
Background:  Recently, accumulated research has 
found that the expression of telomerase activity (TA) 
was associated with colorectal cancer (CRC) advance-
ment, whereas the TA prognostic effect in CRC patients 
is still controversial. 
Aims: To investigate relationships between TA and 
CRC clinicopathological parameters.
Study Design: Meta-analysis study.
Methods: We searched published studies in databases, 
such as EMBASE, the Cochrane Library, PubMed, and 
Ovid databases (last search updated to October 2014) 
by meeting specified search criteria. The quality of the 
included studies was usually evaluated and a meta-
analysis was implemented by Stata 12.0 software. We 
used an odds ratio (OR) with a 95% confidence interval 
(CI) to evaluate relationship strengths between TA and 
CRC clinicopathological parameters.
Results: In total, 11 studies (715 patients) were in-
cluded to assess the relation between TA and metas-
tasis-related parameters in CRC patients. The results 
indicate that a senior TA expression was connected 

with the existence of lymph node metastasis (180 pa-
tients; OR=2.85, 95% CI=1.40–5.81, p=0.004), and tu-
mor site (522 patients; OR=2.93, 95% CI=1.29–6.67, 
p=0.010). However, a senior TA expression was not 
connected with tumor size (137 patients; OR=1.57, 
95% CI=0.71–3.47, p=0.267), histological differen-
tiation (570 patients; OR=1.28, 95% CI=0.78–2.09, 
p=0.332), depth of invasion (57 patients; OR=3.76, 
95% CI=0.61–23.04, p=0.152), distant metastasis (123 
patients; OR=1.76, 95% CI=0.54–5.74, p=0.346), and 
clinical stage of the cancer (543 patients; OR=1.59, 
95% CI=0.74–3.38, p=0.232).
Conclusion: This meta-analysis suggests that a positive 
TA was correlated with lymph node metastasis progres-
sion and tumor site of the CRC but did not correlate with 
other important clinicopathological parameters. TA can 
play a useful part in the prognosis and treatment of CRC 
patients, but further studies are required to confirm this.
Keywords: Colorectal neoplasms, meta-analysis, prog-
nosis, telomerase
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Colorectal cancer (CRC) is the third most general neoplasm 
in humans with the CRC mortality rate accounting for around 
9% of all tumor deaths (1). The 5-year survival rate of the 
early stages of CRC after surgical resection is around 85%, 
while this rate is meaningfully decreased (<50%) in lymph 
node metastasis positive CRC patients (2). Therefore, early 
and more accurate detection of tumorigenesis or progression 

is critical to enhancing therapeutic strategy and prognosis of 
patients. Accumulating evidence indicates that cellular im-
mortality plays an important role in tumor biology (3).

The indispensable and key factor for tumor immortaliza-
tion and tumorigenesis is telomerase, an enzyme that protects 
DNA sequences on chromosome ends. Telomerase can pre-
vent cellular senescence in somatic cells through synthesizing 



the reduplicative telomeric sequence utilizing its template (4). 
The telomerase synthetic was composed of human telomerase 
reverse transcriptase (hTERT), an RNA template for telomeric 
DNA synthesis (hTR), and telomerase associate protein (TP1) 
(5). Telomerase activity (TA) is the most common molecular 
marker because of the detection of human neoplasm and can 
be observed in approximately 85% of all cancer cells, includ-
ing CRC (6), but not in normal somatic cells (7). Research 
also shows that TA increases with adenoma-carcinoma se-
quences (8).

Cancer prognosis is dependent on a number of clinicopatho-
logical features, such as histological type, depth of invasion 
(T), lymph node metastasis (N), distant metastasis (M), and 
Dukes’ stage. The correlation between telomerase activity and 
clinicopathological parameters in CRC has been reported by 
many authors. Since these researches were performed using 
small research mammal populations, the outcomes remain 
controversial. Therefore, we have performed the first meta-
analysis in the literature to verify the relationship between TA 
and clinicopathological parameters, and further aimed to elu-
cidate the prognostic role of TA in CRC.

MATERIALS AND METHODS

Search strategy
All analyses were based on previous published studies, thus 

no ethical approvals or patient consents were required. This 
meta-analysis was carried out according to the meta-analy-
sis guidelines of the Observational Studies in Epidemiology 
Group (9). Studies were extracted through searching PubMed, 
EMBASE, the Cochrane Library, and Ovid databases (last 
search updated to October 2014). The following search strat-
egy was adopted: “colon cancer OR colon carcinoma OR rec-
tum cancer OR rectum carcinoma OR colorectal cancer OR 
colorectal carcinoma” AND “telomerase”. No language con-
straints were implemented. To identify any other researches 
meeting the requirement of this meta-analysis, the reference 
lists of each extracted article were also checked carefully.

Selection criteria
The criteria for eligibility of a study to be included in this 

meta-analysis were: i) The disease in patients of the study was 
colon cancer or rectal cancer; ii) The study had to detect TA 
in tumor tissues by using the same or a similar method to that 
used in other selected studies; iii) The study had to investigate 
the correlation between TA and clinical variables; and iv) The 
study had to provide sufficient data comparing the TA expres-
sion with clinicopathological data that enabled us to calculate 
the odds ratio (OR). Articles were excluded from this study if 

i) the study was a review article, letter, or case report; ii) the 
study was an experiment using cell cultures or animals; iii) 
the study detected TA from body fluids, stool, or blood; iv) 
the study lacked key information needed to create 2x2 tables 
that correlated TA (positive or negative) with clinicopatho-
logical parameters; and v) the study detected hTERT expres-
sion rather than TA, because hTERT is usually considered to 
reflect TA (10). However, TA does not always correlate with 
hTERT in colon cancer (11), possibly because of the presence 
of hTERT in infiltrating lymphocytes in normal mucosa. vi) 
Patients with familial polyposis or familial predisposition for 
hereditary nonpolyposis colon cancer (HNPCC). When nu-
merous publications on the same research population were 
recognized, or when research populations showed repetition, 
the most up to date or complete study was used in the analysis. 
Both the article search and article selection were performed 
by two researchers independently. Any differences between 
the two researchers were solved by an agreement consulting a 
third researcher.

Data extraction
Information carefully extracted from the selected article in-

cluded the following projects: the first author, year of publica-
tion, sample size, and mean age of the patients. Other retrieved 
information included the TA assessment method, cutoff values 
for TA positivity, and telomerase expression relating to clini-
copathological parameters, including tumor size, tumor site, 
histologic differentiation, T category, N category, M category, 
and Dukes’ or TNM stage classification. The original authors 
were emailed if necessary to provide the required information. 
Two authors independently extracted data. Disagreements 
were settled by a third author through discussion.

FIG. 1. Flow chart summarizing the literature search and study selection

Records identified and screened after duplicates remover (n=466)

Full-text arti̇cles assessed for eli̇gi̇bi̇lity (n=59)

Studies included in meta-analysis (n=11)

367 articles excyudet according to titles and abstracts

48 articles excluded:
1. Samples come from cell, animal, blood food, body fluids.
2. Detect hTERT expression rather than telomerase activity.
3. Insufficient data to allow for estimation of the OR.
4. Existing date errors in the literature.
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Qualitative assessment
The quality of selected studies was evaluated alone by 

two authors on the basis of a 9-point scoring system, the 
Newcastle-Ottawa Scale (NOS) (12). This scale contains 

three broad perspectives: the selection (four items, one 
score each), comparability (one item, up to two scores), 
and outcome of interest for cohort studies (three items, one 
score each).

Study Langu- Nation No. of Mean  Detection Cutoff Result NOS  No. of    No. of patients with TA-positivity
 age  patients year method For TA    point pos/ Size Grade T N M Stage Site
   (M/F) (Y) positivity (neg)   (neg) ≥5 cm P/M T3/T4 pos pos III/IV/C/D colon
          (<5 cm) (W) (T1/T2) (neg) (neg) (I/II/A/B) (rectum)

Brown et English USA 12 (11) 71 TRAP  >25% 2456 (-) 8 (9) 17 (6) NR 14 (3) NR 9 (8) 4 (13) 9 (8) NR
al. (16)     assay

Tatsumoto  English Japan 54 (46) NR TRAP  RTA 12456 (-) 8 (9) 72 (28) 23 (49) 37 (35) NR 33 (39)  NR 39 (33) NR
et al. (18)     assay >10

Vidaurreta English Spain 51 (46) 69.8 TRAPELISA ≥0.2  2 6 7 (-) 7 (9) 90 (7) NR 52 (27) NR NR  NR 48 (42) 67 (23)
et al. (19)      OD

Tahara  English Japan 12 (8) 60.7 TRAP assay >6 bp  23467 (-) 7 (9) 19 (1) NR 8 (11) 13 (6) 6 (13)  NR 6 (13) 8 (11)
et al. (20)      ladder

Kawanishi- English USA 77 (45) 62.5 TRAP >negative 7 (+) 6 (9) 98 (24) NR NR NR NR  NR NR 48 (50)
Tabata et al.     assay 
(26) 

Yoshida English UK 21 (14) 68 TRAP  >6 bp 2 6 (-) 7 (9) 32 (3) NR 28 (4) NR NR NR 12 (20) NR
et al. (21)     assay ladder 

Sanz-Casla English Spain 56 (47) 69.3 TRAPELISA ≥0.2  6 7 (+)  7 (9) 93 (10) NR 28 (54) NR NR  NR 50 (43) 70 (23)
et al. (22)      OD 2 (-)

Garcia- English Spain 45 (46) 68.6 TRAPELISA NR 2 6 7 (-) 6 (9) 74 (17) NR 12 (62) NR NR NR 40 (34) 29 (45)
Aranda et 
al. (23) 

Zhao Chinese China NR NR TRAP  >6 bp  2 6 7 (-) 7 (9) 35 (2) NR 25 (10) NR NR NR 17 (18) 7 (28)
et al. (24)     assay ladder

Okayasu English Japan 20 (17) 61.5 TRAP   NR 2 4 6 (+)  8 (9) 19 (18) 15 (4) 14 (5) 18 (1) 13 (6) 13 (59) 13 (6) NR
et al. (16)     assay

Fang et English China NR NR TRAP  >6 bp 1 2 7 (-) 7 (9) 46 (6) NR 28 (18) NR NR NR NR 21 (25)
al. (25)     assay ladder
NR means not reported or cannot extracted. (+) or (-) means statistically significant or none.

M: male; F: female; Y: years; Results: 1, tumor size; 2, differentiation; 3, depth of invasion; 4, lymph node metastasis; 5, distant metastasis; 6, clinical stage; 7, tumor site; 
NOS: Newcastle-Ottawa Scale; Grade: P: poor differentiation; M: moderate differentiation; W: well differentiation; T: depth of invasion; N: lymph node metastasis; M: distant 
metastasis; pos: positive; neg: negative; TRAP: telomeric repeat amplification protocol; TRAPELISA: telomeric repeat amplification protocol/enzyme-linked immunosorbent; 
TA: telomerase activity; RTA: relative telomerase activity; OD: overdose

TABLE 1. Main characteristics of the 11 studies included in the meta-analysis.

Clinicopathological No. of Analysis                                   Pooled Data              Test for Heterogeneity          Publication Bias

parameters Studies  model Cases OR 95% CI p   p I2 (%) Begg’s Egger’s

Tumor size (≥5cm vs. <5cm) 2 Fixed-effects 137 1.57 0.71-3.47 0.267  0.288 11.4% NN NN

Differentiation (P/M vs. W) 10 Fixed-effects 570 1.28 0.78-2.09 0.332  0.511 0% 0.152 0.146

Tumor site (colon vs. rectum) 7 Fixed-effects 522 2.93 1.29-6.67 0.010  0.423 0% 0.764 0.983

T (T3/T4 vs. T1/T2) 2 Fixed-effects 57 3.76 0.61-23.04 0.152  0.569 0% NN NN

N (N1 vs. N0) 4 Fixed-effects 180 2.85 1.40-5.81 0.004  0.413 0% NN NN

M (M1 vs. M0) 2 Fixed-effects 123 1.76 0.54-5.74 0.346  0.236 28.6% NN NN

Clinical stage (C+D vs. A+B) 9 Random effects 543 1.59 0.74-3.38 0.232  0.069 44.9% 0.118 0.178
No: number; NN: no need; N1: lymph node metastasis positive; N0: lymph node metastasis negative; M1: distant metastasis positive; M0: distant metastasis negative; OR: odds 
ratio; CI: confidence interval

TABLE 2. Meta-analysis results according to clinicopathological parameters
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Statistical methods
Telomerase activity was identified as having “positive” or 

“negative” expression according to the cut-off values supplied 
in each original article. For dichotomous variable outcomes, 
the analysis was carried out by using a crude OR with a 95% 
confidence interval (CI) to determine the strength of the re-
lationship between TA and the CRC clinicopathological pa-
rameters. In some analyses, data were combined, including T3 
and T4 versus T1 and T2, TNM stage III and IV (equivalent 
to Dukes’ C and D) versus TNM stage I and II (equivalent to 
Dukes’ A and B), and moderate and poor differentiation versus 
good differentiation. Assessment of heterogeneity was evalu-
ated by the Chi-square test (χ2; where p<0.10 was considered 
heterogeneous) and the inconsistency index test (I; larger I val-
ues indicate higher heterogeneity). The randomeffects model 
was selected to solve any significant heterogeneity among the 
studies. Otherwise, the fixed-effects model (Mantel-Haenszel) 
was used (13). Using Begg’s rank correlation test (14) and the 
Egger regression asymmetry test (15) to evaluate publication 
bias, a p value of >0.05 was considered indicative of a lack 
of publication bias. Statistical analyses were performed using 
STATA version 12.0 (StataCorp, Texas, USA) and <0.05 was 
considered as significant.

RESULTS

Study features
Initially, a total of 466 publications were retrieved because 

of potentially relevant. Ultimately, 11 studies met the pre-
defined inclusion criteria consisting of 715 patients for the 
final analyses (16-26). These eligible studies were published 
between 1995 and 2007. Sample sizes varied from 20 to 120 
participants, and the average age from all of the studies was 
66.4 years. The 11 eligible studies included eight retrospective 
cohort studies and three prospective cohort studies. TA expres-
sion levels were all measured in tumor tissue in these studies. 
All TA detection methods were telomeric repeat amplification 
protocol assays (TRAP) or telomeric repeat amplification pro-
tocol/enzyme-linked immunosorbent assays (TRAPELISA). 
The point of the NOS ranged from 6 to 8 (with a mean star 
rating of 7.1), with a higher value indicating a better method-
ology. The process of study search, inclusion, and exclusion 
is summarized in Figure 1. The main characteristics of the 11 
studies are listed in Table 1 and 2.

Meta-analysis results
The meta-analysis results of the relationships between TA 

and clinicopathological parameters are provided in Figure 2. 
Among the results from our meta-analysis, there was no het-

erogeneity (p>0.1 and I2<30%), other than when stratifying 
for Dukes’ stage (I2=44.9%, p=0.069); thus, a randomeffects 
model was used for the latter and a fixed-effects model (Man-
tel-Haenszel) was used for the others. When the data were 

FIG. 2. a-c. Forest plots of TA and tumor size, differentiation and tumor 
site, respectively (a). Forest plots of TA and depth of tumor invasion, 
Lymph node metastasis, distant metastasis, respectively (b). Forest 
plots of TA and clinical stage (c).

a

c

b
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pooled, there were significant associations between positive 
TA expression and both the tumor site and lymph node me-
tastasis. Specifically, the pooled ORs, 95% CIs, and p values 
were as follows: (OR=2.48, 95% CI=1.42–4.34, p=0.267) for 
tumor site (colon vs. rectum) and (OR=2.85, 95% CI=1.40–
5.81, p=0.004) for lymph node metastasis (N1 vs. N0). How-
ever, the data showed no significant associations between high 
TA expression and the tumor size of CRC patients (size ≥5 
cm vs. <5 cm: OR=1.57, 95% CI=0.71–3.47, p=0.267), dif-
ferentiation (poorly and moderately vs. well: OR=1.28, 95% 
CI=0.78–2.09, p=0.332), depth of invasion (T3/T4 vs. T1/
T2: OR=3.76, 95% CI=0.61–23.04, p=0.152), distant metas-
tasis (M1 vs. M0: OR=1.76, 95% CI=0.54–5.74, p=0.346), 
and clinical stage (C/D/III/IV vs. A/B/I/II: OR=1.59, 95% 
CI = 0.74–3.38, p=0.232).

Publication bias
Begg’s funnel plot and Egger’s test were performed to as-

sess the publication bias of the eligible studies on the differ-
entiation, clinical stage, and tumor site. As shown in Figure 
3, the shape of the funnel plot did not reveal any evidence of 
visible asymmetry. The Begg’s test and Egger’s test was then 
adopted to afford statistical evidence of funnel plot symmetry. 

Ultimately, this meta-analysis observed no significant publica-
tion biases (p=0.152, p=0.118, and p=0.764 for Begg’s test; 
p=0.146, p=0.178, and p=0.983 for Egger’s test, respectively).

Sensitivity analyses
There was a slight statistical heterogeneity in the analysis 

of the association between TA and clinical stage (I2=44.9%, p 
0.069). Sensitivity analyses were performed to find possible 
sources of statistical heterogeneity. The outcomes showed 
there was no significant variation in combined hazard ratio 
(HR) by excluding any of the studies, suggesting that the esti-
mates were robust (Figure 4).

DISCUSSION

The prognosis of patients with colorectal cancer is corre-
lated with the depth of the primary tumor invasion (Dukes’ 
classification), lymph node metastasis, and pathological find-
ings (27,28). However, these factors are not sufficient to pre-
dict the overall survival of patients with colorectal cancer. In 
recent years, many molecular markers, such as adenomatous 
polyposis coli (APC) and TP53 (tumor protein 53) (29), which 
function as tumor suppressor genes, and KRAS/BRAF (30), 
which function as oncogenes, have been investigated to im-
prove clinical therapy for patients with CRC. Although many 
efforts have been made, no agreement has been reached re-
garding the clinical usefulness of these markers. Therefore, 
it is critical for researchers to identify a novel predictive and 
prognostic marker. 

For a few decades, a variety of studies have investigated the 
enzymatic activity of telomerase in colorectal cancer. How-
ever, whether the activity of telomerase is associated with 
clinicopathological features of patients remains controversial. 
Some articles have shown that the TA in CRC tissue is re-
lated to the depth of differentiation (17), tumor invasion (26), 
lymph node metastasis (17), and stage (17,22,31). Neverthe-

FIG. 3. a-c. Begg’s funnel plots for the evaluation of potential publication bias on differentiation (a), clinical stage (b) and tumor site (c). LogOR, 
natural logarithm of OR; OR, odds ratio; seLogOR, standard error of LogOR

a cb

FIG. 4. Sensitivity analysis based on stepwise omitting one study at a 
time for clinic stage
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less, other researches have not yet found an association be-
tween TA and clinical outcomes (16, 18–20, 23). However, it 
is also noteworthy that TA expression in the colon or rectum is 
debatable (22,23,25,26). 

In light of these previous findings, we performed a meta-
analysis of the evidence taken from entire published articles 
for the purpose of providing a quantitative revaluation of the 
connection. In our analysis, TA was detected from all colorec-
tal cancer tissues. Studies measured TA by using TRAP assays 
or TRAPELISA assays. We ultimately observed a significant 
association between a positive TA and several clinicopatholog-
ical parameters including: lymph node metastasis (OR=2.85, 
95% CI=1.40–5.81, p=0.004) and tumor site (OR=2.93, 95% 
CI=1.29–6.67, p=0.010). Pooled data also suggested an evi-
dent tend towards higher TA with factors such as larger tumor 
size, poor differentiation, the depth of invasion, distant me-
tastases, and advanced Dukes’ or TNM stage; however, the 
statistical significance of these relationships did not reach the 
significance level (p>0.5). 

It is worth noting that our results have some differences 
from a similar meta-analysis that examined TA and clinico-
pathological parameters in gastric cancer (32). Results from 
this previous study indicated that high TA expression tended 
to be associated with lymph node metastasis, the depth of in-
vasion, distant metastasis, tumor size, and TNM stage. The 
possible reasons for this disparity might be because the analy-
sis strategy used in the previous article included both telomer-
ase and hTERT in gastric cancer, and its analysis sample size 
was larger with greater heterogeneity. In CRC, while hTERT 
is the rate-limiting step in the activation of telomerase (10), 
TA does not always correlate with hTERT. This is possibly 
because of the presence of hTERT in infiltrating lymphocytes 
in normal mucosa (11). Interestingly, both outcomes showed 
that high TA expression tended to be linked with the existence 
of lymph node metastasis.

Lymph node metastasis signals an invasive cancer behav-
ior and is related to a high rate of local recurrence, which 
indicates a poor prognosis and perhaps induce signally mor-
bidity (33,34). Consequently, it would be clinically advanta-
geous to identify and diagnose lymph node metastasis early in 
cause of improving treatment to produce a better outcome for 
tumor patients. Patients with TNM stage III disease require 
adjuvant therapy after surgical resection, but whether adjuvant 
therapy should be given to patients with TNM stage II disease 
is still controversial (35,36). In analyzing our results, we sug-
gest that those positive TA patients with TNM stage II CRC 
are highly likely to have undetectable micrometastases. Thus, 
a positive TA may be a better classifier in identifying the sub-
population of TNM stage II patients who could benefit from 
therapy. 

Our results showed statistical significance only in the cor-
relation between lymph node metastasis and TA. However, 
as mentioned previously, while 50% in stage III CRC with 
lymph node metastasis after a surgical resection is performed, 
the rate is approximately 85% in CRC patients without lymph 
node metastasis in the early stages (2). Thus, TA may be a 
viable marker in predicting the progression and prognosis of 
CRC patients. Certainly, the molecular mechanisms of TA 
promotion of tumor progression need more comprehensive 
understanding. For instance, telomerase can affect the tumor 
proliferation rate to induce tumor progression (37). Bagheri et 
al. (38) found that TA regulates the glycolytic pathway, which 
could increase the energy supply status of tumor cells, thereby 
promoting tumor invasion and metastasis. Studies have also 
found that telomerase can induce cell expression of epidermal 
growth factor (EGFR) (39) or transforming growth factor-β 
(TGF-β) (40) to stimulate cell proliferation. In fact, prognostic 
values of TA for overall survival in CRC patients are signifi-
cantly correlated, those who had telomerase activated without 
3’OH shortened telomeres had a poor prognosis (41). Patients 
with telomerase negative tumors had better overall survival 
than patients with telomerase positive tumors (19). In addi-
tion, TA was able to predict a greater risk of death and recur-
rence, independent of conventional prognostic factors (e.g., 
Dukes’ stage and tumor site) (22). Currently, there is a general 
agreement that TA is strongly linked with tumor development 
and may play a critical role as a biomarker for cancer progno-
sis (42,43).

In the current study, the connection between TA positive and 
other clinicopathological parameters (e.g., distant metastasis 
and clinical stage) was not statistically significant. This sug-
gests that normal epithelial cells may be susceptible to telom-
erase drive to form new tumors. However, in advanced colon 
cancer systemic disease, this effect may either be reduced or 
the normal colonic epithelial cells may not have such strong 
regenerative powers. These theories offer a possible interpre-
tation. Furthermore, the present metaanalysis also indicated 
that colon and rectal cancers seem to have different levels of 
TA-colon cancer had a significantly positive level compared 
to rectal cancer. These results are also consistent with the lat-
est research (44). This variation in TA levels could be another 
factor responsible for the different progressions and biological 
and clinical behaviors. These results support the idea that the 
large bowel cannot be considered a uniform organ, at least in 
terms of cancer biology.

To the best of our knowledge, this meta-analysis is the first 
systematic review evaluating the relationship between TA and 
clinicopathological parameters in CRC; we believe that this 
report offers several strengths. First, we used a rigorous search 
strategy, we avoided a language limitation, we used a stringent 
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inclusion criteria, and we used a careful approach to selecting 
a fixed- or random-effects model for pooling studies according 
to whether they had significant heterogeneity. The publication 
bias and sensitivity analysis were then performed to evaluate 
the effect of losing studies and to analyze sources of hetero-
geneity. Despite the strengths of our study, caution must be 
taken in light of the limitations. First, patients only came from 
Asia and Europe, which may result in a population bias. Sec-
ond, as in similar studies, our analysis also had to admit that a 
potential source of bias may arise from the differently defined 
cutoff values of a positive expression amongst studies. Third, 
the sample size was relatively small due to the strict inclusion 
criteria and this may not provide sufficient statistical power 
to estimate the relationship between TA and various clinical 
features. Fourth, although TA was related to some clinical 
features, it is not clear whether TA is a prognostic factor, as 
determined by multivariate analysis. Thus, further studies are 
required to confirm the full prognosis role of TA in CRC.

In conclusion, this meta-analysis suggests that a positive TA 
was correlated with lymph node metastasis progression and 
tumor sites of CRC. TA can play a useful part in the prognosis 
and the treatment of CRC patients, but further studies are re-
quired to confirm this.
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