 0.05).

DISCUSSION

FNAC is a fundamental diagnostic tool to
discriminate malignant from benign thyroid
nodules in order to reduce unnecessary
thyroidectomies.”” However, the status of around
30% of the thyroid nodules are cytologically
indeterminate, of which only around one-third
of the indeterminate nodules were confirmed
to be malignant through HPE.**?' In the past
decades, numerous studies have demonstrated
promising results in reinforcing the FNAC
accuracy through its combinational use with
molecular markers such as a panel of BRAF
and NRAS mutations.”*? The applicability of this
panel of mutations as a molecular marker in a
Malaysian context remains uncertain due to the
absence of mutation prevalence and related data.

In the present study, BRAFYS™E mutation
was found to be PTC-specific, replicating
findings from other studies.*** However, the
occurrence of BRAFY®E mutation in PTC
patients was found to be lower (32%) in our
patient cohort, compared to the reported rates
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TABLE 4: Association between mutations and clinicopathological characteristics of the patients
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> 40
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Lymph node metastasis
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5.333 (0.505, 81.090)

Yes
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OR: Odds ratio
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in European and American populations (40%
to 45%), Middle Eastern populations (52%),
and PTC patients from East Asian countries
(71% to 76%).>>*" Additionally, the BRAFY®E
detection rate in the PTC patients of this study
was lower compared to the Southeast Asian
countries like Thailand (61%), Vietnam (83%),
and Singapore (65%), but similar to Indonesia
(36%) and the Philippines (45%).>> The lower
detection rate may be contributed by the genetic
heterogeneity of the multi-ethnic population in
Malaysia.®® The relatively lower incidence of
BRAFY5E in the Malaysian population with PTC,
compared to Singapore, a neighbouring multi-
ethnic country, could potentially be attributed
to the predominant Malay ethnicity in Malaysia
(constituting over 60% of the population, with
64% of PTC patients included in this study
being Malays), as opposed to Singapore, where
the Chinese population exceeds 75% (with 20%
of PTC patients included in this study being
Chinese). This discrepancy may also account
for the detection rate being comparatively
similar to that reported in Indonesia (36%)
due to the close genetic relationship between
the Malay and Indonesian populations.*
Furthermore, dissimilar frequencies of genotypic
and karyotypic variations in genes have been
discerned among different ethnicities within
the Malaysian populace.* However, the
relatively small sample size of the present study
unfortunately limits the comparison of mutation
frequencies between different ethnicities.
Consequently, further investigations into the
prevalence of these mutations in PTC patients
of diverse ethnicities in Malaysia are warranted
and could pave the way for more personalised
disease management strategies.

The most frequently reported point mutations
in NRAS genes are of the NRAS®' type, with
NRASQ'® being the prevailing variant.*!#2
However, in this study, the prevalent variant
was the NRAS™M (72%) instead of the NRAS®'R
(28%), thus contradicting other studies that
reported the dominance of NRAS?® in
thyroid neoplasms. NRAS?! mutations lead
to constitutive activation of NRAS protein
due to disruption of the GTP/GDP switch
mechanism.?! Consequently, the persistently
active NRAS protein signals downstream
pathways independently, contributing to
uncontrolled cell proliferation, survival, and
potentially promoting the development of cancer.
Additionally, the occurrence of NRAS gene
mutations was found to be higher in PTC patients
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in this study compared to what was previously
reported.”®* The disparity in the prevalence
of this mutation suggests the possibility of
distinct underlying molecular mechanisms in the
development of PTC within our patient cohort.
Although neither NRAS'? nor NRASC"? variant
was identified in this study, the primer pairs
targeting those mutations revealed the presence
of anovel variant, NRASY'*P. This variant, which
was detected in one PTC patient (PTC14), was
predicted to be functionally deleterious when
analysed in-silico. To confirm the in-silico
findings, further biological functional analysis
would need to be carried out to study its potential
impact to the NRAS protein product and the
oncogenic activation of the signalling pathway.

Findings from this study indicate that
mutational screening can safely exclude at
least 94% of patients diagnosed with BTG
from undergoing thyroidectomy for malignancy
confirmation through HPE. Regarding patients
with PTC, 19 PTC patients (76%) included in this
study were found to harbour at least one mutation,
while six of them did not exhibit any of the
BRAFVOE  NRASQOR “and NRAS®'™ mutations.
This suggests that 24% of PTC patients might be
falsely excluded from thyroidectomies based on
the mutation screening results. It is particularly
important to note that this exclusion was
independent of the cytology findings obtained
from FNAC. For routine cases in UMMC,
patients with FNAC findings categorised
as Bethesda III, IV, V, and VI were usually
considered for hemi- or total thyroidectomies.
Notably, approximately 30% of thyroid nodules
were classified as indeterminate,***! and among
these indeterminate cases, less than 40% were
confirmed to be malignant based on HPE
diagnosis.’! However, in this study, patients
were only included after their malignancy status
were confirmed through HPE results, focusing
specifically on BTG patients and those diagnosed
with PTC. Hence, the incorporation of molecular
marker detection alongside FNAC findings for
thyroid nodules could enhance the pre-operative
diagnostic sensitivity and specificity of these
nodules. A recent study combining cytology
findings with BRAFYSE mutation analysis has
resulted in a significantly higher sensitivity of
96% and specificity of 94.3% in diagnosing
pre-operative thyroid nodules than either FNAC
or BRAFVSE mutation alone.* Moreover, the
establishment of a panel that combines multiple
gene mutations has been widely utilised in the
diagnosis of thyroid nodules.*** Therefore, the
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performance of combining multiple mutations
in reproducing the HPE findings of our patient
cohorts was also analysed. The combination
of multiple mutations did not demonstrate
an improvement in the NPV compared to the
individual use of a single mutation, which aligns
with the findings of a previous study.”” However,
the performance of the combination of multiple
mutations with cytology findings was shown to
have an increased diagnosis accuracy (from 60%
to 76%) and higher NPV (from 35% to 48%).”
Therefore, a prospective study incorporating fine-
needle aspirate biopsies mutational analysis and
combining them with FNAC cytology findings
holds promise for offering a more comprehensive
assessment and understanding of the diagnostic
efficacy associated with these mutations.

It is noteworthy to mention that all patients
who tested positive for BRAFYS*E in the current
study also exhibited concurrent NRASR,
NRAS®™ or both NRAS®'™® and NRASQH
mutations. The majority of these patients were
PTCa, with seven out of eight PTC patients with
coexisting BRAFY™E and NRAS®' mutations
being PTCa patients. While the coexistence
of BRAFYF and NRAS?®' mutations has been
previously reported in melanomas, it remains
less well-documented in PTC. Interestingly,
the NRAS'H mutation was detected in all PTCb
patients, while BRAFYE mutation was only
detected in one PTCb patient (PTC23). PTC23
had a history of goitre since the age of 16 years
old before she was finally diagnosed with PTC in
March 2022 at the age of 47 years old. She was
diagnosed with left breast cancer at 27 years old
followed by right invasive breast cancer at the
age of 47 years old. As compared to NRAS'®
that was associated with spontaneous melanoma
tumourigenesis, NRAS®'™ mutation has been
linked to slower progression of melanoma.’
Furthermore, previous study has suggested a
slower progression of PTCb from BTG.!' Hence,
it is hypothesised that NRAS®'" mutation may
have contributed towards the development of
PTCb from benign goitre. In addition to NRAS®H
mutation, the coexisting BRAFY®E mutation
might enhance the aggressiveness and metastatic
potential of PTCb. BRAFY®E mutation is
associated with more aggressive PTC phenotypes
and poorer prognosis.’> Moreover, cases of breast
metastasis in PTC have been reported.”** The
presence of the NRAS?'™ mutation in the two
BTG patients (BTG7 and BTG26) may have put
them at risk of developing PTCb. Additionally,
BTG7 was found to have thyroid goitre for the

past six years. The potential transformation of
BTG to PTC has been previously discussed,''
and the identification of the NRAS®™™ mutation
in BTG patients in this study may be associated
with the BTG-to-PTCb transformation. However,
further investigation is needed to validate this
hypothesis in BTG patients with the NRAS'!
mutation.

In the context of correlating clinicopathological
characteristics and mutation profiles, moderate
positive correlations were observed between
gender and the BRAFV®E mutation. BRAFY®E
was identified in 80% of the male PTC patients
and 20% of the female PTC patients. The odds
ratio of 16 observed in this patient cohort
indicates a significantly higher likelihood of
developing PTC in male patients with the BRAF
mutation. BRAFV*E was found to be associated
with male PTC patients.® In addition, male
gender has been identified as a risk factor for
mortality in PTC patients with the BRAFY®E
mutation.’” However, the BRAFY*°F mutation was
found to be dominant in female colorectal cancer
and non-small cell lung cancer patients.®* An
association was found between gender and lymph
node metastasis in this study. However, due to
the small number of PTC patients with lymph
node metastasis (only three cases), further study
with a larger sample size is necessary to confirm
the current findings.

The genotypic and allelic frequencies for
BRAFVO™E NRASQR and NRAS™ mutations
showed significant differences between the
BTG and PTC groups, as well as among the
BTG, PTCa, and PTCb groups. These findings
suggested heterozygous mutant genotype of
BRAFV®E(T|A), NRAS®R (AlG), and NRASH
(AIT) have the potential to differentiate between
BTG and PTC patients. Considering the presence
of only heterozygous mutation in the current
study, it is suggested that the “A” allele in
the BRAFVE mutation, the allele “G” in the
NRAS®® mutation and the allele “T” in the
NRAS®™M mutation are pathogenic alleles that
can functionally affect the encoded proteins.
On the other hand, pairwise comparisons of
the genotypic and allelic frequencies among
the BTG, PTCa, and PTCb groups indicated
significant differences in BRAFV*°F and NRAS®'®
mutations between the BTG and PTCa groups
only. Significant differences in genotypic and
allelic frequencies of the NRAS?*'" mutation were
identified between the BTG and PTCa groups,
as well as between the BTG and PTCb groups.
However, further validation using a larger sample
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size is required due to the relatively small sample
size of the PTCb group.

Taken together, the findings from the
BRAFY®E and NRAS® mutational analysis
were able to replicate the retrospective HPE
diagnosis. Moreover, the panel of BRAFYVE,
NRASURand NRAS®'™M mutations was able
to accurately differentiate BTG from PTC
patients but was unable to distinguish between
the two PTC subtypes. The sole use of the
mutation panel could exclude 94% of the BTG
patients from unnecessary thyroidectomy to
confirm malignancy status through HPE but it
may also produce false negative diagnosis of
24% of the PTC patients. To potentially apply
the panel as PTC biomarkers in Malaysia,
validation in a larger sample size (allowing
for further categorisation into different ethnic
groups) and the incorporation of fine-needle
aspirate biopsies are required. Further in-vitro
investigations are necessary to evaluate the
potential role of NRAS?'™ mutation in BTG-to-
PTCb transformation and reaffirm the potential
association between gender with BRAFYSOE
mutation prevalence and lymph node metastasis
in PTC patients.
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