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Simple Summary: (149 words): Background/Objectives: The clinical use of molecular biomarkers in
thyroid cancer management requires standardized technical and analytical criteria, especially for
gene fusion detection. Accurate identification of patients suitable for RET-selective inhibitors, a new
treatment for advanced thyroid cancer, depends on effective molecular testing. This study aimed to
validate molecular alterations in the RET gene and assess the diagnostic validity of detection
techniques through inter-institutional comparison. Methods: A two-site external inter-comparative
study was conducted involving RNA and DNA analysis from sixty retrospective thyroid tumor
samples that were wild-type for BRAF and TERT promoter mutations. Next-generation sequencing
(NGS) was used to detect gene fusions and mutations, followed by confirmation using fluorescence
in situ hybridization (FISH) and reverse transcription polymerase chain reaction (RT-PCR).
Concordance analysis between two independent institutions evaluated the reliability of diagnostic
techniques. Results: The analysis revealed a high frequency of molecular alterations in thyroid
cancer. RNA analysis identified RET gene fusions with various partners, as well as common fusions
involving NTRK3 and ALK. DNA analysis found single nucleotide variations (SNVs) in NRAS, KRAS,
ALK, MYC, and RET. The inter-hospital concordance analysis showed a high degree of agreement
between the results of both institutions for RNA and DNA testing. Conclusions: The study confirms
that NGS is a reliable technology for detecting genetic alterations in thyroid cancer. The high
concordance between institutions emphasizes the importance of standardized protocols for
molecular testing, supporting the use of molecular biomarkers in guiding patient management and
treatment decisions.

Abstract: (241 words): Background/Objectives: The clinical use of molecular biomarkers in
thyroid cancer management requires standardized technical and analytical criteria, especially for
gene fusion detection. Accurate identification of patients suitable for RET-selective inhibitors, a new
treatment for advanced thyroid cancer, depends on effective molecular testing. This study aimed to
validate molecular alterations in the RET gene and assess the diagnostic validity of the detection
techniques through inter-institutional comparison. Methods: A two-site external inter-comparative
study was conducted involving RNA and DNA analysis from sixty retrospective papillary thyroid
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carcinoma tumor samples that were wild-type for BRAF and TERT promoter mutations. Next-
generation sequencing (NGS) was used to detect gene fusions and mutations, followed by
confirmation using fluorescence in situ hybridization (FISH) and reverse transcription polymerase
chain reaction (RT-PCR). Concordance analysis between two independent institutions evaluated the
reliability of diagnostic techniques. Results: The analysis revealed a high frequency of molecular
alterations in thyroid cancer. RNA analysis identified RET gene fusions with various partners, as well
as common fusions involving NTRK3 and ALK. DNA analysis found single nucleotide variations
(SNVs)in NRAS, KRAS, ALK, MYC, and RET. The inter-hospital concordance analysis showed a high
degree of agreement between the results of both institutions for RNA and DNA testing.
Conclusions: The study confirms that NGS is a reliable technology for detecting genetic alterations
in thyroid cancer. The high concordance between institutions emphasizes the importance of
standardized protocols for molecular testing, supporting the use of molecular biomarkers in guiding
patient management and treatment decisions.

Keywords: Papillary Thyroid carcinoma; next-generation sequencing; RET fusion

1. Introduction

Thyroid cancer is the seventh most frequent cancer worldwide, the eighth in Spain [1]. Its
incidence has markedly increased in the last few decades in high-income countries, mainly due to
improvements in imaging resolution at the detection stages [2,3]. The increase in incidence is limited
to papillary carcinoma (PTC), a differentiated thyroid carcinoma, comprising 80-90% of cases, while
the thyroid cancer-specific mortality rate has remained stable or slightly decreased [4]. The prognosis
for most patients with PTC is excellent. However, after initial surgery, nearly 11% of patients suffer
from clinical or pathological recurrence [4]. The American Thyroid Association (ATA) risk
stratification system categorizes the recurrence risks into low, intermediate, and high, and the
American Joint Committee on Cancer Tumor Node and Metastasis (AJCC TNM) system predicts risk
of PTC-related mortality [5]. Other, less common types of thyroid cancer are the poorly differentiated
medullary thyroid carcinomas (MTCs) and anaplastic thyroid carcinomas (ATCs), the latter showing
one of the most aggressive clinical behaviors among human cancers.

PTCs are mainly driven by constitutive activation of the MAP kinase signaling pathway, which
is locked-in by mutually exclusive activating mutations in BRAF (47-62%) and RAS genes (4-13%), or
by chimeric receptor tyrosine kinases (RTK) bearing RET or NTRK3 constitutively active catalytic
domains resulting from abnormal gene fusions (7-12%) [6,7]. The occurrence of molecular
heterogeneity of PTC is evidenced by the fact that NRAS and HRAS mutations show variable
prevalence in different histological subtypes, with low frequencies in classical PTC (cPTC, 1.3%) and
frequencies as high as 48% in follicular variant PTC (fvPTC) or in minimally invasive PTC (miPTC)
(25-50%)[6,7,8]. RET gene fusions are almost exclusively harbored by cPTC. Mutations in the TERT
promoter are also highly enriched (about 10% prevalence) in these tumors, across histological
subtypes [6]. Other oncogenic driver alterations in PTCs include mutations in EIF1AX [6] or MUC16
[7] and gene fusions involving BRAF, PPARG, NTRK1/3, ALK, ROS and THADA [6], representing
potentially actionable alterations associated with well-differentiated PTC [7]. Although PTC with
“BRAF only” or “RAS only” mutations portend a good prognosis [9], metastatic/aggressive cases are
characterized by mutations in the TERT promoter concurrent with oncogenic alterations in MAPK
pathway components, notably BRAF, NRAS and RET gain-of-function alterations, and TP53 or
CDKN2A/CDKN2B loss-of-function alterations [9,10,11,12]. Aggressive PTC and ATC tumors present
higher frequency of combinations of driver mutations as compared to more differentiated thyroid
cancers [13].

The RET gene encodes a transmembrane receptor with a cytoplasmic tyrosine kinase domain
and an extracellular domain that binds to the glycosyl phosphatidylinositol-anchored co-receptor
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GDNF family receptor-a (GFRal-4), which engages Glial Cell-line Derived Neurotropic Factors
(GDNF) family ligands (GFLs) [14]. Binding of GFLs to GFRa1 causes dimerization of RET monomers
in lipid raft domains, and phosphorylation on cytoplasmic tyrosine residues. Recruitment of adaptor
proteins to these phosphotyrosines propagate signaling, allowing for activation of PI3K/AKT
[3,14,15]. RET signaling is vital for neural-neuroendocrine tissue development, renal morphogenesis,
and spermatogonial stem cell maintenance [14,15].

Mutations in the extracellular domain of RET may cause ligand-independent dimerization
through the generation of chimeric cytosolic domains that homodimerize to yield a constitutively
active RET kinase signaling [16]. The altered signaling dysregulates proliferation, survival, and
causes metabolic changes [7], including downregulation of major histocompatibility complex class-I
expression, escape from immune surveillance, and loss of differentiated properties of thyroid
epithelial cells such as iodine transport and metabolism [7,17], which underlies resistance to
radioiodine therapy [18]. RET fusions have been found in various neoplasms, including PTC, NSCLC,
breast cancer, colorectal cancer, salivary gland adenocarcinoma, and pancreatic adenocarcinoma
[15,16,19]. At least 13 RET fusion partners have been identified in PTC, most commonly coiled-coil
domain containing 6 (CCDC6-RET) and nuclear receptor co-activator 4 (NCOA4)-RET, and at least 45
fusion partners have been reported in NSCLC, very frequently kinesin family member 5B (KIF5B)-
RET and CCDC6-RET [16]. While the NCOA4-RET fusion is predominant in radiation-induced (e.g.,
Chernobyl survivors) PTC [20,21,22] and is associated with solid PTC, the CCDC6-RET fusion is
prevalent in sporadic PTC and is strongly associated with cPTC [23]. On the other hand, activating
mutations of RET are found almost exclusively in MTC and multiple endocrine neoplasia type 2A
(MEN2A)[16].

Ligand-independent RET activation is an actionable therapeutic target in PTCs and in subsets of
NSCLC and other cancers. The tyrosine kinase activity of RET can be inhibited by non-selective
multikinase inhibitors (MKI), including Cabozantinib and Vandetanib, primarily designed to target
other kinases and displaying partial inhibition of RET [24]. However, the response rates and
durability to MKI of patients with RET-dependent cancers are relatively low, with substantial toxicity
due to off-target side effects given their poor selectivity. The more recently developed RET-selective
kinase inhibitors Selpercatinib [24,25,26,27] or Pralsetinib [28,29] offer significantly superior response
rates and improved toxicity profiles [30]. Both drugs have been approved by the FDA for use, among
others, in adult and pediatric patients with metastatic thyroid cancer and RET fusion-positive
advanced cancer, and patients with a RET variant MTC cancers [31]. In this context, the accurate and
timely detection of RET oncogenic variants has a clear impact on the management of patients with
RET-driven neoplasms [3,14,32]. Several techniques can be used to assess the status of RET. The utility
of immunohistochemistry for detecting RET fusions is limited by variable staining patterns and low
reactivity [33]. RT-PCR is both sensitive and specific for the detection of known fusions, but is not
reliable for the detection of novel fusion partners [33]. Fluorescent in-situ hybridization (FISH), the
gold standard technique for fusion detection, can be also performed relatively quickly and
inexpensively [33], but it is largely limited to the detection of a single driver alteration. Further, false-
positive or false-negative events may occur for RET status detection in PTCs using the traditional
FISH scoring method with break-apart probes [34]. Next-generation sequencing (NGS) provides the
most comprehensive view across many genes and can identify RET gene fusions as well as other
actionable alterations [35,36,37,38,39,40], including new BRAF mutations [41], with minimal sample
tissue needed. However, because of its high cost and the technical expertise required for
interpretation, NGS is usually only available in larger reference centers [15]. Furthermore, care must
be taken when selecting NGS platforms that can reliably detect RET fusions, as not all assays are
optimized to identify these oncogenic drivers [42].

A barrier for the generalized use of NGS in clinical practice is a lack of consensus or standardized
external quality control for approaches to detect RET fusions, only a pilot Molecular Pathology EQA
scheme focused in RET Validation was recently performed by GenQA (www.genqa.org). In the
present work, we show that NGS is a rapid, cost-effective method for the detection of RET and other
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actionable fusions in PTCs, and demonstrate the robustness of the procedure through the
establishment of external controls and interlaboratory comparisons.

2. Materials and Methods

Patient selection. Sixty retrospective formalin-fixed and paraffin-embedded (FFPE) samples of
living patients diagnosed with PTC according according to the WHO Classification of Tumours of
Endocrine, 4th Edition (2017), were selected from two institutions: Hospital Vall d'Hebron and
Hospital del Mar in Barcelona, Spain. The selection criteria were: (i) stage I or II PTC, (ii) no mutations
in the BRAF V600 gene, and (iii) no mutations in the TERT promoter. All patients included in the
study signed the informed consent that regulates the use of biological samples previously approved
by the Hospital Ethics Committee. The patient characteristics are described in Table 1. Additional
information is provided in Supplementary Table 1.

Table 1. Patient characteristics. *PTC variant classification were performed according to the “WHO

Classification of Tumours of Endocrine Organs, 4th Edition (2017)".
Characteristic Number
Age at diagnosis (years)
Median (range) 44.9 (12-79)
Sex
Female 41
Male 19
PTC (variant)
Conventional 23
Follicular 20
Microcarcinoma 2
Tall cell 4
Solid / Trabecular 1
Clear cell 2
Oncocytic 4

Unespecified 4

NGS testing. DNA and RNA extractions from patient biopsies were performed using the
Cobas® DNA Sample Preparation Kit (Roche Diagnostics) and the High Pure FFPET RNA Isolation
Kit (Roche Diagnostics). After analysis of nucleic acid concentration using Qubit (ThermoFisher
Scientific), a targeted NGS panel (Oncomine Focus Assay, ThermoFisher Scientific) was carried out
following manufacturer instructions using the Ion Chef Instrument and S5 XL sequencer. Analysis of
raw NGS data was performed using an Ion Torrent server and Ion Reporter Software version 5.12.3.0
(ThermoFisher Scientific). The assay includes 50 oncogenic driver hot-spot genes: AKT1, AKT2, AKTS3,
ALK, AR, ARAF, BRAF, CDK4, CDKN2A, CHEK2, CTNNB1, EGFR, ERBB2, ERBB3, ERBB4, ESR1,
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FGFR1, FGFR2, FGFR3, FGFR4, FLT3, GNA11l, GNAQ, GNAS, HRAS, IDHI1, IDH2, KIT, KRAS,
MAP2K1, MAP2K2, MET, MTOR, NRAS, NTRK1, NTRK2, NTRK3, PDGFRA, PIK3CA, PTEN, RAFI,
RET, ROS1, SMO, TP53. The assay also detects CNVs in 14 genes: ALK, AR, CD274, CDKN2A, EGFR,
ERBB2, ERBB3, FGFR1, FGFR2, FGFR3, KRAS, MET, PIK3CA, PTEN; and interrogates fusions in 19
genes: ALK, AR, BRAF, EGFR, ESR1, FGFR1, FGFR2, FGFR3, MET, NRG1, NTRK1, NTRK2, NTRK3,
NUTM1, RET, ROS1, RSPO2, RSPO3.

Fluorescent in-situ hybridization (FISH). FISH technology, the gold standard technique with a
dual color probe, was applied to confirm RET-, ALK- and NTRK3-positive samples using the RET
(10q11.21), ALK (2p23) and NTRK3 (15925.3) Break-Apart-FISH probes (Abbot Molecular),
respectively, as previously described [43].

Idylla(TM) GenFuiosn Assay. As an alternative to NGS technology, we used the IdyllaTM
GeneFusion Assay (Biocartis, NV, Mechelen, Belgium), a RT-PCR multi-tests capable of simultaneous
detection of multiple genes rearrangements in a fast and robust way. This assay qualitatively detects
defined gene fusions for ALK, ROS1, RET, as well as MET Exon 14 skipping, and expression
imbalance for ALK, ROS1, RET, and NTRK1/2/3. It is a fully automated assay providing
deparaffinization and digestion of the tissue up to mRNA amplification by real time PCR, data
analysis, and report of the results. Selected paraffin tissue sections were processed using this
methodology (ref. A0121/6, Biocartis).

External quality control assessment. A total of 16 FFPE samples from thyroid cancer patients
were selected, 8 from each hospital, including positive and negative cases for RET alteration.
Concordance analysis was applied to verify the robustness of the chosen diagnostic tool for RET
molecular analysis and the degree of reproducibility between measurements performed in each of
the two hospitals. A positive concordance was defined as the same gene alteration found in both
institutions, and negative concordance otherwise. The performance of the tests was calculated as
positive and negative percent agreement (PPA and NPA, respectively), as follows: PPA = 100x PA
(PA+PD), and NPA =100xNA/(NA+ND), where PA is number of positive agreements, PD number of
positive disagreements, NA number of negative agreements and ND number of positive
disagreements. The Overall Percent Agreement (OPA) was also calculated: ORA = (PA + NA)/(PA+
PD + NA + ND).

3. Results
3.1. Identification of Gene Alterations in PTCs

To identify patients bearing actionable alterations in RET and hence eligible for targeted
treatment with appropriate tyrosine kinase inhibitors, 60 retrospective tumor samples from living
patients diagnosed with stage I and II PTC were analyzed by NGS (Table 1). The tumors selected for
this study lacked driver BRAF"6® mutations and mutations in the TERT promoter, (Supplementary
Table 1). Further, as there is no consensus or standardized external quality assessment (EQA) for
approaches to the detection of RET fusions, an inter-comparative analysis was established to validate
RET molecular alterations detected by NGS at two distinct sites. More specifically, a concordance
analysis was designed to determine the validity of the diagnostic assessment technique done in two
independent institutions (Hospital Vall d'Hebron and Hospital del Mar). The study design is
schematically illustrated in Figure 1.

NGS analysis of all 60 samples revealed a high frequency of molecular alterations, detected in
their RNA, DNA, or both (Figure 2, Supplementary Table 1). RNA alterations were observed in 21
(35%) tumors and DNA alterations in 17 (28.3%) tumors. Alterations in both RNA and DNA were
found in 2 (3.3%) tumors, while the rest of tumors had no alterations in either RNA or DNA. “Invalid
RNA” results were found in 1 tumor sample. Positive gene fusions were confirmed by FISH, using
the appropriate probes for each different fusion detected, when available.
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Figure 2. Analysis of NGS results. Sixty PTC samples were analyzed by NGS. A: alterations were detected in the
analysis of both RNA (35%) and DNA (28.3%). B: detailed descriptions of PTC type and genetic alterations found
in each patient. Patient sex and PTC histological 52subtypes are color-coded.

The large number of RNA alterations included fusions (n=19; 31.7%) and imbalances in genes
important in thyroid cancer, with a high frequency (11 cases out of 19, 18.3% of all tumors, 57,9% of
all gene fusions detected) of RET fusions with different partners: CCDC6::RET (n=8), NCOA4::RET
(n=2) and GOLGAS5::RET (n=1) (Figure 2, Supplementary Table 1). In addition, 4 cases with RET
imbalance were identified, indicating that the NGS panel detected overexpression of the downstream
3' RET sequence of these cases, potentially derived from RET gene fusions not included in the NGS
panel (Oncomine Focus Assay). Apart from RET fusions, the second most common fusions were with
the NTRK3 gene, where 3 samples showed the ETV6-NTRK3 fusion, and in the ALK gene (n=3; 5% of
all cases), including STRN-ALK (n=2; 3.3%), and EML4-ALK (n=1; 1.7%). Other gene fusions included
EML4-MET (n=1; 1.7%) and PAX8-PPARG (n=1; 1.7%) (Figure 2, Supplementary Table 1).

Nineteen tumors with DNA alterations bore SNVs in several genes (NRAS, KRAS, ALK and
MYC). The most common alterations were mutations in NRAS (n=13; 68,4%), mostly Q61R but also
Q61K, mutations in KRAS (n=2; Q61R and G12S) and BRAF (n=1; K601E) (Figure 2, Supplementary
Table 1). In contrast to the relatively high NRAS mutation rate found in our PTC case series, the NRAS
mutation rates described in other studies range from 1% to about 8% in cPTC, with higher rates of
N/H/K RAS mutations in the fvPTC, FTC, miFTC and FA of the thyroid [6,8].
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Of the 23 cases with gene fusions identified by NGS of RNA, 20 with sufficient sample were
tested by FISH with probes for RET, ALK and NTRK3 (Supplementary Table 1). Two of the tested
samples were not evaluable. Of the remaining 18 samples, 16 presented RET fusions detected by
FISH, and three presented fusions involving ALK, namely two fusions involved STRN-ALK and one
EML4-ALK.

Gene fusions were further confirmed using a RT-PCR-based technique (Idylla) and the results
were compared to those yielded by NGS (Table 2, Supplementary Table 1). After excluding samples
with a fusion not included in the Idylla panel and one invalid sample, we obtained a positive percent
agreement (PPA) of 83.3% and a negative percent agreement (NPA) of 91.4%, with an overall percent
agreement (OPA) of 88.7% between both techniques. As such, we conclude that Idylla is a robust
procedure to detect gene fusions, especially RET fusions, in PTC patients.

Table 2. Analysis of reproducibility of NGS and RT-PCR (Idylla) techniques. The degree of reproducibility of
the detection of gene fusions in PTC samples was performed using both NGS and RT-PCR and evaluated by the
analysis of concordance. PPA, positive percent agreement. NPV, negative percent agreement. ORA, overall rates

of agreement of results between the two rating techniques.

ldylla™ gene fusion

Fusion detected Not detected Not in the Panel Invalid
Fusion detected 15 3 4 2
NGS  Not detected 3 32
Invalid 1
PPA 83.3%
NPA 91.4%
ORA 88.7%

3.2. Inter-Hospital Concordance

To assess the degree of concordance between results obtained at different institutions, data were
first inter-corrected, and 8 tumor samples (with positive or negative NGS results) were randomly
selected from each institution. These samples were exchanged between both institutions and
reanalyzed in a second round of nucleic acid extraction and NGS analysis (Figure 1). In this second
round of analysis, 1 RNA sample of the 16 interchanged failed in the NGS analysis (invalid) (Table
3). This inter-hospital comparative study revealed a very high concordance rate for RNA analysis (12
positive alterations detected by both institutions) and DNA analysis (3 positive alterations detected
by both institutions), the concordance rate being 100% for the detection of RNA alterations and 87.5%
for the detection of DNA alterations.

Table 3. Concordance analysis. The reproducibility of the detection of gene fusions in 16 randomly selected PTC
samples, 8 samples interchanged between each institution, was developed using both NGS and RT-PCR, and
carried out in two institutions. The degree of agreement of results, or concordance, was assessed by the
intercomparative study performed by independent observers between the two institutions after analysis of both
DNA and RNA samples.
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DNA alteration  No alteration (DNA) Invalid (DNA)
DNA alteration 3 1
No alteration (DNA) 1 11

ﬁ Invalid (DNA) 0 0
[1

RNA alteration  No alteration (RNA) Invalid (RNA)

o|lo|©o

Institution 1
St RNA alteration 12 0 0
No alteration (RNA) 0 3 0
Invalid (RNA) 0 1 0

Concordance (DNA) 87.5%
Concordance (RNA) 100%

4. Discussion

With the advent of new and potent RET-selective inhibitors, the accurate identification of tumors
harboring actionable oncogenic alterations in this tyrosine kinase has become critical for the
management of patients with advanced thyroid cancers and other RET-driven neoplasms. While fine
needle aspiration is the most accurate and cost-effective method to stratify patients with thyroid
tumors according to their risk of malignancy [44], along with histopathological assessment of features
such as capsular and vascular invasion [45], conferring a further layer of precision, molecular analysis
affords to refine cytological [46,47], histological and liquid biopsy [48] diagnosis and to propose
prognostic and predictive biomarkers as a guidance for attaining an optimal therapeutic strategy, e.g.,
active surveillance, surgery, radioactive iodine, or targeted therapy.

The clinical use of molecular biomarkers, particularly in interinstitutional contexts, requires
unified technical and analytical criteria for a robust guidance to patient management. The current
absence of external quality programs that interrogate fusion detections in solid tumors by NGS makes
this type of studies mandatory. Our study, conducted on 60 PTC samples from two independent
clinical settings, has yielded a high degree of interinstitutional concordance in the identification of
gene fusions and mutations detected by NGS, most notably through analyzing RNA.

Although the NGS platform used here (Oncomine Focus Assay) may have missed some gene
fusions [42], the frequency of fusions detected in our case series, 31.7% of all cases (18.3% with RET
fusions), is very close to that found in other studies, as accessed in The Cancer Genome Atlas (TCGA)
database (cbioportal.org), namely 32% of cases with gene fusions in BRAFV600E-negative PTCs (17%
with RET fusions) [6]. Although the small number of cases studied here does not afford to reach
strong conclusions with regards to fusions involving genes distinct from RET, the frequencies of ALK
(5%), NTRK3 (5%), and PPARG (1.7%) fusions in our series are consistent with those in the TCGA
database (1.5% ALK, 5% NTRK3, 3% PPARG fusions in BRAFV&E-negative PTCs). Overall, these
concurring outcomes support the sensitivity and adequacy of our gene fusion analysis.

On the other hand, we found a relatively high rate of NRAS mutations (21.7%) in our PTC case
series, compared to the NRAS mutation rates previously described that range from 1% to about 8%
in cPTC, with higher rates of N/H/KRAS mutations in fvPTC, FTC, miFTC and FA [8,23]. However,
a recent review reported a wider range of prevalence for RAS mutations, from 20 to 100% in thyroid
cancer. This high frequency might be a consequence of the tumor series heterogeneity coming from
different geographic areas, different sources, and detection methods (direct sequencing, PCR-based
approaches, or NGS technology) [49]. Indeed, BRAFV60E mutations and RET, NTRK3 and BRAF
fusions (BRAF-like tumors) are strongly associated with cPTC, while tumors dubbed RAS-like
(N/H/KRAS, EIF1AX, BRAFK601E, PTEN, IDH2, DICER1 mutations and PPARG and THADA fusions)
are associated with follicular variant and minimally invasive papillary histologies [6,8].

d0i:10.20944/preprints202503.1863.v1
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5. Conclusions

The routine implementation of NGS analysis in patients with PTC could be useful to identify
patients harboring different fusions (RET, NTRK, MET) who may benefit from targeted therapies with
new target-selective or multikinase inhibitors (MKI). In the present work, we demonstrate that NGS
is a rapid, reliable method for the detection of RET and other actionable fusions in PTCs, and show
that the establishment of external controls and interlaboratory comparisons provides a robust
procedure.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Supplementary Table 1, (The tumors selected for this study lacked driver
BRAFV600 mutations and mutations in the TERT promoter) (Supplementary Table S1).
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