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TERTp mutation is associated with a shorter progression free survival
in patients with aggressive histology subtypes of follicular-cell
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Abstract
Purpose Evaluate the impact of TERTp mutation on the outcomes after initial treatment of 45 patients with thyroid
carcinomas derived from follicular cells (TCDFC) with aggressive histology, in which the role of this mutation is not yet
well defined.
Methods Analysis of the presence of TERTp (−124C > T and −146C > T), BRAF (V600E), and NRAS (Q 61R) mutations
by Sanger sequencing and analysis of their correlation with the patient’s outcomes.
Results Forty-five patients with aggressive histopathologic variants were included in the study. Of these, 68.9% had
aggressive variants of papillary thyroid cancer (PTC), 22.2% had poorly differentiated thyroid carcinoma (PDTC)/insular
carcinoma, and 8.9% had invasive follicular thyroid cancer (FTC) with Hurthle cell features (Hurthle cell carcinoma).
Lymph node metastases were present in 46.7% and distant metastases in 54.6%. The response to the initial therapy was
excellent in 45.5% and structurally incomplete in 50%. During the follow-up period (median of 56 months; 5–360 months),
47.7% presented with disease progression and 17.8% experienced disease-related death. In 53.3% of the cases at least one
molecular alteration (TERTp in 33.4%, BRAF in 24.5%, RAS in 8.9%) was detected. In the multivariate analysis, TERTp
mutation was the factor associated with the highest risk (6 times) of having structural disease after initial therapy (p= 0.01),
followed by vascular invasion (p= 0.02), gross extrathyroidal extension (ETE) (p= 0.02) and distant metastasis (p= 0.04).
Regarding mutational status, only TERTp mutation was associated with disease progression, and diminished disease
progression-free survival (PFS). The presence of distant metastasis, vascular invasion and gross ETE were significantly
associated with the risk of disease progression.
Conclusions TERTp mutation appears be an indicator of both persistence and progression of structural disease after initial
therapy in aggressive variants of TCDFC, and associates with a shorter progression free survival regardless of the therapy
employed.
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Introduction

The TERTpromoter (TERTp) gene mutation, recently
reported in melanomas, gliomas, and thyroid cancer [1–4],
occurs in two hot spot positions located on −124 and −146
upstream from the ATG (−124C > T also known as C228T,
and −146C > T also called C250T). It confers an increased
activity in the promoter of the TERT gene by creating a
nucleotide ribbon with 11 bases 5′-CCCCTTCCGGGG-3′
containing a consensus binding site, for the E-Twenty Six
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(ETS) transcription factors family. Activation of the MAPK
and/or PI3-Akt pathways by the BRAF/RAS mutations
leads to an increased expression of the transcription factors
of the ETS family and can potentiate the upregulation of the
TERT expression [5–7] in this context [5–7].

Thyroid carcinomas derived from follicular cells
(TCDFC) encompass well-differentiated thyroid carcinomas
(WDTC) (papillary thyroid carcinoma—PTC and its var-
iants—and follicular thyroid carcinoma—FTC), poorly
differentiated thyroid carcinoma (PDTC) and anaplastic
carcinoma. The aggressiveness in the aforementioned car-
cinomas and lethality are inversely correlated with cell
differentiation. TERTp gene mutation was shown to be
associated with aggressive features as well as with the
presence of BRAF or BRAF/RAS mutations [1, 8–12] in
WDTC. The role played by TERTp mutations on the clin-
ical course of the non-aggressive forms of well-
differentiated carcinoma (classic PTC and minimally inva-
sive FTC) with regard to prognosis and survival has already
been well established [6, 10, 12–15]. TERTp mutations is
associated with worse prognosis, distant metastasis, and
mortality. Cases with more aggressive histology types of
TCDFC (aggressive variants of PTC, widely invasive FTC
and PTDC/insular carcinoma), have more frequent TERTp
mutation than non-aggressive well differentiated carcino-
mas [6, 8, 9, 12, 16, 17]. However, there is a lack of studies
performed exclusively on patients with aggressive variants
of TCDCF that evaluate the impact of TERTp mutation on
the follow-up. To our knowledge, the studies that evaluated
the frequency of TERTp mutation and its prognostic
implications in such histological variants were addressed
only a few subtypes such as PDTC and/or anaplastic tumors
[17, 18], or with larger series enriched in classic variants of
PTC and/or minimally invasive FTC [1, 6, 8, 9, 12, 16, 19].
Thus, the actual impact of the TERTp gene mutation in a
cohort consisting exclusively of patients with aggressive
histology of TCDFC (aggressive variants of PTC, widely
invasive FTC and PDTC/insular carcinoma) remains to be
addressed.

In this study, we intended to search for the presence of
TERT promoter mutations in a specific group of thyroid
tumors composed only by aggressive histological variants
of TCDFC, and investigate if the mutation in the TERTp
gene had any impact on clinical and prognostic features.

Material and methods

We performed a retrospective analysis of clinical and
pathological data from a cohort of 45 patients, 21 years of
age or older, diagnosed with thyroid cancer with aggressive
histology and followed in two referral centers from 1998 to
2016. Aggressive histology variants include: aggressive

variants of PTC (tall cell (n= 10), PTC with oxyphilic cells
(n= 12), aggressive forms of the follicular variant PTC
displaying extensive invasive (n= 4), hobnail variant of
PTC (n= 1), solid variant (n= 3) and columnar cells(n=
1)), widely invasive FTC (n= 2) (oxyphilic cells with—
oncocytic or Hurthle- and Warthin-like (n= 2)) and poorly
differentiated thyroid cancer (n= 10). All patients under-
went total thyroidectomy and therapeutic selective neck
dissection when lymph node metastases were detected in
pre operative and/or intraoperative evaluation.

Data were obtained from the University Hospital Clem-
entino Fraga Filho (UFRJ) and the Brazilian National
Cancer Institute (INCA). A multidisciplinary team deter-
mined the initial treatment based on clinical, histopatholo-
gical, and complementary tests such as post operative
thyroglobulin and anti-thyroglobulin serum levels, post
operative cross sectional images neck ultrasound, chest
computed tomography or Magnetic resonance and/or PET/
CT when performed. Prophylactic cervical dissection was
not performed as routine in neither institution. In addition,
samples from the primary tumor of all patients included in
the study were obtained, reviewed, and studied as described
below.

Samples

Fifty-six formalin-fixed paraffin-embedded (FFPE) samples
from primary thyroid tumors of 45 patients corresponding
to the patients followed were collected from the files of the
National Institute of Cancer (INCA) and the Federal Uni-
versity of Rio de Janeiro, University Hospital Clementino
Fraga Filho (HUCFF). The histology of all tumor samples
was revised by thyroid-specialized pathologists (MSS) from
the Institute for Research and Innovation in Health Sciences
(I3S)/Institute of Molecular Pathology and Immunology at
the University of Porto (IPATIMUP). Data on the clin-
icopathological characteristics of patients and tumors are
summarized in Table 1.

Laboratory studies

Between 1998 and 2001, a thyroglobulin (Tg) assay with a
functional sensitivity of 0.5 ng/ml was employed. From
2001 until 2010, serum Tg was quantified by an immuno-
metric assay (Immulite) with a functional sensitivity of
0.2 ng/ml. From 2010 until the present, the functional sen-
sitivity was reduced to 0.1 ng/ml.

Evaluation of outcomes

The clinicopathological characteristics of the patients,
treatment details (surgery, RAI therapy), and postoperative
follow-up (Tg, recurrence/persistence, deaths) were
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obtained. Patients were classified by AJCC/TNM 8th edi-
tion [20] and ATA risk classification [21]. Response to
initial therapy was assessed by ATA and classified as fol-
lows: excellent response (undetectable thyroglobulin anti-
body –TgAb and negative imaging and suppressed Tg <
0.1 ng/ml or stimulated Tg < 1.0 ng/ml and negative ima-
ging); indeterminate response (nonspecific findings on
imaging studies, non-stimulated Tg detectable but <1 ng/ml
or stimulated Tg detectable but < 10 ng/ml or TgAb levels
stable or); biochemical incomplete response (negative
imaging and non-stimulated Tg > 1 ng/ml or stimulated Tg
> 10 ng/ml or increasing TgAb levels); or structural
incomplete response to therapy (structural or functional
evidence of disease, with any Tg level) [21].

Patients were classified in the final follow-up as having
no evidence of disease when the suppressed Tg was less
than 0.1 ng/mL, no antibodies were present, and there was
no structural evidence of the disease. Patients with sup-
pressed Tg greater than 1 ng/mL and stimulated greater than
10 ng/mL or any evidence of structural disease (cross-sec-
tional images or biopsy) were classified as biochemical or
structural persistence, respectively. Cervical recurrence/
persistence was defined as follows: positive cytology/his-
tology, highly suspicious lymph nodes or thyroid bed
nodules on ultrasound (hyper-vascularity, cystic areas,
heterogeneous content, rounded shape and enlargement on
follow-up), or cross-sectional imaging highly suspicious for
metastatic disease. Distant metastases were assessed by
cross sectional images and considered as present when there
was iodine uptake and/or were highly suspicious on com-
puted tomography and/or magnetic resonance imaging,
even with no iodine uptake but with high thyroglobulin
levels or if proven by biopsy [21].

Progression was determined by an increase in the sum of
the longest diameters of the target lesions > 20% and/or the
appearance of new metastatic foci on sequential imaging
over 12–15 months of follow- up [21–24].

Time from initial therapy until the first disease progres-
sion was used to calculate progression free survival rate.

The ethical boards of both institutions involved in the
present study approved this study.

DNA extraction

Genomic DNA from formalin-fixed paraffin embedded
(FFPE) tissues was obtained after careful microdissection of
10 µm sections. The DNA extraction was performed using a
digesting cell lysis solution (Citomed, Lisbon, Portugal)
complemented with proteinase K (20 mg/dl). DNA pre-
cipitation was achieved through isopropanol. DNA was
quantified using a Nanodrop N-100 Spectrophometer
(Thermo Scientific, Lithuania).

Genetic characterization

All the tumor samples were analyzed for the presence of
mutations in the hotspot regions of the BRAF (exon 15),
NRAS (codon 61), and TERT (promoter) genes. The pri-
mers and annealing temperatures used were previously
described [1, 25, 26].

Briefly, genomic DNA (10–100 ng) was amplified by
PCR using the Qiagen Multiplex PCR kit (Qiagen, Hilden,
Germany) according to the manufacturer instructions. The
purified PCR product was sequenced by Sanger method
using the ABI Prism Big Dye Terminator Kit (Perkin-
Elmer, Foster City, California) and the fragments were run
in an ABI prism 3100 Genetic Analyzer (Perkin-Elmer).

Table 1 Characteristics of the patients

N (n= 45) %

Age (y) –

Median (range) 54.0 (18–85)

Mean ± DP 52.98 ± 16.57

sex (F) 33 73.3

Histopathology

Aggressive variants of PTC: tall cell,
columnar, solid, trabecular, invasive FVPTC,
clear cell, hobnail)

31 68.9

Invasive FTC and with Hurthle cell 4 8.9

PDTC/Insular carcinoma 10 22.2

Size (cm)

Median (range) 3.0 (0.5–10)

Mean ± SD 4.02 ± 2.64

N1 21 46.7

M1 24 54.6

ATA risk stratification21

Intermediate 10 22.2

High 35 77.8

Response to therapya

Excellent 20 45.5

Indeterminate 2 4.5

Biochemical incomplete 0 0

Structural incomplete 22 50

Disease progression 21 47.7

Disease-related death 8 17.8

Follow-up (months)

Median (range) 56.0
(5.0–360)

Mean ± SD 75.2 ± 73.5

SD standard deviation, ATA American Thyroid Association, PTC
papillary thyroid cancer, FTC follicular thyroid cancer, PDTC poorly
differentiated thyroid cancer
aOne patient lost to follow-up within the first 2 years with not enough
data to evaluate response to therapy
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In all of the cases that were positive for the presence of
mutation or inconclusive, a new independent PCR ampli-
fication/sequencing protocol was performed.

Statistical analysis

Statistical analysis was conducted with SPSS Inc. The
results are expressed as a percentage or mean ± SD. Statis-
tical analysis was performed on the whole series of thyroid
carcinomas and considering the different groups of tumors.
Fisher’s exact test, t-test (unpaired, two tailed), and
ANOVA were used when appropriate.

The predictive value of TERTp mutations and other
factors such as age, gender, histologic category, extra-
thyroidal extension, vascular invasion, lymph node metas-
tases, staging I–IV (Union for International Cancer Control/
American Joint Committee on Cancer (AJCC)), BRAF
mutations, RAS mutations, distant metastases, and disease-
free status at the end of follow-up, were assessed using
univariate and multivariate logistic regression models.

Survival curve was plotted by the Kaplan-Meier method
with log-rank statistics. Multivariate survival analysis was
performed using Cox regression. In the regression models,
all of the variables significantly associated with the speci-
fied outcome in the univariate model were included in the
multivariate analysis.

Results were considered statistically significant at p <
0.05.

Results

Clinicopathological characteristics (Table 1)

All patients in the study had tumors with aggressive his-
tology being the most prevalent the aggressive variants of
PTC (68.9%; n= 31), followed by PDTC/insular carcinoma
(22.2%; n= 10), and widely invasive FTC composed by
cells with Hurtlhe cell features (8.9%; n= 4). Based on the
2015 American Thyroid Association (ATA) risk classifi-
cation (22), 77.8% were high risk and 22.2% were inter-
mediate risk. The response to the initial therapy was
excellent (45.5%) and structurally incomplete in half of the
cases (50.0%). During the follow-up period (median
56 months; range 5–360 months), 47.7% (n= 21) of the
patients showed disease progression and 17.8% (n= 8)
experienced disease related death.

Genetic characterization

Among the 45 patients, ? 53.3% (24/45) showed at least one
molecular alteration (Table 2). TERTp mutation was the
most prevalent alteration, being present in 33.4% (15/45) of

the cases followed by the BRAFV600E mutation (24.4%,
11/45) and the RAS mutation (8.9%, 4/45). A total of 5
patients had concomitant mutational events (3 patients had
TERTp and BRAF mutations and 2 patients had TERTp
and RAS mutations), shown in Table 2.

The −124 C > T mutation was the most frequent TERTp
mutation (14/15 TERTp mutated cases), followed by the
−146 C > T (1/15 TERTp mutated). Among the three
patients with the TERTp and BRAF mutation the mean age
was 60 years, one male and 2 females, all had histo-
pathology aggressive variants of PTC, high-risk ATA, and
the mean total d of RAI ranged from 150–350 mCi. Two
presented a pT4a tumor with gross ETE and M1 with
vascular invasion, and evolved with incomplete structural
response and disease progression. The 2 patients with TERT
and RAS mutations, both presented vascular invasion and
distant metastases and received an average RAI activity of
500 mCi. One of the cases had insular histology, T4a, N0,
high risk ATA 2015, and evolved with incomplete struc-
tural response and disease progression. The other case had
an aggressive histological variant of PTC, T3N1, inter-
mediate risk ATA stratification, and incomplete structural
response with progression during follow-up.

Response to therapy

In univariate analysis, we found that the factors associated
with poor response to initial therapy in the first 6–24 months
(Table 3) were ATA High risk (p= 0.04), aggressive his-
tology PDTC/insular carcinoma and FTC, (p= 0.005), the
presence of distant metastasis at diagnosis (p= 0.004),
TERT mutation (p= 0.001), and NRAS mutation (p=
0.02).

Multivariate analysis for the risk of structural
disease after initial therapy

In a multivariate analysis regarding the response to initial
therapy (Table 4), TERTp mutation represents the highest
risk (6 times) of having structural disease after initial ther-
apy (p= 0.01). Also significant in multivariate analysis are
the presence of vascular invasion (p= 0.02), gross ETE (p
= 0.02) and distant metastasis (p= 0.04).

Multivariate analysis for the risk of having
structural disease progression

Among the mutations studied, only the TERTp mutation
was associated with the risk of disease progression (Table
5). The disease progression-free survival (PFS) was sig-
nificantly lower in the TERTp mutated group (Fig. 1). In
four out of eight patients that died from the disease we
could obtain enough material for genetic studies and all of
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them had TERT mutation. Distant metastasis, vascular
invasion and gross ETE were also significantly associated
with the risk of having structural disease progression
(Table 5).

Discussion

In the present study, we demonstrate that the TERTp gene
mutation is associated with persistent structural disease after
initial treatment and with structural disease progression in
aggressive variants of TCDCF (aggressive variants of PTC,
widely invasive FTC, and PDTC/insular carcinoma). The
frequency of the TERTp mutation in our cohort (33.4%) is
consistent with that reported in tumors with aggressive
behavior in previous studies [6, 14, 17], the −124 C > T
mutation being the most frequent TERTp mutation.

In our cohort, 21/45 (47.5%) of the patients presented
disease progression throughout the follow-up, and among
these patients the presence of the TERTp gene mutation
increased by 5.9 times the risk of such progression. We also
showed a significant decrease in PFS among TERT mutated
cases vs TERT wild type (WT) (72.7 months vs
97.7 months, respectively; p= 0.001). Among the existing
studies that evaluated TERTp gene in aggressive histolo-
gical types [1, 6, 8, 12, 15–19], none evaluated this pro-
gression exclusively in a series composed solely by tumors
exhibiting such of aggressive histologies.

Five patients showed concomitance of TERTp mutation
along with other studied mutations: three cases with
BRAFV600E and two cases with NRAS. Although four out
of the five (80%) patients who had two mutations had
disease progression, the small number of patients with two
mutations does not drawing a solid conclusion from this
finding. The association between TERTp and BRAFV600E
among the aggressive variants was also not significantly
prevalent in previous variants [1, 6, 8, 17]. The same holds
true for the association between TERTp and RAS in similar
variants [1, 6, 8]. The BRAFV600E mutation was not
associated with a worse response to the initial treatment or
to disease progression in this group of patients. This is in
agreement with several studies carried out in well-differ-
entiated, non-aggressive variants, and suggests that this
mutation only has a role in the first step of tumorigenesis
and therefore it should not be considered per se as a pre-
dictor of worse outcome [27–31].

In the present study we were not able to analyze the
association of TERTp mutation with mortality but it was
associated with mortality in other studies [6, 16, 19, 30].
The small size of our sample and/or the relatively short time
of follow-up together with the small number of deaths
during the follow-up period have probably impaired our
analysis compared to others [32].Ta
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Our study shows the association of the mutation of
TERTp with the persistence and progression of structural
disease. As noted above, studies conducted to evaluate the
TERTp mutation in aggressive histology cell types histology
[1, 6, 8, 9, 12, 15–19] were not designed to evaluate the

progression of disease in this specific subgroup of disease.
Two studies have demonstrated association between TERTp
mutated cases and persistence of disease [12, 17]. Shi [17]
showed that among anaplastic thyroid cancer, the presence
of structural disease was significantly associated with

Table 3 Response to therapy in
the first 6–24 months (univariate
analysis)

Excellent (n
= 20)

Indeterminate (n
= 1)

Biochemical
incomplete (n= 1)

Structural
incomplete (n=
22)

p-value#

Age 48 (18–73) 46 45 58(22–85) 0.58

Gender (F) 65% 100% 100% 77.3% 0.35

Size (cm) 2.93 (2–7) 2.0 2.1 5.23 (1–10) 0.38

Gross ETE 10% 0 0 40.9% 0.01

Vascular invasion 30% 0 0 81.8% 0.01

ATA risk

Intermediate 35% 100% 100% 13.6% 0.04

High 65% 0 0 86.4%

Histology

Aggressive 0.005

Variants PTC 90% 100% 100% 45.5%

Invasive FTC and
with Hurthle cell

5% 0 0 13.6%

PDTC/insular
carcinoma

5% 0 0 40.9%

Lymph node mets 40% 100% 100% 45.5% 0.18

Distant mets 25% 0 100% 81.8% 0.004

TERT mutation 10% 0 0 59.2% 0.01

BRAF V600E 35% 100% 100% 9.1% 0.007

NRAS mutation 0 0 0 22.7% 0.02

Follow-up
(months)

50.95(6–137) 61 74 98 (5–360) 0.35

aOne patient lost to follow-up within the first 2 years with not enough data to evaluate response to therapy

#p-values express the comparison between excellent response and structural incomplete response to initial
therapy

The bold value indicates statitically significant

Table 4 Multivariate analysis for the risk of having structural
incomplete response after initial therapy

HR IC 95% p-value

Distant metastases 2.0 1.56–21.2 0.04

Vascular Invasion 4.8 2.6–13.7 0.02

Gross ETE 5.0 1.9–6.9 0.02

TERT mutation 6.6 3.3–29.3 0.01

BRAF V600E mutation 7.0 0.49–99.0 0.15

RAS mutation 0.9 0.7–12.3 0.9

ETE extra-thyroidal extension, HR hazad ratio
aOne patient lost to follow-up within the first 2 years with not enough
data to evaluate response to therapy. All factors that were significant in
the univariate analysis were chosen to be part of the multivariate
analysis, performed step wise

The bold value indicates statitically significant

Table 5 Multivariate analysis for the risk of having structural
progression

HR IC 95% p-value

Distant metastases 2.0 1.1–3.7 0.05

Vascular invasion 9.5 2.2–9.4 0.01

Gross ETE 5.7 2.0–7.8 0.01

TERT mutation 5.9 2.34–10.4 0.01

BRAF V600E mutation 7.0 0.49–26.0 0.40

RAS mutation alone 1.0 0.7–3.2 0.8

ETE extra-thyroidal extension, HR hazad ratio
aOne patient lost to follow-up within the first 2 years with not enough
data to evaluate response to therapy. All factors that were significant in
the univariate analysis were chosen to be part of the multivariate
analysis, performed step wise

The bold value indicates statitically significant
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TERTp mutated cases (15/18; 83.3%) vs WT TERT cases.
(8/26;30.8%). Qasem [12] also found a significant associa-
tion between persistence or recurrence of disease and
TERTp mutated cases in a group described as “all types of
thyroid cancer except conventional PTC” (tall cell PTC,
diffuse sclerosing variant of PTC, PDTC, Hurthle cell, fol-
licular thyroid carcinoma); this study showed persistence/
recurrence of the disease in 85% of TERTp mutated cases vs
46.7% in WT TERT cases. The other studies [1, 6, 8, 9, 12,
15–19], however, only assessed the frequency of the TERTp
gene mutation in such TCDFC subgroups [1, 8, 9] or
showed no difference between the presence of structural
disease in the TERTp mutated cases and WT TERT cases
among one or more of these variants of TCDFC [6, 16, 19].

Therefore, the association of the TERTp gene mutation
with the persistence and progression of structural disease in
patients with thyroid tumors displaying aggressive histol-
ogy may suggest that the mutation of the TERTp gene plays
a major role in the pathogenesis and aggressiveness of
TCDCF. These results indicate that this mutation may serve
as a predictor of poorer prognosis in thyroid cancer,
regardless of the histologic type and level of differentiation,
as also reported by Shi X et al. [17].

If our data are confirmed in upcoming studies, then may
prove useful for tailoring the management of patients with
aggressive histology and TERTp mutation, both for decision
making regarding therapeutic choices (extension of the sur-
gery, RAI therapy) and for choice of models (frequency and
tools) used for follow-up (frequency of follow-up, laboratory
and imaging surveillance, TSH suppression level). Also, these
findings would be clinically important for patients with
aggressive histologic TERTp-mutated types of TCDCF since
they could be selected early for new treatment options.

The present study suggests that regardless of the type of
thyroid cancer, whether non-aggressive forms of well-
differentiated carcinoma (classic PTC and minimally inva-
sive FTC) or aggressive forms of well-differentiated carci-
noma as well as PTDC/insular carcinoma, the TERTp
mutation may be associated with poorer response to initial
treatment and structural disease progression. These results
are in accordance with previous evidence obtained by from
our [6] and others [33] groups that showed that patients
harboring tumors with TERTp mutation are subjected to a
significant higher number of treatments (including higher
radioiodine doses) [6, 33], and that TERTp mutated PTC
express very low levels of NIS mRNA [34].

Further studies with a higher number of patients, will be
very important to clarify the findings of our study which is
limited by the relatively small number of patients included.

The limitations of the study were (i) the small number of
patients, although it should be emphasized that it is a group
formed by patients with more rare histological variants; (ii)
all the studied material comes from blocks of paraffin, some
of which are already very old (more than 10 years), which is
known to impair the DNA quality studied. However, it is
worth noting that the selection of all the blocks was very
careful, only the blocks were chosen exhaustively and rig-
orously evaluated by the pathologists of the two services of
origin and also reviewed all the material by an expert
pathologist, analysis of this material (Professor Manuel
Sobrinho-Simões); and the extraction of formalin-embedded
paraffin-embedded DNA was performed after careful
microdissection (10 µm) and quantified using the Nanodrop
N-100 spectrophotometer; (iii) still within the quality of the
material, it is also known that in a material of impaired
quality “false” C/T exchanges can be detected, leading to a
false positive result of the TERTp mutations found, which
occur precisely because of these exchanges in the position
−124 C > T from the site of the start of transcription in the
promoter region of the gene. However, the prevalence that
we found of this mutation is in agreement with that reported
in the literature, in these more aggressive histological var-
iants (between 30–40%); therefore, we did not think that this
possible interference was relevant in our study.

We conclude that TERTp mutation may be an indicator
of both, persistence and progression of structural disease
after initial therapy in aggressive variants of thyroid cancer.
Therefore, detection of this mutation appears to be a pro-
mising tool as a prognostic indicator and may be useful to
guide the management of patients with aggressive variants
of thyroid cancer derived from follicular cells.
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