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Background: Telomerase reverse transcriptase (7ERT) promoter mutations are associated with increased recurrence and mortality
in patients with thyroid carcinoma. Previous studies on 7ERT promoter mutations were retrospectively conducted on a limited num-
ber of patients.

Methods: We prospectively collected data on all consecutive patients who underwent thyroid carcinoma surgery between January
2019 and December 2020 at the Samsung Medical Center, Seoul, Korea. We included 2,092 patients with thyroid carcinoma.
Results: Of 2,092 patients, 72 patients (3.4%) had TERT promoter mutations. However, the frequency of TERT promoter mutations
was 0.5% in papillary thyroid microcarcinoma (PTMC) <1 cm and it was 5.8% in papillary thyroid carcinoma (PTC) >1 cm. The
frequency of TERT promoter mutations was significantly associated with older age at diagnosis (odds ratio [OR], 1.12; P<0.001),
larger primary tumor size (OR, 2.02; P<0.001), and aggressive histological type (OR, 7.78 in follicular thyroid carcinoma; OR,
10.33 in poorly differentiated thyroid carcinoma; OR, 45.92 in anaplastic thyroid carcinoma; P<0.001). Advanced T stage, advanced
N stage, and distant metastasis at diagnosis were highly prevalent in mutated thyroid cancers. However, initial distant metastasis was
not present in patients with 7ERT promoter mutations in PTMC. Although the C228T mutation was more highly detected than the
C250T mutation (64 cases vs. 7 cases), there were no significant clinicopathological differences.

Conclusion: This study is the first attempt to investigate the frequency of TERT promoter mutations in a real-world setting. The fre-
quency of TERT promoter mutations in PTC was lower than expected, and in PTMC, young patients, and female patients, the fre-
quency was very low.
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INTRODUCTION

The incidence of thyroid carcinoma has increased with time, but

there has been no increase in mortality rate [1-3]. Most patients
with thyroid carcinoma have a long survival. Therefore, it is im-
portant to distinguish patients who need aggressive treatment

Received: 12 April 2022, Revised: 10 June 2022, Accepted: 13 June 2022

Corresponding author: Jae Hoon Chung

Division of Endocrinology and Metabolism, Department of Medicine, Thyroid
Center, Samsung Medical Center, Sungkyunkwan University School of Medicine,
81 Irwon-ro, Gangnam-gu, Seoul 06351, Korea

Tel: +82-2-3410-3434, Fax: +82-2-3410-3849, E-mail: thyroid@skku.edu

*These authors contributed equally to this work.

652 www.e-enm.org

Copyright © 2022 Korean Endocrine Society

This is an Open Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (https://creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribu-
tion, and reproduction in any medium, provided the original work is properly
cited.


http://crossmark.crossref.org/dialog/?doi=10.3803/EnM.2022.1477&domain=pdf&date_stamp=2022-07-13

TERT Promoter Mutations in Thyroid Carcinoma E n M

from those who do not. Conventional prognostic factors cannot
predict the outcome of each patient completely [4-6]. Therefore,
more precise factors for estimating the oncologic outcome are
required to select a proper therapeutic strategy for each patient.

Telomerase reverse transcriptase (7ERT) promoter mutations
are the main genetic alteration in the risk stratification of thyroid
carcinoma. TERT promoter mutations increase telomerase ac-
tivity, which protects telomeres from shortening and allows car-
cinoma cells to undergo immortalization. The TERT promoter
mutations have been reported to be highly prevalent in tumors
with aggressive or dedifferentiated histology [7-9], and it is as-
sociated with increased recurrence and mortality in patients
with thyroid carcinoma [7,10-14]. Our team reported that TERT
promoter mutations can be a molecular prognostic marker, and
may improve the prediction of a prognosis when merged with
the conventional staging system in differentiated thyroid carci-
noma (DTC) [15-17].

Although it is well known that TERT promoter mutations are
significant factors in oncologic outcomes, the real-world fre-
quency of TERT promoter mutations is unclear. Previous studies
on TERT promoter mutations were retrospectively conducted on
limited subjects and did not reflect the actual situation in the
clinical setting. The studies may overestimate the frequency of
TERT promoter mutations because of potential selection bias. In
this study, we prospectively performed 7ERT promoter muta-
tion tests in all consecutive patients who underwent surgery for
thyroid carcinoma in our institution. Therefore, this study can
provide real-world data on TERT promoter mutation frequency.

METHODS

Patients and clinicopathological data

We collected data from 2,143 consecutive patients with thyroid
tumors who underwent thyroidectomy or neck dissection be-
tween January 2019 and December 2020 at the Samsung Medi-
cal Center, Seoul, Korea. The TERT promoter mutation test was
performed immediately after surgery regardless of individual
clinical risks. Among the 2,143 patients, nine patients were
pathologically diagnosed with medullary thyroid carcinoma and
42 patients who were suspected of malignancy in preoperative
fine-needle aspiration or core-needle biopsy were diagnosed
with benign disease (follicular adenoma, Hurthle cell adenoma,
well-differentiated tumor of uncertain malignant potential, and
follicular tumor of uncertain malignant potential) after surgery
were excluded. Finally, 2,092 thyroid carcinoma patients were
included in the study. We defined papillary thyroid microcarci-
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noma (PTMC) as a primary tumor size <1 cm.

The clinical information of patients was obtained from elec-
tronic medical records. Cancer staging was conducted by using
the 8th edition of the American Joint Committee on Cancer
(AJCC) staging system. The Institutional Review Board at the
Samsung Medical Center approved this study (IRB 2022-01-
072). Patient consent was waived by the committee because of
the retrospective chart review study design and the use of only
deidentified clinicopathologic information.

Detection of TERT promoter mutations

Genomic DNA was extracted from formalin-fixed paraffin-em-
bedded (FFPE) tissue using a Qiagen DNA FFPE Tissue Kit
(Qiagen, Venlo, Netherlands) according to the manufacturer’s
instructions. Polymerase chain reaction (PCR) sequencing was
carried out to identify 7ERT promoter mutations using an i7ERT
mutation detection kit (Geninus Inc., Seoul, Korea). The PCR
reactions were assembled on ice and preincubated at 94°C for
15 minutes, followed by 40 cycles at 94°C for 20 seconds, 58°C
for 40 seconds, 72°C for 1 minute, and a final extension at 72°C
for 5 minutes using a C1000 Touch Thermal Cycler Kit (Bio-
Rad, Hercules, CA, USA). Bidirectional sequencing was per-
formed using a BigDye Terminator v.3.1 Kit (Applied Biosys-
tems, Foster City, CA, USA) on an ABI 3130xL Genetic Ana-
lyzer. The sample was considered mutation-positive if mutations
were detected in both the forward and reverse DNA strands.

Statistical analysis

Continuous variables are presented as meanztstandard devia-
tion (SD), and categorical variables are presented as numbers
and percentages. Student’s ¢ test was performed for the compari-
son of continuous variables, and the chi-square test or Fisher’s
exact test was performed for the comparison of categorical vari-
ables as appropriate. P values were two-sided, and P values less
than 0.05 were considered statistically significant. Linear by
linear association was used to analyze P for trend, age, and pri-
mary tumor size. Univariate logistic regression was used to
evaluate the association between 7ERT promoter mutations and
clinicopathological variables. Statistical analysis was performed
using SPSS version 25.0 for Windows (IBM Corp., Armonk,
NY, USA).

RESULTS

Baseline characteristics
The detailed clinicopathological data of 2,092 patients with thy-
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roid carcinoma are presented in Table 1. The mean+SD age
was 45.6113.0 years, and the group included 1,539 (73.6%) fe-
males. The mean*SD tumor size was 1.33+1.14 cm. Most pa-
tients (96.6%) had papillary thyroid carcinoma (PTC), 38
(1.8%) patients had follicular thyroid carcinoma (FTC), 14
(0.7%) patients had Hurthle cell thyroid carcinoma (HTC), 13
(0.6%) patients had poorly differentiated thyroid carcinoma
(PDTC), and seven (0.3%) patients had anaplastic thyroid carci-
noma (ATC). According to the 8th edition of the AJCC staging
system, 1,671 (79.9%) patients had T1 stage, 204 (9.8%) had
T2 stage, 175 (8.4%) had T3 stage, and 42 (2.0%) had T4 stage.
The proportion of NO was 771 (36.9%), N1a was 669 (32.0%),
and N1b was 292 (14.0%). Distant metastasis at the time of di-
agnosis was found in 32 (1.5%) patients. Out of 72 patients with
TERT promoter mutations, 64 had a TERT promoter mutation at
hotspot C228T (chr5: 1,295,228C>T), seven patients had the
C250T (chr5: 1,295,250C>T) mutation, and one patient had the
C228A (chr5: 1,295,228C> A) mutation.

Comparison of clinicopathological characteristics of
patients with TERT promoter mutations to patients with
wild-type
The clinicopathological comparison of patients with TERT pro-
moter mutations to those with wild-type are shown in Table 2.
The mean+SD age of the 72 patients with TERT promoter mu-
tations was 62.51+12.9 years. The frequency of TERT promoter
mutations increased significantly with age (odds ratio [OR],
1.13; P<0.001), and it was significantly higher in males com-
pared with females (OR, 2.22; P=0.003). This significance was
consistent when patients were classified according to the age at
diagnosis. TERT promoter mutations were not found in patients
under the age of 19, but it was detected in 0.5% of patients 20 to
29 years old, 0.6% of patients 30 to 39 years old, 1.2% of pa-
tients 40 to 49 years old, 3.3% of patients 50 to 59 years old,
9.2% of patients 60 to 69 years old, 25.4% of patients 70 to 79
years old, and 62.5% of patients 80 years and older (P for trend
<0.001) (Fig. 1). In particular, the proportion of TERT promoter
mutations reached 0.9% in female patients aged under 49 years.
The primary tumor size in the patients with 7TERT promoter
mutations was significantly larger than in those with wild-type
(OR, 2.02; P<0.001). This significance was consistent when
patients were classified according to the primary tumor size.
The frequency of TERT promoter mutations increased signifi-
cantly as the tumor size increased (P for trend <0.001) (Fig. 2).
TERT promoter mutations were found in 0.5% of tumors less
than 1 cm in size, 3.5% of tumors 1.1 to 2.0 cm, 8.0% of tumors
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Table 1. Baseline Clinicopathological Data of 2,092 Patients
with Thyroid Carcinoma

Clinicopathological characteristic Value
Age, yr 45.6+13.0
<55 1,558 (74.5)
>55 534(25.5)
Age, yr
10-19 19 (0.9)
20-29 204 (9.8)
30-39 502 (24.0)
40-49 585 (28.0)
50-59 452 (21.6)
60—69 251 (12.0)
70-79 71(3.4)
=80 8(0.4)
Sex
Female 1,539 (73.6)
Male 553(26.4)
Tumor size, cm 1.33£1.14
0.1-1.0 1,144 (54.7)
1.1-2.0 607 (29.0)
2.1-3.0 175 (8.4)
3.1-4.0 83 (4.0)
4.1-5.0 38 (1.8)
5.1-85 45(2.2)
Histological type
Papillary thyroid carcinoma 2,020 (96.6)
Follicular thyroid carcinoma 38(1.8)
Hurthle cell thyroid carcinoma 14.(0.7)
Poorly differentiated thyroid carcinoma 13(0.6)
Anaplastic thyroid carcinoma 7(0.3)
Pathologic T category
Tl 1,671 (79.9)
T 204 (9.8)
T3 175 (8.4)
T4 42 (2.0)
Pathologic N category
Nx 360(17.2)
NO 771 (36.9)
Nla 669 (32.0)
Nl1b 292 (14.0)
Initial distant metastasis
Absent 2,060 (98.5)
Present 32(1.5)
TERT promoter mutation
Wild-type 2,020 (96.6)
C228T mutation 64 (3.0)
C250T mutation 7(0.3)
C228A mutation 1(0.05)

Values are expressed as mean = standard deviation or number (%).
TERT, telomerase reverse transcriptase.
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Table 2. Association of TERT Promoter Mutation Status with Clinicopathological Variables in 2,092 Thyroid Carcinoma Patients
Clinical characteristic Mutation-type (n=72) Wild-type (n=2,020) Odds ratio (95% CI) P value
Age, yr 62.5+£12.9 45.0£12.6 1.12 (1.09-1.14) <0.001
<55 17 (23.6) 1,541 (76.3) 1.00 (reference)
=55 55(76.4) 479 (23.7) 10.41 (5.98-18.10) <0.001
Age, yr*
10-19 0 19(0.9) 1.00 (reference)
20-29 1(1.4) 203 (10.0) Non-estimable
30-39 3(4.2) 499 (24.7) Non-estimable
40-49 709.7) 578 (28.6) Non-estimable
50-59 15 (20.8) 437 (21.6) Non-estimable
60-69 23 (31.9) 228 (11.3) Non-estimable
70-79 18(25.0) 53 (2.6) Non-estimable
=80 5(6.9) 3(0.1) Non-estimable
Sex
Female 42 (58.3) 1,497 (74.1) 1.00 (reference)
Male 30 (41.7) 523(25.9) 2.05(1.27-3.30) 0.003
Tumor size, cm 3.20+£1.95 1.27+£1.04 2.02 (1.78-2.29) <0.001
0.1-1.0 6(8.3) 1,138 (56.3) 1.00 (reference)
1.1-2.0 21(29.2) 586 (29.0) 6.78 (2.73-16.93) <0.001
2.1-3.0 14 (19.4) 161 (8.0) 16.49 (6.25-43.53) <0.001
3.14.0 10(13.9) 73 (3.6) 25.98 (9.19-73.47) <0.001
4.1-5.0 7(9.7) 31(L.5) 42.93 (13.60-134.90) <0.001
5.1-8.5 14 (19.4) 32 (1.5) 85.66 (30.86-237.72) <0.001
Histological type
Papillary thyroid carcinoma 57(79.2) 1,963 (97.2) 1.00 (reference)
Follicular thyroid carcinoma 7(9.7) 31(L.5) 7.78 (3.29-18.40) <0.001
Hurthle cell thyroid carcinoma 1(1.4) 13 (0.6) 2.65 (0.34-20.60) 0.352
Poorly differentiated thyroid carcinoma 3(4.2) 10(0.5) 10.33 (2.77-38.55) 0.001
Anaplastic thyroid carcinoma 4(5.6) 3(0.1) 45.92 (10.04-209.93) <0.001
Pathologic T category
Tl 19 (26.4) 1,652 (81.8) 1.00 (reference)
T2 6(8.3) 198 (9.8) 2.64 (1.04-6.68) 0.041
T3 20 (27.8) 155(7.7) 11.22 (5.86-21.47) <0.001
T4 27 (37.5) 15 (0.7) 156.51 (72.00-340.20) <0.001
Pathologic N category”
Nx 13 (18.1) 347 (17.2) -
NO 21(29.2) 750 (37.1) 1.00 (reference)
Nla 15(20.8) 654 (32.4) 0.82 (0.42-1.60) 0.560
Nl1b 23 (31.9) 269 (13.3) 3.05(1.66-5.61) <0.001
Initial distant metastasis
Absent 60 (83.3) 2,000 (99.0) 1.00 (reference)
Present 12 (16.7) 20 (1.0) 20.0 (9.35-42.78) <0.001
Values are expressed as mean =+ standard deviation or number (%).
TERT, telomerase reverse transcriptase; CI, confidence interval.
“Non-estimable because all patients aged 10 to 19 years were wild-type; "Nx patients were not included in the univariable logistic regression.
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Fig. 1. The frequency of telomerase reverse transcriptase (7ERT) promoter mutations according to age in 2,092 thyroid carcinoma patients.
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Fig. 2. The frequency of telomerase reverse transcriptase (7ERT) promoter mutations according to tumor size in 2,092 thyroid carcinoma

patients.

2.1 10 3.0 cm, 12.0% of tumors 3.1 to 4.0 cm, 18.4% of tumors
4.1 to 5.0 cm, and 31.1% of tumors more than 5.1 cm. The in-
crease in mutations as the tumor size increased was more prom-
inent in men than in women.

The frequency of TERT promoter mutations significantly dif-
fered among the histological type. FTC, PDTC, and ATC had
significantly higher 7ERT promoter mutations than PTC ([OR,
7.78; P<0.001], [OR, 10.33; P<0.001], and [OR, 45.92; P<
0.001], respectively). In PTC, TERT promoter mutations were
detected in 2.5% of classic PTC, 7.6% of tall cell variant PTC
or classic with tall cell feature PTC, and 33.3% of solid variant
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PTC. TERT promoter mutations were not detected in cribri-
form-morular variant PTC, diffuse sclerosing variant PTC,
Hobnail variant PTC, oncocytic variant PTC, and Warthin-like
variant PTC (Supplemental Table S1). In FTC, TERT promoter
mutations were detected in 9.7% of minimally invasive FTC,
40% of encapsulated angioinvasive FTC, and 100% of widely
invasive FTC (Supplemental Table S2).

Advanced T stage and N stage were also significantly associ-
ated with TERT promoter mutations. The frequency of distant
metastasis at the time of diagnosis was significantly higher in
patients with TERT promoter mutations. The significance of the

Copyright © 2022 Korean Endocrine Society



TERT Promoter Mutations in Thyroid Carcinoma E n M

association between the TERT promoter mutational status and
conventional clinicopathological variables were consistent
when analyzed only in PTC patients (Supplemental Table S3,
Supplemental Figs. S1, S2).

Association of TERT promoter mutation status according
to primary tumor size and age at diagnosis in PTC

The patients with PTC, the largest subgroup, were categorized
into two groups based on primary tumor size. The frequency of
TERT promoter mutations in PTMC was 0.52%, and 5.8% in
PTC >1 cm (Table 3). In the PTMC group, age (categorical),
sex, and presence of initial distant metastasis were not signifi-
cantly different. In six patients with 7TERT promoter mutations,

one patient had recurrent laryngeal nerve invasion (T4) and
three patients had lymph node metastasis; one patient was Nla,
and two patients were N1b. Hence, the clinicopathological char-
acteristics of PTC patients were similar in the entire cohort.

We also compared clinicopathological characteristics accord-
ing to age at diagnosis in PTC (Table 4). The frequency of
TERT promoter mutations in age <55 years was 0.80%, and
9.8% in age =55 years. Age at diagnosis was significantly older
in patients with 7ERT promoter mutations in both groups.

Comparison of clinicopathological characteristics between
C228T and C250T mutations
Out of 72 patients with TERT promoter mutation, 64 patients

Table 3. Comparison of Clinicopathological Characteristics according to Primary Tumor Size and TERT Promoter Mutation Status in
2,020 PTC Patients
PTC =<1 cm (n=1,143) PTC >1cm (n=877)
Clinical characteristic Mut(a]t]i;)l;)—)type (\2/1:1(]1—t1y3p7f:) P value Muziti:o;]—t)ype \2\’/11 ]:d;zy(l:)e Pvalue
Age, yr 60.5+15.6 455+11.6 0.021 63.7+11.2 44.0£13.5 <0.001
<55 3(50.0) 877 (77.1) 0.139 9(17.6) 631 (76.4) <0.001
=55 3(50.0) 260 (22.9) 42 (82.4) 195 (23.6)
Sex
Female 4(66.7) 857 (75.4) 0.640 28 (54.9) 595 (72.0) 0.009
Male 2(33.3) 280 (24.6) 23 (45.1) 231 (28.0)
Pathologic T category
Tl 5(83.3) 1,110 (97.6) 0.027 11 (21.6) 527 (63.8) <0.001
T2 0 1(0.1) 5(9.8) 173 (20.9)
T3 0 24 (2.1) 14 (27.5) 113 (13.7)
T4 1(16.7) 2(0.2) 21(41.2) 13 (1.6)
Pathologic N category*
Nx 2(33.3) 177 (15.6) 0.043 5(9.8) 138 (16.7) 0.037
NO 1(16.7) 510 (44.9) 14 (27.5) 222 (26.9)
Nla 1(16.7) 365 (32.1) 12 (23.5) 283 (34.3)
Nlb 2(33.3) 85(7.5) 20(39.2) 183 (22.2)
Initial distant metastasis
Absent 6(100.0) 1,133 (99.6) >0.999 46 (90.2) 814 (98.5) 0.002
Present 0 4(0.4) 5(9.8) 12 (1.5)
TERT promoter mutation
C228T mutation 5(83.3) - 45 (88.2) -
C250T mutation 1(16.7) - 5(9.8) -
C228A mutation 0 - 1(2.0) -
Values are expressed as mean *standard deviation or number (%).
TERT, telomerase reverse transcriptase; PTC, papillary thyroid carcinoma
*Nx patients were not included in the chi-square test.

Copyright © 2022 Korean Endocrine Society
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Table 4. Comparison of Clinicopathological Characteristics according to Age at Diagnosis and 7ERT Promoter Mutation Status in 2,020
Papillary Thyroid Carcinoma Patients
Age <55 years (n=1,520) Age =55 years (n=500)

Clinical characteristic Muziti:olnz-;ype (\])2/1:1(11:?(/;;; Pvalue Muzitizors—;ype \Z;lzdz—‘tsysp)e P value

Age, yr 46.8+5.9 39.7+£8.7 0.005 67.8+8.3 62.0+5.7 <0.001

Sex
Female 5(41.7) 1,115 (73.9) 0.019 27 (60.0) 337(74.1) 0.043
Male 7(58.3) 393 (26.1) 18 (40.0) 118 (25.9)

Tumor size, cm 1.57+1.17 1.22+£0.97 0.202 3.17£1.68 1.17£0.91 <0.001
0.1-1.0 3(25.0) 877(58.2) 0.060 3(6.7) 260 (57.1) <0.001
1.1-2.0 7(58.3) 428 (28.4) 12(26.7) 148 (32.5)
2.1-3.0 1(8.3) 118 (7.8) 10(22.2) 27(5.9)
3.1-4.0 0 47 (3.1) 9(20.0) 13(2.9)
4.1-5.0 1(8.3) 21(1.4) 3(6.7) 1(0.2)
5.1-8.5 0 17(1.1) 8(17.8) 6(1.3)

Pathologic T category
Tl 6 (50.0) 1,246 (82.6) <0.001 10(22.2) 391 (85.9) <0.001
T2 1(8.3) 139(9.2) 4(8.9) 35(7.7)

T3 3(25.0) 111 (7.4) 11 (24.4) 26 (5.7)
T4 2(16.7) 12 (0.8) 20 (44.4) 3(0.7)
Pathologic N category”
Nx 3(25.0) 223 (14.8) >0.999 4(8.9) 92(20.2) <0.001
NO 4(33.3) 536 (35.5) 11(24.4) 196 (43.1)
Nla 4(33.3) 530 (35.1) 9 (20.0) 118 (25.9)
Nib 1(8.3) 219 (14.5) 21 (46.7) 49 (10.8)

Initial distant metastasis
Absent 12 (100.0) 1,494 (99.1) >0.999 40 (88.9) 453 (99.6) <0.001
Present 0 14 (0.9) 5(11.1) 2(0.4)

TERT promoter mutation
C228T mutation 10 (83.3) - 40 (88.9) -

C250T mutation 2(16.7) - 4(8.9) -
C228A mutation 0 - 1(22) -
Values are expressed as mean=standard deviation or number (%).
TERT, telomerase reverse transcriptase.
*Nx patients were not included in the chi-square test.
(88.9%) had TERT promoter mutation at hotspot C228T (chr5: DISCUSSION

1,295,228C>T), seven patients (9.7%) had the C250T (chr5:
1,295,250C>T) mutation, and one patient (1.4%) had the
C228A (chr5: 1,295,228C>A) mutation. Clinicopathological
characteristics were not significantly different between C228T
and C250T mutations (Table 5).
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This study reviewed the prospectively collected data from 2,092
consecutive patients with thyroid carcinoma for the last two
years in a real-world setting. Thus, we demonstrated the real-
world situation of TERT promoter mutations in a large number
of patients. The frequency of TERT promoter mutations was
3.4% in all types of thyroid carcinoma and 2.8% in PTC. In ad-

Copyright © 2022 Korean Endocrine Society
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Table 5. Comparison of Clinicopathological Characteristics ac-
cording to the Type of TERT Promoter Mutations in 71 Patients
Clinical characteristic ((”2:2((::; i’::(;)r P value
Age, yr 63.0+13.1 56.7£10.3  0.222
<55 14 (21.9) 3(42.9) 0.346
=55 50 (78.1) 4(57.1)
Sex
Female 37(57.8) 4(57.1) >0.999
Male 27(42.2) 3(42.9)
Tumor size, cm 33+£2.0 2.6%14 0.363
Pathologic T category
Tl 18 (28.1) 1(14.3) 0.796
T2 5(7.8) 1(14.3)
T3 18 (28.1) 2(28.6)
T4 23 (35.9) 3(42.9)
Pathologic N category*
Nx 11(17.2) 2(28.6) >0.999
NO 18 (28.1) 2(28.6)
Nla 14219)  1(143)
Ni1b 21(32.8) 2(28.6)
Initial distant metastasis
Absent 52(81.3) 7(100.0)  0.593
Present 12 (18.8) 0
Histological type
Papillary thyroid carcinoma 50(78.1) 6(85.7) 0477
Follicular thyroid carcinoma 7(10.9) 0
Hurthle cell thyroid carcinoma 1(1.6) 0
Poorly differentiated thyroid 2(3.1) 1(14.3)
carcinoma
Anaplastic thyroid carcinoma 4(6.3) 0
Values are expressed as mean= standard deviation or number (%).
TERT, telomerase reverse transcriptase.
*Nx patients were not included in the chi-square test.

dition, the frequency of TERT promoter mutations was only
0.5% in PTMC but it was 5.8% in PTC with primary tumor size
larger than 1 cm. Overall, TERT promoter mutational status was
significantly associated with old age, male sex, large tumor size,
advanced histological type, advanced T and N stage, and pres-
ence of distant metastasis.

In Korea, the incidence of thyroid carcinoma abruptly in-
creased after the introduction of high-resolution ultrasonogra-
phy and peaked in 2012, and then decreased [18]. Since the in-
troduction of the Revised Korean Thyroid Association manage-
ment guidelines, most thyroid tumors of 1 cm or less do not un-
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dergo cytologic examination, and active surveillance is selected
as an optional method of treatment [19]. However, if the tumor
grows or progresses during observation, or if the patient strong-
ly desires surgery, surgery is performed [20-22]. In Korea, ap-
proximately half of thyroid carcinoma patients undergo surgery
for small tumors of less than 1 cm in diameter despite the effort
to avoid overtreatment. As a consequence, more than half of the
subjects in this study are diagnosed with PTMC (n=1,143).
Therefore, we could provide real-world data for PTMC.

In a meta-analysis, 7ERT promoter mutations were observed
in 10% (4.5% to 25.5%) of patients with PTC, 17% (13.8% to
36.4%) of those with FTC, 40% (21.4% to 51.7%) of those with
PDTC, and 40% (12.6% to 60.0%) of those with ATC [7-10,13].
de Biase et al. [23] reported the frequency of PTMC as 4.7%.
Since, previous studies reported 7ERT promoter mutations in
PTC were associated with clinicopathological features such as
old age, and larger tumor size [10,11,23-26], we compare pa-
tients’ baseline characteristics between this study and previous
studies (Supplemental Table S4). The mean age at diagnosis of
wild-type TERT patients was similar to previous reports, and it
was similar to or older than previous reports in patients with
TERT promoter mutations. Also, the proportion of female pa-
tients in each group was similar.

Despite the baseline characteristics being similar to previous
reports, we found that the frequency of TERT promoter muta-
tions is much lower in real-world data. The frequency is still
lower than previous reports when analyzed in PTC with primary
tumor size >1 cm. In addition, initial distant metastasis was not
presented in any of the six patients with 7ERT promoter muta-
tions in PTMC. The clinical significance of TERT promoter
mutations might be lower when the primary tumor size is small-
er, and this result is consistent with a previous report [23]. In
PTMC, active surveillance is one of the treatment options [27].
Previous studies have tried to find biological markers to predict
PTMC growth [28,29]. TERT promoter mutations are associat-
ed with poor prognosis; thus, Yabuta et al. [29] assessed 26 of
1,252 patients with molecular analysis during active surveil-
lance. However, none of them had TERT promoter mutations.
This result is understandable considering the low frequency of
TERT promoter mutations in real-world data. The clinical sig-
nificance of TERT promoter mutations might be lower when the
primary tumor size is smaller, and this result is consistent with a
previous report [23].

TERT promoter mutations are rarely found in childhood thy-
roid carcinoma, whereas they are detected more commonly in
the elderly [7,9,30-32]. During proliferation in the cells of older
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individuals, telomere dysfunction or further telomere crisis oc-
curs because of shorter telomeres and deficient telomerase. This
result triggers genomic instability and induces the development
of TERT promoter mutations [26]. In the present study, the fre-
quency of TERT promoter mutations increased significantly
with age (OR, 1.13; P<0.001). Furthermore, the significance
was present consistently in categorical analysis (P for trend
<0.001). This result was more predominant in women. No fe-
male patient aged younger than 29 years had TERT promoter
mutations, 0.3% of the females aged between 30 and 39 years
had mutations, and 0.9% in those aged between 40 and 49 years,
whereas the frequency of 7ERT promoter mutations was up to
3.0% in male patients aged under 49 years. Although some stud-
ies have provided different results, the majority of previous
studies have reported that 7ERT promoter mutations were found
more frequently in men than in women [33]. In addition, the
frequency of TERT promoter mutations increased significantly
as the tumor size increased (OR, 2.02; P<0.001). In patients
categorized according to primary tumor size, ORs were signifi-
cantly increased as the primary tumor size increased. This result
is consistent with previous reports showing that the frequency
of TERT promoter mutations was higher in large tumors [7,9].

Two mutations in the TERT promoter (chr5: 1295228C>T,
termed C228T, and chr5: 1295250C>T, termed C250T) were
found in follicular cell-derived thyroid carcinoma [8,10,26,34-
36]. C228T was reported to be far more dominant than C250T,
and these two mutations occur in a mutually exclusive manner.
Their mutual exclusivity suggests that each of them may play a
specific role in thyroid tumorigenesis [8,9,37]. In this study,
C228T mutations were found more frequently than C250T mu-
tations, which is consistent with a previous report. One patient
with tall cell variant PTC had C228 A mutations. There were no
significant differences in clinicopathological characteristics be-
tween C228T and C250T. However, these results need to be
validated in larger studies because the number of C250T pa-
tients was too small.

TERT promoter mutations have been reported to be highly
prevalent in tumors with aggressive or dedifferentiated histolo-
gy [7-9]. In this study, similar results were found. The frequen-
cies of TERT promoter mutations were 18.4% (7 of 38) in FTC,
7.1% (1 of 14) in HTC, 23.0% (3 of 13) in PDTC, and 57.1% (4
of 7) in ATC, whereas the frequency was 2.8% (57 of 2020) in
PTC. In PTC, TERT promoter mutations were found more fre-
quently in the tall cell variants than in classic or follicular vari-
ants (7.6% vs. 2.5% vs. 2.4%), which was consistent with previ-
ous reports. TERT promoter mutations have been reported to be
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more prevalent in the tall cell variants than classic or follicular
variants [8,9,38]. On the other hand, the frequency of TERT
promoter mutations in HTC was lower than that in previous re-
ports [34,39]. Chindris et al. [39] assayed TERT promoter se-
quence variation in 61 of 173 patients with HTC treated at
Mayo Clinic over 11 years. The authors reported that the fre-
quency was 13.1% (widely invasive 6/48 vs. minimally inva-
sive 2/13) [39]. Landa et al. [34] reported that the frequency in
HTC was 16.0%, but TERT promoter mutations were restricted
to widely invasive HTC and did not occur in minimally invasive
HTC (widely invasive 4/17 vs. minimally invasive 0/8). The in-
cidence of HTC in Korea is very low and accounts for less than
1% of all thyroid carcinomas. In this study, the incidence of
HTC was only 0.7% of all thyroid carcinomas, and only 14 pa-
tients with HTC were included. Therefore, it is difficult to com-
pare the results of this study with other results because of the
large differences in subject numbers. Nevertheless, one of the
14 (7.1%) HTC patients had TERT promoter mutations, and the
histological subtype was encapsulated angioinvasive type. Ac-
cording to a previous study, a high expression level of TERT
was seen in two structural rearrangements in widely invasive
FTC [40]. Thus, high TERT alteration frequency can have TERT
mutations such as fusion as well as TERT promoter mutations.
Since we performed targeted sequencing methods that could not
detected structural rearrangement, there might be more tumors
with TERT rearrangements.

Previous reports showed that the TERT promoter mutations
are highly prevalent in advanced stages and distant metastasis
[9-11,13,33,34,37], and the results of this study were consistent
with this finding. In addition, the frequency of TERT promoter
mutations was significantly higher in men than in women (OR,
2.05; P=0.003). Although some studies have obtained different
results, the majority of previous studies have reported that TERT
promoter mutations are found more frequently in men than in
women [33].

Given the low mortality rate despite the increased incidence
of thyroid carcinoma, aggressive treatment is necessary only for
a small number of patients with thyroid carcinoma, and there-
fore it is very important to find a prognostic factor to discrimi-
nate these patients in advance. Among the many proposed prog-
nostic factors, TERT promoter mutations are reported to be a
powerful marker of poor prognosis, independent of tumor histo-
logical type [41]. However, previous studies on 7ERT promoter
mutations were retrospectively conducted on a limited number
of subjects. In the present study, we prospectively tested TERT
promoter mutations in a large number of patients with thyroid
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carcinoma. Therefore, this study is the first attempt to investi-
gate the real-world frequency of TERT promoter mutations in
thyroid carcinoma patients. The real-world frequency of TERT
promoter mutations seems lower than expected. In particular,
the frequency of TERT promoter mutations in PTMC, young
age, and female patients was very low. However, we could not
obtain long-term outcomes because of the short follow-up dura-
tion. Thus, further studies would be needed to provide long-
term outcomes.

In conclusion, the frequency of TERT promoter mutations
was 3.4% in all types of thyroid carcinoma, and it was 2.8% in
PTC. However, the frequency of TERT promoter mutations was
only 0.5% in PTMC. The frequency of TERT promoter muta-
tions was significantly higher in old age, large tumors, and ag-
gressive histology. There were no clinicopathological differenc-
es between C228T and C250T. This study provides basic data
for further investigations on 7ERT promoter mutations.
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