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SUMMARY

Objectives: The aim of the present study was to investigate the pattern of telomere length and telomerase
expression in cancer tissues and the surrounding mucosa (SM), as markers of field cancerization and clinical
outcome in patients successfully treated for with head and neck squamous cell carcinoma (HNSCC).
Materials and methods: This investigation was a prospective cohort study. Telomere length and levels of
telomerase reverse transcriptase (TERT) transcripts were quantified by real-time PCR in cancer tissues and
SM from 139 and 90 patients with HNSCC, respectively.
Results: No correlation was found between age and telomere length in SM. Patients with short telomeres in
SM had a higher risk of mucosal failure (adjusted HR = 4.29). Patients with high TERT levels in cancer tissues
had a higher risk of regional failure (HR = 2.88), distant failure (HR = 7.27), worse disease-specific survival
(HR for related death = 2.62) but not mucosal failure. High-risk patients having both short telomeres in SM
and high levels of TERT in cancer showed a significantly lower overall survival (HR = 2.46).
Conclusions: Overall these findings suggest that telomere shortening in SM is a marker of field cancerization
and may precede reactivation of TERT. Short telomeres in SM are strongly prognostic of mucosal failure,
whereas TERT levels in cancer tissues increase with the aggressiveness of the disease and are prognostic
of tumor spread.

© 2015 Elsevier Ltd. All rights reserved.

Introduction

Despite improvements in functional outcomes due to develop-
ments in the field of radiotherapy, chemotherapy, surgical and

Head and neck cancer was estimated to be the sixth most com-
mon malignancy in Europe in 2012, affecting approximately
140,000 new patients and resulting in nearly 65,000 deaths [1].
About 90% of head and neck cancers are squamous cell carcinomas
(HNSCC), which develop in the epithelial lining of the upper
aero-digestive tract (UADT) after exposure to tobacco, alcohol, or
persistent oral infection by human papillomavirus (HPV) [2].
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imaging techniques, with the exception of the oral cavity and
tonsillar cancers, survival has only marginally improved over the
past two decades [3].

Patients with HNSCC who received successful curative
treatment are in fact reported to have high propensity for mucosal
failure [2,4]. Intensive investigations have demonstrated that
mucosal failure may result from either outgrowth of histopatho-
logically undetectable residual tumor cells or development of a
second field tumor (SFT) following crucial genetic hits occurring
in a pre-neoplastic field which may persist after treatment of both
surgical and non-surgical treatment of the primary tumor [5-9].
For accurate risk assessment, disease monitoring and early
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diagnosis, it is of particular interest to identify molecular markers
of pre-neoplastic fields in tumors surrounding epithelium.

Telomeres are highly repetitive G-rich DNA sequences located
at the end of chromosomes maintained by telomerase, a ribonu-
cleoprotein complex containing an internal RNA component
[telomerase RNA (TR)] and a catalytic protein with telomere-
specific reverse transcriptase activity [telomerase reverse
transcriptase (TERT)]. TERT, which synthesizes de novo telomere
sequences by using TR as a template, is the rate-limiting compo-
nent of the telomerase complex, and its expression is correlated
with telomerase activity [10]. The telomere/telomerase complex
is a key element in determining the replicative potential of cells.
On one hand, maintenance of telomere length by telomerase is
critical for preserving the replicative potential of cancer cells; on
the other, telomere erosion may impair their function in protecting
chromosome ends, resulting in genetic instability, a crucial step in
the initiation of carcinogenesis [11]. Many studies, including
ours on colorectal carcinomas [12,13], have demonstrated that
neoplastic cells generally have shorter telomeres than their
adjacent non-tumoral counterparts, suggesting that telomere
erosion precedes the reactivation of telomerase. As telomere
attrition is considered to be an early event in human carcino-
genesis, and as telomerase activation is crucial for tumor formation
[13-17], studying them as potential markers of field cancerization
and disease outcome appears to be important.

Previous studies on HNSCC have shown that telomere attrition
[18-25] and telomerase activation [18,20,22,26-35] are frequent
events in this malignancy. However, several studies have analyzed
only small numbers of patients, few studies have evaluated both
telomere length and telomerase activation in the same samples
[18-22,34], and only two research groups have examined matched
tumoral and adjacent tissues [22,34]. Few studies have evaluated
the relationship between telomere length/telomerase activation
and clinical outcomes [20,31-33], and no studies have analyzed
the significance of telomere and telomerase as markers of field
cancerization in HNSCC.

The aim of the present study was to investigate the pattern of
telomere length and telomerase expression in cancer tissues and
the surrounding mucosa (SM) as markers of field cancerization
and clinical outcome in patients successfully treated for HNSCC.

Materials and methods
Patients

In total, 139 untreated consecutive patients with histologically
confirmed SCC of the UADT were included in this prospective
cohort study (Supplementary Tables S1 and S2). Patients under-
went treatment from 2009 to 2012. Patients with nasopharyngeal
carcinoma were excluded from this study.

A multidisciplinary team decided on treatment planning,
mainly according to TNM staging, irrespective of HPV status.
Most T1 and T2 SCC were treated with functional-preserving sur-
gery or definitive radiotherapy, while most patients with T3 or
T4 SCC underwent radical surgery often followed by post-operative
(chemo)-radiotherapy or concurrent chemoradiation. The local
institutional review board approved the study protocol, and all
patients gave their informed consent. Two samples were collected
from each patient at the time of surgical resection or biopsy, one
from a non-necrotic area of the carcinoma, and the other from SM.

Only patients who underwent complete surgical resection with
clear margins (distance > 5 mm between carcinoma and margins)
and achieved complete clinical and radiological response to
(chemo)-radiotherapy were included in the study. The routine fol-
low-up program consisted of locoregional examination at 2-month

intervals during the first year, 3-month intervals in the second
year, 4-month intervals between the third and fifth years, and
every 6 months thereafter.

The median age of patients was 66 (range 27-95 years); 103
were men (74.1%) and 36 women (25.9%). The site of origin of
the carcinoma was the larynx in 46 cases (33.1%), the oral cavity
in 45 (32.4%), the oropharynx in 30 (21.6%) and the hypopharynx
in 18 (12.9%). One hundred and three patients (74.1%) were ever
smokers. According to the American Joint Committee on Cancer
TNM 2002 [36], 91 patients (65.5%) had advanced disease (stage
Il or IV). All tumors were tested for HPV DNA sequences by PCR
assays, as previously described [37], and nine (6.5%) were high-risk
HPV-positive (HPV-16 in eight cases and HPV-58 in one). In all
patients with HPV-positive tumors, the SM was HPV-negative.

Tissue samples

Surgeons were requested to biopsy the surrounding epithelium
in the uninvolved mucosa at 4-8 cm from the tumor margins
depending on anatomical condition. Precautions were taken not
to contaminate the SM with tumor samples by changing surgical
blades each time before cutting tissue. Both samples were
snap-frozen in liquid nitrogen and stored at —80 °C until analysis.
Cryostat sections, 6 pm thick, from each tissue sample were
prepared using a 1720 Digital cryostat (Leitz, Germany). One
section of each sample was stained with haematoxylin-eosin for
histopathology. Surrounding mucosa was histologically assessed
and in all cases no histopathological alterations were found. DNA
was extracted by the standard phenol/chloroform method and
RNA was extracted with Trizol reagent (Invitrogen).

Telomere length analysis

Telomere length was determined by real-time polymerase chain
reaction (PCR), exactly as previously described [38,39]. Briefly, two
PCRs were performed for each sample, one to determine the cycle
threshold (Ct) value for telomere (T) amplification with the primer
pair TEL1B and TEL2B [40], and the other to determine the Ct value
for the amplification of a single-copy (S) control gene (acidic riboso-
mal protein PO, RPLPO) with the primer pair RPLPO1 and RPLP02 [41].
Each sample was run in triplicate and each PCR reaction was per-
formed using 10 pul of DNA sample (1 ng of DNA per pul) in 50 pl final
reaction volume. A reference curve, consisting of fivefold serial dilu-
tions of the reference DNA from the RAJI cell line, was generated at
each PCR run, as previously described [38]. All PCR reactions were
carried out in 96-well plates using the ABI Prism 7900 HT
Sequence Detection System (Applied Biosystems). Intra- and inter-
assay reproducibility of both telomere and RPLPO PCR results have
been evaluated using dilutions of the reference curve [38]. Mean
Ct values were used to calculate the relative telomere length using
the telomere/single copy gene ratio (T/S) according to the formula:
ACtsample = Cttelomere_thontrolv AACt= ACtsample_ACtreference curve
(Where ACtreference curve = Cttelomere_thontrol) and then T/S = ZiAACt
[38,40].

Quantification of TERT transcripts

Sample sizes from both cancers and SM were sufficient to allow
RNA extraction in 90 cases (Supplementary Tables S1 and S2). RNA
samples were reverse transcribed on cDNA using the SuperScript
TM III RNase reverse transcriptase assay (Invitrogen) [42]. The
expression of TERT transcripts was quantified by real-time PCR
using an ABI prism 7900 HT Sequence Detection System (Applied
Biosystems). Absolute quantification was carried out with fivefold
dilutions of TERT amplicon as a reference curve for TERT copies,
and fivefold dilutions of housekeeping hypoxanthine-guanine
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phosphoribosyl transferase 1 (HPRT1) amplicon for HPRT1 copies
[42,43]. Each sample was run in triplicate and cDNA derived from
telomerase-positive (BL41) and telomerase-negative (U20S) cell
lines was included in each plate. TERT values were then normal-
ized for 10 x 5 copies of HPRT1.

Quantification of telomerase activity by real-time polymerase chain
reaction

Quantification of telomerase activity by real-time polymerase
chain reaction (PCR) method was performed as previously
described [39]. Briefly, frozen tissue sections were lysed in 50 pL
of CHAPS buffer (0.5% CHAPS, 10 mM Tris HCl, pH 7.5, 1 mM
MgCl,, 1mM EGTA, 0.1 mM phenylmethyl-sulfonyl fluoride,
5 mM B-mercaptoethanol, and 10% glycerol) at 4 °C for 30 min.
The protein concentration was measured by NanoDrop spec-
trophotometry (ND-1000; Celbio) and telomerase activity was
evaluated by a real-time PCR method, with 250 ng of cellular pro-
tein extract for each sample. Threshold cycle values (Ct) of the
samples were plotted against a standard curve generated from
serial fivefold dilutions starting from 1250 ng protein extract from
telomerase-positive BL41 cells. Each sample was analyzed in trip-
licate and lysate derived from telomerase-negative U20S cells
was included in each plate. Values were then expressed as relative
units.

Statistical analysis

The relationship between telomere length in cancer tissues and
SM (data available for all patients), TERT levels in cancer tissues
and SM (data available for 90 patients) and age was explored with
Spearman’s rank correlation coefficient. The Wilcoxon signed rank
test was used to analyze differences in telomere length and TERT
levels in paired SM and tumor tissues. Comparisons of telomere
length and levels of TERT according to categorical variables (gen-
der, smoking status, alcohol consumption status, HPV-status,
tumor site, T-status, N-status, overall stage, and grade of differen-
tiation) were performed using the Kruskal-Wallis test.
Computation of 95% Confidence Intervals (CI) for median values
was based on distribution-free method. In order to determine the
specific effect of each variable, data were dichotomized by the
median value. In time-to-event analysis, unadjusted and adjusted
hazard ratios (HR) were estimated by Cox’s proportional hazards
regression according to the forward stepwise method. Survival
curves were generated with the Kaplan-Meier method. Mucosal
failure was defined as reappearance of SCC at the UADT site after
complete surgical resection, with clear margins or complete clini-
cal and radiological response to chemoradiation, irrespectively of
clinical time/space criteria. Regional failure was defined as the
recurrence of tumor in regional lymph nodes, and distant failure
as a recurrence outside the UADT and regional lymph nodes. For
overall survival (OS) analysis, death from any cause was considered
as an event; for disease-specific survival (DSS), events considered
were death following mucosal or regional failure and distant pro-
gression. All tests were two-tailed and the levels of statistical sig-
nificance were calculated at the 5% level of probability (P < 0.05).
Statistical analyses were conducted using SAS statistical software
release 9.3 (SAS Institute, Cary, NC).

Results
Telomere length in cancer tissues and SM

The median level of telomere length in cancer tissues (median
T/S values 1.05, 95% CI 1.01-1.12) did not differ significantly from

that of SM (median T/S values 1.09, 95% CI 0.98-1.17) (P =0.535,
Wilcoxon signed rank test). However, the relative difference
between telomere length in cancer tissues and in SM showed great
variability (median —0.03, 95% CI —0.11 to 0.09), with 74 cases
(53.2%) having longer telomeres in SM and 65 (46.8%) in cancer tis-
sues. No correlation was found between age and telomere length in
either cancer tissues (P =0.932) or SM (P = 0.356).

Telomere length and tumor characteristics

Data on telomere length and tumor -characteristics are
described in Table 1. Telomere length in tumor tissues did not sig-
nificantly differ between early and late stage (P = 0.692). Similarly,
telomere length in tumor tissue did not significantly differ with
tumor grading (P =0.511). Moreover, median telomere length did
not significantly differ according to tumor site (P=0.437) and
HPV-status (P=0.572).

TERT expression and tumor characteristics

Quantification of TERT transcripts in both cancer tissues and SM
was possible for 90 patients (Table 1; Fig. 1A-D). TERT levels in
cancer tissues (median 1288 copies, 95% CI 1037-1660) were sig-
nificantly higher than those in SM (median 393 copies, 95% CI
335-465) (P<0.001, Wilcoxon signed rank test). Levels of TERT
mRNA significantly correlated with telomerase activity
(Supplementary Fig. S1; P<0.001). TERT levels in tumor tissues
significantly differed according to tumor stage (Fig. 1B). In par-
ticular, high TERT levels were associated with regional lymph node
metastases (Table 1; Fig. 1A: P<0.001). TERT levels differed
according to tumor grading (Table 1; Fig. 1C). A significant asso-
ciation was found between TERT levels and HPV-status (Table 1;
Fig. 1D). Notably, of the 6 HPV-positive cases in which TERT levels
were assessed, 4 fell in the highest quartile with the HPV-58 posi-
tive cancer showing the highest level of TERT (11694 copies).

Telomere length and time-to-event analysis

Median follow-up time in survivors was 24 months (interquar-
tile range, 19-30 months). Two patients were lost to follow-up.
After complete clinical and radiological response to treatment, 35
patients had mucosal failure, 28 regional failures and 9 distant
metastases. Fifteen patients developed second primary tumor out-
side the UADT. In all, 46 of the 139 patients died; of these, 35 died
of disease and 11 of other unrelated causes. Table 2 lists the uni-
variate HRs for the various endpoints. We explored the impact
on mucosal failure of dichotomization according to the median val-
ue of telomere length in SM (Fig. 2A). Remarkably, in both univari-
ate and multivariate analyses (Table 3), patients with telomere
length in SM below the median value had highly significantly
worse local control than those with long telomeres (HR =4.29,
95% CI, 1.87-9.87;, P<0.001; adjusted for age, smoking status,
and T category). This statistically significant association was con-
firmed by testing telomere length in SM as a continuous variable:
the hazard of mucosal failure associated with each unit increase in
T/S value level decreased by 70% (adjusted HR 0.30, 95% CI, 0.13-
0.69; P=0.004). In addition, the DSS (HR of related death 2.19,
95% CI, 1.07-4.48; P=0.031) was worse in patients with short
telomeres in SM. Conversely, telomere length in cancer tissues
was not significantly associated with time-to-events (Table 2).

TERT levels and time-to-event analysis
To evaluate the role of TERT as a prognostic factor in the sub-

group of 90 patients whose cancer and SM samples were analyzed
for TERT expression, the data were dichotomized by the median
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Table 1
Telomere length/TERT levels and patients/tumor characteristics.

Median telomere length in

Median TERT levels in

n Tumor 95% CI P-value SM  95%Cl P-value n  Tumor 95% Cl P-value SM  95% Cl P-value

Gender Female 36 1.04 0.85-1.26 0.682 1.05 0.93-1.36 0.661 19 937 404-3360 0.718 325 176-670 0513
Male 103 1.07 1.01-1.15 1.11 0.99-1.19 71 1351 1072-1740 400 338-511

Smoking Never 36 1.07 0.95-1.26 0.403 1.11 0.97-1.23 0.505 21 1901 1037-2473  0.103 466 208-1052 0.510
Ever 103 1.05 1.00-1.13 111 1.07-1.19 69 1214  838-1580 386 311-465

Alcohol Never 27 1.04 0.95-1.17 0.558 1.09 092-1.23 0.792 21 1537 771-2223 0.358 380 273-824 0570
Ever 112 1.06 1.01-1.16 1.08 0.99-1.19 69 1243 1014-1660 386 310-474

HR-HPV status Negative 130 1.05 1.01-1.12 0.572 1.07 0.97-1.17 0.622 84 1237  928-1580 0.020 367 305-454  0.040
Positive 9 1.09 0.79-1.56 1.15 0.78-2.08 6 2670 1282-11694 739 339-1313

Site Oral cavity/ 75 1.10 1.01-1.17 0.437 1.06 0.93-1.18 0.782 47 1318  964-2121 0.276 339 273-511 0.352
oropharynx
Larynx/ 64 1.04 0.98-1.10 1.09 1.01-1.27 43 1231 838-1725 416 342-616
hypopharynx

T category T1-T2 72 1.03 0.98-1.11 0.665 1.11 0.97-1.23 0.342 45 1184  710-1711 0.217 353 291-511  0.529
T3-T4 67 1.07 1.02-1.21 1.05 0.93-1.17 45 1476 1037-1841 416 338-648

N status Negative 74  1.10 1.04-1.17 0.327 111 0.97-1.21 0.730 46 770 446-1070 <0.001 324 233-427 0.044
Positive 65 1.01 0.98-1.11 1.05 0.93-1.17 44 1845 1345-2215 459 342-637

Stage I-11 48  1.07 1.00-1.15 0.692 1.12 0.99-1.28 0.382 28 520 367-964 <0.001 302 171-386 0.018
m-1v 91 1.05 0.99-1.17 1.09 0.93-1.17 62 1620 1281-2082 448 342-637

Grading 1 29 1.08 0.99-1.22 0.511 1.11 0.96-1.33 0.839 16 585 370-1351 0.033 302 158-616 0.179
2 73 1.02 0.92-1.10 1.09 0.93-1.17 47 1476 1173-1850 454 339-637
3 37 111 1.01-1.25 1.06 0.92-1.26 27 1422 710-2690 368 260-724

TERT: telomerase reverse transcriptase; Cl: confidence interval; SM: surrounding mucosa; HR-HPV: high risk human papillomavirus.

level in cancer tissues (1288 copies). Due to the relatively limited
sample size and the lower number of events, multivariate analysis
was not attempted. Patients with high TERT levels in cancer tissues
(above the median value) showed significantly worse regional con-
trol (regional failure HR=2.88, 95% CI, 1.02-8.08; P=0.045)
(Table 2; Fig. 2B). Patients with high TERT levels also exhibited a
significantly worse DSS (HR =2.62, 95% CI, 1.06-6.47; P=0.037),
a trend toward a higher distant failure (HR =7.27, 95% CI, 0.87-
60.71; P=0.067; Fig. 2C) and worse OS (HR =1.98, 95% CI, 0.95-
4.10; P=0.067). When univariate analysis was restricted to
patients with HPV-negative HNSCC, the result was significantly
worse OS in patients with high TERT levels (HR =2.14, 95% CI,
1.02-4.48; P = 0.044). Instead, TERT levels in SM were not associat-
ed with time-to-events (Table 2).

Risk factor stratification

Telomere length and TERT level data were combined for risk
stratification. The high-risk group with short telomeres in SM
and high TERT levels in cancer tissue showed significantly poorer
OS (HR 2.46; 95% CI, 1.18-5.10; P=0.016) compared with other
groups (Fig. 2D).

Discussion

In patients with HNSCC, substantial concern exists regarding
the importance of identifying molecular signatures indicating
increased risk of mucosal failure and metastatic spread of tumor
cells [7,44,45].

The present study was attempted to investigate the role of
telomere erosion and TERT expression as molecular markers of
field cancerization and disease severity. No correlation between
age and telomere length in SM was found. This was unexpected
as telomere length in non-cancerous cells, including those from
cancer-adjacent normal tissues, is inversely correlated with age
[12,46,47]. In addition, unlike results found in other studies,
including those on head and neck cancers reporting that telomeres
are shorter in tumors than in their normal counterparts [18,20], in
this study median telomere level in cancer tissues did not differ

significantly from that of SM, as about half of the patients had
shorter telomeres in cancer tissues and the others had shorter
telomeres in SM. Interestingly, the patients with short telomeres
in SM had a highly significant increased risk of mucosal failure.
All the above observations indicate that SM may not be a
biologically normal tissue. Previous studies have provided evi-
dence that primary HNSCC and subsequent relapses are frequently
the result of independent consecutive critical genetic alterations
within the same field of clinically and histologically normal
mucosa altered by exposure to environmental carcinogens [6,7].
These fields of apparently normal UADT epithelium may spread
over several centimeters [6]. Genetic and cytogenetic studies, as
well as more recent proteomic analysis, have demonstrated
dramatic tumor-related aberrations, transcriptional activity, loss
of heterozygosity, chromosomal aneuploidy, and abnormal
proteomic profiling in tumor-adjacent and tumor-distant
UADT mucosa without histological aberrations [7,44,45,48].
Nevertheless, the most intensively studied molecular marker, the
TP53 gene, has provided conflicting results [45,48]. The distance
from the tumor where the SM was biopsied may, in part, account
for the discrepancy of results among different studies. In this work,
we sampled SM over an area which has been demonstrated to be
the approximate extent of genetic-altered fields [6]. Data from
our analysis support the hypothesis that in some cases SM
constitutes a telomere-shortened epithelial field prone to genetic
instability. Therefore, telomere attrition in SM may represent a
molecular marker of genetically altered fields and thus useful in
predicting mucosal failure.

In agreement with other studies, including those on head and
neck cancer [31,32,34,49], we found that TERT levels in cancer tis-
sues increase with the aggressiveness of the disease. Conversely,
telomere length in cancer tissues does not increase with stage.
These data support the concept that the rising levels of TERT
observed in advanced stage carcinomas balance the enhanced
replication activity, resulting in maintenance rather than
elongation of telomere length during cancer progression [50]. In
time-to-event analysis, patients with high TERT levels showed
significant worse regional control and DSS with a trend toward
higher distant failure. Other studies have reported that telomerase
activity is an independent prognostic factor for OS in patients with
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Table 2
Telomere length/TERT levels and outcome: univariate analysis.
n Mucosal failure Regional failure Distant failure DSS oS
TL in SM > 1.09 68 1 1 1 1 1
TL in SM < 1.09 71 425 (1.86 - 9.74) 1.84 (0.85 - 3.99) 1.78 (0.42 - 7.45) 2.19 (1.07 - 4.48) 1.63 (0.89 - 2.95)
P-value <0.001 0.121 0.431 0.031 0.110
TL in tumor > 1.05 69 1 1 1 1 1
TL in tumor < 1.05 70 1.02 (0.52-1.99) 1.30 (0.61-2.75) 1.03 (0.26-4.14) 1.15 (0.59-2.25) 1.20 (0.67-2.14)
P-value 0.942 0.491 0.964 0.673 0.544
TERT levels in tumor < 1288 45 1 1 1 1 1
TERT levels in tumor > 1288 45 1.25 (0.54 - 2.91) 2.88 (1.02 - 8.08) 7.27 (0.87 - 60.71) 2.62 (1.06 - 6.47) 1.98 (0.95 - 4.10)
P-value 0.598 0.045 0.067 0.037 0.067
TERT levels in SM < 393 45 1 1 1 1 1
TERT levels in SM > 393 45 1.83 (0.77-4.35) 1.26 (0.50-3.20) 0.72 (0.16-3.21) 1.39 (0.60-3.26) 1.34 (0.66-2.74)
P-value 0.175 0.646 0.664 0.445 0.418

TERT: telomerase reverse transcriptase; HR: hazard ratio; CI: confidence interval; DSS: disease specific survival; OS: overall survival; TL: telomere length; SM: surrounding

mucosa.
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Fig. 2. Time-to-event analysis. (A) Mucosal failure. Kaplan-Meier estimates of mucosal failure according to telomere length (TL) in surrounding mucosa (SM). (B) Regional
failure. Kaplan-Meier estimates of regional failure according to TERT levels in tumor. (C) Distant failure. Kaplan-Meier estimates of distant failure according to TERT levels in
tumor. (D) Overall survival. Kaplan-Meier estimates of overall survival according to group. High-risk group has both short telomeres (below median value) in surrounding
mucosa and high telomerase levels (above median value) in tumor tissues; other groups have long telomeres in surrounding mucosa and/or low telomerase levels in tumor

tissues.
Table 3
Mucosal failure: univariate and multivariate analysis.
Univariate Multivariate
HR (95% CI) P-value HR (95% CI) P-value
Age (continuos variable) 1.02 (1.00-1.06) 0.087 NS
Smoking status Never 1 NS
Ever 1.25 (0.60-2.61) 0.548
T category T1 1 1
T2 1.78 (0.54-5.91) 0.347 2.13 (0.64-7.10) 0.218
T3 2.10 (0.62-7.16) 0.237 242 (0.71-8.28) 0.160
T4 4.93 (1.64-14.80) 0.004 5.23 (1.74-15.76) 0.003
Treatment Surgery 1 NT
(Chemo)-radiotherapy 1.11 (0.55-2.23) 0.772
TL in SM >1.09 1 1
<1.09 4.25 (1.86-9.74) <0.001 4.29 (1.87-9.87) 0.001

HR: hazard ratio; CI: confidence interval; NS: not significant; NT: not tested; TL: telomere length; SM: surrounding mucosa.

HNSCC [31,32]. In the present study, high TERT levels strongly
correlated with worse OS in HPV-negative tumors. It has been
demonstrated that the E6 oncoprotein of high-risk HPV types
increases cellular telomerase activity by activating transcription
of the TERT gene and by post-transcriptional mechanisms [51].
Interestingly, although the quantification of TERT transcripts was
determined in a small number of HPV-positive SCC, median TERT
levels in HPV-positive tumors were significantly higher than in
HPV-negative cases, most probably as a consequence of the E6-me-
diated transcription of the TERT gene. Patients with HPV-induced
HNSCC have significantly better OS than patients with HPV-unre-
lated tumors [2]. Therefore, high levels of TERT expression could
have different prognostic significance in HPV-positive and HPV-
negative SCC. As HPV-negative cancers still remain the majority
of HNSCC, quantification of TERT levels may be useful to stratify
prognosis in this larger subset of patients.

Unlike telomere shortening in SM, which was related to local
mucosal failure, high levels of TERT expression appear to reveal
the metastatic propensity of tumor cells. The greatest difference

in OS were observed when patients were stratified according to
both telomere length in SM and TERT levels in cancer tissues;
patients with short telomeres in SM and high TERT levels in cancer
tissue had a significantly higher risk of death.

Although at very significant lower levels, TERT expression was
also detected in SM in both this and other studies [27,28,30,34].
This was not unexpected, as telomerase expression is compatible
with the nature of the UADT epithelium, which contains a normal
proliferative progenitor compartment with stem cells and under-
goes renewal cycles of proliferation and differentiation [52].
Telomerase-positive lymphocytes are also normal constituents of
UADT and HNSCC, which frequently develop within a context of
chronic inflammatory cell infiltrate [30,53]. However, TERT levels
in SM were not predictive of mucosal failure; this observation
may support the concept that erosion of telomeres precedes telom-
erase activation in the oncogenetic process.

In conclusion, quantitative analyses of telomere and telomerase
in matched tumors and SM allowed us, for the first time, to identify
short telomeres in tumor SM as highly significant prognostic
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Fig. 3. Potential dynamics of telomere/telomerase interplay in HNSCC. Telomere shortening is a biosensor of field cancerization occurring in upper aerodigestive tract (UADT)
mucosa as consequence of cell proliferation after exposure to carcinogens. As telomeres become critically short promoting genetic instability, telomerase-reverse-
transcriptase (TERT) may be activated and cells become immortal, leading to cancer. TERT levels increase during tumor progression to compensate for telomere shortening
due to increased cell proliferation. Mucosa surrounding primary tumor is potentially prone to undergo molecular events, including telomere shortening, resulting in
appearance of new malignant lesion, so-called “second field tumor” (SFT). The shorter is the telomere length in tumor-surrounding mucosa, the higher is the risk of critical
genetic instability leading to development of SFT. TERT levels in cancer tissues increase with aggressiveness of disease.

marker of mucosa failure. High levels of TERT transcripts in cancer
tissues are predictive of regional and distant spread of the disease.
While telomere shortening in SM should be considered as a biosen-
sor of peritumoral field cancerization, increasing TERT level in
tumoral tissue is a biomarker of cancer progression (Fig. 3). If these
data are validated in larger series, they may lead to new perspec-
tives in post-therapeutic surveillance strategies, moving toward
more personalized follow-up. Patients identified as at risk of
mucosal failure could benefit from chemopreventive therapy,
which can reverse, suppress, or prevent progression to invasive
cancer.
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