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Leukocyte  Telomere  Length  and  All-Cause,  Cardiovascular  
Disease,  and  Cancer  Mortality:  Results  From  Individual-
Participant-Data  Meta-Analysis  of  2  Large  Prospective  Cohort  
Studies.  

Mons U, Müezzinler A, Schöttker B, Dieffenbach AK, Butterbach K, Schick M, Peasey A, De 
Vivo I, Trichopoulou A, Boffetta P, Brenner H. 

Abstract  

We studied the associations of leukocyte telomere length (LTL) with all-cause, cardiovascular 
disease, and cancer mortality in 12,199 adults participating in 2 population-based prospective 
cohort studies from Europe (ESTHER) and the United States (Nurses' Health Study). Blood 
samples were collected in 1989-1990 (Nurses' Health Study) and 2000-2002 (ESTHER). LTL 
was measured by quantitative polymerase chain reaction. We calculated z scores for LTL to 
standardize LTL measurements across the cohorts. Cox proportional hazards regression 
models were used to calculate relative mortality according to continuous levels and quintiles of 
LTL z scores. The hazard ratios obtained from each cohort were subsequently pooled by meta-
analysis. Overall, 2,882 deaths were recorded during follow-up (Nurses' Health Study, 1989-
2010; ESTHER, 2000-2015). LTL was inversely associated with age in both cohorts. After 
adjustment for age, a significant inverse trend of LTL with all-cause mortality was observed in 
both cohorts. In random-effects meta-analysis, age-adjusted hazard ratios for the shortest LTL 
quintile compared with the longest were 1.23 (95% confidence interval (CI): 1.04, 1.46) for 
all-cause mortality, 1.29 (95% CI: 0.83, 2.00) for cardiovascular mortality, and 1.10 (95% CI: 
0.88, 1.37) for cancer mortality. In this study population with an age range of 43-75 years, we 
corroborated previous evidence suggesting that LTL predicts all-cause mortality beyond its 
association with age. 
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Abstract  

Cumulative toxicity from weekly paclitaxel (myalgia, peripheral neuropathy, fatigue) 
compromises long-term administration. Preclinical data suggest that the burden of critically 
short telomeres (< 3 kilobases, CSTs), but not average telomere length by itself, accounts for 
limited tissue renewal and turnover capacity. The impact of this parameter (which can be 
modified with different therapies) in chemotherapy-derived toxicity has not been 
studied.Blood from 115 treatment-naive patients from a clinical trial in early HER2-negative 
breast cancer that received weekly paclitaxel (80 mg/m2 for 12 weeks) either alone or in 
combination with nintedanib and from 85 healthy controls was prospectively obtained and 
individual CSTs and average telomere lenght were determined by HT Q-FISH (high-
throughput quantitative FISH). Toxicity was graded according to NCI common toxicity criteria 
for adverse events (NCI CTCAE V.4.0). The variable under study was "number of toxic 
episodes" during the 12 weeks of therapy.The percentage of CSTs ranged from 6.5%-49.4% 
and was directly associated with the number of toxic events (R2 = 0.333; P < 0.001). 
According to a linear regression model, each 18% increase in the percentage of CSTs was 
associated to one additional toxic episode during the paclitaxel cycles; this effect was 
independent of the age or treatment arm. Patients in the upper quartile (> 21.9% CSTs) had 2-
fold higher number of neuropathy (P = 0.04) or fatigue (P = 0.019) episodes and >3-fold 
higher number of myalgia episodes (P = 0.005). The average telomere length was unrelated to 
the incidence of side effects.The percentage of CSTs, but not the average telomere size, is 
associated with weekly paclitaxel-derived toxicity. 
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Abstract  

Barrett's oesophagus is a premalignant metaplastic condition that predisposes patients to the 
development of oesophageal adenocarcinoma. However, only a minor fraction of Barrett's 
oesophagus patients progress to adenocarcinoma and it is thus essential to determine bio-
molecular markers that can predict the progression of this condition. Telomere dysfunction is 
considered to drive clonal evolution in several tumour types and telomere length analysis 
provides clinically relevant prognostic and predictive information. The aim of this work was to 
use high-resolution telomere analysis to examine telomere dynamics in Barrett's oesophagus. 
Telomere length analysis of XpYp, 17p, 11q and 9p, chromosome arms that contain key 
cancer related genes that are known to be subjected to copy number changes in Barrett's 
metaplasia, revealed similar profiles at each chromosome end, indicating that no one specific 
telomere is likely to suffer preferential telomere erosion. Analysis of patient matched tissues 
(233 samples from 32 patients) sampled from normal squamous oesophagus, Z-line, and 2 cm 
intervals within Barrett's metaplasia, plus oesophago-gastric junction, gastric body and antrum, 
revealed extensive telomere erosion in Barrett's metaplasia to within the length ranges at which 
telomere fusion is detected in other tumour types. Telomere erosion was not uniform, with 
distinct zones displaying more extensive erosion and more homogenous telomere length 
profiles. These data are consistent with an extensive proliferative history of cells within 
Barrett's metaplasia and are indicative of localised clonal growth. The extent of telomere 
erosion highlights the potential of telomere dysfunction to drive genome instability and clonal 
evolution in Barrett's metaplasia. 
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Abstract  

BACKGROUND:    

Germline BRCA2 mutations increase risk of breast cancer and other malignancies. BRCA2 
has been shown to play a role in telomere protection and maintenance. Telomere length (TL) 
has been studied as a modifying factor for various diseases, including breast cancer. Previous 
research on TL in BRCA mutation carriers has produced contradicting results. 

METHODS:    

We measured blood TL, using a high-throughput monochrome multiplex qPCR method, in a 
well-defined Icelandic cohort of female BRCA2 mutation carriers (n=169), sporadic breast 
cancer patients (n=561) and healthy controls (n=537). 

RESULTS:    

Breast cancer cases had significantly shorter TL than unaffected women (p<0.0001), both 
BRCA2 mutation carriers (p=0.0097) and non-carriers (p=0.00006). Using exclusively 
samples acquired before breast cancer diagnosis, we found that shorter telomeres were 
significantly associated with increased breast cancer risk in BRCA2 mutation carriers (HR = 
3.60, 95% CI 1.17-11.28, p=0.025) but not in non-carriers (HR = 1.40, 95% CI 0.89-2.22, 
p=0.15). We found no association between TL and breast cancer specific survival. 



CONCLUSIONS:    

Blood TL is predictive of breast cancer risk in BRCA2 mutation carriers. Breast cancer cases 
have significantly shorter TL than unaffected women, regardless of BRCA2 status, indicating 
that samples taken after breast cancer diagnosis should not be included in evaluations of TL 
and breast cancer risk. 

IMPACT:    

Our study is built on a well-defined cohort, highly accurate methods and long follow-up and 
can therefore help to clarify some previously published, contradictory results. Our findings 
also suggest that BRCA2 has an important role in telomere maintenance, even in normal blood 
cells. 

Copyright ©2017, American Association for Cancer Research. 
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Abstract  

Background: The associations between telomere length and cancer risk are equivocal, and 
none have examined the association between prediagnosis leukocyte telomere length (LTL) 
and the risk of developing ovarian cancer.Methods: We prospectively measured LTL 
collected from 442 ovarian cancer cases and 727 controls in the Nurses' Health Studies and the 
Northern Sweden Health and Disease Study. Cases were matched to one or two controls on 
age, menopausal status, and date of blood collection. Odds ratios (OR) and 95% confidence 
intervals (CI) were estimated using conditional logistic regression.Results: LTL was measured 
a median of 9.5 years before ovarian cancer diagnosis among cases. We observed a decreased 
risk of ovarian cancer with longer LTL. In multivariable models, women in the top quartile of 
LTL had an OR for ovarian cancer of 0.67 (95% CI, 0.46-0.97) compared with those in the 
bottom quartile. Inverse associations were stronger for nonserous cases (ORquartile 4 vs. quartile 1 of 

LTL = 0.55, 95% CI, 0.33-0.94) and rapidly fatal cases (i.e., cases who died within 3 years of 
diagnosis; ORquartile 4 vs. quartile 1 of LTL = 0.55, 95% CI, 0.32-0.95).Conclusions: Our prospective 
findings suggest that longer circulating LTL may be associated with a lower ovarian cancer 
risk, especially for nonserous and rapidly fatal cases. The evaluation of LTL in relation to 
ovarian cancer risk by tumor subtypes is warranted in larger prospective studies.Impact: 
Prediagnosis LTL may reflect an early event in the ovarian cancer development and could 
serve as a biomarker to predict future risk. Cancer Epidemiol Biomarkers Prev; 26(3); 339-45. 
©2017 AACR. 

©2017 American Association for Cancer Research. 
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Abstract  

BACKGROUND:    

Epidemiological studies have probed the correlation between telomere length and the risk of 
lung cancer, but their findings are inconsistent in this regard. The present meta-analysis study 
has been carried out to demonstrate the association between relative telomere length in 
peripheral blood leukocytes and the risk of lung cancer using an established Q-PCR technique. 

METHODS:    

A systematic search was carried out using PubMed, EMBASE, and ISI before 2015. A total of 
2925 cases of lung cancer and 2931 controls from 9 studies were employed to probe the 
relationship between lung cancer and telomere length .ORs were used at 95% CI. Random-
effects models were used to investigate this relationship based on the heterogeneity test. 
Heterogeneity among studies was analyzed employing subgroup analysis based on type studies 
and the year of publication. 

RESULTS:    

Random-effects meta-analysis revealed that patients with lung cancer were expected to have 
shorter telomere length than the control (1.13, 95% CI: 0.82-1.81, P=0.46). The summary of 
the pooled ORs of telomere length in adenocarcinoma lung cancer patients was 1 
(95%CI=0.68-1.47, I2=93%) compared to patients with squamous cell lung cancer, which was 
1.78 (95% CI=1.25-2.53, I2=3.9%). The meta-regression revealed that the effect of telomere 
length shortening, decreased and increased with the year of publication and the age of risks to 
lung cancer, was clearly related to short telomeres lengths. 

CONCLUSION:    



Lung cancer risks clearly related with short telomeres lengths. In patients with breathing 
problems, lung cancer risk can be predicted by telomere length adjustment with age, sex, and 
smoking. 
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Abstract  

In humans, telomeres shorten along with division of somatic cells. Shortened telomere length 
might result in genomic instability and has been associated with several malignancies. 
However, the findings in different populations remain conflicting. Therefore, we assessed the 
association of telomere length in peripheral blood leukocytes with risk of gastric cancer (GC) 
or esophageal squamous cell carcinoma (ESCC) in a Chinese Han population. A total of 574 
GC cases, 740 ESCC cases and 774 age- and sex-matched healthy controls were included in 
this analysis. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated by logistic 
regression. The GC or ESCC patients had significantly shorter relative telomere length (RTL) 



(median ± SD: GC: 1.20 ± 0.42; ESCC: 1.27 ± 0.48) than controls (1.41 ± 0.58). Four-fold 
increased GC risk (OR = 4.10, 95% CI = 2.78-6.05, P = 1.10 × 10-12) or 1.56-fold increased 
ESCC risk (95% CI = 1.12-2.18, P = 0.009) among subjects in the shortest quartile of telomere 
length was found compared with the highest quartile. We also observed a cumulative effect 
between short RTL and smoking in intensifying risk of GC (P = 4.50 × 10-9) or ESCC (P = 
5.92 × 10-33). Moreover, there were cumulative effects between RTL, smoking and drinking in 
elevating risk of GC (Ptrend = 0.001) or ESCC (Ptrend = 1.57 × 10-32). Interestingly, RTL-related 
rs621559 and rs398652 genetic variants are significantly associated with GC risk. These 
results indicate that short RTL is involved in susceptibility to developing GC or ESCC, alone 
and in a gene-environment interaction manner. Short telomere length might be a potential 
molecular marker, in combination with lifestyle risk factors, to identify high-risk individuals. 

© The Author 2016. Published by Oxford University Press. All rights reserved. For 
Permissions, please email: journals.permissions@oup.com. 
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Abstract  

OBJECTIVE:    

Telomere shortening occurs as an early event in pancreatic tumorigenesis, and genetic variants 
at the telomerase reverse transcriptase (TERT) gene region have been associated with 
pancreatic cancer risk. However, it is unknown whether prediagnostic leucocyte telomere 
length is associated with subsequent risk of pancreatic cancer. 

DESIGN:    

We measured prediagnostic leucocyte telomere length in 386 pancreatic cancer cases and 896 
matched controls from five prospective US cohorts. ORs and 95% CIs were calculated using 
conditional logistic regression. Matching factors included year of birth, cohort (which also 
matches on sex), smoking status, fasting status and month/year of blood collection. We 
additionally examined single-nucleotide polymorphisms (SNPs) at the TERT region in relation 
to pancreatic cancer risk and leucocyte telomere length using logistic and linear regression, 
respectively. 



RESULTS:    

Shorter prediagnostic leucocyte telomere length was associated with higher risk of pancreatic 
cancer (comparing extreme quintiles of telomere length, OR 1.72; 95% CI 1.07 to 2.78; 
ptrend=0.048). Results remained unchanged after adjustment for diabetes, body mass index and 
physical activity. Three SNPs at TERT (linkage disequilibrium r2<0.25) were associated with 
pancreatic cancer risk, including rs401681 (per minor allele OR 1.33; 95% CI 1.12 to 1.59; 
p=0.002), rs2736100 (per minor allele OR 1.36; 95% CI 1.13 to 1.63; p=0.001) and rs2736098 
(per minor allele OR 0.75; 95% CI 0.63 to 0.90; p=0.002). The minor allele for rs401681 was 
associated with shorter telomere length (p=0.023). 

CONCLUSIONS:    

Prediagnostic leucocyte telomere length and genetic variants at the TERT gene region were 
associated with risk of pancreatic cancer. 

Published by the BMJ Publishing Group Limited. For permission to use (where not already 
granted under a licence) please go to http://www.bmj.com/company/products-services/rights-
and-licensing/. 
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Abstract  

Maintenance of telomere length is one function of human telomerase that is crucial for the 
survival of cancer cells and cancer progression. Both telomeres and telomerase have been 
proposed as possible biomarkers of cancer risk and cancer invasiveness; however, their clinical 
relevance is still under discussion. In order to improve our understanding of the relationship 
between telomere length and telomerase activity with cancer invasiveness, we studied telomere 
length as well as telomerase levels, activity, and intracellular localization in breast cancer cell 
lines with diverse invasive phenotypes. We found an apparently paradoxical coincidence of 
short telomeres and enhanced telomerase activity in the most invasive breast cancer cell lines. 
We also observed that hTERT intracellular localization could be correlated with its level of 
activity. There was no association between human telomerase reverse transcriptase (hTERT) 
protein expression levels and invasiveness. We propose that simultaneous evaluation of these 
two biomarkers-telomere length and telomerase activity-could be useful for the assessment of 
the invasive capacity and aggressiveness of tumor cells from breast cancer patients. 
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Abstract  

Telomeres ensure genome integrity during replication. Loss of telomeric function leads to 
cell immortalization and accumulation of genetic alterations. The association of telomere 
length (TL) with breast cancer prognosis is examined through a systematic review. Electronic 
databases (MEDLINE, EMBASE, CENTRAL), from inception to December 2015, and 
relevant reviews were searched. Studies that evaluated TL (blood and/or tumor) in 
association with breast cancer survival or prognostic factor were included. Thirty-six studies 
met inclusion criteria. Overall risk of bias was critical. Eight studies reported survival 
outcomes. Overall, there was a trend toward an association of longer telomeres with better 
outcomes (tumor, not blood). Of the 33 studies reporting associations with prognostic factors, 
nine adjusted for potential confounders. Among the latter, shorter telomeres were associated 
with older age (blood, not tumor), higher local recurrence rates (normal tissue), higher tumor 
grade (tumor), and lower physical activity (blood), which were reported in one study each. 
TL was not associated with molecular subtype (blood, one study), family history (tumor, one 
study), chemotherapy (blood, three of four studies), and stress reduction interventions (blood, 
two of two studies). Although major methodologic differences preclude from drawing 
conclusive results, TL could be a valuable breast cancer prognostic marker. Cancer 
Epidemiol Biomarkers Prev; 26(1); 3-10. ©2016 AACR. 

©2016 American Association for Cancer Research. 
 PMID: 27677729  
 Similar articles  
 

 

11.  Acta Haematol. 2016;136(4):210-218. Epub 2016 Sep 16. 

Telomere  Length  Recovery:  A  Strong  Predictor  of  Overall  
Survival  in  Acute  Promyelocytic  Leukemia.  

Baljevic M1, Dumitriu B, Lee JW, Paietta EM, Wiernik PH, Racevskis J, Chen C, Stein EM, 
Gallagher RE, Rowe JM, Appelbaum FR, Powell BL, Larson RA, Coutré SE, Lancet J, 
Litzow MR, Luger SM, Young NS, Tallman MS. 

Author information:  

1 



Oncology/Hematology Division, The University of Nebraska Medical Center, Omaha, 
Nebr., USA. 

Abstract  

Telomeres are the capping ends of chromosomes that protect the loss of genetic material and 
prevent chromosomal instability. In human tissue-specific stem/progenitor cells, telomere 
length (TL) is maintained by the telomerase complex, which consists of a reverse 
transcriptase catalytic subunit (TERT) and an RNA template (TERC). Very short telomeres 
and loss-of-function mutations in the TERT and TERC genes have been reported in acute 
myeloid leukemia, but the role of telomeres in acute promyelocytic leukemia (APL) has not 
been well established. We report the results for a large cohort of 187 PML/RARα-positive 
APL patients. No germline mutations in the TERT or TERC genes were identified. Codon 
279 and 1062 TERT polymorphisms were present at a frequency similar to that in the general 
population. TL measured in blood or marrow mononuclear cells at diagnosis was 
significantly shorter in the APL patients than in healthy volunteers, and shorter telomeres at 
diagnosis were significantly associated with high-risk disease. For patients who achieved 
complete remission, the median increase in TL from diagnosis to remission (delta TL) was 
2.0 kilobase (kb), and we found delta TL to be the most powerful predictor of overall survival 
when compared with well-established risk factors for poor outcomes in APL. 

© 2016 S. Karger AG, Basel. 
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Abstract  

We examined the genetic implications and clinical impact of telomere length (TL) in 67 
patients with acute myeloid leukemia (AML). There was a trend toward improved survival at 
6 months in patients with longer TL. We found that patients with activating mutations, such 
as FLT3-ITD, had shorter TL, while those with mutations in epigenetic modifying enzymes, 
particularly IDH1 and IDH2, had longer TL. These are intriguing findings that warrant 
further investigation in larger cohorts. Our data show the potential of TL as a predictive 
biomarker in AML and identify genetic subsets that may be particularly vulnerable to 
telomere-targeted therapies.  

Copyright © 2016 Elsevier Ltd. All rights reserved. 
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Abstract  

There is increasing evidence supporting the role of telomeres in cancer pathogenesis. 
However, limited studies have investigated the association between telomere length features 
and risk of pancreatic cancer and colorectal cancer (CRC), and little was conducted in Asians. 
To help clarify this issue, We measured relative peripheral leukocytes telomere length (LTL) 
and telomere length variation (TLV) in a prospective study of 900 pancreatic cancer cases, 
300 CRC cases, and 900 controls. Both subjects with longer LTL (quartile 4: adjusted 
OR=1.51, 95% CI: 1.14-1.99, P=0.004) and shorter LTL (quartile 1: adjusted OR=3.12, 95% 
CI: 1.89-5.14, P=8.50x10-6) showed increased risk of pancreatic cancer. A linear increased 
risk was detected For TLV (adjusted OR=1.60, 95% CI: 1.14-2.24, P=0.006). We also 
identified significant interaction for relative LTL, TLV on pancreatic cancer risk (P 
interaction =0.009). Significant relationship between shorter RTL and increased CRC risk 
were also detected. This findings provide insights into telomere dynamics and highlight the 
complex relationship between relative LTL, TLV and cancer risk. 
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Abstract  

PURPOSE:    

Telomere shortening occurs in tumor tissues and peripheral blood lymphocytes of many 
common human malignancies, including lung cancer, but its variation in T-cells has never 
been investigated. Thus, the aim of this study was to assess telomere length in T-cells and its 
correlation with the clinical characteristics of patients with lung cancer. 

PATIENTS  AND  METHODS:    

A total of 40 patients with lung cancer but without prior cancer history and 25 healthy 
individuals were selected. T-cells were isolated and their telomere lengths were measured 
using quantitative real-time polymerase chain reaction methods. 

RESULTS:    

Telomere length in T-cells was significantly shorter in patients with lung cancer than in 
controls (P<0.001). Shorter telomere length was significantly associated with increased 
clinical stage (P=0.008) and distant metastasis (P=0.028). Naïve T-cells from patients with 
lung cancer had significantly decreased telomere length when compared with those from 
controls (P=0.012). 

CONCLUSION:    

The shortened telomere length in T-cells occurred in naïve T-cells and might be related to 
lung cancer progression. 
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Abstract  

The relationship between telomere length and cancer survival has been widely studied. To 
gain a deeper insight, we reviewed the published studies. A total of 29 studies evaluated 
telomere length in the peripheral blood; 22 studies evaluated telomere length in the tumor 
tissue. First, in the peripheral blood studies, for solid tumor patients with shortened telomere 
length, the combined hazard ratios (HRs) for mortality and tumor progression were 1.21 
(95%CI, 1.10-1.32) and 1.71 (95%CI, 1.37-2.13), respectively. Meanwhile, in hematology 
malignancy, the combined HRs for mortality and tumor progression were 2.83 (95%CI, 2.14-
3.74) and 2.65 (95%CI, 2.18-3.22), respectively. Second, in the studies that use tumor tissue, 
for patients with shortened telomeres, the combined HRs for mortality and tumor progression 
were 1.26 (95%CI, 0.95-1.66) and 1.65 (95%CI, 1.26-2.15), respectively. In the studies that 
calculate the telomere length ratios of tumor tissue to adjacent normal mucosa, for patients 
with lower telomere length ratios, the combined HRs were 0.66 (95%CI, 0.53-0.83) and 0.74 
(95%CI, 0.41-1.32) for mortality and tumor progression, respectively. In conclusion, 
shortened telomere in peripheral blood and tumor tissue might indicate poor survival for 
cancer patients. However, by calculating the telomere length ratios of tumor tissue to adjacent 
normal mucosa, the lower ratio might indicate better survival.  
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Abstract  

Telomere shortening occurs in many organs and tissues and is accelerated by oxidative injury 
and rapid cell turnover. Short telomeres initiate chromosomal instability and may eventually 
contribute to tumorigenesis. To evaluate telomere length as potential biomarker for gastric 
cancer (GC) risk, we measured average telomere length using quantitative real-time PCR in 
GC tissues and in non-neoplastic mucosa from patients with GC and without GC. We 
obtained of 217 GC patients matched biopsies from the GC and adjacent tissues as well as 
gastric biopsies of 102 subjects without GC. Relative telomere length was measured in 
genomic DNA by real-time PCR. Relative telomere length decreased gradually in 
Helicobacter pylori (H. pylori) negative and positive gastric mucosa of GC free subjects 
compared with adjacent mucosa and cancer tissue from GC patients (4.03 ± 0.3 vs. 
2.82 ± 0.19 vs. 0.82 ± 0.07 vs. 0.29 ± 0.09, P < 0.0001). In non-neoplastic mucosa of GC 
patients, shorter telomeres were found significantly more often than in that of GC free 
subjects (age, sex, and H. pylori adjusted odds ratio = 7.81, 95 % confidence interval = 4.71-
12.9, P < 0.0001). Telomere shortening in non-neoplastic mucosa was associated with 
chronic inflammation (P = 0.0018) and intestinal metaplasia (P < 0.0001). No significant 
associations were found between relative telomere length and clinicopathological features of 
GC and overall survival. Telomere shortening in gastric mucosa reflects a field effect in an 
early stage of carcinogenesis and is associated with an increased risk of GC. Telomere length 
in GC is not associated with clinicopathological features or prognosis.  
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Abstract  

Telomeric dysfunction is linked to colorectal cancer (CRC) initiation. However, the 
relationship of normal tissue and tumor telomere lengths with CRC progression, molecular 
features and prognosis is unclear. Here, we measured relative telomere length (RTL) by real-
time quantitative PCR in 90 adenomas (aRTL), 419 stage I-IV CRCs (cRTL) and adjacent 
normal mucosa (nRTL). Age-adjusted RTL was analyzed against germline variants in 
telomere biology genes, chromosome instability (CIN), microsatellite instability (MSI), CpG 
island methylator phenotype (CIMP), TP53, KRAS, BRAF mutations and clinical outcomes. 
In 509 adenoma or CRC patients, nRTL decreased with advancing age. Female gender, 
proximal location and the TERT rs2736100 G allele were independently associated with 
longer age-adjusted nRTL. Adenomas and carcinomas exhibited telomere shortening in 79% 
and 67% and lengthening in 7% and 15% of cases. Age-adjusted nRTL and cRTL were 
independently associated with tumor stage, decreasing from adenoma to stage III and leveling 
out or increasing from stage III to IV, respectively. Cancer MSI, CIMP, TP53, KRAS and 
BRAF status were not related to nRTL or cRTL. Near-tetraploid CRCs exhibited 
significantly longer cRTLs than CIN- and aneuploidy CRCs, while cRTL was significantly 
shorter in CRCs with larger numbers of chromosome breaks. Age-adjusted nRTL, cRTL or 
cRTL:nRTL ratios were not associated with disease-free or overall survival in stage II/III 
CRC. Taken together, our data show that both normal mucosa and tumor RTL are 
independently associated with CRC progression, and highlight divergent associations of CRC 
telomere length with tumor CIN profiles. 
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Abstract  

Telomere shortening is associated with cancer development, primarily through the induction 
of genomic instability. The majority of studies have indicated that individuals with shorter 
blood telomeres may be at a higher risk of developing various types of cancer. There is 
increasing evidence that the study of the alterations in telomere length may improve cancer 
prognosis. The aim of the present study was to verify the use of telomere length parameters in 
the diagnostics of breast cancer stage. Telomere length was analyzed in the blood leukocytes 
of 52 patients with breast cancer relative to 47 control subjects using quantitative polymerase 
chain reaction. The effects of stage, grade, estrogen receptor, progesterone receptor and 
human epidermal growth factor 2 (HER2) status were assessed. The current study 
demonstrated that the average telomeric sequence length was significantly shorter in 
leukocytes from individuals diagnosed with a more severe stage of breast cancer (T2N1M0) 
than in leukocytes in the early stages of the disease (T1N0M0) (P=0.0207). Furthermore, the 
data indicated that telomeres in leukocytes derived from patients with HER2+ breast cancer 
were significantly longer compared with those with the HER2- type (P=0.0347). These results 
suggest that the assessment of telomeres in blood leukocytes may, at least partially, 
correspond with breast cancer staging and HER2 receptor status. 
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Abstract  

Telomeres are crucial in the maintenance of chromosome integrity and genomic stability. A 
series of epidemiological studies have examined the association between telomere length and 
the risk of cancers, but the findings remain conflicting. We performed literature review and 
meta-analysis to demonstrate the relationship between telomere length and cancer risk. A 
total of 23,379 cases and 68,792 controls from 51 publications with 62 population studies 
were included in this meta-analysis to assess the association between overall cancer or 
cancer-specific risk and telomere length. General association and dose-response relationship 
were evaluated based on two and three groups, respectively. The estimates of association 
were evaluated with odds ratios and 95% confidence intervals by the random-effects or fixed-
effects model based on heterogeneity test. We observed a non-significant association between 
short telomeres and overall risk of cancer. Convincing evidence was observed for the 
association of short telomeres with an increased risk of gastrointestinal tumor and head and 
neck cancer. Significant dose-response associations were also observed for gastrointestinal 
tumor and head and neck cancer. Our findings indicate that telomeres may play diverse roles 
in different cancers, and short telomeres may be risk factors for the tumors of digestive 
system.  
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Abstract  

The role of telomeres and telomerase in colorectal cancer (CRC) is well established as the 
major driving force in generating chromosomal instability. However, their potential as 
prognostic markers remains unclear. We investigated the outcome implications of telomeres 
and telomerase in this tumour type. We considered telomere length (TL), ratio of telomere 
length in cancer to non-cancer tissue (T/N ratio), telomerase activity and TERT levels; their 
relation with clinical variables and their role as prognostic markers. We analyzed 132 CRCs 
and paired non-cancer tissues. Kaplan-Meier curves for disease-free survival were calculated 
for TL, T/N ratio, telomerase activity and TERT levels. Overall, tumours had shorter 
telomeres than non-tumour tissues (P < 0.001) and more than 80% of CRCs displayed 
telomerase activity. Telomere lengths of non-tumour tissues and CRCs were positively 
correlated (P < 0.001). Considering telomere status and clinical variables, the lowest degree 
of telomere shortening was shown by tumours located in the rectum (P = 0.021). Regarding 
prognosis studies, patients with tumours showing a mean TL < 6.35 Kb experienced a 
significantly better clinical evolution (P < 0.001) and none of them with the highest degree of 
tumour telomere shortening relapsed during the follow-up period (P = 0.043). The mean TL 
in CRCs emerged as an independent prognostic factor in the Cox analysis (P = 0.017). 
Telomerase-positive activity was identified as a marker that confers a trend toward a poor 
prognosis. In CRC, our results support the use of telomere status as an independent 
prognostic factor. Telomere status may contribute to explaining the different molecular 
identities of this tumour type.  
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Abstract  

Telomere dysfunction participates in malignant transformation and tumorigenesis. Previous 
studies have explored the associations between telomere length (TL) and cancer 
susceptibility; however, the findings are inconclusive. The associations between genetic 
variants and TL have been verified by quite a few genome-wide association studies (GWAS). 
Yet, to date, there was no published study on the relationship between TL, related genetic 
variants and susceptibility to squamous cell carcinoma of the head and neck (SCCHN) in 
Chinese. Hence, we detected relative telomere length (RTL) by using quantitative PCR and 
genotyped seven selected single nucleotide polymorphisms by TaqMan allelic discrimination 
assay in 510 SCCHN cases and 913 controls in southeast Chinese. The results showed that 
RTL was significantly associated with SCCHN risk [(adjusted odds ratio (OR)  =  1.19, 95% 
confidence interval (CI)  =  1.08-1.32, P  =  0.001]. Furthermore, among seven selected SNPs, 
only G allele of rs2736100 related to RTL in Caucasians was significantly associated with 
both the decreased RTL (P  =  0.002) and the increased susceptibility to SCCHN in Chinese 
(additive model: adjusted OR  =  1.17, 95%CI  =  1.00-1.38, P  =  0.049). These findings provide 
evidence that shortened TL is a risk factor for SCCHN, and genetic variants can contribute to 
both TL and the susceptibility to SCCHN in southeast Chinese population. 
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Abstract  

BACKGROUND:    

Telomeres play an important role in cancer progression. Recently it has been shown that 
subtelomeric methylation negatively regulates telomere length in various diseases, including 
cancers. Here, we evaluated the influence of subtelomeric methylation in telomere 
dysfunction in gallbladder cancer (GBC), and whether this dysfunction is affected by the 
presence of gallstones. 

METHODS:    

Relative telomere length and subtelomeric methylation levels were assessed using 
monochrome multiplex quantitative polymerase chain reaction and bisulfite sequencing, 
respectively, in different gallbladder tissue types including different grades of GBC, 
gallstones and adjacent non-tumor. 

RESULTS:    

We found telomere length to shorten significantly in overall GBC, but specifically in early 
grade cancer. We also found D4Z4 and DNF92 subtelomeric sequences to be 
hypermethylated and hypomethylated, respectively, in GBC; however, their methylation 
levels differed significantly, only in early grade cancer. We could not find any specific 
correlation between subtelomeric methylation and telomere length in GBC. Interestingly, 
telomere length and subtelomeric methylation differed significantly in GBC without 



gallstones but not in GBC with gallstones. 

CONCLUSIONS:    

This study, thus, suggests that telomere dysfunction and changes in methylation levels may 
occur earlier in the progression of GBC, while the presence of gallstones may have no 
influence on telomere length as well as on methylation levels. 

© 2016 Japanese Society of Hepato-Biliary-Pancreatic Surgery. 
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Abstract  

BACKGROUND/AIMS:    

The stabilization of telomere length has important roles in the carcinogenesis of colorectal 
cancer. A systemic review and meta-analysis of published studies was performed to assess 
the prognostic role of telomere length in colorectal cancer. 

METHODS:    

Pubmed and Embase were searched for eligible studies on the association between telomere 
length and overall survival in colorectal cancer patients. The pooled hazard ratio (HR) and 
corresponding 95% confidence intervals (95%CI) was calculated using fixed-effects or 
random-effects model according to the magnitude of between-study heterogeneity. 

RESULTS:    

Seven individual studies with a total of 956 colorectal cancer patients were included. Long 
telomere length in cancer tissues was marginally associated with poorer overall survival 



(Random-effects HR = 1.85, 95% 0.90 to 3.83, P = 0.09). When using studies with adjusted 
estimates, long telomere length in cancer tissues was independently and significantly 
associated with poorer overall survival (Fixed-effects HR = 2.70, 95% 1.51 to 4.84, P = 
0.001). However, short telomere length in peripheral blood leukocytes was independently and 
significantly associated with poorer overall survival (Fixed-effects HR = 2.01, 95% 1.46 to 
2.77, P < 0.001). 

CONCLUSIONS:    

There is some evidence for telomere length as a prognostic factor for overall survival in 
colorectal cancer patients. More studies with large number of participants are needed to 
further assess the prognostic significance of telomere length in colorectal cancer patients. 

© 2016 The Author(s) Published by S. Karger AG, Basel. 
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Abstract  

PURPOSE:    

Age induces a progressive decline in functional reserve and impacts cancer treatments. 
Telomere attrition leads to tissue senescence. We tested the hypothesis that telomere length 
(TL) could predict patient vulnerability and outcome with cancer treatment. 

PATIENTS  AND  METHODS:    

An ancillary study in the Elderly Women GINECO Trial 3 was performed to evaluate the 
impact of geriatric covariates on survival in elderly advanced ovarian cancer patients 
receiving six cycles of carboplatin. TL was estimated from peripheral blood at inclusion 
using standard procedures. 

RESULTS:    

TL (in base pairs) was estimated for 109/111 patients (median 6.1 kb; range [4.5-8.3 kb]). 
With a cut-off of 5.77 kb, TL discriminated two patient groups, long telomere (LT) and short 
telomeres (ST), with significantly different treatment completion rates of 0.80 (95% CI [0.71-
0.89]) and 0.59 (95% CI [0.41-0.76]), respectively (odds ratio [OR]=2.8, p=0.02). ST patients 
were at higher risk of serious adverse events (SAE, OR=2.7; p=0.02) and had more 
unplanned hospital admissions (OR=2.1; p=0.08). After adjustment on FIGO stage, TL 
shorter than 6 kb was a risk factor of premature death (HR=1.57; p=0.06). 



CONCLUSION:    

This exploratory study identifies TL as predictive factor of decreased treatment completion, 
SAE risk, unplanned hospital admissions and OS after adjustment on FIGO stage. 
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Abstract  

Telomeres, which protect the ends of chromosomes, are shortened in several hematologic 
malignancies, often with adverse prognostic implications, but their effect on prognosis of 
classic and variant hairy cell leukemia (HCL and HCLv) has not been reported. HCL/HCLv 
genomic DNA from 46 patients was studied by PCR to determine the ratio of telomere to 
single copy gene number (T/S). T/S was unrelated to diagnosis of HCL or HCLv (p=0.27), 
but shorter T/S was associated with unmutated immunoglobulin rearrangements (p=0.033) 
and age above the median at diagnosis (p=0.017). Low T/S was associated with shorter 
overall survival from diagnosis (OS), particularly T/S <0.655 (p=0.0064, adjusted p=0.019). 
Shorter OS was also associated with presence of unmutated (p<0.0001) or IGHV4-34+ 
(p<0.0001) rearrangements, or increasing age (p=0.0002). Multivariable analysis with Cox 



modeling showed that short T/S along with either unmutated or IGHV4-34+ rearrangements 
remained associated with reduced OS (p=0.0071, p=0.0024, respectively) after age 
adjustment. While T/S is relatively long in HCL and the disease usually indolent with 
excellent survival, shortened telomeres in HCL/HCLv are associated with decreased survival. 
Shortened T/S could represent a risk factor needing further investigation/intervention to 
determine if non-chemotherapy treatment options, in addition to or instead of chemotherapy, 
might be particularly useful.  

Published by Elsevier Ltd. 
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Abstract  

This study investigated the correlation of the extent of chromosomal aberrations including 
uniparental disomies (UPDs) by SNP-chip analysis and FISH to telomere length in 46 
patients with CLL. CLL harboring high risk aberrations, i.e. deletions of 11q22-23 or 17p13, 



had significantly shorter telomeres (higher ΔTL) compared to patients with CLL without such 
abnormalities. Patients with high chromosomal aberration rates had a worse overall survival 
compared to cases with lower aberration rates. Interestingly, however, an increase was found 
in the number of UPDs with shorter telomeres. These findings support the idea that telomeres 
in CLL cells play a role in the overall chromosome stability and could be involved in the 
occurrence of UPDs.  
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Abstract  

Excessive telomere shortening is observed in breast cancer lesions when compared to 
adjacent non-cancerous tissues, suggesting that telomere length may represent a key 
biomarker for early cancer detection. Because tumor-derived, cell-free DNA (cfDNA) is 
often released from cancer cells and circulates in the bloodstream, we hypothesized that 
breast cancer development is associated with changes in the amount of telomeric cfDNA that 
can be detected in the plasma. To test this hypothesis, we devised a novel, highly sensitive 
and specific quantitative PCR (qPCR) assay, termed telomeric cfDNA qPCR, to quantify 
plasma telomeric cfDNA levels. Indeed, the internal reference primers of our design correctly 
reflected input cfDNA amount (R(2) = 0.910, P = 7.82 × 10(-52)), implying accuracy of this 
assay. We found that plasma telomeric cfDNA levels decreased with age in healthy 
individuals (n = 42, R(2) = 0.094, P = 0.048), suggesting that cfDNA is likely derived from 
somatic cells in which telomere length shortens with increasing age. Our results also showed 
a significant decrease in telomeric cfDNA level from breast cancer patients with no prior 
treatment (n = 47), compared to control individuals (n = 42) (P = 4.06 × 10(-8)). The 
sensitivity and specificity for the telomeric cfDNA qPCR assay was 91.49% and 76.19%, 
respectively. Furthermore, the telomeric cfDNA level distinguished even the Ductal 
Carcinoma In Situ (DCIS) group (n = 7) from the healthy group (n = 42) (P = 1.51 × 10(-3)). 
Taken together, decreasing plasma telomeric cfDNA levels could be an informative genetic 
biomarker for early breast cancer detection. 
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Abstract  

BACKGROUND:    

Accelerated telomere shortening may cause cancer via chromosomal instability, making it a 
potentially useful biomarker. However, publications on blood telomere length (BTL) and 
cancer are inconsistent. We prospectively examined BTL measures over time and cancer 
incidence. 

METHODS:    

We included 792 Normative Aging Study participants with 1-4 BTL measurements from 
1999 to 2012. We used linear mixed-effects models to examine BTL attrition by cancer status 
(relative to increasing age and decreasing years pre-diagnosis), Cox models for time-
dependent associations, and logistic regression for cancer incidence stratified by years 
between BTL measurement and diagnosis. 

FINDINGS:    

Age-related BTL attrition was faster in cancer cases pre-diagnosis than in cancer-free 
participants (pdifference = 0.017); all participants had similar age-adjusted BTL 8-14 years 
pre-diagnosis, followed by decelerated attrition in cancer cases resulting in longer BTL three 
(p = 0.003) and four (p = 0.012) years pre-diagnosis. Longer time-dependent BTL was 
associated with prostate cancer (HR = 1.79, p = 0.03), and longer BTL measured ≤ 4 years 



pre-diagnosis with any (OR = 3.27, p < 0.001) and prostate cancers (OR = 6.87, p < 0.001). 

INTERPRETATION:    

Age-related BTL attrition was faster in cancer cases but their age-adjusted BTL attrition 
began decelerating as diagnosis approached. This may explain prior inconsistencies and help 
develop BTL as a cancer detection biomarker. 
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Abstract  

BACKGROUND:    

Considering previous data and the need to incorporate new biomarkers for the prognosis of 
solid tumours into the clinic, our aim in this work consists of evaluating the potential clinical 
use of telomeres and telomerase in non-small cell lung cancer (NSCLC). 

METHODS:    

Telomere status was established by determination of telomere length using the Terminal 
Restriction Fragment length method, and telomerase activity by the Telomeric Repeat 
Amplification Protocol in 142 NSCLCs and their corresponding control samples, obtained 
from patients submitted to surgery. Group-oriented curves for disease-free survival were 
calculated according to the Kaplan-Meier method considering telomere length, T/N ratio 
(telomere length in tumour to control tissue) and telomerase activity. 

RESULTS:    

Overall, tumours had significantly shorter telomeres compared with telomeres in control 
tissues (P  =  0.027). More than 80 % of NSCLCs displayed telomerase activity. Regarding 



prognosis studies, patients whose tumours showed a mean telomere length (MTL) <7.29 Kb 
or T/N ratio <0.97 showed a significantly poor clinical evolution (P  =  0.034 and P  =  0.040, 
respectively). As result of a Cox multivariate analysis including pathologic state and lymph 
node dissemination, the MTL and T/N ratio emerged as independent significant prognostic 
factors. 

CONCLUSIONS:    

Telomerase activity was identified as a marker of poor prognosis. The novel finding of this 
study is the independent prognosis role of a specific telomere status in NSCLC patients. 
According to our results, telomere function may emerge as a useful molecular tool that allow 
to select groups of NSCLC patients with different clinical evolution, in order to establish 
personalized therapy protocols. 
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Abstract  

BACKGROUND:    

Telomeres are essential for chromosomal integrity and stability. Shortened telomere length 
(TL) has been associated with risk of cancers and aging-related diseases. Several studies have 
explored associations between TL and cancer prognosis, but the results are conflicting. 

METHODS:    

Prospective studies on the relationship between TL and cancer survival were identified by a 
search of PubMed up to May 25, 2015. There were no restrictions on the cancer type or DNA 
source. The quality of the included studies was assessed using the Newcastle-Ottawa Scale. 
Meta-analysis approaches were conducted to determine pooled relative risks and 95% 
confidence intervals. 

RESULTS:    

Thirty-three articles containing forty-five independent studies were ultimately involved in our 
meta-analysis, of which twenty-seven were about overall cancer survival and eighteen were 
about cancer progression. Short TL was associated with increased cancer mortality risk (RR = 
1.30, 95%CI: 1.06-1.59) and poor cancer progression (RR = 1.44, 95%CI: 1.10-1.88), both 
with high levels of heterogeneity (I2 = 83.5%, P = 0.012for overall survival and I2 = 75.4%, 
P = 0.008 for progression). TL was an independent predictor of overall cancer survival and 
progression in chronic lymphocytic leukemia. Besides, short telomeres were also associated 
with increased colorectal cancer mortality and decreased overall survival of esophageal 
cancer, but not in other cancers. Cancer progression was associated with TL in Asian and 
America populations and short TL predicted poor cancer survival in older populations. 
Compared with tumor tissue cells, TL in blood lymphocyte cells was better for prediction. In 
addition, the associations remained significant when restricted to studies with adjustments for 
age, with larger sample sizes, measuring TL using southern blotting or estimating risk effects 
by hazard ratios. 

CONCLUSION:    

Short TL demonstrated a significant association with poor cancer survival, suggesting the 
potential prognostic significance of TL. Additional large well-designed studies are needed to 
confirm our findings. 
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Abstract  

Telomeres are involved in the maintenance of genomic stability. Telomere alteration has been 
observed in most human cancer types, and is known to be a feature of malignancy. The aim 
of the present study was to evaluate whether the telomere length of breast cancer cells 
correlates with TNM stage and several pathological features. We investigated a total of 44 
breast cancers, including 17 scirrhous, 15 papillotubular and 12 solid-tubular carcinomas. 
Telomere lengths were determined by tissue quantitative fluorescence in situ hybridization 
(Q-FISH), and compared according to the TNM stage, histological tumor size, lymph node 
metastases, vascular invasion and immunohistochemical status (ER, PR, HER2 status and 
Ki67 labeling index). In all histological types, telomeres of cancer cells were significantly 
shorter than those of normal epithelial cells. Mean telomere length was significantly less in 
patients with TNM stage III, and in those with large tumors, lymph node metastases and 
vascular invasion. Our results suggest that the telomere length of cancer cells is strongly 
correlated with the degree of cancer progression. 
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Abstract  

Telomeric dysfunction has been proposed as an emerging prognostic factor in chronic 
lymphocytic leukemia (CLL). We have explored the relationship between telomere length 
(TL) and chromosome alterations studied by fluorescence in situ hybridization (FISH) and 
conventional cytogenetics in 107 newly diagnosed CLL patients; 61 normal controls were 
also evaluated. Results were correlated with clinical parameters and outcome. Absolute TL 
measurement was carried out on DNA samples by real-time quantitative PCR. A significant 
telomere shortening in patients compared to controls was observed (p  =  0.0001). The analysis 
taking into account FISH risk groups showed shorter TLs in cases with del11q/17p compared 
to patients with 13q14 deletion as a single alteration (p  =  0.0037), no alterations (NA) 
(p  =  0.028), and cases with abnormal karyotypes (p  =  0.014). In addition, a significant TL 
reduction in cases with two or more anomalies with respect to those with NA (p  =  0.033) and 
with one alteration (p  =  0.045), and no differences compared to cases with deletions 11q/17p 
were observed. Patients with only one anomaly did not show statistical differences with 
respect to controls; meanwhile, a significant TL reduction in cases with two or more 
aberrations was observed (p  =  0.025). The shortest telomeres were associated to 11q/17p 
deletion with significant differences compared to the remaining groups (p  ≤  0.045). 
Significantly shorter treatment free survival in patients with two or more alterations 
compared to those with NA plus one abnormality was observed (p  =  0.0006). Our findings 
support the association between short TL and chromosome alterations in CLL and indicate 



the importance of telomere dysfunction in driving genomic instability in this pathology.  
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Abstract  

BACKGROUND:    

Telomeres are repetitive nucleoproteins that help maintain chromosomal stability by 
inhibiting exonucleolytic degradation, prohibiting inappropriate homologous recombination, 
and preventing chromosomal fusions by suppressing double-strand break signals. We 



recently observed that men treated for clinically localized prostate cancer with shorter 
telomeres in their cancer-associated stromal cells, in combination with greater variation in 
cancer cell telomere lengths, were significantly more likely to progress to distant metastases, 
and die from their disease. Here, we hypothesized that shorter stromal cell telomere length 
would be associated with prostate cancer risk at time of biopsy. 

METHODS:    

Telomere-specific fluorescence in situ hybridization (FISH) analysis was performed in 
normal-appearing stromal, basal epithelial, and luminal epithelial cells in biopsies from men 
randomized to the placebo arm of the Prostate Cancer Prevention Trial. Prostate cancer cases 
(N  =  32) were either detected on a biopsy performed for cause or at the end of the study per 
trial protocol, and controls (N  =  50), defined as negative for cancer on an end-of-study biopsy 
performed per trial protocol (e.g., irrespective of indication), were sampled. Logistic 
regression was used to estimate the association between mean telomere length of the 
particular cell populations, cell-to-cell telomere length variability, and risk of prostate cancer. 

RESULTS:    

Men with short stromal cell telomere lengths (below median) had 2.66 (95% CI 1.04-3.06; 
P  =  0.04) times the odds of prostate cancer compared with men who had longer lengths (at or 
above median). Conversely, we did not observe statistically significant associations for short 
telomere lengths in normal-appearing basal (OR  =  2.15, 95% CI 0.86-5.39; P=  0  .10) or 
luminal (OR  =  1.15, 95% CI 0.47-2.80; P  =  0.77) cells. 

CONCLUSIONS:    

These findings suggest that telomere shortening in normal stromal cells is associated with 
prostate cancer risk. It is essential to extend and validate these findings, while also identifying 
the cellular milieu that comprises the subset of cells with short telomeres within the prostate 
tumor microenvironment. 

© 2015 Wiley Periodicals, Inc. 
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Abstract  

OBJECTIVES:    

In this report the associations between telomere length variation (TLV), mean telomere 
length in blood lymphocytes and lung cancer risk were examined. 

MATERIALS  AND  METHODS:    

The study design is case-control. Cases (N=191) were patients newly diagnosed with 
histologically confirmed non-small cell lung cancer. Controls (N=207) were healthy 
individuals recruited from the same counties as cases and matched to cases on age and 
gender. Telomere fluorescent in situ hybridization was used to measure telomere features 
using short-term cultured blood lymphocytes. Logistic regression was used to estimate the 
strength of association between telomere features and lung cancer risk. 

RESULTS:    

Telomere length variation across all chromosomal ends was significantly associated with 



lung cancer risk; adjusted odds ratios 4.67 [95% confidence interval (CI): 1.46-14.9] and 0.46 
(95% CI: 0.25-0.84) for younger (age≤60) and older (age>60) individuals, respectively. TLV 
and mean telomere length jointly affected lung cancer risk: when comparing individuals with 
short telomere length and high TLV to those with long telomere length and low TLV, 
adjusted odd ratios were 8.21 (95% CI: 1.71-39.5) and 0.33 (95% CI: 0.15-0.72) for younger 
and older individuals, respectively. 

CONCLUSIONS:    

TLV in blood lymphocytes is significantly associated with lung cancer risk and the 
associations were modulated by age. TLV in combination with mean telomere length might 
be useful in identifying high risk population for lung cancer computerized tomography 
screening. 

Copyright © 2015 Elsevier Ireland Ltd. All rights reserved. 
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Abstract  

In this report on 303 gliomas we show the highest frequency of TERT promoter mutations in 
gliobastomas (80%) followed by oligodendrogliomas (70%) and astrocytomas (39%). We 



observed positive association between TERT promoter and IDH mutations in 
oligodendroglial tumors (OR = 26.3; 95% CI 2.5-250.2) and inverse association in primary 
glioblastomas (OR = 0.13; 95% CI 0.03-0.58). Tumors with TERT promoter mutations 
compared to those without showed increased TERT transcription; we also showed difference 
in the transcription levels due to the two main mutations. Tumors with TERT promoter 
mutations had shorter telomeres than those without. The patients with only TERT promoter 
mutations showed worst survival (median survival 14.6 months) and patients with both IDH 
and TERT promoter mutations showed best survival (246.5 months). In patients with 
astrocytoma, the TERT promoter mutations only associated with poor survival (P < 0.0001); 
IDH mutations and 1p/19q deletions associated with increased survival (P = 0.0004). TERT 
promoter mutations in low grade gliomas associated with reduced progression free survival 
(HR 10.2; 95% CI 1.9 - 55.9). While our data affirm the role of TERT promoter mutations in 
glial tumors, effects on transcription and telomere length emphasise the importance of 
telomere biology in disease genesis and outcome.  
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Abstract  

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. 

Copyright © 2015 Elsevier Ltd. All rights reserved. 
 PMID: 25771075 [Indexed for MEDLINE] 
 Similar articles  
 

 



38.  Gene. 2015 May 15;562(2):145-51. doi: 10.1016/j.gene.2015.02.079. Epub 2015 Mar 11. 

Augmented  telomerase  activity,  reduced  telomere  length  and  
the  presence  of  alternative  lengthening  of  telomere  in  renal  cell  
carcinoma:  plausible  predictive  and  diagnostic  markers.  

Pal D1, Sharma U1, Khajuria R1, Singh SK2, Kakkar N3, Prasad R4. 

Author information:  

1 
Department of Biochemistry, PGIMER, Chandigarh, India. 

2 
Department of Urology, PGIMER, Chandigarh, India. 

3 
Department of Histopathology, PGIMER, Chandigarh, India. 

4 
Department of Biochemistry, PGIMER, Chandigarh, India. Electronic address: 
fateh1977@yahoo.com. 

Abstract  

In this study, we analyzed 100 cases of renal cell carcinoma (RCC) for telomerase activity, 
telomere length and alternative lengthening of telomeres (ALT) using the TRAP assay, 
TeloTTAGGG assay kit and immunohistochemical analysis of ALT associated 
promyelocytic leukemia (PML) bodies respectively. A significantly higher (P=0.000) 
telomerase activity was observed in 81 cases of RCC which was correlated with 
clinicopathological features of tumor for instance, stage (P=0.008) and grades (P=0.000) but 
not with the subtypes of RCC (P = 0.355). Notwithstanding, no correlation was found 
between telomerase activity and subtypes of RCC. Strikingly, the telomere length was found 
to be significantly shorter in RCC (P=0.000) to that of corresponding normal renal tissues and 
it is well correlated with grades (P=0.016) but not with stages (P=0.202) and subtypes 
(P=0.669) of RCC. In this study, telomere length was also negatively correlated with the age 
of patients (r(2)=0.528; P=0.000) which supports the notion that it could be used as a marker 
for biological aging. ALT associated PML bodies containing PML protein was found in 
telomerase negative cases of RCC. It suggests the presence of an ALT pathway mechanism to 
maintain the telomere length in telomerase negative RCC tissues which was associated with 
high stages of RCC, suggesting a prevalent mechanism for telomere maintenance in high 
stages. In conclusion, the telomerase activity and telomere length can be used as a diagnostic 
as well as a predictive marker in RCC. The prevalence of ALT mechanism in high stages of 
RCC is warranted for the development of anti-ALT inhibitors along with telomerase inhibitor 
against RCC as a therapeutic approach.  
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Abstract  

PURPOSE:    

Epidemiological studies have demonstrated that leukocyte telomere length is associated with 
the developing risk of various malignancies, including glioma. However, its prognostic value 
in glioma patients has never been investigated. 

METHODS:    

Relative telomere length (RTL) of peripheral blood leukocytes from 301 glioma patients were 
examined using a real-time PCR-based method. Kaplan-Meier curves and Cox proportional 
hazards regression model were used to assess the association of RTL with clinical outcomes 
of patients. To explore the potential mechanism, the immune phenotype of peripheral blood 
mononuclear cells (PBMCs) and concentrations of several cytokines from another 20 glioma 
patients were detected by flow cytometry and enzyme-linked immunosorbent assay (ELISA), 
respectively. The relationship between RTL and immunological characteristics of PBMCs 
were further analyzed. 

RESULTS:    

Patients with short RTL showed both poorer overall survival (OS) and progression-free 
survival (PFS) than those with long RTL. Multivariate Cox regression analysis demonstrated 
that RTL was an independent prognostic factor for both OS and PFS in glioma patients. 
Moreover, the effects of RTL on the prognosis of patients exhibited a dose-dependent 
manner. Stratified analysis showed that the prognostic value of RTL was not affected by host 
characteristics except for age. In addition, flow cytometry and ELISA analyses indicated that 



there was no significant association between RTL and frequency of different immune cell 
subsets or plasma cytokine concentrations. 

CONCLUSIONS:    

Our study for the first time demonstrates that leukocyte RTL is an independent prognostic 
marker for glioma patients. The potential mechanism needs further investigation. 
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Abstract  

Compelling evidences indicate that relative telomere length (RTL) in peripheral blood 
leukocytes (PBLs) can predict the clinical outcome of several cancers. However, to date, the 
prognostic value of leukocyte RTL in gastric cancer (GC) patients has not been explored. In 
this study, relative telomere length (RTL) in peripheral blood leukocytes (PBLs) was 
measured using a real-time PCR-based method in a total of 693 GC patients receiving 
surgical resection. The prognostic value of leukocyte RTL was first explored in the training 



set (112 patients) using Kaplan-Meier and Cox proportional hazards regression analyses. 
Then an independent cohort of 581 patients was used as a validation set. To explore potential 
mechanism, we detected the immunophenotypes of peripheral blood mononuclear cells and 
plasma concentrations of several cytokines in GC patients. Patients with short RTL showed 
significantly worse overall survival (OS) and relapse-free survival (RFS) than those with long 
RTL in all patient sets. Furthermore, leukocyte RTL and TNM stage exhibited a notable joint 
effect in prognosis prediction. Integration of TNM stage and leukocyte RTL significantly 
improved the prognosis prediction efficacy for GC. In addition, we found that patients with 
short RTL had a higher CD4(+) T cell percentage in PBMCs, CD19(+)IL-10(+) Breg 
percentage in B cells and plasma IL-10 concentration, indicating an enhanced 
immunosuppressive status with short leukocyte RTL. In conclusion, our study for the first 
time demonstrates that leukocyte RTL is an independent prognostic marker complementing 
TNM stage and associated with an immunosuppressive phenotype in the peripheral blood 
lymphocytes in GC patients.  
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Abstract  



BACKGROUND:    

Depression is associated with an increased risk of mortality in patients with cancer; it has 
been hypothesized that depression-associated alterations in cell aging mechanisms, in 
particular, the telomere/telomerase maintenance system, may underlie this increased risk. We 
evaluated the association of depressive symptoms and telomere length to mortality and 
recurrence/progression in 464 patients with bladder cancer. 

METHODS:    

We used the Center for Epidemiologic Studies Depression Scale (CES-D) and Structured 
Clinical Interview for DSM-IV Disorder (SCID) to assess current depressive symptoms and 
lifetime major depressive disorder (MDD), respectively, and telomere length was assessed 
from peripheral blood lymphocytes. Multivariate Cox regression was used to assess the 
association of depression and telomere length to outcomes and the joint effect of both. 
Kaplan-Meier plots and log-rank tests were used to compare survival time of subgroups by 
depression variables and telomere length. 

RESULTS:    

Patients with depressive symptoms (CES-D ≥ 16) had a 1.83-fold [95% confidence interval 
(CI), 1.08-3.08; P = 0.024] increased risk of mortality compared with patients without 
depressive symptoms (CES-D < 16) and shorter disease-free survival time (P = 0.004). 
Patients with both depressive symptoms and lifetime history of MDD were at 4.88-fold (95% 
CI, 1.40-16.99; P = 0.013) increased risk compared with patients with neither condition. 
Compared to patients without depressive symptoms and long telomere length, patients with 
depressive symptoms and short telomeres exhibited a 4-fold increased risk of mortality (HR, 
3.96; 95% CI, 1.86-8.41; P = 0.0003) and significantly shorter disease-free survival time (P < 
0.001). 

CONCLUSION:    

Short telomere length and depressive symptoms are associated with bladder cancer mortality 
individually and jointly. 

IMPACT:    

Further investigation of interventions that impact depression and telomere length may be 
warranted in patients with cancer. 
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Abstract  

The variable clinical outcomes of Multiple Myeloma (MM) patients are incompletely defined 
by current prognostication tools. We examined the clinical utility of high-resolution telomere 
length analysis as a prognostic marker in MM. Cohort stratification, using a previously 
determined length threshold for telomere dysfunction, revealed that patients with short 
telomeres had a significantly shorter overall survival (P < 0·0001; HR = 3·4). Multivariate 
modelling using forward selection identified International Staging System (ISS) stage as the 
most important prognostic factor, followed by age and telomere length. Importantly, each ISS 
prognostic subset could be further risk-stratified according to telomere length, supporting the 
inclusion of this parameter as a refinement of the ISS. 
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