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Medullary thyroid carcinomas (MTCs) are 75% sporadic and 25% hereditary. This 
study aimed to determine the histopathological parameters and molecular changes 
of sporadic MTCs in a university hospital by targeted next-generation sequencing 
(NGS) including 62 genes. All RET mutations were missense mutations. 
EIF1AX was suggested by artificial intelligence as a gene of interest for further 
analysis; subsequent testing revealed a pathogenic missense mutation in this gene 
in a patient with advanced-stage disease, who died at the 25th month of follow-up 
due to liver metastasis. We identified different gene mutations that could be asso-
ciated with nodal metastasis in the presence or absence of RET mutation. We iden-
tified mutations that may be involved in tumour progression and have prognostic 
significance, such as HRAS, MAP3K1, and EIF1AX. 
We observed KDR mutation in this cohort. Although driver mutations in sporadic 
medullary thyroid carcinoma (sMTC) mostly come from targeted NGS data in 
tumours from patients with localised disease, NGS findings can also be used for 
therapeutic purposes in advanced-stage sMTC cases with progressive local-regional 
or distant metastatic disease. 
We believe that additional studies should be conducted with a larger number of pa-
tients so that the findings can be included in the treatment guidelines to be prepared.

Key words: thyroid, endocrine cancer, molecular, NGS, WES, mutation.

DOI: https://doi.org/10.5114/pjp.2025.156557�P ol J Pathol 2025; 76 (3): 195-213



196

Serdar Altinay, Altan Kara, Mustafa Emre Gülbağcı, et al.

Introduction

Medullary thyroid carcinoma (MTC) accounts for 
5–10% of  all thyroid malignancies and occurs spo-
radically in 75% of  cases, while the  remainder de-
velop with multiple endocrine neoplasia (MEN) 2A, 
MEN2B, or familial MTC (fMTC)  [1–3]. Multiple 
endocrine neoplasia 2 syndromes, those with autoso-
mal dominant inheritance patterns, arise as a result 
of  germline mutations in the  RET proto-oncogene 
(10q 11.2). Germline mutations resulting in aberrant 
activation of RET receptors have been characterised 
in MEN2A, MEN2B, and fMTC [4–6]. While RET 
mutations detected in sporadic MTC are in exomes 
10, 11, 15, and 16, in hereditary MTC they are in 
exomes 5, 8, 10, 11, 12 to 16, and 19 [7]. Codon  
634 mutations are found in approximately 80% 
of  MEN2A patients, while codon 609, 618, and  
620 mutations account for more than 60% of fMTC 
cases and patients with the Hirschsprung phenotype 
[3]. Central and lateral compartment lymph node 
metastases of  patients with T4 tumours were 86% 
and 93%, respectively, and 70% of  patients with 
MTC presenting with a palpable thyroid nodule had 
cervical metastases and 10% had distant metastases 
[3, 8]. Unfortunately, we have limited information 
about gene mutations that can predict lymph node 
metastasis and distant metastasis and predict disease 
progression. 

Patients with sporadic MTC do not harbour ger-
mline RET mutations, while up to half have somatic 
RET mutations in their tumours [9]. The  M918T 
mutation, seen in most patients with MEN2B, is 
the most common mutation in sporadic tumours and 
accounts for 75–95% of RET mutations and seems to 
predict a worse clinical course and prognosis [3, 9]. 
Surprisingly, RET mutations in sporadic tumours 
may not necessarily trigger tumourigenesis but may 
instead appear important for disease progression. 
When RET mutation is present, it shows mutational 
heterogeneity even in advanced disease, supported by 
a lower detection rate of RET mutations in sporadic 
microcarcinomas than in larger tumours [10].  

While the M918T mutation has been reported at 
different rates in sporadic MTCs in different countries, 
in polymerase-chain reaction (PCR)-based studies con-
ducted in our country, the M918T mutation was not 
detected in sporadic-type MTCs, and it was detect-
ed in only 2 patients in hereditary MTCs [11]. No 
M918T mutation was found in the multicentre “Turk-
men” study of 56 patients [12]. In both studies, RET 
mutation rates were very low: 5.2% and 8.9%, respec-
tively. However, RET mutation detected by next-gen-
eration sequencing (NGS) in the  literature ranged  
21–88% [9, 13–20]. Next-generation sequencing 
allows cost-effective screening of  more samples 
and detection of multiple variants in targeted areas 

of the genome [21, 22]. Whole-exome sequencing is 
a widely used NGS method that involves sequencing 
protein-coding regions of the genome [23, 24].

Activating RAS mutations that may be associated 
with clinically less aggressive tumours have also been 
recently identified in a subset of sporadic MTCs [18]. 
The occurrence of RAS mutations in approximately 
10–45% of  RET wild-type sporadic tumours sug-
gests that they almost always seem to be mutually 
exclusive with RET mutations [18, 25, 26].

Our aim is to briefly review the histopathological 
features of  sporadic MTC with and without nodal 
involvement in a  tertiary hospital affiliated with 
a  university hospital, and then to investigate mu-
tational changes by targeted NGS that will shed 
light on the  molecular basis of  nodal disease. For 
this purpose, we are expanding the  commercially 
available lung-thyroid gene panel, which contains 
30–36 genes, and adding genes important in mo-
lecular pathogenesis. In addition, we consider bio-
logical pathway enrichment analysis and artificial 
intelligence modelling for better results in a limited 
cohort, unlike previous studies. We think that if dif-
ferent mutations are detected in patients with nodal 
involvement, it will allow the  development of  new 
strategies for follow-up and treatment.

Material and methods

Case selection and clinicopathological features

In this retrospective study, patients diagnosed with 
medullary-type thyroid carcinoma in thyroidecto- 
my material between 2007 and 2019 were included. 
A total of 20 cases were detected. A total of 7 cases, 
including 2 cases with mixed/combined medullary 
cancer, 2 cases with less than 30% tumour area, and 
3 cases with DNA less than 10 nanograms/microlitre 
(ng/µl) or with insufficient DNA quality, were ex-
cluded from the study. All preparations of 13 cases in-
cluded in the study were re-evaluated by a board-cer-
tified endocrine pathologist (SA). The  pathological 
staging of  the  cases was performed according to 
the  World Health Organisation (WHO) 2025 En-
docrine Pathology series  [27] and American Joint 
Committee on Cancer (AJCC) 8th edition  [28]. For 
the study, approval was obtained from the Health Sci-
ences University, Bakırköy Dr. Sadi Konuk Training 
and Research Hospital Clinical Research Ethics Com-
mittee (2019/300).

All patients in our centre underwent total thyroid-
ectomy and central neck dissection as minimal stan-
dard procedures. If node metastases were diagnosed 
before surgery, lymphadenectomy of the lateral com-
partment(s) was performed during the initial surgical 
treatment. 

Patients were classified as having sporadic MTC 
according to predefined criteria, including: 
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•	�absence of RET germline mutations confirmed by 
genetic testing, 

•	�lack of a documented family history of MTC or re-
lated endocrine disorders, 

•	�presence of other endocrine neoplasms indicative of 
non-hereditary disease.

Demographic data

Parameters such as age at the  time of diagnosis, 
location, surgical procedure information, and local/
distant spread in the patients can be accessed from 
the hospital electronic information management sys-
tem. Histopathological features such as tumour di-
ameter, encapsulation, histological tumour type, tu-
mour grade, lymphatic-vascular-perineural invasion, 
surgical margin status, extra-thyroidal spread, and 
lymph node involvement were obtained through mi-
croscopic re-evoluation. Data on the most recent clin-
ical status, follow-up duration, disease-free survival 
(DFS), and overall survival (OS) for the 13 patients 
who remained under observation were systematically 
retrieved from the endocrine surgery clinic records.

Histomorphological and immunohistochemical 
evaluation

Histological subtype verification was based on 
the  WHO 2025 classification of  thyroid tumours 
[29]. Thyroid was graded according to the new cri-
teria defined in medullary cancers [30]. Desmoplas-
tic stromal reaction (desmoplasia) scoring; negative 
(0), it was recorded as mild (1+), moderate (2+), or 
intense (3+) [31]. Amyloid scoring; similar to des-
moplasia [32], it was recorded as negative (0), mild 
(1+), moderate (2+), or intense (3+). Microscopical-
ly, C-cell hyperplasia (CCH) with at least 50 cells or 
more in the 100× magnification field was classified as 
focal-nodular-diffuse as defined in the literature [33]. 
The pathological staging of the cases was performed 
according to the CAP 2023-March Thyroid Cancer 
Protocol [34] and AJCC 8th Edition [28]. The pres-
ence of metastases in haematoxylin and eosin sections 
of the lymph nodes in cases who underwent neck dis-
section/lymph node dissection was investigated. Pre-
viously prepared stained slides of 13 cases were used 
for calcitonin. Those with a calcitonin staining below 
50% and those with or above 50% were grouped.

DNA isolation from samples, qualitative and 
quantitative analysis of DNA

DNA isolation from FFPE tissue was performed 
with the  Quick DNA FFPE kit (Zymo Research, 
#D3067) in accordance with the  manufacturer’s 
protocol. 5–6 sections of  10 µm size were taken 
from the  FFPE samples with a  microtome (Leica, 
RM2235), transferred to 1.5 ml microcentrifuge 
tubes, and 400 µl of deparaffinization solution was 

added and incubated at 55°C for 1 minute. Then,  
2X Digestion buffer and Proteinase K were added to 
lyse the tissues and incubated at 55°C for 12 hours.  
At the end of the period, the samples were incubated 
for a second time at 94°C for 20 minutes, and then  
5 µl of RNase A was added and incubated for 5 min-
utes at room temperature. After adding 350 µl of Ge-
nomic Lysis Buffer, the samples were thoroughly vor-
texed, and then 135 µl of isopropanol was added and 
centrifuged at 12,000 × g for 1 minute. After centrifu-
gation, the supernatant was added to the filtered spin 
column and centrifuged at 10,000 × g for 1 minute, 
allowing the DNA to adhere to the spin column. After 
2 separate washes with Genomic DNA Wash Buf-
fer 1 and 2, DNA from the spin column was eluted 
using 50 µl of DNA Elution Buffer. Qualitative and 
quantitative analyses of the obtained DNAs were per-
formed on a TapeStation 4150 (Agilent) device using 
the  Genomic DNA ScreenTape Assay kit and Qu-
bit 4.0 fluorometer using the dsDNA BR Assay Kit, 
respectively. The OD260/280 values of the samples 
were recorded with the Synergy Neo 2 Multi-Mode 
reader (BioTek) using a Take 3 Plate. Samples with 
a DIN value of ≥ 7, an OD260/280 value of 1.8–2.0, 
and a  concentration above 20 ng/μl were included 
in the study. Since the library preparation took place 
immediately after DNA isolation, the isolated DNA 
samples were stored at +4°C.

Targeted next-generation sequencing library 
preparation

Library preparation of DNAs obtained from for-
malin-fixed paraffin-embedded (FFPE) tissues was 
carried out in the Health Sciences University Exper-
imental Medicine Application and Research Centre 
New Generation Sequencing laboratory using Sure 
Select XT HS/Low Input Target Enrichment with 
a Pre-Capture Pooling kit (Agilent). Prior to library 
preparation, each genomic DNA (gDNA) sample, 
whose concentration was determined, was diluted to 
100 ng gDNA in 50 µl using 1X TE Low TE buf-
fer. Diluted gDNA samples were fragmented using 
the SureSelect XT HS and XT Low Input Enzymatic 
Fragmentation kit, and DNA fragments of 150–200 
bp were obtained. Then, non-templated nucleotide 
was added to the 3’ end of the DNA with the Repair 
and dA-Tail process, and 25 µl of  Ligation Master 
Mix and 5 µl of Adapter Oligo Mix specific for each 
sample were added to the  samples with a  volume 
of approximately 70 µl, and adapters were attached 
to the  samples. Adapter bound libraries obtained  
after washing using AMPure XP beads were ampli-
fied by Pre-Capture PCR Amplification. Unwanted 
fragments in the amplified library samples were re-
moved with AMPure XP beads, and the  prepared 
library samples were analysed using the D1000 Scre-
enTape Assay kit. Equal volumes of each sample were 
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taken, and 8 samples were pooled in one tube – a to-
tal of 1500 ng indexed samples were hybridised using 
Capture Library and SureSelect Fast Hybridization 
Buffer. The hybridised library samples were captured 
with Streptavidin-coated beads and eluted from 
the beads, and then the obtained libraries were ampli-
fied by Post Capture PCR Amplification. The ampli-
fied library samples were washed using AMPure XP 
beads, and the library samples retained by the beads 
were dissolved with 25 µl of  Low TE buffer, and 
the library concentration and size were measured in 
the TapeStation 4150 device with the High Sensitiv-
ity D1000 kit. After determining the concentration 
of each library, library samples were stored at –20°C 
until sequencing.

Analysis of targeted next-generation sequencing 
libraries

Prepared library samples were prepared for anal-
ysis using the  NovaSeq 6000 Sequencing System 
Guide. The resulting library samples were pooled to 
2nM and denatured with 0.2 NaOH after the  ad-
dition of  2.5 nM PhiX. The  analyses of  denatured 
libraries containing PhiX were performed on a Nova-
seq 6000 using the SP flowcell 300 cyc kit.

Gene panel

Samples containing sufficient and high qual-
ity DNA were collected as planned with 62 genes 
(ABL1, AKT1, ALK, AXL, APC, ATM, BRAF, 
CALCA, CCND1, CDH1, CSF1R, CTNNB1, DDR2, 
EGFR, ERBB2, FBXW, FGFR1, FGFR2, FGFR3, 
GNA11, GNAQ, GNAS, HNF1α, HRAS, IDH1, 
IDH2, JAK2, JAK3, KDR, KIT, KRAS, KRT20, 
KRT7, MAP2K1, MET, MLH1, MPL, NOTCH1, 
NPM1, NRAS, NRG1, NTRK1, NTRK2, NTRK3, 
PIK3CA, PPARG, PTEN, PTH, PTPN11, RB1, 
RAF1, RET, ROS1, SLC5A5, SMAD4, SMARCB1, 

SMO, SRC, STK11, THADA, TP53, TTF1, VHL). 
The commercially available lung-thyroid gene panel, 
which contained 30–36 genes, was expanded to in-
clude genes important in molecular pathogenesis. 

Since medullary cancers are mostly associated 
with the RET gene, we focused primarily on the RET 
gene on the  10th chromosome. At the  same time, 
the M918T mutation in exon 16, which is the most 
common mutation in sporadic tumours, was investi-
gated.

Biological pathway enrichment method and 
artificial intelligence modelling

A biological pathway enrichment analysis was per-
formed based on the Kyoto Encyclopaedia of Genes 
and Genomes (KEGG) database to be used in 
the next step of the study [35]. If a pathway listed 
in this way was predicted to be an interesting finding 
for the target disease, it would be possible to examine 
other genes involved in the relevant pathway but not 
in the 62-gene list. All patients were evaluated using 
CHASMplus_THCA [36, 37]. In our study, this soft-
ware, which was especially trained on thyroid cancer, 
showed mutations that could be driver or passenger 
for the relevant patient in the data presented to us. 

Statistical method

Statistical Package for the  Social Sciences (SPSS 
25.0) software was used to analyse the data. Quan-
titative results were expressed as arithmetic mean  
± standard deviation. The χ2 test was used to exam-
ine the  dependence, i.e. the  relationship, between 
the  data groups with the  categorical data type.  
To investigate whether there is a  statistical diffe- 
rence between the  groups, the  Mann-Whitney 
U test, which is one of the non-parametric tests, was 
used because the number of samples in the continu-
ous data was less than 20.

Results

Demographic, clinical, and pathological findings

The  age range of  the  13 patients included in 
the  study was 26–68 years, with a  mean of  50.4 
±14.8, and a median value of 55. The number of fe-
male patients was 10 (77%), the number of male pa-
tients was 3 (23%), and the  female/male ratio was 
10/3 = 3.33. While 2 (15%) of the patients included 
in the study had desmoplasia, 11 (85%) did not have 
desmoplasia. Among all patients in the study, one pa-
tient with the most severe desmoplasia, a score of 3+ 
(Figure 1), was unique in demonstrating capsular in-
vasion, lymphatic invasion, and angioinvasion. She 
had positive surgical margins and had extrathyroidal 
spread. Liver metastases were detected 1 month after 
diagnosis, and she died of the disease at 25 months 

Figure 1. The picture shows a microscopic image of a patient 
with a RET mutation negative, EIF1AX mutation positive, 
nodal metastasis, and a desmoplasia score of 3+ (HE; 40×)
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of  follow-up. A  patient with the  most intense am-
yloid deposition (score 3) (Figure 2) and moderate 
desmoplasia (score 2) on microscopic examination 
had 14 lymph node metastases on neck dissection: 
5 on the right lateral and 9 on the left lateral. This 
patient was the only one with lymph node metasta-
ses among patients with RET mutations (Figure 3). 
Other parameters of all patients are shown in Table I. 
The  relationship between nodal involvement and 
stage and capsule invasion was statistically signifi-
cant (p < 0.05). There was no statistical relationship  
between all other parameters (Table II).

Considering the  surgical margin status, the  tu-
mour was continuous in the  surgical margin in  
3 patients (23%). One of these patients (numbered 9) 
died due to distant metastasis. Extrathyroidal spread 
was present in 2 (15.3%) of  the  cases. While none 
of  the  tumours examined according to the new cri-
teria showed necrosis, 2 cases had a high Ki-67 pro-
liferation index and 5 or more mitoses (≥ 5/2 mm2) 
per 2 mm2 (patient 9; Ki-67; 10% and 8 mitosis, 
patient 13 [Figure 4]; Ki-67; 15% and 12 mitosis). 
According to the  WHO 2025 classification, these  
2 cases (15%) were high grade, while 11 (85%) were 
classified as low grade. Follow-up information was 
available for all patients (13/13, 100%); 1 (8%) patient 
died due to distant metastasis, 1 (8%) patient was alive 
with disease (due to high calcitonin level), and the other 
11 (84%) patients were disease-free. There was no sta-
tistical relationship between other parameters.

Molecular analysis findings

While RET mutation was positive in 4 (30.8%) 
of  the  cases in the  study, RET was negative in  
9 (69.2%) cases. The relationship between the RET 

mutation and all other parameters is shown in Table III. 
However, no statistical relationship was found be-
tween all parameters. All RET mutations seen with 
the Illumina NovaSeq6000 NGS device according to 
the RET gene and amino acid sequences on it were 
missense mutations. For patients with RET mutations, 
changes in the amino acid sequence of the gene locat-
ed on chromosome 10 were identified and mapped 
to the following codons: patient 1: c.1902C>G  
p.Cys634Trp (exon 11). Patient 7: (14730) c.2257A>C 
p.Cys634Trp. Patient 11: (19616) c.2370G>T p.Le-
u790Phe (exome 13). Patient 13: (14805) c.1901G>T 
p.Cys634Phe (exome 11).

In the second stage of the study, it was ascertained 
whether there was a mutation specific to the patient in 
any of the genes included in the 62-gene list specified 
in the method section (Figure 5); in the patient group 
with RET mutation (–) LN (–); missense mutation 
was observed in SMAD4, ABL1, ATM, NOTCH1, 
PDGFRA, and KDR genes, and a stop gain was ob-
served in the  KIT gene. In the  patient group with 
RET mutation (–) LN (+) missense mutations were 
seen in ABL1, MLH1, NOTCH1, HRAS, GNAS, and 
ATM genes. In the patient group with RET muta-
tion (+) and LN (+) missense mutation was seen in 
the KDR and ABL1 genes. In the patient group with 
RET mutation (+) and LN (–) missense mutation 
was observed in the  SMO, ABL1, APC, MET, and 
GNAS genes, and a stop gained mutation in the KIT 
gene (Figure 6). The  mutational status of  the  pa-
tients is shown in Figure 7.

Biological pathway enrichment analysis

For pathogenesis that may be associated with 
thyroid medullary cancer pathogenesis according to 

Figure 2. Microscopic images of patient number 11 with 
RET mutation and amyloid score 3+. A) Dense amorphous 
material compatible with amyloid within the  tumour on 
the  right (HE; 100×). B) Amyloid crystals with bire-
fringent appearance in Congo red histochemical staining  
(HE; 100×)

A B
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KEGG (2021_Human_PathwayEnrichment) biolo
gical pathway enrichment analysis was reviewed. 
All of the genes involved in the PI3K-Akt signalling 
pathway, the  MAPK signalling pathway, the  thy-
roid cancer pathway, and the  thyroid hormone sig-
nalling pathway were included in the 62-gene panel 
in the study list. MLH1 and HRAS genes were not-
ed as the determinants of lymph node metastasis in 
patients with (–) RET gene mutation. When can-
cer pathways were reviewed one by one, it was seen 
that MLH1 was associated with gastric, colorectal, 
endometrial, mismatch repair, and Fanconi anaemia.  
It was noticed that HRAS is found in almost all path-
ways, and it is effective in hepatocellular carcinoma, 
stem cell pathway, cancer carbon metabolism path-
way, and Erb signalling pathway.

Contribution of artificial intelligence modelling

In our patient group, mutations with the poten-
tial to be important on 3 genes were found with 
this software. While one of  these genes was in our  
62-gene target gene list (HRAS), the other 2 (MAP3K1 
and EIF1AX) were not present in our list. Here, es-
pecially the  mutation on MAP3K1 (c.2416G>A  
p.Asp806Asn) was seen in many of  our patients 

(numbered 1, 2, 3, 5, 6, 9, and 10), but it was seen 
as homozygous in only the  5th patient and hetero-
zygous in the others. All mutations in the MPA3K1 
gene were pathogenic and missense (Table IV). Three 
of the patients with lymph node metastases (nos. 2, 
5, and 9) showed this mutation.

The  other gene not in our list of  62 genes is  
EIF1AX, and only one patient (number 9) had an 
EIF1AX mutation (c.221C>T p.Ser74Leu). This pa-
tient with pathogenic and missense mutation was ad-
vanced stage (pT3N1M1). He died in the 25th month 
of follow-up due to liver metastasis.

Discussion

Medullary thyroid carcinoma is a  relatively un-
common tumour type, accounting for 5% or less 
of  thyroid malignancies. However, it causes a  dis-
proportionate number of  thyroid cancer deaths due 
to its more aggressive clinical behaviour compared 
to well-differentiated papillary and follicular thyroid 
carcinomas [1–3]. Demographic data of the patients 
in the study are presented in Table I. No significant 
correlation was found between other histopathologi-
cal parameters and nodal metastasis, except for stage 
and capsular invasion. Medullary thyroid carcino-

Figure 3. Images are shown of the only patient (number 11) with nodal metastasis among patients with RET mutations. 
Calcitonin immunohistochemistry confirming thyroid medullary cancer metastasis. On the left, the entire node is infil-
trated with tumour, and on the right, the tumour is present in a few very small foci (40×)
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Table II. Distribution of all parameters according to the lymph node metastasis

Parameters Lymph node metastasis p-value

Negative (%) Positive (%)

Gender

Male 2 (28.6) 1 (16.7) 0.6a

Female 5 (71.4) 5 (83.3)

RET mutation

Negative 4 (57.1) 5 (83.3) 0.3a

Positive 3 (42.9) 1 (16.7)

Stage

pT1 6 (85.7) 1 (16.7) 0.02a,

pT2 – 1 (16.7)

pT3 1 (14.3) 4 (66.7)

Status

Ex – 1 (16.7) 0.25a

ADF 7 (100) 4 (66.7)

AWD – 1 (16.7)

Desmoplasia

0 7 (100) 4 (66.7) 0.25a

2+ – 1 (16.7)

3+ – 1 (16.7)

Amyloid

0 4 (57.1) 3 (50) 0.33a

1+ 1 (14.3) 2 (33.3)

2+ 2 (28.6) –

3+ – 1 (16.7)

Subtype

Follicular 4 (57.1) 3 (50) 0.21a

Pseudopapillary 3 (42.9) 1 (16.7)

Spindle – 2 (33.3)

Focality

Unifocal 7 (100) 4 (66.7) 0.10a

Multifocal – 2 (33.3)

Surgical margin

Negative 6 (85.7) 4 (66.7) 0.42a

Positive 1 (14.3) 2 (33.3)

Calcitonin staining (%)

< 50% 3 (42.9) 3 (50) 0.80a

≥ 50% 4 (57.1) 3 (50)

Grade

Low 6 (85.7) 5 (83.3) 0.91a

High 1 (14.3) 1 (16.7)
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Parameters Lymph node metastasis p-value

Negative (%) Positive (%)

C-cell hyperplasia

No 6 (85.7) 6 (100) 0.34a

Yes 1 (14.3) –

Capsule invasion

No 5 (71.4) 1 (16.7) 0.05a, 

Yes 2 (28.6) 5 (83.3)

Lymphatic invasion

No 6 (85.7) 2 (33.3) 0.05a

Yes 1 (14.3) 4 (66.7)

Encapsulation

No capsule 5 (62.5) 4 (80) 0.98a

Focal encapsule 2 (25) 1 (20)

Total encapsule 1 (12.5) –

Extrathyroidal extension

No 7 (100) 4 (66.7) 0.10a

Yes – 2 (33.3)

Angioinvasion

No 7 (100) 5 (83.3) 0.26a

Yes – 1 (16.7)

DFS (mnt, mean ± SD) 62.86 ±26.52 53 ±24.84 0.63b

OS (mnt, mean ± SD) 62.86 ±26.52 53 ±24.84 0.63b

Age (year, mean ± SD) 53.29 ±11.86 47.17 ±18.25 0.63b

Tumour size (cm, mean ± SD) 1.41 ±0.76 3.05 ±1.65 0.05b
p < 0.05
a χ2 test statistic
bMann-Whitney U test statistic 
ADF – alive disease free, AWD – alive with disease

Table II. Cont.

mas have a high propensity for nodal involvement, 
with positive lymph nodes identified in the majority 
of cases [8, 38]. Researchers reported nodal disease in 
40–75% of patients [39, 40]. In our study, the rate 
of lymph node involvement was 46%. 

One of  the  most important prognostic factors 
for medullary thyroid cancer is stage [41, 42]. In 
our study, the stage status of 85.7% of the patients 
without lymph node metastasis was pT1; the  stage 
of 66.7% of those with lymph node metastases was 
pT3. Patients with lymph node metastases were at 
a higher stage (p < 0.05). The  inverse relationship 
between lymph node metastasis and stage is similar 
in the literature [43, 44].

Encapsulation is a strong indication of the absence 
of  lymphatic spread of  the  disease [45]. A  recent 
study supports that encapsulated tumours do not 
show lymph node metastasis and are associated with 
a better prognosis [46]. In our study, 6 of the non- 

encapsulated or focally encapsulated tumours did not 
have metastases, while 5 had lymph node metastases. 
This situation is not statistically significant. However, 
capsular invasion is significantly higher in patients 
with lymph node metastases than in patients without 
lymph node metastases. In addition, focal encapsu-
lation of  the  tumour of  the  ex-patient can be con-
sidered as a sign that non-encapsulated tumours will 
have a worse course.

In the  long-follow-up patient series in which  
289 patients were followed for 20 years (mean  
8.9 years) in the literature, there is a cure that reaches 
67% in pT1 stage, while this rate decreases to 50% 
in pT4 [47]. In our study, there was no difference be-
tween the patients followed for an average of 5.2 years 
in terms of stage and DFS/OS. However, the signif-
icant relationship between the incidence of a higher 
stage in patients with lymph node metastasis than in 
patients without lymph node metastasis indicates that 
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Table III. Distribution of all parameters according to the RET mutation

Parameters RET Mutation p-value

Negative (%) Positive (P)

Gender

Male 2 (22.2) 1 (75) 0.91a

Female 7 (77.8) 3 (25)

Lymph node metastasis

No 4 (44.4) 3 (75) 0.31a

Yes 5 (55.6) 1 (25)

Staging

pT1 5 (62.5) 2 (40) 0.81a

pT2 1 (12.5) 1 (20)

pT3 2 (25) 2 (40)

Status

Ex 1 (11.1) – 0.59a

ADF 7 (77.8) 4 (100)

AWD 1 (11.1) –

Desmoplasia

0 8 (88.9) 3 (75) 0.25a

2+ – 1 (25)

3+ 1 (11.1) –

Amyloid

0 5 (55.6) 2 (50) 0.27a

1+ 3 (33.3) –

2+ 1 (11.1) 1 (25)

3+ – 1 (25)

Subtype

Follicular 4 (44.4) 3 (75) 0.49a

Pseudopapillary 3 (33.3) 1 (25)

Spindle 2 (22.2) –

Focality

Unifocal 8 (88.9) 3 (75) 0.52a

Multifocal 1 (11.1) 1 (25)

Surgical margin

Negative 7 (77.8) 3 (75) 0.91a

Positive 2 (22.2) 1 (25)

Calcitonin staining (%)

< 50% 5 (55.6) 1 (25) 0.31a

≥ 50% 4 (44.4) 3 (75)

Grade

Low 8 (88.9) 3 (75) 0.52a

High 1 (11.1) 1 (25)



205

Molecular profiling of sporadic medullary thyroid carcinomas – a next-generation sequencing-based study

Parameters RET Mutation p-value

Negative (%) Positive (P)

C-cell hyperplasia

No 9 (100) 3 (75) 0.12a

Yes – 1 (25)

Capsule invasion

No 4 (44.4) 2 (50) 0.85a

Yes 5 (55.6) 2 (50)

Lymphatic invasion

No 5 (55.6) 3 (75) 0.51a

Yes 4 (44.4) 1 (25)

Encapsulation

No capsule 6 (66.7) 3 (75) 0.53a

Focal encapsule 3 (33.3) –

Total encapsule – 1 (25)

Extrathyroidal extension

No 7 (77.8) 4 (100) 0.31a

Yes 2 (22.2) –

Angioinvasion

No 8 (88.9) 4 (100) 0.49a

Yes 1 (11.1) –

DFS (mnt, mean ± SD) 61.56 ±29.72 51 ±13.78 0.83b

OS (mnt, mean ± SD) 61.56 ±29.72 51 ±13.78 0.83b

Age (year, mean ± SD) 47 ±14.79 58.25 ±13.28 0.11b

Tumour size (cm, mean ± SD) 2.22 ±1.78 2.05 ±0.24 1.00b
p < 0.05
a χ2 test statistic
b Mann-Whitney U test statistic 
ADF – alive disease free, AWD – alive with disease

there may be an indirect relationship with survival 
when the number of  patients is increased. There is 
no significant difference in survival between patients 
with RET mutation (+/–) and lymph node metasta-
sis (+/–) (Table II, III). Undoubtedly, the small num-
ber of patients is the biggest factor in this.

Inherited forms of  MTC result from autosomal 
dominant mutations of  the  RET proto-oncogene 
with incomplete penetration, often presenting as 
multifocal disease against the background of CCH. 
Sporadic forms may also have CCH, which requires 
screening of family members [48]. However, Kaserer 
et al.  [49] mentioned that these criteria are not reli-
able for the individual patient in estimating whether 
there is a familial risk. Neoplastic CCH with nodular 
pattern was observed in only 1 patient (7.7%) among 
the cases. Patient 7 showed RET mutation and was 

Table III. Cont.

Figure 4. Microscopic image of patient number 13, which 
has a high grade and RET mutation
Ki-67 staining is > 5/2 mm2 in the image (HE; 400×)
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Figure 6. Gene mutations according to RET mutation and 
lymph node metastasis status 
Note that the KDR mutation is only seen in nodal metastases from RET-positive 
patients. Similarly, note that MLH1, HRAS, and GNAS mutations are only seen 
in nodal metastases from RET-negative patients

•	RET (+)
•	LN (–)

•	RET (+)
•	LN (+)

•	RET (–)
•	LN (–)

•	RET (–)
•	LN (+)

SMO
ABLI1

APC
MET
KIT

GNAS
KDR
ABLI1

SMAD4
ABLI1

ATM
NOTCH1

KIT
PDGFRA

KDR

ABLI1
MLH1
NOTCH1
HRAS
GNAS
ATM

Figure 5. Mutations seen only in the relevant patient in the next-generation sequencing analysis 
RET mutation is seen only in patients 1, 7, 11, and 13.

not associated with MEN, and calcitonin elevation was 
not observed in the screening of family members. In 
the sporadic MTC series of 27 cases, 8 physiological 
and 3 neoplastic (11.1%) CCH were observed [48].

After the  demonstration that medullary thyroid 
cancers with desmoplasia are associated with lymph 
node metastasis, the presence of this parameter in tu-
mour histology has become important [31]. Among 
the cases analyzed, two exhibited desmoplasia – one 
moderate and one severe – both associated with 
lymph node metastases. A  multicentre study has 
shown that initial lateral neck dissection is unnec-
essary in patients with MTC whose tumours do not 
exhibit desmoplastic stromal reactions; desmoplasia 
should be included as a morphologic parameter of ex-
ceptional clinical importance for the surgeon [49].

Given the limited number of cases in this cohort, 
it was necessary to focus on molecular findings, given 
that histological parameters were not strong enough 
to find out how they affect the outcome.

In this molecular oncology-based study, in addi-
tion to the lung-thyroid gene panel examined by pre-
vious investigators in sporadic MTCs [14], 16 more 
genes important in molecular pathogenesis were  
added and whole exome analysis of 62 genes was per-
formed. The receptor tyrosine kinase (RTK) RET can 
be activated oncogenically by gene fusions or point 
mutations [50, 51]. RET fusions occur in a  variety 
of  malignancies, including 1–2% of  lung cancers,  
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Figure 7. Genomic characterisation of sporadic medullary thyroid carcinoma by age, sex, stage, and mutation 

up to 10–20% of papillary thyroid cancers, and rarely 
many other solid tumours [52, 53]. RET mutations 
affect most (about 80%) MTCs, and NGS analysis 
of a large number of patient tumours revealed low- 
frequency RET changes in other tumour types [53]. In 
our study, RET mutation was observed in 4 (30.8%) 
of 13 patients.

In the  literature, RET mutation detected by 
NGS on blood/paraffin tissue/fresh tissue varied  
between 5.2 and 88% (9.13–20). Data on the num-
ber of  patients, methods, and countries are shown 

in Table IV. All RET mutations seen in the current 
study according to the RET gene and amino acid se-
quences on it were missense mutations (c.1902C>G  
p.Cys634Trp, c.2257A>C p.Thr753Pro, c.2370G>T 
p.Leu790Phe, c.1901G>T p.Cys634Phe). Two stud-
ies on MTC in our country are PCR-based. Aydoğan  
et al. [11] in blood samples, the  authors found 
RET mutations (Cys634arg in 3, Val804Met in 3, 
Cys618Ser in one, Y790Phe in one) in 8 patients 
(5.2%) in 154 sporadic MTCs. Compared to the study 
with the lowest RET mutation rate in the literature, 
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Table IV. RET mutation rates in sporadic medullary thyroid carcinomas in some countries

Author

 
Country Patient

number

Sample Method SomaticRET 
mut (%)

Gene number

or exon

M918T 
mut (%)

Agrawal et al. [18] USA 17 Tissue NGS 70.5 21000 NA

Aydoğan et al. 11] TR 154 Blood PCR 5.2 1 0

Heilmann et al. [19] USA 34* Tissue HC 88 315 70

Tiedje et al. [13] GER 32 Tissue NGS 66 9 25

Wei et al. [14] USA 9 Tissue NGS 88 47 (WES) 89

Nikiforova et al. [4] USA 15* Tissue+FNA NGS 46.6 12 NA

Simbolo et al. [17] IT 20 Tissue NGS 65 50 50

Dvorakova et al. [9] CZ 48 Tissue PCR 48 10, 11, 15, 16 NA

Diwaker et al. [20] West Ind. 51 Blood PCR 21 1 NA 

Qu et al. [57] CN 18 Tissue NGS 27.8 WES 20

Altinay et al.** TR 13 Tissue NGS 30.8 63 (WES) 0
* Sporadic and hereditary medullary thyroid carcinoma numbers
** Present study
FNA – fine needle aspiration, HC – hybrid capture, NGS – next-generation sequence, PCR – polymerase-chain reaction, WES – whole exome sequencing

we think that the 30.8% RET mutation rate in our 
NGS-based study better reflects the data of our coun-
try. At the  same time, we see that the  amino acid 
changes are completely different. The  multicentre  
EUROMEN study including hereditary MTCs showed 
that the most common RET mutation in the Europe-
an population was Cys634, with a frequency of 67.6% 
[15]. The  RET mutation (2/4; 50%) in patients 1 
(pCys634Trp) and 13 (pCys634Phe) in our series 
showed that this type of mutation can be found even 
in such a small number of patients.

Gene analysis, which has an important place in 
the  detection of  codons, was limited to methods 
such as real-time PCR and microarray before 2010 
[54]. Today, NGS technologies have enabled the ac-
quisition of  large amounts of  data about molecules 
in the cell such as DNA, RNA, and micro-RNA at 
low cost, quickly, and in parallel  [22, 54, 55]. With 
the advantages it brings, it has become an indispens-
able part of biological research carried out in many 
fields [21, 22, 54, 56]. For this reason, it was planned 
to analyse the  entire exome in the  62 genes listed 
above, including the RET gene. Mutations were seen 
in exon 11 in 2 patients (50%) and in exon 13 in  
2 patients (50%).

RET mutation has been reported to be a  causal 
event in both sporadic and hereditary MTC [51]. RET 
mutations in exomes 10, 11, 15, and 16 are associated 
with sporadic MTC, while those in exomes 5, 8, 10, 
11, 12, 16, and 19 are associated with hereditary MTC 
[7]. Most of the studies in the literature are related 
to familial MTCs, and the  sporadic ones are either 
limited or the patient distribution within the series is 
not clear. In some of them, only the mutation rate is 
given, and it is not stated in which codon/exon. Con-
sidering the mutations in the series containing sporad-

ic MTCs in Table III; Aydoğan et al. [11] found a 38% 
mutation in exon 10. Simbolo et al. [17], in their series 
of 20 cases in which they examined 50 NGS-based 
genes, found 65% RET mutations, including M918T 
(exome 16) in 10 (50%) patients, C630F in 1 (10%) 
patient, and C634R (exome 16) in 1 (10%) patient. 
Tiedje et al. [13] found M918T (exome 16) mutations 
in 8 patients (25%) in their series of 32 cases with 
66% RET mutations, in which they studied 9 NGS-
based genes. Wei et al.  [14] found M918T (exome 
16) mutations in 8 (89%) patients in their series of  
9 cases with 88% RET mutations, in which they stud-
ied 47 NGS-based genes. Heilmann et al.  [19] found 
M918T (exon 16) mutation in 21 patients (70%) in 
their series of 34 cases (sporadic + hereditary) with 
88% RET mutation, in which they studied 315 HC-
based genes. RET mutations were reported in 27.8% 
of 18 cases analyzed by Qu et al. [57] using NGS-
based cancer gene panels. Specifically, C634R (exon 
10) was detected in 2 patients (40%), M918T (exon 
16) in 1 patient (20%), A883F (exon 15) in 1 patient 
(20%), and C630G (exon 11) in 1 patient (20%).

We did not find any M918T mutations in our 
series, of  which 4 showed somatic RET mutations, 
and we screened all family members to be sure it 
was sporadic (Table IV). Aydoğan et al. [11] also re-
ported that they did not detect it in sporadic MTCs 
but found M918T mutations in only 2 patients in 
hereditary MTCs. Again in our country, M918T mu-
tation in exome 16 in a MEN2B patient was reported 
as a  case report [58]. Erdogan et al. [12] did not 
see M918T mutation in the multicentre PCR-based 
Turkmen studies with 56 sporadic medullary thyroid 
carcinoma (sMTC) patients who appeared sporadi- 
cally. Germline RET mutations were detected in a to-
tal of 6 patients (10.7%), 3 of whom were at codon 
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634 (exome 11), one at codon 618 (exome 10), and 
2 at codon 804 (exome 14). These data show that 
the M918T mutation, which is included in the high-
est risk category according to American Thyroid As-
sociation (ATA) criteria, is perhaps very rare in our 
country, but it needs to be proven with large series to 
be able to say it more decisively.

The somatic RET codon M918T mutation in spo-
radic MTC appears to predict an aggressive clinical 
course and a poor prognosis. According to the ATA 
risk category, medullary cancers are divided into 3 risk 
categories as highest (HST), high (H), and moderate 
(MOD) [3]. The American Thyroid Association HST 
category includes patients with MEN2B and RET co-
don M918T mutations, the ATA-H category includes 
patients with RET codon C634 mutations and RET 
codon A883F mutations, and the ATA-MOD catego-
ry includes patients with RET codon mutations other 
than C634, A883F, and M918T. In our series, there 
were 2 patients (numbered 1 and 13) showing C634 
mutation, who were living disease-free at 40 and 
58 months of follow-up, respectively.

In a  recent study [10] of 160 patients with spo-
radic MTC, the  prevalence of  somatic RET codon 
M918T mutations varied depending on tumour size: 
< 1 cm, 6 (11.3%) of 53 patients; 1–2 cm, 8 (11.8%) 
of 68 patients; 2–3 cm, 7 out of 22 patients (31.8%); 
and > 3 cm, 10 (58.8%) of 17 patients were shown 
to contain the  M918T mutation. These data raise 
the question of whether RET alone acts as an initiator 
of  oncogenesis in sporadic MTC or is subsequently 
activated as a  driver of  tumour growth along with 
other genes that play an important role in MTC initi-
ation. An alternative explanation for these findings is 
that tumours with the M918T mutation have a high 
growth rate and are more likely to be diagnosed when 
they are larger. In our study, tumour diameters of  
4 patients with RET mutation were 1.8–1.9-2.2 and 
2.3. RET mutation was not observed in 2 patients 
who were 4 cm and above.

In this study, other gene mutations in the RET mu-
tation-positive patients in the group with and without 
lymph node metastasis were compared: in the group 
without nodal metastases, SMO, ABL1, APC, MET, 
KIT, and GNAS point mutations were observed in 
the group with nodal metastasis; point mutations were 
seen in the ABL1 and KDR genes. Among the RET 
mutation-negative patients, in the group without nodal 
metastases, while point mutations were observed in 
SMAD4, ABL1, ATM, NOTCH1, KIT, PDGFRA, 
and KDR genes, point mutations were detected in 
ABL1, MLH1, NOTCH1, HRAS, GNAS, and ATM 
genes in the group with nodal metastasis. Although 
the number of patients was low, these findings sug-
gest that KDR mutations may be associated with 
nodal involvement in RET mutation-positive patients.  
Rodríguez-Antona et al. [59] reported a higher expres-
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sion of KDR protein in metastatic tissues compared 
to primary tumour tissue of  MTC patients. Tiedje  
et al. [13] also showed that a  higher KDR mRNA 
count in MTC reflects a more aggressive tumour bi-
ology, while higher vascular endothelial growth factor 
receptor (VEGF) and FLT1 expression were consistent 
with disease-free status at follow-up. KDR, also known 
as VEGFR-2, (a  type IV receptor tyrosine kinase)  
is a  VEGF receptor [50]. Vandetanib ((ZD6474), 
a multikinase inhibitor with high affinity for VEGFR-2, 
is approved for the treatment of aggressive and symp-
tomatic unresectable, locally advanced or metastatic 
MTC after the results of  the phase III ZETA study 
[3]. The oncology team gave vandetanib treatment to  
6 patients with lymph node metastases who had un-
dergone total thyroidectomies. No tumour progres-
sion was observed in these patients. A  remarkable 
point is that only one of  the patients who received 
vandetanib (patient 11) had a KDR point mutation, 
and this patient was also positive for the RET mu-
tation, among the patients with nodal involvement. 
Was the drug really effective in this patient, because 
angiogenesis was found to be highest in medullary 
cancers with RET mutants [60]?

This information indicates that VEGF recep-
tor kinase inhibitor agents can be used in the pres-
ence of  high KDR expression. However, if there is 
a RET918 mutation, it should be known that the de-
sired response to the treatment may not be obtained. 
Tiedje et al. [13] stated that among 32 sMTC,  
5 of the patients treated with vandetanib, 5 of whom 
had the RET918 mutation, showed partial response.

In our study, among RET mutation-negative pa-
tients, MLH1, HRAS, and GNAS mutations were 
observed only in those with nodal involvement, sug-
gesting that these mutations may be associated with 
lymph node metastasis. Although there is no data 
on GNAS and MLH1 mutations in the  literature, 
the authors stated that in the absence of RET mu-
tation, 56% (25), 50% (26) H-RAS, 12% (25), and 
31% (26) KRAS mutations can be seen. The fact that 
the RAS mutation rate is so high suggests that alter-
native genes may be effective in the tumourigenesis 
of sporadic medullary cancer. In our study, we detect-
ed a KRAS mutation in only one patient (1/9; 11%).

As an added advantage of the study, other genes 
that may act as a driving force in tumour progres-
sion were investigated by biological pathway enrich-
ment analysis. The pathways that may be associated 
with the  pathogenesis of  thyroid medullary cancer 
were reviewed. All the genes involved in the PI3K-
Akt signalling pathway, MAPK signalling pathway, 
thyroid cancer pathway, and thyroid hormone sig-
nalling pathway were included in the 62-gene pan-
el in the study list. Qu et al. [57] examined the cell 
cycle, HIPPO, MYC, Notch, NRF2, PI3K, TGF-β, 
RTK-RAS, TP53, and Wnt genes in their study by 

biological pathway enrichment analysis and found 
that 44.4% of the patients (n = 8) showed changes 
in the genes (FAT1, FAT4, LATS2, etc.) of the hippo 
pathway (cell proliferation and apoptosis).

Another difference of the current study from pre-
vious studies is the use of artificial intelligence mod-
elling. Recent technological developments have led 
to the increasing application of artificial intelligence 
(AI) in different disciplines, one of which is oncolo-
gy [61]. CHASMplus applied to 8657 samples from  
32 cancer types is a modelling that identifies more 
than 4000 unique driver mutations in 240 genes and 
is also distinguished by specific cancer types [36, 61]. 
In our study, this software, which was especially 
trained on thyroid cancer, showed mutations that 
could be drivers or passengers for the relevant patient 
in the data presented to us, and as a  result, muta-
tions with the potential to be important on HRAS, 
MAP3K1, and EIF1AX genes were found (Table V). 
Of these genes, HRAS was in the  target gene list 
of 62 genes, while MAP3K1 and EIF1AX were not 
in the list.

Although the  mutation in the  MAP3K1 gene 
(c.2416G>A  p.Asp806Asn) (1,2,3,5,6,9, and 
10) was seen in 7 patients (7/13; 53.8%), only the  
5th patient was homozygous; the  others were het-
erozygous. All mutations in the MPA3K1 gene were 
pathogenic and missense. Three of the patients with 
lymph node metastases (nos. 2, 5, and 9) showed this 
mutation. Activation of intracellular tyrosine kinase 
pathways has been associated with RET mutational 
status. Maliszewska et al. [62] reported up-regula-
tion of genes involved in Wnt, Notch, NFκB, JAK/
STAT, and MAPK signalling pathways in sporadic 
MTC harbouring the  Met918Thr RET mutation. 
Since the MAPK pathway is activated by the RET 
RTK in medullary thyroid carcinoma, the expression 
of BRAF and downstream mitogen-activating kinases 
(MAP2K1, MAP2K2, MAPK1, MAPK3) was in-
vestigated by the authors. Interestingly, the mRNA 
count of BRAF was found to be significantly higher 
in the  MTC of  patients who recovered disease-free 
after surgery compared with tumours from patients 
with metastatic disease [13]. In contrast, the mRNA 
numbers of mitogen activating kinases were similar 
in both subgroups.

The  mechanism of  MAPK activation differs in 
follicular cell-derived tumours from medullary thy-
roid cancer. While BRAF mutations frequently cause 
tumours of  follicular cell origin, in medullary thy-
roid cancer, MAPK activation is mediated by RET 
mutations  [4–6]. However, only one of  our cases 
with MAP3K1 mutation had a RET mutation. This 
showed us that there may be RET mutations through 
some genes of  non-RET origin. The  fact that 3 of  
7 patients with lymph node metastasis in our study 
had a  MAP3K1 mutation was important in terms 
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of  showing that this mutation could be associated 
with lymph node metastasis.

The other gene not included in our list of 62 genes 
is EIF1AX, and EIF1AX mutation (c.221C>T  
p.Ser74Leu) was seen in only one patient (#9). This 
patient with pathogenic and missense mutation 
was at an advanced stage (pT3N1M1). She died in 
the  25th month of  follow-up due to liver metasta-
sis. There are different reports in the literature that 
the EIF1AX mutation is never seen in MTCs  [63] 
but is seen in both benign and malignant tumours 
[64]. Another study points out that other mutations 
(EIF1AX + RAS + TERT + TP53) may also be 
present in tumours with EIF1AX mutations [65]. 
We did not see RAS, TERT, and P53 mutations in 
patient 9 in the  series. EIF1AX mutations, a  com-
ponent of  the  translation initiation complex, occur 
together with RAS in advanced thyroid cancers and 
promote tumourigenesis [66]. EIF1AX A113 splice 
drives an ATF4-induced dephosphorylation of EIF2a, 
resulting in increased protein synthesis. ATF4 also 
cooperates with c-MYC to sensitise mTOR to amino 
acids, thereby creating vulnerability to mTOR kinase 
inhibitors [66, 67]. The question comes to mind: if 
the EIF1AX mutation was known in the patient with 
ex, could he benefit from mTOR inhibitors? And 
could artificial intelligence find this vulnerability and 
contribute to survival?

The weakness of the study is its retrospective de-
sign and limited number of patients. One of the lim-
iting factors is that a small amount of DNA was ob-
tained from some patients due to preanalytical errors 
of  paraffin blocks over 10 years. Although the  fol-
low-up information of all patients has been obtained, 
the  presence of  a  few patients who discontinued 
treatment/follow-up negatively affects the  surviv-
al analysis. However, examining the  entire exome 
of  62 genes, including those added to the  thyroid 
lung gene panel, performing biological pathway en-
richment analysis, and applying artificial intelligence 
modelling for the  first time in sporadic MTCs, in 
which different and significant mutations are found, 
are the strengths and uniqueness of the research.

Despite initially recruiting more patients, prean-
alytical errors resulted in insufficient DNA quality, 
leading to a  reduction in sample size. This limited 
number of  patients with and without lymph node 
metastasis constitutes a major limitation of the study. 

Conclusions

In this first study examining sporadic thyroid 
medullary cancers in our country with a  targeted 
NGS panel, we identified different gene mutations 
that may be associated with lymph node metastasis 
in the presence or absence of RET mutation. In ad-
dition, we identified mutations that may be involved 

in tumour progression and have prognostic signifi-
cance, such as HRAS, MAP3K1, and EIF1AX, which 
are not included in the thyroid-lung gene panel. We 
showed that the KDR mutation may be important in 
the use of antiangiogenic drugs such as vandetanib. 
In light of these data, we think that it would be bene-
ficial to expand gene panels and to question the KDR 
mutation when anti-VEGF-2 RTK blockers are used.  
Although driver mutations in sMTC mostly come 
from targeted NGS data in tumours from patients 
with localised disease, NGS findings can also be used 
for therapeutic purposes in advanced-stage sMTC 
cases with progressive local-regional or distant met-
astatic disease. We believe that additional studies 
should be conducted with a larger number of patients 
so that the findings can be included in the treatment 
guidelines to be prepared.
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