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Recent reports suggest that mutations in the promoter of the gene encoding 

telomerase reverse transcriptase (TERT) affect thyroid cancer outcomes. I 

aimed to investigate the clinical significance of TERT promoter mutation in 

thyroid cancer and its synergistic interaction with BRAF and RAS mutations. 

Furthermore, molecular mechanisms of the oncogene interaction by genomic 

analysis using next-generation sequencing database were explored. TERT 

promoter mutations were detected in 4.5% of all differentiated thyroid cancers 

and associated with poor prognosis. These mutations were more frequent in 

tumors also harboring either BRAF (4.8%) or RAS mutations (11.3%). The 
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prevalence of TERT promoter mutations was higher in high-risk patients: 9.1% 

and 12.9% in the ATA high-risk and advanced TNM stage groups, respectively. 

Among high-risk patients, the presence of TERT promoter mutations additively 

increased the risk of both recurrence and disease-specific mortality. The 

coexistence of BRAF and TERT promoter mutations had a synergistic effect on 

the clinicopathological characteristics and long-term prognosis of papillary 

thyroid cancer (PTC) and I firstly confirmed this by meta-analysis. From the 

analyses of RNA sequencing data and in vitro experiments, I could confirm that 

TERT mRNA expression was increased by adding the BRAF mutation to the 

TERT promoter mutation (fold change, 17.00; q-value = 1.36 10-13). 

Furthermore, this increase was due to, at least in part, the upregulated 

expression of E-twenty-six (ETS), especially ETV1, ETV4, and ETV5 by BRAF 

mutation. The coexisting mutations showed changes in the almost same 

intracellular signaling pathways as BRAF mutation alone, however, amplified 

the changes of the expression level of genes associated with altered pathways. 

Moreover, the inflammation and adhesion-related pathways were activated by 

adding TERT expression in BRAF-mutated PTCs. Notably, I firstly reported that 

the coexistence of RAS and TERT promoter mutations was associated with a 

higher rate of recurrence, suggesting that they had additive effects on the 
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prognosis, similarly to BRAF and TERT promoter mutations. As for the 

mechanism, I could confirm that this genetic duet significantly increased TERT 

expression (fold change, 5.58; q-value = 0.004) compared with the expression 

in tumors harboring RAS or TERT promoter mutation alone. Moreover, adding 

the TERT promoter mutation or expression to the RAS mutation, there were 

significant changes in transcriptional profile, which activated the aggressive 

intracellular pathways including MAPK pathways. In conclusion, genetic 

screening for TERT promoter mutations in high-risk patients with thyroid 

cancer might bolster the prediction of mortality and recurrence. In addition, 

molecular testing of TERT promoter mutation with BRAF or RAS mutation 

together may be useful in assisting with risk stratification in clinical settings. 

Furthermore, I can suggest that the mechanism of synergistic oncogene 

interaction between TERT and BRAF or RAS be explained by increased TERT 

expression, which may result from the BRAF or RAS-induced upregulation of 

several ETS transcription factors. Pathways related to aggressive behaviors of 

tumors are activated by the genetic duet; BRAF and TERT or RAS and TERT. 

 

Keywords: TERT, BRAF, RAS, thyroid cancer, prognosis, transcriptome 

analysis  
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Introduction  

1. Increase in the prevalence of thyroid cancer and importance of 

predicting prognosis  

In the past two decades, the incidence of thyroid cancer has increased 

dramatically worldwide: 15 fold in South Korea and more than double in the 

United States (Ahn et al., 2014; Howlader et al., 2016). The incidence of 

papillary thyroid cancer (PTC), the most common type of thyroid cancer, has 

increased drastically worldwide; however, majority of them show an excellent 

prognosis (Ahn et al., 2014; Davies and Welch, 2014; Howlader et al., 2016). 

Therefore, the recommended management of PTC has been changed to a less-

extended therapy (Haugen et al., 2016). Follicular thyroid cancer (FTC) is the 

second most common type of thyroid malignancy following PTC, which 

accounts for 10%-32% of cases of differentiated thyroid cancer (DTC) 

(Hundahl et al., 2000; Lin et al., 1999). The increasing trend in the prevalence 

of thyroid cancer of the last decades was especially predominant for small PTC, 

which shows less aggressive features and favorable outcomes (Cho et al., 2013a; 

Ho et al., 2015). However, long-term trends in the characteristics and outcomes 

of FTC, distinct from other types of thyroid cancer, have not been reported. 
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   Although the majority of thyroid cancer patients have excellent overall 

survival, 15%ï20% experience either recurrence or distant metastasis with an 

associated overall 10-year survival rate of 40%ï85% (Cho et al., 2014; 

Schlumberger, 1998). Therefore, the importance of precise risk stratification 

has been emphasized to compare treatment-associated benefits against adverse 

effects (Xing et al., 2013). Moreover, it is important to minimize overtreatment 

of patients who are likely to have a good prognosis, as well as to identify more 

accurately high-risk patients who would benefit from aggressive treatment and 

monitoring. 

 

2. Prevalence of genetic alterations in thyroid cancer 

Alterations of driver genes such as BRAF and RAS can cause DTC which can 

progress to poorly-differentiated or anaplastic thyroid cancer by additional hits 

(Gianoukakis et al., 2011). Recent advances of next generation sequencing 

started to provide important insights for our understanding about the molecular 

pathogenesis of thyroid cancer. In The Cancer Genome Atlas (TCGA) study of 

PTC (The Cancer Genome Atlas Data Portal), low density of somatic 

alterations was observed relative to other cancers, and the frequency of 

alterations was found as: BRAF 59.7%, RAS 13.0%, and gene fusions 12.4% of 
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PTCs. In addition to the PTC alone, I reported the genomic landscape of 

follicular thyroid carcinoma and adenoma, and subtypes of PTC, using the next 

generation sequencing (NGS) technique (Yoo et al., 2016). The frequency of 

mutation of each driver gene is different according to its histologic type. BRAF 

and RAS are the most frequently mutated genes; especially, BRAF in classical 

PTC, RAS in follicular-variant PTC (FVPTC) and FTC.  

Several previous studies have presented temporal changes in the mutational 

frequencies associated with PTC. In the United States, the overall prevalence 

of BRAF mutations was stable, but increased from 50.0% to 76.9% in 

conventional PTC over the last four decades (Jung et al., 2014). Moreover, RAS 

mutations increased from 2.7% to 24.9% due to an increase in FVPTC. In 

Europe, the frequency of BRAF mutations increased gradually from 28.0% to 

58.1% over the last 15 years (Romei et al., 2012). The incidence of the 

RET/PTC rearrangement, in contrast, decreased from 33.0% to 9.8% over the 

same period. In Korea, which is a BRAF mutation-prevalent country, BRAF-

mutated PTCs increased from 62.2% to 73.7% over the last two decades (Hong 

et al., 2014a). However, no study has evaluated changes in the mutational 

frequencies of FTC over time. 

   In 2013, a novel mutation, telomerase reverse transcriptase (TERT) 
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promoter mutation started to be proposed as an important genetic alteration on 

the progression of thyroid cancer (Liu et al., 2013a). The prevalence of TERT 

mutations in PTC and FTC was reported to be 11% and 17%, respectively, and 

about 40% in poorly-differentiated and anaplastic thyroid cancer (Liu and Xing, 

2016). However, the frequency of the mutations is strongly associated with 

geography, with clear differences reported between Asian and Western 

countries: for example, Korean patients exhibiting the highest rate of BRAF-

associated thyroid cancers in the world. Given the geographic variability and 

temporal changes in the genetic alterations of thyroid cancer, the prevalence of 

TERT promoter mutation in Korea needs to be evaluated. 

 

3. Telomerase reverse transcriptase (TERT) and the promoter 

mutations 

TERT is a catalytic subunit of telomerase with the RNA component (TERC). 

TERT is undetectable in most somatic tissues, while normally present at low 

levels in cells that require high rates of self-renewal such as stem cells and germ 

cells (Kim et al., 1994). However, in human cancer cells, telomerase is often 

reactivated by upregulation of TERT transcription, which maintains telomere 

length and consequently does not enter the cellular replicative senescence 
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(Blasco, 2005). On the other hand, it has been described that TERT has the 

nontelomeric function which can regulate expression of various genes involved 

in cell proliferation and cellular signaling, and this noncanonical role may 

contribute to tumorogenesis and cancer progression (Li and Tergaonkar, 2014; 

Low and Tergaonkar, 2013). 

   The promoter region of TERT gene has two hot spots where are susceptible 

to point mutation: chr5, 1,295,228 C>T and 1,295,250 C>T, the positions 124 

and 146 bp respectively upstream of the TERT transcription start site, and both 

mutations create a binding motif for the E-twenty six (ETS) family of 

transcription factors (Horn et al., 2013; Huang et al., 2013). After the first 

finding of mutations in the promoter of TERT gene in melanoma early in 2013 

through whole-genome sequencing (Horn et al., 2013; Huang et al., 2013), the 

mutations were found also in other human cancers, such as bladder cancer and 

glioblastoma (Killela et al., 2013; Liu et al., 2013b) as well as thyroid cancer 

(Liu et al., 2013a). 

  TERT promoter mutation, recently described to be associated with aggressive 

clinicopathologic features and poor long-term prognosis in thyroid cancer, has 

received considerable attention as a novel prognostic molecular marker (Liu et 

al., 2013a). However, the prevalence of TERT promoter mutations is variable 
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across countries with results of 7.5%ï25.5% (median 11.9%) for PTC 

(Gandolfi et al., 2015; Landa et al., 2013; Liu et al., 2014a; Liu et al., 2013a; 

Liu et al., 2014b; Muzza et al., 2015; Vinagre et al., 2013; Xing et al., 2014a; 

Xing et al., 2014c), and 13.8%ï36.4% (median 17.1%) for FTC (Liu et al., 

2014a; Liu et al., 2013a; Liu et al., 2014b; Melo et al., 2014; Muzza et al., 2015; 

Vinagre et al., 2013; Wang et al., 2014). In terms of cost-effectiveness, 

especially in areas with low prevalence, TERT promoter mutation assays are 

difficult to use as routine prognostic tests for all DTCs. 

 

4. Effects of the coexistence of BRAF and TERT promoter mutations 

on clinical outcomes in thyroid cancer 

Several molecular markers have been studied to identify potential prognostic 

markers, and an association between the BRAFV600E mutation and poor 

prognosis of PTC has been largely demonstrated (Kim et al., 2012; Tufano et 

al., 2012; Xing et al., 2005). However, owing to its high prevalence in PTC, 

clinical application of the BRAFV600E mutation has limitations, especially in the 

mutation-prevalent area of BRAFV600E (Ito et al., 2009; Kim et al., 2005; Song 

et al., 2015). Recently, TERT promoter mutation has been proposed as a strong 

prognostic biomarker (Liu et al., 2013a), and meta-analyses have demonstrated 
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an association between the TERT promoter mutation and aggressive 

clinicopathological characteristics (De-Tao et al., 2016; Liu and Xing, 2016). 

In 2014, Xing et al. firstly introduced and proved the synergistic role of 

BRAFV600E and TERT promoter mutations in the aggressive features and 

recurrence of PTC (Xing et al., 2014c), and PTC-related mortality (Xing et al., 

2014b). Since then, the concept of the role of genetic duet on the prognosis has 

drawn great attention (Ngeow and Eng, 2014) and reflected later studies. 

Remarkably, although it was reported that the TERT promoter mutation of PTC 

without BRAFV600E or RAS mutations did not increase the risk of recurrence or 

mortality, the risk effect of the TERT mutation was observed when BRAFV600E 

or RAS mutations coexisted (Song et al., 2016b; Xing et al., 2014c). Moreover, 

the effect of this coexistence on clinicopathological characteristics is 

inconclusive because most studies did not provide data on both the TERT 

promoter mutation and BRAFV600E.  

 

5. Effects of the coexistence of RAS and TERT promoter mutations 

on clinical outcomes in thyroid cancer 

The most frequent genetic alterations in FTC are RAS mutations (Nikiforova et 

al., 2003). The prognostic value of RAS mutations is still unclear, although some 
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evidence suggests that RAS-mutated FTCs may be at risk for a poor prognosis 

(Fukahori et al., 2012; Garcia-Rostan et al., 2003)) or distant metastasis (Jang 

et al., 2014; Manenti et al., 1994). On the other hand, recent studies have 

demonstrated that TERT promoter mutations, especially when they co-exist 

with BRAF mutations, are associated with a poor prognosis in PTC (Xing et al., 

2014c). It is possible that, like the coexisting TERT promoter mutations and 

BRAF mutations in PTC, coexisting TERT promoter and RAS mutations may 

also play a cooperative role in tumor aggressiveness and poor clinical outcomes 

of thyroid cancer. However, there have been few reports about the prognostic 

effect of the coexistence of TERT promoter and RAS mutations, so that, 

biological and clinical significance of this association remains to be 

investigated.  

 

6. Potential molecular mechanisms of synergistic oncogene 

interaction between TERT and BRAF or RAS 

Transcription of TERT can be regulated by its promoter site, such as modulation 

of methylation status or various transcription factors recognizing their 

consensus sequence. Regarding the mechanism for the synergistic effect 

between TERT and BRAFV600E mutations, one potential mechanism has been 
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proposed that MAPK pathway activation by BRAFV600E mutation may 

upregulate the ETS transcription factors, which leads to increased TERT 

expression by binding to the ETS binding site generated by the TERT promoter 

mutation (Xing et al., 2014c). One previous study (Vinagre et al., 2013) showed 

that the coexistence of BRAFV600E and TERT promoter mutations was associated 

with the highest levels of TERT mRNA expression, although they included only 

3 samples of thyroid cancer harboring both mutations. Therefore, this potential 

mechanism of synergistic duet in thyroid cancer has not been fully proven in a 

large sample. 

   Several studies have reported the major ETS transcription factors can 

actively bind to the mutated TERT promoter region, because their binding motif 

was created by the mutation (Bell et al., 2015; Li et al., 2015). A recent study 

demonstrated that GABP which is one of the ETS transcription factors 

selectively binds to mutant TERT promoter using glioblastoma samples and cell 

lines of neuroblastoma, melanoma and hepatocellular carcinoma (Bell et al., 

2015). Moreover, another recent study of melanoma showed that the ETS1 

transcription factor, which was increased as a downstream target of activated 

MAPK pathway, could increase the transcriptional activity of TERT in 

melanoma cells harboring TERT promoter mutation (Vallarelli et al., 2016). 
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However, there have been no report about the direct link TERT expression and 

BRAFV600E or RAS mutation in thyroid cancer. 

 

7. Hypothesis 

I hypothesized that the prevalence of TERT promoter mutations in Korea would 

be different from other countries, because of the highest incidence of thyroid 

cancer in the world, the larger portion of small tumors, and the BRAF-prevalent 

area. Moreover, as a molecular marker for prognosis prediction, TERT promoter 

mutations would be related to poor clinical outcomes in thyroid cancer, 

especially when they coexist with BRAF or RAS mutations. The oncogene 

interaction between TERT and BRAF or RAS is probably due to increased ETS 

transcription factors, as previously known. Furthermore, there might be novel 

mechanisms in the transcriptomic changes by the genetic duets. 

 

8. Aims of study 

In Part I, I aimed to investigate the frequency of TERT promoter mutations in 

thyroid cancer patients in Korea, and examine the association of TERT 

promoter and other driver mutations - BRAF or RAS. Moreover, I evaluated 

whether TERT promoter mutation can be a molecular biomarker for the 
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prediction of long-term prognosis in addition to the conventional risk 

stratification system, therefore, defined patient subsets that might benefit from 

TERT promoter mutation tests for prognostication.  

In Part II, I investigated the effects of BRAF and TERT promoter mutations 

on clinicopathological characteristics and prognosis of PTC patients in our 

institute, and performed a comprehensive meta-analysis to verify the 

synergistic effect of BRAF and TERT promoter mutation on clinical outcomes 

of PTC. Lastly, I explored the mechanism of the synergistic effect by 

transcriptome analysis using NGS database of TCGA and our institute. 

   In Part III, I evaluated changes of the prevalence of RAS and TERT promoter 

mutations in FTC over 15 years, as well as associations between these genetic 

alterations and clinicopathological outcomes. Furthermore, I aimed to identify 

the molecular mechanism of the synergism between RAS and TERT promoter 

mutations on high-risk clinical outcomes by genomic analysis using NGS 

database.  
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Materials and methods 

Patients and tissue samples 

Total of 551 patients (472 females and 79 males) with DTC, including 432 

PTCs and 119 FTCs, were studied, who underwent thyroidectomy between 

1993 and 2012 at the Seoul National University Hospital, Seoul, Korea. I 

included 308 patients with PTC from our previous study of BRAF mutations 

(Hong et al., 2014b), whose tumor DNA samples were available to analyze 

TERT promoter and RAS mutations. The prevalence of BRAF mutations in 

Korea (including our hospital) is the highest in the world, whereas that of RAS 

mutations is lower than in other countries (Song et al., 2015). Therefore, I 

additionally examined 124 patients with BRAF-wild-type PTC in order to 

investigate the effects of TERT promoter mutations in BRAF-wild-type as well 

as RAS-mutated tumors. Their median follow-up duration was 4.8 years 

(interquartile range, 3.4ï10.6 years). The treatment protocol was same as in 

previous studies (Cho et al., 2013b; Choi et al., 2014). The high-risk group of 

American Thyroid Association (ATA) staging system was defined as the 

presence of any of the following: macroscopic tumor invasion, incomplete 

tumor resection, and distant metastasis. This study was conducted according to 

the guidelines of the Declaration of Helsinki. The research protocol was 
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approved by the Institutional Review Board Committee of the Seoul National 

University Hospital (No. H-1207-124-420). Informed consent was also 

obtained from all the subjects. 

 

Mutational analyses 

Standard polymerase chain reaction (PCR) was carried out for genetic 

sequencing to identify BRAF, RAS, and TERT promoter mutations. Briefly, a 

fragment of the BRAF, RAS, or TERT promoter was amplified by PCR from 

genomic DNA by using appropriate primers for BRAF codon 600, N-RAS codon 

61, H-RAS codon 61, K-RAS codon 61, N-RAS codon 12/13, H-RAS codon 

12/13, K-RAS codon 12/13, and for TERT (Table 1). The PCR analysis was 

conducted using the following amplification protocol: initial denaturation at 

95°C for 5 minutes, then 40 cycles of denaturation at 94°C for 20 seconds, 

annealing at 56°C for 20 seconds, elongation at 72°C for 20 seconds, and a final 

extension at 72°C for 10 minutes. The denatured PCR products were digested 

with restriction endonuclease TspRI (New England Biolabs, Beverly, MA, USA) 

and electrophoresed onto an agarose gel. The PCR product for TERT promoter 

was 191 bp, including the mutation sites C228T and C250T. Sequencing PCR 

was performed using the BigDye Terminator v3.1 Cycle Sequencing Ready 
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Reaction Kit (Applied Biosystems, Foster City, CA, USA) and ABI PRISM 

3130xl Genetic Analyzer (Applied Biosystems). The mutation-positive 

samples by sequencing were confirmed using both forward and reverse primers. 
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Table 1. Nucleotide sequences of primers used for direct sequencing 

Target primers Nucleotide sequence 

BRAF V600E Forward GCTTGCTCTGATAGGAAAATGAG 

 Reverse GATACTCAGC AGCATCTCAGG 

NRAS 12/13 Forward TACTGTACATGTGGCTCGCC 

 Reverse CCGACAAGTGAGAGACAGGA 

NRAS 61 Forward CCAGATAGGCAGAAATGGGC 

 Reverse CCTTCGCCTGTCCTCATGT 

HRAS 12/13 Forward CAGTCCTTGCTGCCTGGC 

 Reverse CTCCCTGGTACCTCTCATGC 

HRAS 61 Forward GCATGAGAGGTACCAGGGAG 

 Reverse TGATGGCAAACACACACAGG 

KRAS 12/13 Forward AAGCGTCGATGGAGGATTT 

 Reverse TGTATCAAAGAATGGTCCTGCA 

KRAS 61 Forward CGTCATCTTTGGAGCAGGAA 

 Reverse ACTCCACTGCTCTAATCCCC 

TERT Forward CCCTTCACCTTCCAGCTC 

 Reverse CAGCGCTGCCTGAAACTC 

  



  

17 

Statistical analyses 

All statistical analyses were performed using SPSS version 20.0 (IBM Co, 

Armonk, NY, USA). Data are presented either as frequencies (%) or as mean 

± standard deviation. Comparisons of categorical variables were performed 

using either the Pearsonôs ɢ2 or Fisherôs exact test (if the number was <5). 

Either the independent t or Wilcoxon-Mann-Whitney test was used for 

continuous variables. Survival curves were plotted using the Kaplan-Meier 

method with log-rank statistics. Cox proportional hazard regression was used 

to assess the risk of recurrence and disease-specific mortality. Statistical 

significance was defined as two-sided P values < .05. 
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Results 

Prevalence of TERT promoter mutations 

TERT promoter mutations were detected in 25 DTCs (4.5%). Mutations were 

detected in 18 of 432 PTCs (4.2%) and in 7 of 119 FTCs (5.8%). BRAF 

mutations were found in 58.1% of PTCs, while RAS mutations in 9.6% of DTCs, 

3.2% of PTCs, and 32.8% of FTCs. Upon estimation of the actual frequency of 

TERT promoter mutations in PTC using the reported frequency of BRAF 

mutations in our country (Hong et al., 2014b) (72.7%, instead of 58.1% in this 

study), it showed a slight increase to 4.4%. 

TERT promoter mutation frequencies were directly proportional to tumor 

size in PTCs (1.6%, 3.1%, 8.6%, and 28.6% of ¢ 1.0, 1.1ï2.0, 2.1ï4.0, and Ó 

4.1 cm, respectively [P for trend < 0.001]), and FTCs (0.0%, 3.4%, and 16.1% 

of ¢ 2.0, 2.1ï4.0, and Ó 4.1 cm, respectively [P for trend = .005]). TERT 

promoter mutations were more frequent in tumors harboring either BRAF (4.8%, 

12 of 251; P = 0.257 vs. neither BRAF nor RAS mutations) or RAS (11.3%, 6 of 

53; P = 0.006 vs. neither BRAF nor RAS mutations) mutations than in those 

harboring neither (2.8%, 7 of 247). However, this difference was not 

statistically significant for BRAF mutations because of the small number of 

TERT-mutated cases. 
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Of 551 DTC patients, 176 (31.9%) belonged to the ATA high-risk, while 

139 (25.2%) belonged to the tumor-node-metastasis (TNM) stage IIIïIV groups 

(Table 1). Additionally, prevalence of the TERT promoter mutations was 

increased in the ATA high-risk (9.1% vs. 2.3% in low-risk or 2.5% in 

intermediate-risk; P = 0.005) and TNM stage IIIïIV (12.9% vs. 1.7% in TNM 

stage IïII, P < 0.001) groups. 

 

Association of TERT promoter mutations with clinicopathologic 

characteristics 

In the DTC patients harboring TERT promoter mutations, most 

clinicopathologic characteristics, such as older age, larger tumor size, more 

lymph node metastasis/distant metastasis, and higher rates of 

recurrent/persistent disease and disease-specific mortality, were more 

aggressive than in those with no mutations. Similar observations were made in 

the PTC patients (Table 2).  
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Table 2. Association of TERT promoter mutations with clinicopathologic outcomes 
 PTC DTC 

Variable TERT (ī) TERT (+) Pa TERT (ī) TERT (+) Pa 

N 414 (95.8) 18 (4.2)  526 (95.5) 25 (4.5)  

C228T/C250T - 15/3  - 21/4  

Sex, male 52 (12.6) 3 (16.7) .490 73 (13.9) 6 (24.0) .158 

Age at diagnosis, yearsb 45.0 ± 13.2 56.8 ± 13.4 <.001 44.9 ± 13.4 56.3 ± 13.1 <.001 

Tumor size, cmc 1.2 (0.8ï1.9) 2.5 (1.3ï4.1) <.001 1.5 (0.8ï2.5) 3.3 (2.0ï4.5) <.001 

Extrathyroidal extension 247 (59.7) 14 (77.8) .124 314 (59.7) 19 (76.0) .103  

Microscopic 134 (32.4) 3 (16.7)  174 (33.1) 7 (28.0)  

Gross 113 (27.3) 11 (61.1)  140 (26.6) 12 (48.0)  

Lymph node metastasisd 146 (37.5) 10 (55.6) .124 147 (31.0) 11 (52.4) .040 

Distant metastasis 3 (0.7) 5 (27.8) <.001 7 (1.3) 6 (24.0) <.001 

Disease status   .002   <.001 

No evidence of disease 372 (89.9) 11 (61.1)  479 (91.1) 16 (64.0)  

Persistence 1 (0.2) 1 (5.6)  2 (0.4) 2 (8.0)  

Recurrence  41 (9.9) 6 (35.3)  45 (8.6) 7 (28.0)  

Disease-free survival, yearsc 4.4 (3.2ï10.3) 3.2 (1.6ï5.9)  4.6 (3.2ï10.5) 4.2 (1.9ï6.0)  

Death of disease 3 (0.7) 4 (22.2) <.001 4 (0.8) 5 (20.0) <.001 

Disease-specific survival, yearsc 4.7 (3.7ï10.6) 6.3 (3.2ï10.2)  5.3 (3.8ï10.9) 5.3 (3.2ï10.3)  

ATA stage   <.001   .002 

Low risk 127 (30.7) 2 (11.1)  170 (32.3) 4 (16.0)  

  Intermediate risk 156 (37.7) 2 (11.1)  196 (37.3) 5 (20.0)  

  High risk 131 (31.6) 14 (77.8)  160 (30.4) 16 (64.0)  

TNM stage       

  I II 318 (76.8) 5 (27.8) <.001 405 (77.0) 7 (28.0) <.001 

  III IV 96 (23.2) 13 (72.2)  121 (23.0) 18 (72.0)  

Abbreviations: DTC, differentiated thyroid cancer; PTC, papillary thyroid cancer. 

aP value for comparison between wild-type and mutant TERT. bData presented as means ± standard deviations. cData presented as medians (interquartile ranges). 
dMissing cases: 56 of total DTC, 52 of TERT wild-type and 4 of TERT mutated DTC; 25 of total PTC, 25 of TERT wild-type and none of TERT mutated PTC.  
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Impact of TERT promoter mutations on recurrence and disease-specific 

mortality 

For DTCs, the tumor recurrence rate was 8.6% (13.43/1,000 person-years [PY]) 

in patients with wild-type TERT, vs. 28.0% (59.55/1,000 PY) in those harboring 

its mutant counterpart. The presence of TERT promoter mutations was 

associated with significantly increased recurrence risk (log rank P < 0.001; Fig. 

1A).  
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Figure 1. Effects of TERT promoter mutations on (A) disease-free and (B) 

disease-specific survival for patients with differentiated thyroid cancer. mut 

indicates mutant; TERT, telomerase reverse transcriptase; wt, wild type. 
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   Cox regression analysis revealed that the hazard ratio (HR) of TERT 

promoter mutations for recurrence was 2.98 (95% confidence interval [CI], 

1.20ï7.39; P = 0.019) after adjustment for tumor size, extrathyroidal extension, 

lymph node metastasis, and mutational status of BRAF and RAS (Table 3).  

Further, the disease-specific mortality rate was 0.8% (1.01/1,000 PY) in 

patients with wild-type TERT, vs. 20.0% (29.82/1,000 PY) in those with mutant 

TERT. TERT promoter mutations were related to increased disease-specific 

mortality (log rank P < 0.001; Fig. 1B). The HR was 21.14 (95% CI, 3.60ï

124.23; P = 0.001) after adjustment for age at diagnosis, sex, aggressive tumor 

behaviors, and mutational status of BRAF and RAS (Table 4). 

 Similar effects of TERT promoter mutations were observed when I 

analyzed them in all subjects with PTCs and with PTCs over 1 cm. However, 

for FTCs, the small number of events precluded the analysis (Tables 3 and 4). 
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Table 3. Hazard ratios of TERT promoter mutations for recurrence 

 
Recurrence/N (%) 

Recurrences 

per 1,000 PY 
Hazard Ratio (95% CI) 

Type of 

Cancer Overall TERT wt TERT mut Pa 
TERT 

wt 

TERT 

mut 
Unadjusted P Adjustedb P 

DTC 52/551 (9.4) 45/526 (8.6) 7/25 (28.0) <.001 13.43 59.55 4.22 (1.90ï9.38) <.001 2.98 (1.20ï7.39) .019 

PTC 47/432 (10.9) 41/414 (9.9) 6/18 (33.3) <.001 16.04 76.66 4.60 (1.95ï10.87) .001 3.72 (1.43ï9.65) .007 

PTC >1 cm 38/246 (15.4) 32/232 (13.8) 6/14 (42.9) <.001 20.54 95.58 4.57 (1.89ï11.04) .001 7.03 (2.34ï21.11) .001 

FTC 5/119 (4.2) 4/112 (3.6) 1/7 (14.3) .135 5.03 25.46 4.57 (0.51ï40.94) .175 ï ï 

Abbreviations: PY, person-years; CI, confidence interval; wt, wild-type; mut, mutant; DTC, differentiated thyroid cancer; PTC, papillary thyroid 

cancer; FTC, follicular thyroid cancer. 
aLog-rank P values. 
bAdjusted for age at diagnosis, sex, tumor size, extrathyroidal extension, lymph node metastasis, and mutational status of BRAF and RAS. 
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Table 4. Hazard ratios of TERT promoter mutations for death from thyroid cancer 

 
Mortality/N (%) 

Deaths per 

1,000 PY 
Hazard Ratio (95% CI) 

Type of 

Cancer Overall TERT wt TERT mut Pa 
TERT 

wt 

TERT 

mut 
Unadjusted P Adjustedb P 

DTC 9/551 (1.6) 4/526 (0.8) 5/25 (20.0) <.001 1.01 29.82 30.43 (8.13ï113.83) <.001 21.14 (3.60ï124.23) .001 

PTC 7/432 (1.6) 3/414 (0.7) 4/18 (22.2) <.001 1.00 31.26 33.57 (7.46ï151.09) <.001 20.48 (2.95ï142.08) .002 

PTC >1 cm 6/246 (2.4) 3/232 (1.3) 3/14 (21.4) <.001 1.59 27.25 19.65 (3.91ï98.88) <.001 19.20 (2.56ï144.15) .004 

FTC 2/119 (1.7) 1/112 (0.9) 1/7 (14.3) .003 1.06 25.18 20.66 (1.26ï337.80) .034 ï ï 

Abbreviations: PY, person-years; CI, confidence interval; wt, wild-type; mut, mutant; DTC, differentiated thyroid cancer; PTC, papillary thyroid 

cancer; FTC, follicular thyroid cancer. 
aLog-rank P values. 
bAdjusted for age at diagnosis, sex, tumor size, extrathyroidal extension, lymph node metastasis, and mutational status of BRAF and RAS. 
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Additional prognostic effects of TERT promoter mutations on conventional 

risk assessment systems 

I stratified all patients by using the risk assessment models, ATA and TNM 

staging systems, and then subdivided patients of the ATA high-risk group and 

the TNM stage IIIïIV into two groups based on the mutational status of the 

TERT promoter.  

Among the ATA high-risk patients, those with TERT-mutated tumors 

showed 5.79 times higher recurrence risk than those carrying wild-type tumors, 

even after adjustment for age at diagnosis, sex, tumor size, and mutational status 

of BRAF and RAS (95% CI, 2.07ī16.18; P = 0.001; Fig. 2A). Moreover, in the 

TNM stage IIIïIV group, the HR for recurrence was 3.60 after adjustment for 

age at diagnosis, sex, and mutational status of BRAF and RAS (95% CI 1.19ï

10.85; P = 0.023; Fig. 2B and Table 5). Stratified analysis for the HR among 

patients with either PTCs or with PTCs over 1 cm revealed that the presence of 

TERT promoter mutations additively increased the recurrence risk in high-risk 

patients by both models (Table 5). 

Despite the study being limited by low number of deaths (9 of 551 [1.6%]; 

2.19/1,000 PY), presence of TERT promoter mutations significantly increased 

disease-specific mortality in the ATA high-risk (adjusted HR, 16.16; 95% CI, 
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2.10ï124.15; P = 0.007) and advanced-TNM stage (adjusted HR, 9.06; 95% CI 

2.09ï39.26; P = 0.003) patients (Figs. 2C and D; Table 6). Similar results were 

obtained when this analysis was performed in either patients with PTCs or those 

with PTCs over 1 cm (Table 6).  
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Figure 2. Additional prognostic effects of TERT promoter mutations on high-

risk patients as defined by (A,C) American Thyroid Association and (B,D) 

TNM stages: (A,B) disease-free and (C,D) disease-specific survival. TERT 

indicates telomerase reverse transcriptase. 
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Table 5. Addition of TERT promoter mutations to high-risk patients defined by ATA or TNM stage for recurrence 
  Unadjusted Adjusteda 

Type of Cancer  HR (95% CI) P  HR (95% CI) P HR (95% CI) P HR (95% CI) P 

DTC ATA stage         

 Low 1.00    1.00    

 Intermediate 5.46 (1.59 18.77) .007   5.45 (1.57 18.98) .008   

 High, TERT(-) 8.69 (2.63 28.72) <.001 1.00  8.71 (2.63 28.88) <.001 1.00  

 High, TERT(+) 37.91 (9.77 147.03) <.001 4.53 (1.94 10.56) <.001 48.91 (11.51 207.87) <.001 5.79 (2.07 16.18) .001 

 TNM stage         

 I-II  1.00    1.00    

 III -IV, TERT(-) 1.34 (0.71 2.50) .368 1.00  2.15 (0.98 4.70) .055 1.00  

 III -IV, TERT(+) 5.20 (2.17 12.45) <.001 3.82 (1.46 10.02) .006 11.06 (3.74 32.70) <.001 3.60 (1.19 10.85) .023 

PTC ATA stage         

 Low 1.00    1.00    

 Intermediate 5.14 (1.50 17.69) .009   6.82 (1.78 26.11) .005   

 High, TERT(-) 6.40 (1.91 21.39) .003 1.00  7.87 (2.21 28.06) .001 1.00  

 High, TERT(+) 26.92 (6.71 108.05) <.001 4.50 (1.79 11.29) .001 46.39 (10.14 212.24) <.001 7.57 (2.51 22.87) <.001 

 TNM stage         

 I-II  1.00    1.00    

 III -IV, TERT(-) 1.18 (0.60 2.30) .633 1.00  2.14 (0.93 4.89) .072 1.00  

 III -IV, TERT(+) 5.39 (2.08 13.95) .001 4.34 (1.51 12.49) .007 15.05 (4.58 49.45) <.001 4.00 (1.21 13.22) .023 

PTC >1 cm ATA stage         

 Low 1.00    1.00    

 Intermediate 4.07 (0.89 18.65) .071   7.48 (1.26 44.23) .027   

 High, TERT(-) 4.41 (1.03 18.87) .045 1.00  7.29 (1.37 38.66) .020 1.00  

 High, TERT(+) 17.67 (3.54 88.19) <.001 4.17 (1.64 10.61) .003 58.18 (8.97 377.26) <.001 7.90 (2.56 24.45) <.001 

 TNM stage         

 I-II  1.00    1.00    

 III -IV, TERT(-) 0.82 (0.38 1.78) .618 1.00  1.91 (0.70 5.25) .208 1.00  

 III -IV, TERT(+) 3.82 (1.45 10.09) .007 4.50 (1.48 13.71) .008 14.04 (3.75 52.59) <.001 4.69 (1.34 16.38) .015 

Abbreviations: DTC, differentiated thyroid cancer; PTC, papillary thyroid cancer; HR, hazard ratio; CI, confidence interval.  

aAdjusted for age at diagnosis, sex, tumor size, and mutational status of BRAF/RAS in ATA stage; age at diagnosis, sex, and mutational status of BRAF/RAS in TNM stage.  
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Table 6. Addition of TERT promoter mutations to high-risk patients defined by ATA or TNM stage for thyroid cancer-specific death 
   Unadjusted Adjusteda 

Type of Cancer  Death, N (%) HR (95% CI) P HR (95% CI) P 

DTC ATA stage      

 Low 1/174 (0.6)     

 Intermediate 0/201 (0.0)     

 High, TERT(-) 3/160 (1.9) 1.00  1.00  

 High, TERT(+) 5/16 (31.3) 23.33 (5.50 98.94) <.001 16.16 (2.10 124.15) .007 

 TNM stage      

 I-II  1/412 (0.2)     

 III -IV, TERT(-) 3/121 (2.5) 1.00  1.00  

 III -IV, TERT(+) 5/18 (27.8) 13.20 (3.14 55.48) <.001 9.06 (2.09 39.26) .003 

PTC ATA stage      

 Low 1/129 (0.8)     

 Intermediate 0/158 (0.0)     

 High, TERT(-) 2/131 (1.5) 1.00  1.00  

 High, TERT(+) 4/14 (28.6) 27.24 (4.90 151.39) <.001 94.50 (2.03 4406.31) .020 

 TNM stage      

 I-II  1/323 (0.3)     

 III -IV, TERT(-) 2/96 (2.1) 1.00  1.00  

 III -IV, TERT(+) 4/13 (30.8) 18.10 (3.29 99.66) .001 15.27 (2.60 89.80) .003 

PTC >1 cm ATA stage      

 Low 1/48 (2.1)     

 Intermediate 0/76 (0.0)     

 High, TERT(-) 2/109 (1.8) 1.00  1.00  

 High, TERT(+) 3/13 (23.1) 18.03 (2.97 109.55) .002 88.64 (1.80 4376.90) .024 

 TNM stage      

 I-II  1/165 (0.6)     

 III -IV, TERT(-) 2/69 (2.9) 1.00  1.00  

 III -IV, TERT(+) 3/12 (25.0) 10.53 (1.75 63.46) .010 17.75 (2.00 157.41) .010 

Abbreviations: DTC, differentiated thyroid cancer; PTC, papillary thyroid cancer; HR, hazard ratio; CI, confidence interval.  

aAdjusted for age at diagnosis, sex, tumor size, and mutational status of BRAF/RAS in ATA stage; age at diagnosis, sex, and mutational status of BRAF/RAS in TNM stage. 
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   Additionally, I performed the same analysis in high-risk patients by the 

age-metastasis-extent-size (AMES) and metastasis-age-completeness of 

resection-invasion-size (MACIS) scoring systems. AMES grouped 16.3% of 

DTC patients as high-risk, and among them, 18.9% were positive for TERT 

promoter mutations. Meanwhile, 20.1% of the subjects exhibited a MACIS 

score Ó6.0, and 15.3% were TERT-positive. Similarly, the AMES high-risk 

patients harboring TERT promoter mutations presented significantly higher 

recurrence (HR, 5.38; 95% CI, 1.97ï14.71; P = 0.001) and disease-specific 

mortality (HR, 10.33; 95% CI, 2.44ï43.85; P = 0.002) than those without the 

mutations. This observation was similar to that in the group with MACIS 

score Ó6.0 for recurrence (HR, 6.53; 95% CI, 2.34ï18.27; P < 0.001) and 

mortality (HR, 8.68; 95% CI, 1.93ï39.11; P = 0.005) (Figure 3). 
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Figure 3. Additional prognostic effects of TERT promoter mutations on high-

risk patients defined by AMES (A, C), and MACIS (B, D) scoring systems. 

Effects of TERT promoter mutations on disease-free (A, B) and disease-specific 

(C, D) survival. 
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Discussion  

TERT promoter mutations were detected in 4.5% of all DTCs and associated 

with poor prognosis. These mutations were more frequent in tumors also 

harboring either BRAF (4.8%) or RAS mutations (11.3%). The prevalence of 

TERT promoter mutations was higher in high-risk patients: 9.1% and 12.9% in 

the ATA high-risk and advanced TNM stage groups, respectively. Among high-

risk patients, the presence of TERT promoter mutations additively increased the 

risk of both recurrence and disease-specific mortality. 

The adverse effects of TERT promoter mutations on clinicopathologic 

characteristics, recurrence, and mortality in this study were similar to those 

reported by previous studies (Gandolfi et al., 2015; Landa et al., 2013; Liu et 

al., 2014a; Liu et al., 2013a; Liu et al., 2014b; Muzza et al., 2015; Vinagre et 

al., 2013; Xing et al., 2014a; Xing et al., 2014c). The strong association between 

TERT promoter mutations and thyroid cancer-specific mortality indicates that 

these mutations are promising prognostic markers for DTC. However, because 

the incidence rates of thyroid cancer are gradually increasing, especially for 

small-sized tumors, it would be important to identify an optimal subset for 

TERT promoter mutation tests. Since the presence of either BRAF or RAS 

mutations could increase the risks associated with TERT promoter mutations, 
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routine tests of the latter in subjects harboring either BRAF or RAS mutations 

might provide additional prognostic information. However, the clinical 

usefulness of the BRAF mutational status has limitations in BRAF-prevalent 

areas. Therefore, I tried to adapt the TERT mutational status to staging systems 

for DTC to predict long-term outcomes. Although several staging systems have 

been proposed for better prediction of long-term prognosis of DTC (American 

Thyroid Association Guidelines Taskforce on Thyroid et al., 2009; Cady and 

Rossi, 1988; Edge and Compton, 2010; Hay et al., 1993), currently there is no 

single, best staging system for both recurrence and mortality. The ATA staging 

system (American Thyroid Association Guidelines Taskforce on Thyroid et al., 

2009) was designed to assess the risk of recurrence in DTC while the TNM 

staging system (Edge and Compton, 2010) was developed to predict risk for 

death. However, I found that the limitation with respect to predictability of each 

staging system could be overcome by additional information on the TERT 

mutational status. Moreover, the frequencies of TERT promoter mutations were 

enriched in high-risk patients; the proportion of these patients among those with 

DTC is usually less than one third (Tuttle et al., 2010). Proportions of patients 

with DTC in the ATA high-risk and TNM stage IIIïIV groups in this study were 

31.9% and 25.2%, respectively. Therefore, these high-risk subsets could benefit 
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from the prediction of recurrence and mortality by routine TERT promoter 

mutation tests. Furthermore, I confirmed additional increase in risks of 

recurrence and mortality using other risk scoring systems, AMES (Cady and 

Rossi, 1988) and MACIS (Hay et al., 1993). Further studies on the cost-

effectiveness of the tests are required, considering the different prevalence of 

TERT promoter mutations and proportions of high-risk patients in each country. 

The overall prevalence of TERT promoter mutations in the current study 

was lower than that reported in other countries (Liu et al., 2014a; Liu et al., 

2014b; Melo et al., 2014; Xing et al., 2014a; Xing et al., 2014c). Since the 

frequency of TERT promoter mutations is strongly influenced by tumor size, 

the relatively large portion of small-size tumors in this study might be one of 

the reasons behind low frequency of the mutations. In this study, 56.9% of 

patients had PTCs 1 cm or less compared to 13.7% in a previous study with a 

7.5% frequency of TERT promoter mutations in PTC (Melo et al., 2014). The 

second possible reason for the low rate of TERT promoter mutations is the 

geographic/ethnic difference. A recent study in European population reported 

TERT promoter mutations in 4.7% of microcarcinomas (de Biase et al., 2015). 

This is higher than the prevalence in our study, which was 1.6% of 

microcarcinomas and 3.1% of tumors 1.1ï2.0 cm in size. There may be a 
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selection bias due to the addition of 124 BRAF-wild-type PTC cases, which can 

affect the results especially the mutational frequency. Therefore, I analyzed 

without the additional patients and the frequency of BRAF mutations was raised 

from 58.1% to 81.5% in PTC patients, as in previous reports (Hong et al., 

2014b), but TERT promoter mutation rate was left unchanged as 4.2% (13/308) 

in PTC. However, there still remains the possibility of some confounding 

effects due to selection bias in this study. 

In conclusion, the presence of TERT promoter mutations strengthened the 

prognostic predictions of conventional staging systems in DTC patients. 

Genetic screening of TERT promoter mutations in high-risk patients with DTC 

might bolster the prediction of mortality and recurrence. 
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Chapter II. TERT promoter and BRAF 

mutations in papillary thyroid cancer 
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II -1. Clinical significance of TERT and BRAF 

mutations in papillary thyroid cancer 

Materials and methods 

Patients and tissue samples 

Total of 432 patients with PTC, who underwent thyroidectomy between 1993 

and 2012 at the Seoul National University Hospital, were studied, and 308 

patients with PTC from our previous study of BRAFV600E mutations were 

included (Hong et al., 2014b). The treatment protocol was same as in previous 

studies (Cho et al., 2013b; Choi et al., 2014). This study was conducted 

according to the guidelines of the Declaration of Helsinki. The research 

protocol was approved by the Institutional Review Board Committee of the 

Seoul National University Hospital (No. H-1207-124-420). Informed consent 

was also obtained from all the subjects. 

 

Mutational analyses 

Standard PCR was carried out for genetic sequencing to identify BRAF and 

TERT promoter mutations. The PCR protocol for amplifying BRAF exon 15 

and TERT promoter used the following primers: 5ô-
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GCTTGCTCTGATAGGAAAATGAG-3ô (forward) and 5ô- GATACTCAGC 

AGCATCTCAGG-3ô (reverse) for BRAF; 5ô- CCCTTCACCTTCCAGCTC-3ô 

(forward) and 5ô- CAGCGCTGCCTGAAACTC-3ô (reverse) for TERT. The 

PCR analysis was conducted using the following amplification protocol: initial 

denaturation at 95°C for 5 minutes, then 40 cycles of denaturation at 94°C for 

20 seconds, annealing at 56°C for 20 seconds, elongation at 72°C for 20 

seconds, and a final extension at 72°C for 10 minutes. The denatured PCR 

products were digested with restriction endonuclease TspRI (New England 

Biolabs, Beverly, MA, USA) and electrophoresed onto an agarose gel. The 

digestion of the PCR products with TspRI yielded three major bands at 125, 87, 

and 12 base pairs (bp) for the wild-type allele. The T1799A mutation abolished 

the restriction site and resulted in a prominent 212 bp band from the mutant 

allele and residual bands from the normal allele. To confirm the reliability of 

the PCR-RFLP results, DNA from 13 PTC samples were chosen at random and 

sequenced. The sequencing was performed with a PTC-225 Peltier Thermal 

Cycler (MJ Research, Waltham, MA, USA) using an ABI PRISM BigDye 

Terminator Cycle Sequencing Kit and AmpliTaq DNA polymerase (Applied 

Biosystems, Foster City, CA, USA). All 13 sequencing results confirmed the 

BRAFV600E mutation statuses that were indicated by the PCR-RFLP method. The 
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PCR product for TERT promoter was 191 bp, including the mutation sites 

C228T and C250T. Following purification of the PCR products, direct DNA 

bidirectional sequencing was conducted with the BigDye Terminator v3.1 

Cycle Sequencing Ready Reaction Kit (Applied Biosystems, Foster City, CA, 

USA) and ABI PRISM 3130xl Genetic Analyzer (Applied Biosystems). The 

mutation-positive samples by sequencing were confirmed using both forward 

and reverse primers. 
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Statistical analyses 

Comparisons of categorical variables were performed using either the 

Pearsonôs ɢ2 or Fisherôs exact test (if the number was < 5), and the analysis of 

variance test was used for comparisons of continuous variables between three 

or more groups. A post-hoc Bonferroni test were used to determine which 

groups have statistically different characteristics. Survival curves were plotted 

using the Kaplan-Meier method with log-rank statistics. Cox proportional 

hazard regression was used to assess the risk of recurrence and disease-

specific mortality. Statistical significance was defined as two-sided P values < 

0.05. 
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Results 

Association of coexistence of BRAFV600E and TERT promoter mutations with 

clinicopathologic characteristics 

The effects of coexistence of BRAFV600E and TERT promoter mutations on 

clinicopathologic outcomes of 432 patients with PTC were investigated (Table 

7). BRAFV600E mutation alone was associated with larger tumor size, 

extrathyroidal extension, and high ATA risk. Coexistence of BRAFV600E and 

TERT promoter mutations conferred additive effects with most aggressive 

characteristics and worse clinical outcomes. However, TERT promoter 

mutation alone failed to show a significant risk effect because of the number of 

subjects.  
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Table 7. Impact of BRAF and TERT promoter mutations, and their coexistence 

on clinicopathologic outcomes 

Variable No mutation BRAF only TERT only BRAF + TERT 

N 162 239 5 12 

Sex, male 13 (8.0) 36 (15.1)a 0 (0.0) 3 (25.0) 

Age at diagnosis, yearsd 44.5 ± 13.9 45.1 ± 12.6 50.4 ± 18.8 59.5 ± 11.1a,b 

Tumor size, cme 1.0 (0.7ï1.5) 1.2 (0.8ï2.0)a 1.0 (0.5ï1.7) 3.0 (2.5ï4.2)a,b,c 

Extrathyroidal extension 82 (50.6) 162 (67.8)a 2 (40.0) 12 (100.0)a,b,c 

Microscopic 53 (32.7) 78 (32.6) 0 (0.0) 3 (25.0) 

Gross 29 (17.9) 84 (35.1) 2 (40.0) 9 (75.0) 

Lymph node metastasisf 62 (40.8) 83 (37.1) 3 (60.0) 7 (58.3) 

Distant metastasis 1 (0.6) 2 (0.8) 1 (20.0) 3 (25.0)a,b 

Disease status     

NED 144 (88.9) 215 (90.0) 4 (80.0) 7 (58.3)a,b 

Persistence 0 (0.0) 1 (0.4) 0 (0.0) 1 (8.3) 

Recurrence  18 (11.1) 23 (9.7) 1 (20.0) 4 (36.4)a,b 

DFS, yearse 3.8 (2.7ï4.7) 6.1 (4.1ï10.7)a 3.0 (2.4ï6.8) 4.5 (1.2ï6.0) 

Death of disease 1 (0.6) 2 (0.8) 0 (0.0) 4 (33.3)a,b 

DSS, yearse 4.0 (3.3ï7.5) 9.6 (4.4ï10.8)a 3.0 (2.4ï10.3) 6.3 (4.4ï13.1)a 

ATA stage     

Low risk 57 (35.2) 60 (25.1)a 2 (40.0) 0 (0.0)a,b 

  Intermediate risk 66 (40.7) 87 (36.4) 1 (20.0) 1 (8.3)a,b 

  High risk 39 (24.1) 92 (38.5) 2 (40.0) 11 (91.7)a,b 

TNM stage     

  I II 127 (78.4) 179 (74.9) 3 (60.0) 2 (16.7)a,b 

  III IV 35 (21.6) 60 (25.1) 2 (40.0) 10 (83.3)a,b 

Abbreviations: DTC, differentiated thyroid cancer; PTC, papillary thyroid cancer. 

aSignificantly different from No mutation group. 
bSignificantly different from BRAF only group. 
cSignificantly different from TERT only group. 
dData presented as means ± standard deviations. 
eData presented as medians (interquartile ranges). 
fMissing cases: 25 of total PTCs (10 of no mutation and 15 of BRAF only) 
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Additional effects of coexisting mutations of BRAFV600E with TERT promoter 

mutations on recurrence and disease-specific mortality 

Next, I evaluated whether the risks of recurrence or mortality were influenced 

by the coexistence of BRAFV600E mutation with TERT promoter mutations. The 

effects of BRAFV600E mutation were analyzed separately in PTC patients. The 

presence of BRAFV600E or TERT promoter mutation alone did not significantly 

alter the recurrence risk, and the mortality risk of each mutation could not be 

calculated because of the small number of deaths. Interestingly, their 

coexistence increased the risk of both recurrence and mortality (Fig. 4, Tables 

8 and 9), and the HRs were significant even after adjustments for age at 

diagnosis and sex. However, the statistical significance disappeared after 

additional adjustments for tumor size, extrathyroidal extension, and lymph 

node metastasis. 
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Figure 4. Effects of TERT promoter and BRAFV600E mutations and their 

coexistence on (A) disease-free and (B) disease-specific survival for patients 

with papillary thyroid cancer. mut indicates mutant; TERT, telomerase reverse 

transcriptase. 
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Table 8. Hazard ratios of TERT, other driver mutations, or their coexistence for recurrence 

 N (%) 
Recurrences 

per 1,000 PY 

Unadjusted HR 

(95% CI) 
P 

Adjusted HRa 

(95% CI) 
P 

Adjusted HRb 

(95% CI) 
P 

PTC         

No mutation 18/162 (11.1) 23.53 1.00  1.00  1.00  

BRAF only 23/239 (9.6) 13.08 0.56 (0.30ï1.05) .073 0.58 (0.31ï1.09) .091 0.71 (0.36ï1.39) .314 

TERT only 1/5 (20.0) 46.66 1.92 (0.26ï14.43) .525 2.21 (0.29ï16.70) .441 2.53 (0.33ï19.74) .375 

BRAF + TERT 4/12 (33.3) 71.38 2.98(1.00ï8.84) .049 4.64 (1.42ï15.18) .011 2.30 (0.66ï8.02) .192 

Abbreviations: PY, person-years; CI, confidence interval; PTC, papillary thyroid cancer. 
aAdjusted for age at diagnosis and sex. 

bAdjusted for age at diagnosis, sex, tumor size, extrathyroidal extension, and lymph node metastasis. 
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Table 9. Hazard ratios of TERT, other driver mutations, or their coexistence for mortality 

 N (%) 
Deaths per 

1,000 PY 

Unadjusted HR 

(95% CI) 
P 

Adjusted HRa 

(95% CI) 
P 

Adjusted HRb 

(95% CI) 
P 

PTC         

No mutation 1/162 (0.6) 1.07 1.00  1.00  1.00  

BRAF only 2/239 (0.8) 0.99 0.68 (0.06 7.55) .751 0.57 (0.51 6.44) .651 0.83 (0.03 2.64) .158 

TERT only 0/5 (0.0) 0       

BRAF + TERT 4/12 (33.3) 42.11 36.31 (4.01 328.92) .001 15.13 (1.55 148.23) .020 9.58 (0.42 219.74) .157 

Abbreviations: PY, person-years; CI, confidence interval; PTC, papillary thyroid cancer. 
aAdjusted for age at diagnosis and sex. 
bAdjusted for age at diagnosis, sex, tumor size, extrathyroidal extension, and lymph node metastasis. 
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II -2. Meta-analysis of synergistic effects of 

coexisting TERT and BRAF mutations on clinical 

outcomes 

Materials and methods 

Search strategy 

I conducted a literature search from PubMed and Embase from inception to 

September 16, 2016. Two independent investigators (S.M. and Y.S.S.) selected 

articles with a combination of the following important terms: ñTERT", "TERT 

promoter", "telomerase reverse transcriptase promoter", "telomerase reverse 

transcriptase", "mutation", "mutations", "thyroid", "neoplasms", "cancer", 

"carcinoma", and "tumor". The language of the literature was limited to English. 

 

Study selection 

All articles were electronically downloaded and screened for inclusion by a 

two-step method. First, titles and abstracts were evaluated according to 

predefined criteria. Articles were excluded if: 1) it did not report any clinical 

information of PTC subjects (e.g. gender, age, lymph node metastasis, 
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extrathyroidal extension, disease stage, recurrence or mortality); 2) there was 

no information of any TERT promoter or BRAFV600E mutations; 3) the study was 

published as a form of an abstract, an expert opinion, a letter, a conference 

article, or a review. I was conscientious of avoiding data from duplicate articles. 

If studies had multiple reports, the latest or most complete article was enrolled. 

Then, full texts of the selected, potentially relevant articles were reviewed 

independently by the two investigators based on the criteria listed above. Any 

disagreements were resolved by a third investigator (Y.J.P.).  

 

Data extraction 

The following variables were extracted by the two investigators independently 

based on the same rules: first author, publication year, country, number of 

patients by each TERT promoter and BRAFV600E mutation, number of males or 

females, mean age at diagnosis, the TNM stages, lymph node metastasis, 

extrathyroidal extension, distant metastasis, recurrence, and mortality. 

Disagreements were discussed with the third investigator. 

 

Data analyses and statistical methods 

I calculated the pooled odds ratios (ORs) with 95% confidence intervals (CIs) 



  

50 

using the Mantel-Haenszel method, and mean difference (MD) with 95% CIs 

using inverse variance, according to the Cohen method. The Higginsô I2 statistic 

was used to test for heterogeneity. When I2 Ò 50%, the included studies were 

considered to have little heterogeneity, and a fixed-effects model was used. 

When I2 > 50%, the heterogeneity was defined and a random-effects model was 

used. Subgroup and sensitivity analyses were used to determine the cause of 

heterogeneity. The potential for publication bias was assessed using a funnel 

plot analysis. To examine the strength of the outcome, I conducted a sensitivity 

analysis to estimate the effects of the remaining studies without the larger oneôs 

effect. All statistical analyses were calculated by the statistical program R (R 

version 3.1.0, 2014, www.r-project.org). 
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Results 

Characteristics of eligible studies for meta-analysis 

Next, to confirm and quantify the additional effects of coexisting mutations of 

BRAFV600E and TERT promoter mutations on clinical outcomes, I performed 

meta-analysis. Literature search yielded 327 potentially relevant articles, of 

which 195 were screened for further review. 13 articles were ultimately selected 

for meta-analysis (Bullock et al., 2016; Gandolfi et al., 2015; Jin et al., 2016; 

Kim et al., 2016; Lee et al., 2016; Liu et al., 2016; Liu et al., 2014a; Liu et al., 

2014b; Melo et al., 2014; Song et al., 2016b; Sun et al., 2016; The Cancer 

Genome Atlas Data Portal; Xing et al., 2014c) The detailed procedure of the 

study selection is summarized in Figure 5. In total, 4,347 patients with PTC 

were enrolled in this analysis. Overall, 283 (median 8.3%, ranges 2.8ï21.6%) 

of these patients had coexisting BRAFV600E and TERT promoter mutations. 

Sample sizes of these studies ranged from 51 to 1051 patients. Because several 

variables contained in each article were different, I conducted the meta-analysis 

using the relevant variables for each study. The examined variables of the 

selected studies are summarized in Table 10. 
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Figure 5. Representation of the search strategy. 
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Table 10. A summary of the 13 studies included in the meta-analysis 

Study Country Cases 

No. of 

TERT + 

BRAF (%) 

Age Gender 

Lymph 

node 

metastasis 

Extrathyroidal 

extension 

TNM 

stage 

Distant 

metastasis 
Recurrence Mortality 

Liu T, 2014 Sweden 51 11 (21.6) Y Y N N N Y N N 

Liu X 2014 China 367 36 (9.8) Y Y Y Y Y N N N 

Xing M, 2014* USA 507 35 (6.9) Y Y Y Y Y Y Y N 

Melo M, 2014 Portugal, Spain 301 18 (6) Y Y Y Y Y Y N Y 

Gandolfi G, 2015 Italy 121 12 (9.9) Y Y Y Y Y N N N 

Song YS, 2016 South Korea 432 12 (2.8) Y Y Y Y Y Y Y Y 

Bullock M, 2016 Australia 80 8 (10.0) N N N N N N N Y 

Jin L, 2016 China 653 22 (3.4) Y Y Y Y Y N N N 

Sun J, 2016 China 434 18 (4.1) Y Y Y N Y N N N 

Lee S, 2016 Korea 207 27 (13.0) Y Y Y Y Y N N N 

Liu R, 2016* USA 1051 66 (6.3) Y Y Y Y Y N N Y 

Kim TH, 2016 Korea 264 24 (9.1) N N N N N N N Y 

TCGA, 2014 USA 386 29 (7.5) Y Y Y Y Y Y Y N 

Abbreviations: Y, the study was evaluated; N, the study was not evaluated. *These studies used same database. Data of age, gender, lymph node metastasis, 

extrathyroidal extension, TNM stage and mortality was extracted from Liu R et al. Data of distant metastasis and recurrence was extracted from Xing M et al. 
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Associations of TERT promoter mutation with BRAFV600E mutation 

In Part I, TERT promoter mutations were more frequent in tumors harboring 

BRAF (4.8%, 12 of 251; P = 0.257 vs. neither BRAF nor RAS mutations) 

mutation than in those harboring neither (2.8%, 7 of 247). However, this 

difference was not statistically significant for BRAF mutations because of the 

small number of TERT-mutated cases. Then, I investigated the association 

between TERT promoter and BRAFV600E mutation using a large number of 

pooled samples by meta-analysis. TERT promoter mutation was found in 11.4% 

of patients with BRAFV600E (median, 12.9%; range 4.8ï34.4%) vs. 6.3% of those 

without BRAFV600E (median, 5.4%; range 0.9ï14.3%) (OR, 2.46; 95% CI, 1.93ï

3.14; I2, 0%; Fig. 6), which confirmed the significant association between two 

mutations. 
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Figure 6. Forest plot showing the association between the BRAFV600E and TERT promoter mutations. The forest plot displays the effect size and 

95% CIs for each study and overall.  
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Effect of BRAFV600E mutation alone over no mutation on clinicopathological 

characteristics 

BRAFV600E mutation alone was modestly associated with age at diagnosis (MD, 

1.73; 95%CI, 0.6-2.86), advanced TNM stage (TNM stage III-IV;  OR, 1.56; 

95% CI, 1.31ï1.85), extrathyroidal extension (OR, 2.45; 95% CI, 1.99ï3.03), 

and lymph node metastasis (OR, 1.52; 95% CI, 1.12ï2.05) as compared to no 

mutation (Fig. 7). However, there were no differences in gender, or distant 

metastasis between the two groups. No significant heterogeneity was found, 

except for lymph node metastasis. Sensitivity analysis was performed to 

identify heterogeneity for lymph node metastasis. When the study of Liu R et 

al. (Liu et al., 2016) was excluded, heterogeneity decreased to 48.1% (OR, 1.34; 

95% CI, 1.11ï1.62). Since analysis with the funnel plot was asymmetric, the 

trim-and-fill method to adjust for publication bias was conducted by adding one 

estimated missing studies (OR, 1.60; 95% CI, 1.17ï2.20). The statistical 

significance remained after sensitivity analysis and adjustment of publication 

bias. 
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