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Abstract. The risk of colorectal cancer (CRC) development 
has been associated with telomere dysfunction and obesity. 
However, clinical relevance of these parameters in CRC prog‑
nosis is not clear. Therefore, the aim of the present study was 
to evaluate the impact of obesity and telomere status in the 
prognosis of patients affected by CRC and submitted to cura‑
tive surgical treatment. According to published data, this is 
the first work in which obesity and telomere status are jointly 
considered in relation to CRC prognosis. A prospective study 
including 162 patients with CRC submitted to curative surgical 
treatment was performed. Subjects were classified according 
to their BMI. Telomere status was established through telo‑
mere length and telomerase activity evaluation. Statistical 
analyses were performed using the SPSS software package 
version 22. Telomere shortening was inversely associated 
with BMI in patients with CRC. Notably, among patients with 
CRC, subjects with obesity exhibited less shortening of tumor 
telomeres than non‑obese patients (P=0.047). Patients with 
shorter telomeres, both in the tumor (median telomere length 
<6.5 kb) and their non‑tumor paired tissues (median telomere 
length <7.1 kb), had the best clinical evolution, regardless 
of the Dukes' stage of cancers (P=0.025, for tumor samples; 
P=0.003, for non‑tumor samples). Additionally, subjects with 
a BMI >31.85 kg/m2 showed the worse clinical outcomes 

compared with subjects with other BMI values. Interestingly, 
the impact of BMI showed sex dependence, since only the 
group of men displayed significant differences in CRC prog‑
nosis in relation to obesity status (P=0.037). From the results 
of the present study, based on a multivariate prediction model 
to establish prognosis, it was concluded that telomere length is 
a useful biomarker to predict prognosis in patients with CRC. 
Regardless of BMI values, the improved clinical evolution was 
associated with shorter telomeres. The impact of BMI seems 
to be associated with other factors, such as sex.

Introduction

Obesity is an emerging and increasingly prevalent condition in 
the Western world. It is associated with well‑known metabolic 
disorders, leading to the development of different diseases, 
including cancer (1). Chronic inflammation, a typical feature 
of obesity, increases the imbalance of the tissue microenviron‑
ment, promoting the appearance of the preneoplastic status. 
In fact, the increase in white adipose tissue (WAT) affects 
the development of the disease due to the release of several 
adipokines, interleukins and other cytokines by this type of 
tissue (2). These factors cause greater hormonal signaling, 
increased proliferation and survival of adjacent and distal cells 
which could induce tumorigenesis (3). There is convincing 
evidence that excess body weight is associated with an 
increased risk for cancer of at least 13 anatomic sites, including 
colorectal (4). Thence, the relationship between body mass 
index (BMI) and risk of colorectal cancer (CRC) has been the 
focus of several investigations (4,5), and these studies have 
shown that an increase in BMI is related to a higher incidence 
of CRC. However, only few of the publications have shown 
poorer results for patients with obesity (6,7) and, therefore, the 
relationship between obesity and the prognosis of CRC has not 
been widely studied.

As is known, one of the hallmarks in the development of 
tumorigenesis is the gain of replicative immortality through the 
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maintenance of telomere length (8). Telomeres are a complex of 
nucleoproteins, which have a fundamental role in the protection 
of genomic DNA, and they are shortened with each cell cycle 
of replication (9). Individuals with short telomeres should be at 
increased risk for cancer, since short telomeres lead to genomic 
instability‑a hallmark of cancer. However, individuals with 
long telomeres also display an increased risk for major cancers, 
thus creating a cancer‑telomere length paradox (10). A recent 
study investigating relative telomere length in white blood 
cells provides evidence in support of longer telomeres being 
associated with a higher risk of colorectal cancer, particularly 
rectal cancer (11). In most cases, shortened telomeres induce a 
cell‑cycle arrest or trigger apoptosis, although for those cells 
that bypass such signals during tumour progression, a critical 
length threshold is reached at which telomere dysfunction may 
ensue (12). Therefore, telomere attrition resulting in replicative 
senescence, simultaneously by passing cell cycle checkpoints, 
is a hallmark of malignant transformation of the cell (13).

Telomerase enzyme is the main responsible for telomere 
maintenance (14). The majority of tumors (80‑85%) sustain 
their capacity to grow indefinitely through the ectopic expres‑
sion of telomerase, as shown in previous studies  (15,16). 
Telomerase is almost ubiquitous in advanced solid cancers, 
including CRC, and its expression is essential for cell immor‑
talization (13).

Many studies have shown that telomere dysfunction, 
understood as a critical telomere shortening, has a dual 
role in the development of the tumor, since it can act as a 
tumor suppressor or an oncogenic factor, depending on the 
cellular context (17). Attrition of telomeres induces the loss 
of telomere function, which increases genomic instability 
and activates regulatory molecules such as p53 that lead to 
senescence and cell death (18,19). On the other hand, this 
genomic instability causes mutations which could lead 
to tumorigenesis  (20). In addition, it has been described 
that shorter telomeres are found in patients with higher 
BMI values (21), due to the impact of oxidative stress and 
inflammatory processes, suggesting that obesity is related to 
shortening of telomeres and potentially promotes colorectal 
carcinogenesis (22‑24).

Previous reports, in order to help clinicians optimize their 
practice, considered crucial to introduce more effective tools 
that will improve not only early diagnosis, but also prediction 
of the most likely progression of the disease and response to 
chemotherapy. In this context, telomere length and telomerase 
activity have been included among the promising emerging 
biomarkers in CRC monitoring (25).

The exposed data highlight the importance of studying 
how obesity influences telomere function and its potential 
role as a predictor of prognosis in CRC. We report a multi‑
variate predictor model for CRC prognosis. The main novelty 
of the present work consists of jointly analyzing obesity and 
telomere status regarding prognosis of CRC patients submitted 
to curative intention surgery treatment.

Materials and methods

Patients and tissue samples. One hundred and sixty‑two 
CRC samples and its paired non‑tumor tissue samples, used 
as controls, were obtained from patients who had undergone 

potentially curative surgery at San Carlos Hospital in Madrid, 
Spain, along the last 10 years. Paired samples of non‑tumor 
tissues located at least 10 cm from the margin of the tumor 
were obtained and confirmed microscopically.

After surgical resection, all tissue samples were instantly 
frozen in liquid nitrogen and stored at ‑80˚C until processed. 
Cryostat‑sectioned, hematoxylin and Eosin (H&E) stained 
samples from each tumor block were examined microscopi‑
cally by two independent pathologists to confirm the presence 
of ≥80% tumor cells. Tumors were pathologically staged 
according to the modification of the original staging scheme 
of Dukes by Turnbull et al (26). Location of the tumor, grade 
of differentiation and other clinical‑pathological features were 
also recorded.

Cases were collected independently from gender, age of 
the patient or tumor stage, and no patient had received previous 
chemo‑ or radiotherapy before diagnosis and inclusion in the 
study. Of all patients included in this study, 24 (14,4%) had 
diabetes, 7 (4,3%) had previously been diagnosed with an 
autoimmune disorder, and 26 (16%) showed hyperlipidemia.

The mean follow‑up period of the series was 5  years 
(range, 1‑147 months). Follow‑up was defined by the elapsed 
time between surgery and either last clinical evaluation of 
the patient during the study period or death of the patient. 
Recurrence was defined as the appearance, during follow‑up, 
of any local or distant lesion related to the tumoral process. 
Disease free survival (DFS) was assessed from the day of 
surgery until confirmed recurrence.

Written informed consent was obtained from patients 
prior to investigation. This study was approved by the Ethical 
Committee of the Hospital (C.I. 15/180‑E FIS, 24/04/2015), 
assuring the patients the confidentiality of their data.

Telomere length and telomerase activity evaluation. The mean 
telomere length (MTL) values ​​were obtained by the Terminal 
Restriction Fragment (TRF) length procedure. TRF measure‑
ment was performed using Telo TTAGGG Telomere Length 
Assay kit, cat. no. 12 209 136 001 (Roche Applied Science) as 
previously described (9). TRF lengths for tumor and control 
tissues were determined by comparing the signals relative 
to a standard molecular weight using Image Gauge software 
version 3.46 (Fujifilm). The TRF length ratio was determined 
as the ratio of the length of tumor tissue TRF and their paired 
normal tissue TRF (T/N ratio). Shortening or lengthening of 
TRFs was defined if the TRF length of tumor tissues was 
shorter or longer than the corresponding non‑tumor tissues, 
respectively.

In colorectal samples, telomerase was measured using 
the Telomeric Repeat Amplification Protocol (TRAP)‑based 
telomerase polymerase chain reaction (PCR)‑enzyme‑linked 
immunosorbent assay (ELISA) kit, cat. no. 11 854 666 910 
(Roche Applied Science), which allowed us to establish a 
semiquantitative assay (27). Thus, considering that the cut‑off 
for TRAP‑ELISA negativity corresponds to an optical density 
OD450 nm <0.2, all samples with OD450 nm ≥0.2 were considered 
telomerase positive (28).

Statistical analysis. Statistical analyses were performed using 
the SPSS software package version 22 (SPSS Inc.). Differences 
between two or more groups of study were calculated using 
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parametric tests, in the case of normality data (ANOVA 
following by the Bonferroni test for comparing multiple 
groups) or non‑parametric tests, in the case that there were 
no normality data (Kruskal‑Wallis and Mann‑Whitney U test). 
The normality of the data was investigated using the 
Kolmogorov‑Smirnov test and the homoscedasticity condi‑
tions of the variables used in this study using the Levene's 
test for equality of variances. To compare the means of two 
related variables, Wilcoxon test was executed. Chi‑square test 
was employed to compare categorical, and correlations were 
assessed by Spearman test; P‑values <0.05 were considered 
statistically significant.

Disease‑free survival (DFS) was calculated using the 
Kaplan‑Meier method and differences were evaluated by 
the Log‑rank test. Patients with Dukes' D‑stage tumors 
or those who died in the postoperative period were excluded 
from the survival analysis. The mark of censored data indi‑
cated the end of an individual follow‑up period. The potential 
prognostic impact of the variables considered in this work 
was evaluated jointly by Cox multivariate regression analyses. 
Cutoff Finder Web Application (http://molpath.charite.
de/cutoff/) (29) was used to determine the cut‑off points for 
prognosis analysis.

Results

Groups of patients. A flow diagram of the progress through 
the different studies developed in the present work has been 
included in Fig. 1. Both the number of patients involved in 
each one of the studies and the number of patients excluded 
are indicated. Causes of exclusion are also specified.

Of all 162 CRC patients included in this study, 82 were 
females and 80 males, with a mean age of 70.6±0.9 years. 
Mean age was comparable among both genders (female: 
70.3±1.4 years vs. male: 71.0±1.2; P=0.905).

Patients were classified according to their BMI values ​​
following the criteria of the World Health Organization 
(WHO). Thus, patients with BMI <25 kg/m2 were considered 
to have normal weight; patients with BMI ≥25 kg/m2 and ≤ 
29.9 kg/m2, as overweight; and the ones with BMI ≥30 kg/m2 
were defined as with obesity. BMI data was available for 125 

cases, 63 females and 62 males. Overall, 34 patients showed 
‘normal weight’; 57 were classified as ‘overweight’; and 34 
were cataloged as ‘people with obesity’, without significant 
gender differences (P=0.286).

Groups of patients established considering BMI values did 
not show significant associations with Dukes' stage (P=0.239), 
nor with tumor location (P=0.347) (Table I).

Telomere function analysis. Telomere function was investi‑
gated through telomere length determination, both in tumor 
(T) and non‑tumor (NT) samples from 138 patients, and by 
telomerase activity evaluation in paired T and NT samples 
from 162 subjects. MTL in tumor tissues was 6.11±0.20 kb, 
whereas in non‑tumor tissues MTL was 8.22±0.27 kb. A 
positive correlation was detected between telomere length in 
tumor and its paired non‑tumor samples (r=0.501, P<0.001). 
Moreover, an inverse correlation was found between 
non‑tumor and tumor telomere length and the age of patients 
(r=‑0.170, P=0.028 for non‑tumor tissues, and r=‑0.155; 
P=0.041 for tumor samples).

The mean value ​​for telomere length in tumor and non‑tumor 
samples was correlated with Dukes' stage, as the lowest mean 
values ​​were observed in the earliest Dukes' stages (P=0.032 
for tumor samples) (Table II). Overall, telomere shortening 
was detected in CRC, as demonstrated by the T/N ratio values ​​
(0.78±0.02). T/N ratio values were significantly associated 
with BMI; in fact, patients with obesity and CRC showed less 
shortening of tumor telomeres (0.85±0.05) than non‑obese 
patients affected by CRC (0.72±0.03) (P=0.047).

Telomerase activity was positive in 121 (75.9%) out of the 
162 cases, while 41 (24.1%) of the CRC were telomerase nega‑
tive. As shown in Table II, a significantly higher proportion of 
tumors of the right colon (45.1%) were negative for telomerase, 
compared to other locations of cancers (18.9% of tumors from 
the left colon, or 14.7% of tumors from the rectum), with 
significant differences (P<0.001).

Survival studies. Regarding telomere status, the outcomes of 
the patients were analyzed considering the optimal cut‑off 
values ​​for the mean length of the tumor telomeres, as estab‑
lished in a previous publication of our research team (12). 

Figure 1. Flow diagram of the process used in the present study. The number of patients involved in each one of the studies, the number of patients excluded, 
and the causes of exclusion are also specified.
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With regard to the CRC population included in the present 
manuscript, patients whose tumors had a MTL <6.5 kb showed 
the best clinical evolution  (Fig. 2A), regardless of Dukes' 
stage of the tumor, as corroborated by Cox's multivariate 
analysis (Table III). Therefore, colorectal tumors with an MTL 
<6.5 kb conferred a decreased relative risk of recurrence, more 
than five times lower than the one of tumors showing an MTL 
≥6.5 kb (RR=0.169, 95% CI=0.036‑0.700; P=0.025).

Moreover, when survival was analyzed considering the 
MTL data in non‑tumor tissues, a better clinical evolution 
was found in the group of patients who showed MTL values ​​
<7.1 kb (P=0.003) (Fig. 2B). It was not mathematically possible 

to establish the Cox multivariate study considering MTL data 
in non‑tumor tissues, because one subset of events was empty 
(no cases of recurrence within the group of MTL <7.1 kb), and 
we would have obtained an undefined value for RR.

Concerning BMI, the optimal cut‑off values ​​for the BMI 
were calculated using the Cutoff Finder Web Application (24). 
Patients with a BMI ≥31.85 showed a significantly worse 
prognosis compared to the group of patients with a BMI <31.85 
(P=0.034) (Fig. 3). These results were not independent of the 
gender of the patients included in this study.

As shown in Fig. 4, males with a BMI greater than or equal 
to 31.85 showed a significantly worse prognosis compared 

Table I. BMI groups and clinicopathological variables in patients with colorectal cancer.

		  Normoweight	 Overweight	 Obesity (BMI ≥30),	 P‑value 
Variable	 Cases, n (n=125)	  (BMI <25), n (n=34)	  (BMI=25‑29.9), n (n=57)	 n (n=34)	 (χ2 test)

Sex					     0.286
  Female	 63	 15	 27	 21	
  Male	 62	 19	 30	 13	
Dukes' stage					     0.232
  A	 19	 7	 6	 6	
  B	 60	 13	 34	 13	
  C	 33	 11	 10	 12	
  D	 13	 3	 7	 3	
Tumor location					     0.250
  Right colon	 46	 11	 22	 13	
  Left colon	 33	 9	 19	 5	
  Rectum	 46	 14	 16	 16	

Table II. Telomere status and clinicopathological variables in patients with colorectal cancer.

	 Telomere length (kilobase pairs; mean ± standard error)	 Telomerase activity
	-----------------------------------------------------------------------------------------------------------------------	---------------------------------------------------------------------------------------- 
	 Cases, n	 Tumor	 P‑value	 Non‑tumor 	 P‑value	 Cases, n	 Positive, n	 Negative, n	 P‑value
Variable	 (n=138)	 samples	 (test)	 samples	 (test)	 (n=162)	  (n=121)	  (n=41)	 (χ2 test)

Sex			   0.423		  0.908				    0.526
  Female	 73	 5.93±0.29	 (Mann‑	 8.14±0.36	 (Mann‑	 82	 63	 19	
			   Whitney		  Whitney
			   U test)		  U test)
  Male	 65	 6.21±0.30		  8.43±0.48		  80	 58	 22	
Dukes' stage			   0.032		  0.198				    0.784
  A	 19	 4.86±0.34	 (Kruskall‑	 7.08±0.56	  (Kruskall‑	 22	 18	 4	
			   Wallis test)		  Wallis test)
  B	 62	 5.89±0.30		  8.09±0.39		  66	 50	 16	
  C	 37	 6.71±0.42		  9.23±0.74		  44	 32	 12	
  D	 20	 6.55±0.57		  8.22±0.68		  30	 21	 9	
Tumor location			   0.075		  0.060				    <0.001
  Right colon	 43	 5.40±0.32	 (Kruskall‑	 8.36±0.70	 (Kruskall‑	 51	 28	 23	
			   Wallis test)		  Wallis test)
  Left colon	 33	 6.60±0.53		  9.34±0.58		  37	 30	 7	
  Rectum	 62	 6.24±0.28		  7.65±0.30		  74	 63	 11	
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to males with a BMI lower than 31.85 (P=0.037) (Fig. 4A). 
For females, however, such differences were not evident 
(P=0.388) (Fig. 4B).

When the two variables (telomere status and BMI) were 
considered together in relation to the prognosis of the patients 

affected by the CRC, our results indicated that the telomere 
status acts as a definitive molecular parameter to establish 
the prognosis of patients. In fact, independently of the BMI, 
patients affected by cancer and showing the lowest values 
of average telomere length, both in tumor and non‑tumor 
samples, showed the best clinical evolution (Fig. 5A and B, 
for tumor tissues, P=0.005; and Fig. 6A and B, for non‑tumor 
tissues, P=0.020).

Discussion

There is growing evidence that inflammation is a central and 
reversible mechanism through which obesity promotes cancer 
risk and progression. The tumor promoting effects of obesity 
occur locally through the inflammation of adipose tissue 
and the associated alterations in the microenvironment (2). 
Therefore, the characterization of biomarkers to identify 
patients with obesity with high‑risk CRC seems paramount for 
an early diagnosis and improvement in the election of the most 
appropriate therapeutic protocols.

In this context, considering that telomere shortening has 
been associated with obesity in several studies, and that telomere 
maintenance is critical for the progression of cancer, our study 
was carried out considering a large population of CRC patients, 
with and without obesity, submitted to surgery with curative 
intention. Results from this work allowed us to demonstrate that 
telomere status is related to obesity and clinical prognosis.

Figure 2. Kaplan‑Meier plots of disease‑free survival considering telomere length. Kaplan‑Meier survival curves in relation to (A) T MTL and (B) NT MTL 
in the colorectal cancer population (n=114 patients). Numbers in brackets represent cases with tumor recurrence and crosses indicate censored data. Statistical 
differences were evaluated using the log‑rank test. T MTL, mean telomere length in tumor samples; NT MTL, mean telomere length in non‑tumor samples.

Figure 3. Kaplan‑Meier plot of disease‑free survival considering BMI. 
Kaplan‑Meier survival curves in relation to a BMI of 31.85 kg/m2 in patients 
affected by colorectal cancer (n=111 subjects). Numbers in brackets represent 
cases with tumor recurrence and crosses indicate censored data. Statistical 
differences were evaluated using the log‑rank test.

Table III. Multivariate Cox regression analysis in patients with CRC.

	 Multivariate analysis
	----------------------------------------------------------------------------------------------------------------------------------
Variable	 P‑value	 RR	 CI

Dukes' stage (A + B vs. C)	 0.004	 4.690	 1.660‑13.240
Tumor MTL in CRC (<6.5 Kb vs. ≥6.5 Kb)	 0.025	 0.169	 0.036‑0.800

MTL, mean telomere length; RR, relative risk; CI, confidence interval; CRC, colorectal cancer.
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Given the technical requirements of the methodologies 
used in this study, it is necessary to highlight some limitations. 
On the one hand, not all the usual weight data from patients 
were available; therefore, there are some cases where the usual 
BMI could not be calculated. Furthermore, the technique used 
to evaluate telomere length requires a significant amount of 
DNA. There were samples in which it was not possible to 
obtain enough DNA from the available tissues. The number 
of cases submitted to analysis in each of the determinations 
included in this work, as well as the reasons for case exclusions, 
are detailed in the flow diagram in Fig. 1.

Although the activity of telomerase was positive in most of 
the tumors considered in our study, we detected a significant 
shortening of telomeres in the tumor samples compared to the 
mean values ​​of the telomere length observed in the non‑tumor 
paired tissues, as previously reported by others  (16,30). 
Furthermore, according to the results obtained in the present 
investigation, the lower mean values ​​of telomere length, both 
in tumors and in their non‑tumor paired tissues, were asso‑
ciated with earlier stages of Dukes, in agreement with other 

groups (31). Thus, these data prove that shorter telomeres are 
associated with cancers that would, a priori, confer a better 
prognosis to patients with CRC. In addition, our results indicate 
that cancers displaying lower values ​​of shortening of telomere 
length occur in patients with obesity. We consider these data of 
interest since, although several studies have established a link 
between obesity and the risk of colon cancer, little is known 
about the effect of obesity on the outcomes after diagnosis (7).

It has been reported that a BMI greater than 35.0 kg/m2 
at the time of diagnosis in patients with colon cancer is asso‑
ciated with an increased risk of recurrence  (7). However, 
other authors have not confirmed these data, nor a significant 
correlation between BMI and an increased risk of death 
in patients with CRC (32). It has also been suggested that 
BMI prior to diagnosis is an important predictor of survival 
among patients with non‑metastatic CRC (6). More recently, 
Bhaskaran et al (5) have reported that heterogeneity in the 
effects of BMI suggests different mechanisms or combinations 
of mechanisms associated with different tumor locations and 
in different subgroups of patients.

Figure 4. Kaplan‑Meier plots of disease‑free survival considering BMI and sex of subjects. Kaplan‑Meier survival curves in relation to a BMI <31.85 kg/m2 or 
≥31.85 kg/m2 in (A) male and (B) female patients with colorectal cancer (n=111 cases). Numbers in brackets represent cases with tumor recurrence and crosses 
indicate censored data. Statistical differences were evaluated using the log‑rank test.

Figure 5. Kaplan‑Meier plots of disease‑free survival considering T MTL and BMI of patients. Kaplan‑Meier curves in relation to T MTL and BMI in the 
colorectal cancer population (n=90 patients). (A) BMI <31.85 kg/m2 and (B) BMI ≥31.85 kg/m2. Numbers in brackets represent cases with tumor recurrence 
and crosses indicate censored data. Statistical differences were evaluated using the log‑rank test. T MTL, mean telomere length in tumor samples.
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In our study, the group of patients with BMI values ​​greater 
than 31.85 kg/m2, showed a significantly worse clinical prog‑
nosis. However, Cox multivariate regression analyses did not 
demonstrate that these results were independent of the Dukes 
tumor stage.

Interestingly, our results indicate significant differences 
according to the gender: When the effect of obesity on the 
prognosis of patients with CRC was analyzed, these differ‑
ences were only evident in the male population. Although 
this fact could be explained by considering the relationship 
between gender and fat distribution (33), other aspects might 
be further investigated, including additional genetic, hormonal 
or molecular mechanisms, in order to explain the effect of 
obesity on the prognosis of CRC in relation to the gender of 
patients (34).

As for the telomere status, our data support that the prog‑
nosis of patients with CRC, whether with or without obesity, 
is strongly related to the length of the tumor telomere, being 
these results independent of the stage of the tumor.

In the present study we have identified a specific length 
of telomere in non‑tumor tissues that seems critical to predict 
the prognosis of cancer. Therefore, patients with a telomere 
length less than 7.1 kb in non‑tumor tissues present a better 
clinical evolution, considering both subjects with and without 
obesity. At this point, our results would support the idea that 
carcinogenic cells have a common biological history with 
normal tissue (35).

These data allow us to hypothesize the possibility that 
tumor cells with shorter telomeres activate cellular senescence, 
thereby conferring a more favorable clinical prognosis to 
patients affected by CRC. In fact, the progressive shortening of 
telomeres results in the formation of dysfunctional telomeres 
that compromise tissue proliferation (19).

The shortening of human telomeres has two opposite 
effects during the development of cancer. On the one hand, the 
shortening of telomeres can exert a tumor suppressive effect 
through the arrest of proliferation. On the other hand, the loss 
of telomere protection can lead to a telomere crisis, which is 
a state of extensive genomic instability that can promote the 
progression of cancer (17). Our research team has previously 

reported data in CRC that support a worse clinical evolution in 
patients with tumor telomere maintenance (16).

In conclusion, in the present study we have jointly evalu‑
ated the prognostic relevance of obesity and telomere status 
in patients affected by CRC who had undergone surgery of 
curative intention. Our results demonstrate that the length of 
telomeres is a useful biomarker to predict the clinical outcome 
in these subjects. Patients with shorter telomeres, both in the 
tumor and their non‑tumor paired tissues, had the best clinical 
evolution, independently of the Dukes' stage. Our data allow us 
to conclude that patients with obesity had a poorer prognosis, 
however, these results were not independent from the tumor 
Dukes' stage.

Further investigations are needed to analyze the effect of 
obesity on the clinical course of CRC in the context of other 
factors, such as the gender of the patients.
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