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Abstract. Rectal cancer is one of the most malignant tumors, 
and postoperative recurrence and metastasis are the main 
reasons for treatment failure. Lymph node metastasis is 
the main metastatic pathway of rectal cancer. The present 
study aimed to investigate the role of lateral lymph node 
dissection (LLND) in patients with rectal cancer using a 
meta‑analysis. Articles in Chinese and English related to 
the application of LLND in patients with rectal cancer were 
retrieved and eligible studies were selected for data analysis. 
Evaluation indicators included the 5‑year survival rate, recur‑
rence rate, urinary system function and operation time. The 
random‑effects model was utilized for the analysis. A total 
of 10 studies that met the eligibility criteria were selected, 
comprising 2,272 patients, including 1,101 cases in the LLND 
group and 1,171 cases in the non‑LLND group. No significant 
difference was found between the two groups in terms of local 
recurrence rate, 5‑year disease‑free survival (DFS) rate, and 
DFS rate at the follow‑up. It is noteworthy that cases in the 
LLND group had no significantly longer overall survival, but 
had a higher 5‑year survival rate. However, cases in the LLND 
group had a longer operation time and worse urinary dysfunc‑
tion. The results remained consistent throughout separate 
analyses for different research quality sources. The present 
meta‑analysis showed that LLND provided a specific advan‑
tage in prolonging survival time. However, it was associated 
with prolonged operation time and an increased incidence of 
urinary dysfunction.

Introduction

Rectal cancer is a malignant tumor type that ranks second in 
incidence among all digestive tract cancers. At present, surgical 
treatment of rectal cancer is the most important and effective 
treatment approach (1‑3). Postoperative recurrence and metas‑
tasis are the main reasons for treatment failure (4). Lymph node 
metastasis is the main metastatic pathway of rectal cancer. 
Japanese scholars found that nearly 40% of rectal cancer patients 
had upward lymph node metastasis (upward metastasis along 
the mesorectal lymphatic vessels) and 10‑25% of patients with 
rectal cancer had lateral lymph node metastasis (mainly along the 
obturator, internal iliac and external iliac artery) (5,6). Radical 
resection of rectal cancer following the ‘smash principle’ is 
routinely performed (7,8). However, whether lateral lymph node 
dissection (LLND) should be performed has always been the 
focus of debate (9). European and American scholars routinely do 
not carry out LLND. It is noteworthy that the presence of lateral 
lymph node metastasis indicates the breach of the rectum's proper 
fascia barrier. This occurrence is recognized as one of the signs 
of advanced rectal cancer and serves as a local indication of the 
tumor's spread throughout the body (10). Expanding the scope 
of the operation cannot control local recurrence and improve 
the 5‑year survival rate. On the contrary, it may cause further 
complications, increase the risk of operation and reduce the 
quality of life after the operation (9). It is emphasized that atten‑
tion should be paid to the protection of postoperative function 
during radical operation and routine preoperative radiotherapy 
should be performed for advanced rectal cancer with possible 
lateral metastasis (7). By contrast, in the 1970s, Japanese surgeons 
began to carry out extended radical resection of rectal cancer 
mainly by LLND (11). Of note, LLND may significantly improve 
the survival rate and reduce the recurrence rate, particularly for 
rectal cancer below the peritoneal reflux (12). In the present study, 
relevant studies were systematically and quantitatively analyzed 
in order to evaluate the value of LLND in the treatment of rectal 
cancer and to provide a reliable reference for further research.

Materials and methods

Eligibility criteria. The study's inclusion criteria were delin‑
eated as follows: i) All types of studies, irrespective of their 
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randomization status; ii) comparative studies that assessed 
the efficacy of total mesorectal excision (TME) accompanied 
by LLND vs. TME alone in patients who underwent surgical 
intervention for rectal cancer; iii) adult patients who under‑
went curative surgery for rectal cancer via laparoscopic, 
laparoscopic‑assisted, or open anterior resection or abdomino‑
perineal resection; iv) the intervention of interest was defined 
as TME with LLND; v) the control of interest was defined as 
TME alone; vi) LLND encompassed the dissection of middle 
and inferior rectal, internal iliac, common iliac and obturator 
lymph nodes (13).

Primary and secondary outcomes. Primary and secondary 
endpoints were as follows: The primary outcome measures 
encompassed overall survival (OS), disease‑free survival 
(DFS) and local recurrence. Secondary outcome measures 
included postoperative complications, sexual dysfunction, 
urinary dysfunction and operation time. Survival results 
were presented in two formats. First, time‑to‑event outcomes 
(time‑to‑event OS and time‑to‑event DFS) were employed to 
address uncertainties stemming from varying follow‑up dura‑
tions across the encompassed studies. Second, crude outcomes 
included OS at the maximum follow‑up, 5‑year OS, DFS at 
the maximum follow‑up and 5‑year DFS. These were used to 
convey the proportion of patients who survived by the conclu‑
sion of specific follow‑up periods. In terms of recurrence as 
an outcome, distinct assessments were conducted for local 
recurrence, distant recurrence and total recurrence.

Search methods. A total of two investigators (BZ and 
NN) conducted a comprehensive search across multiple 
databases, including the Cochrane Central Register of 
Controlled Trials [CENTRAL (https://www.cochranelibrary.
com/central/about‑central)], Excerpta Medica database 
[EMBASE (https://www.embase.com/)], Medical Literature 
Analysis and Retrieval System Online [MEDLINE, 
(https://www.nlm.nih.gov/medline/medline_overview.html)], 
Cumulative Index to Nursing and Allied Health Literature 
[CINAHL (https://www.ebsco.com/products/research‑data‑
bases/cinahl‑database)], ClinicalTrials.gov, International 
Clinical Trials Registry Platform [ICTRP (https://www.
who.int/clinical‑trials‑registry‑platform)] and International 
Standard Randomised Controlled Trial Number Registry 
[ISRCTN (https://www.isrctn.com/)]. The final literature 
search was performed on November 13, 2019. In addition, to 
identify further eligible studies, the references cited within the 
full text of relevant articles were scrutinized. Of note, only 
studies published in English and Chinese were retrieved and 
assessed.

Study selection and data extraction. Following the execu‑
tion of the search strategy in the aforementioned databases, a 
thorough examination of the titles and abstracts of the located 
articles was performed. Subsequently, the full texts of these 
identified studies were acquired and subjected to a rigorous 
selection process to ensure they met the eligibility criteria. To 
facilitate this process, a data collection proforma, designed in 
adherence to Cochrane's guidelines (https://training.cochrane.
org/handbook), was developed and assessed using randomly 
selected studies. The data collection, as depicted in the tables 

and figures, encompassed various aspects of the eligible studies, 
including bibliometric parameters (e.g., the first author's name, 
publication year, journal name, follow‑up duration and study 
design), baseline patient characteristics (such as rectal cancer 
stage, tumor location, neoadjuvant chemoradiotherapy, adju‑
vant chemotherapy, age and gender) and outcome measures. 
The entire procedure of study selection and data extraction was 
carried out by a pair of reviewers (BZ and NN). In cases of any 
discrepancies arising during the selection of included studies or 
the data extraction process, these matters were deliberated upon 
and resolved through discussion between the two reviewers. 
If necessary, a third reviewer (YY) was consulted for resolu‑
tion. Importantly, this meta‑analysis adhered to the Preferred 
Reporting Items for Systematic Reviews and Meta‑Analyses 
guidelines (http://www.prisma‑statement.org/).

Risk of bias assessment. The methodological rigor of random‑
ized controlled trials (RCTs) underwent evaluation utilizing the 
Cochrane tool, which assesses a study's quality by scrutinizing 
aspects such as selection, performance, detection, attrition, 
reporting and other potential sources of bias. Similarly, the 
methodological quality of nonrandomized comparative studies 
was appraised using the Risk of Bias In Non‑randomized 
Studies of Interventions assessment tool (https://sites.google.
com/site/riskofbiastool/welcome/home?authuser=0). This 
evaluation scrutinizes the study's quality in relation to poten‑
tial biases stemming from confounding factors, participant 
selection, intervention classification, deviations from intended 
interventions, missing data, outcome measurement and 
selection of reported results. This comprehensive assessment 
procedure was conducted collaboratively by two reviewers 
(BZ and NN). Any disparities that emerged during the selec‑
tion of included studies or the data extraction process were 
deliberated upon and resolved through discussion between 
these two reviewers. If necessary, a third reviewer (YY) was 
engaged to contribute to the resolution of such matters.

Data analysis. In terms of summary measures, the odds ratio 
(OR) was computed for dichotomous outcomes and the mean 
difference was calculated for continuous outcomes. The unit 
of analysis was the individual patient, and the analyses were 
conducted based on intent‑to‑treat information. Data analysis 
was undertaken using the Review Manager software (RevMan, 
version 5.3; The Nordic Cochrane Center). Random‑effects 
modeling was employed for the analyses. Heterogeneity was 
quantified and reported as I2, as determined by the Cochrane 
Q test. I2 values were interpreted as follows: 0‑50% indicating 
low‑level heterogeneity, 50‑75% indicating moderate‑level 
heterogeneity and 75‑100% indicating high‑level heteroge‑
neity. For outcomes reported by a minimum of 10 studies, it 
was attempted to create funnel plots and assess publication 
bias by examining the symmetry of these funnel plots.

Uncertainties associated with varying follow‑up periods. In 
the studies that were included, time‑to‑event outcomes were 
examined. Initially, the natural logarithm of hazard ratios 
(HRs) was calculated. Subsequently, the natural logarithm of 
the upper and lower confidence limits provided for HRs was 
determined to derive standard errors from confidence intervals 
(CIs). Finally, the generic inverse variance method was applied 
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to construct meta‑analytical models for the computation of 
HRs on the natural logarithm scale.

Results

Study selection. A total of 2,786 articles were identified after 
applying the search strategy in the aforementioned databases. 
Among the studies that were identified through search of elec‑
tronic databases, 2,755 articles were not relevant to the topic of 
this study and were excluded. The remaining 31 studies were 
relevant to the topic of this study. After assessing their full 
texts, 21 articles were excluded (4 studies were review articles, 
6 articles did not use the TME technique, 6 articles were not 
published in Chinese or English, and 5 articles were a previ‑
ously published version of an RCT). Finally, 10 studies were 
selected and involved in the meta‑analysis (Fig. 1) (14‑24). 
Tables I and II show the baseline characteristics of the included 
population. In total, 2,272 patients, including 1,101 cases in the 
LLND group and 1,171 cases in the non‑LLND group, were 
involved in the pooled analysis. In most of the studies, the 
intervention involved performing TME along with LLND for 
rectal cancer (15‑19,21‑24). However, there was one study (21), 
in which TME alone was performed as the intervention.

Risk of bias in the included studies. The risk of bias and quality 
of the evidence of the ROLARR trial (published as conference 
proceedings) as in a fully published study: Sufficient method‑
ological details were available from the published protocol (25) 
and authors (contacted) confirmed that no deviations from the 
protocol had occurred in the conduct of the study. Of the included 
trials, none had a high risk of bias on all items, while 2 (15,17) 
were scored as low in 6 out of 7 domains. Three trials (21,23,24) 
were of unclear or low quality, with a high or unclear risk in at 
least 1 of 7 domains. Fig. 2 highlights the outcomes of meth‑
odological quality assessment based on the Cochrane tool and 
the Risk of Bias in Nonrandomized Studies of Interventions 
assessment tool. Of note, as illustrated in Fig. 3, the absence of 
studies that include inconclusive or negative research findings 
may contribute to publication bias in the current study.

Outcome synthesis for comparison between the LLND+TME 
and TME groups
OS. Analysis of time‑to‑event outcome from 7 studies revealed 
that cases in the LLND+TME group had longer OS than those 
in the TME group, but the difference was not significant 
[OR=‑0.73, 95% CI=(‑16.26, 14.80), P>0.05]. The reported 
heterogeneity was judged to be remarkable (Chi2=115.62, 
I2=95%) (Fig. 4).

5‑year survival rate. Analysis of 1,135 patients from 7 
studies showed that cases in the LLND+TME group had 
a higher 5‑year survival rate than those in the TME group 
[OR=2.16, 95% CI=(1.15, 4.06), P<0.05]. The reported hetero‑
geneity was judged to be high (Chi2=38.27, I2=84%) (Fig. 5).

Local recurrence. Analysis of 2,116 patients from 10 
studies showed that patients in the either LLND+TME group 
or TME group were similar in terms of local recurrence rate 
[OR=0.91, 95% CI=(0.74, 1.11), P>0.05]. The reported hetero‑
geneity was judged to be low (Chi2=10.16, I2=11%) (Fig. 6).

5‑year DFS rate. Analysis of 1,931 patients from 7 studies 
showed that patients in the either LLND+TME group or TME 

group were similar in terms of 5‑year DFS rate [OR=1.03, 
95% CI=(0.76, 1.41), P>0.05]. The reported heterogeneity was 
judged to be low (Chi2=8.4, I2=29%) (Fig. 7).

DFS at the maximum follow‑up. Analysis of 942 patients from 
6 studies indicated that patients in the either LLND+TME group 
or TME group were similar in terms of DFS at the maximum 
follow‑up [OR=1.22, 95% CI=(0.92, 1.61), P>0.05]. The reported 
heterogeneity was judged to be low (Chi2=5.18, I2=3%) (Fig. 8).

Urinary dysfunction. Analysis of 469 patients from 5 studies 
showed that patients in the LLND+TME group had a higher risk 
of urinary dysfunction compared with those in the TME group 
[OR=3.02, 95% CI=(1.03, 8.84), P<0.05]. The reported heteroge‑
neity was judged to be high (Chi2=22.24, I2=82%) (Fig. 9).

Operation time. Analysis of 1,329 patients from 6 studies 
revealed that patients in the LLND+TME group had a longer 
operation time compared with those in the TME group 
[OR=6.69, 95% CI=(1.38, 12.01), P<0.05]. The reported 
heterogeneity was judged to be remarkable (Chi2=1,550.88, 
I2=100%) (Fig. 10).

Subgroup analysis of OS data from different research quality 
sources. In the subgroup analysis, the OS data from different 

Figure 1. Preferred reporting items for systematic reviews and meta‑analyses 
flow chart. TME, total mesorectal excision.
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research sources were used and a subgroup analysis was 
performed according to the influential factors of OS. They 
were divided into subgroups with scores of <2, 2‑5 and >5 
points. In each subgroup, patients' OS was analyzed and it was 
found that in all subgroups, OS in the LLND+TME group was 
not significantly longer than that in the TME group (P>0.05), 
indicating high reliability of the analysis (Fig. 11).

Discussion

The results of the present meta‑analysis indicated that 
LLND did not increase OS, but increased the 5‑year survival 
rate compared to the non‑LLND group. The results of the 

sensitivity analysis were consistent, which suggested that 
the reliability of these results was reasonable. However, 
Lin et al (23) also conducted a meta‑analysis and found that 
LLND could not improve the 5‑year survival rate of patients 
with rectal cancer. The different results may be explained 
by the fact that the included subjects by Lin et al (23) were 
mainly from Japan, which were not representative, while 
the present study included eligible patients across the world, 
including China. The surgical criteria for rectal cancer 
in Japan were different from those in other regions and 
countries. Of note, the surgical criteria for rectal cancer in 
various countries can differ in several aspects. In the US, 
the standard approach to surgical criteria for rectal cancer 

Table II. Baseline characteristics of the included population.

  Age, years' Male sex
 Location of (experimental vs. (experimental vs.
First author rectal tumor control group) control group) (Refs.)

Motoki Low 67±14 vs. 63±12 167/231 vs. 112/156 (15)
Zeng  Low NR 214/156 vs. 320/467 (16)
Aisu Low 58±12 vs. 61±15 56/98 vs. 67/78 (17)
Zhang Low 54±13 vs. 62±15 126/234 vs. 110/145 (18)
Fujita Low 57±15 vs. 66±16 56/145 vs. 124/167 (19)
Ozawa Low 63±12 145/123 vs. 112/134 (20)
Ogura Low 58±13 vs. 61±11 78/99 vs. 89/102 (21)
Akiyoshi Low 51±10 vs. 62±17 NR (22)
Lin Low 70±17 75/78 vs. 108/112 (23)
Peacock Low 56±12 vs. 60±13 66/68 vs. 114/121 (24)

Values are expressed as the mean standard ± deviation or n/total. Location of rectal tumor is categorized as low (0‑5 cm from the anal verge), 
middle (5.1‑10 cm from the anal verge) and high (10.1‑15 cm from the anal verge). NR, not reported.

Table I. Baseline characteristics of the included population.

First author,  Follow‑up,    
year Study design years Stage Intervention Comparison (Refs.)

Motoki, 2018 Randomized controlled trial 5 Ⅱ or Ⅲ LLND+TME TME (15)
Zeng, 2019 Retrospective cohort 5 Ⅱ or Ⅲ LLND+TME TME (16)
Aisu, 2018 Retrospective cohort 5 Ⅱ or Ⅲ LLND+TME TME (17)
Zhang, 2020 Retrospective cohort 3 Ⅱ or Ⅲ LLND+TME TME (18)
Fujita, 2012 Retrospective cohort 3 Ⅱ or Ⅲ LLND+TME TME (19)
Ozawa, 2016 Retrospective cohort 5 Ⅱ or Ⅲ TME TME (20)
Ogura, 2017 Retrospective cohort 5 Ⅱ or Ⅲ LLND+TME TME (21)
Akiyoshi, 2014 Retrospective cohort 5 Ⅱ or Ⅲ LLND+TME TME (22)
Lin, 2020 Retrospective cohort 5 Ⅱ or Ⅲ LLND+TME TME (23)
Peacock, 2020 Retrospective cohort 5 Ⅱ or Ⅲ LLND+TME TME (24)

Stage II: This stage is divided into IIa and IIb. In stage IIa, the tumor has penetrated through the rectal wall and may have reached the outer 
layers, while not having spread to the lymph nodes. In stage IIb, the tumor has grown into or through the outer wall of the rectum and there is 
evidence of involvement of nearby lymph nodes. Stage III: This stage is divided into IIIa, IIIb and IIIc. In stage IIIa, the tumor may or may not 
have grown into the outer layers of the rectal wall, while nearby lymph nodes are involved. In stage IIIb, the tumor has grown into the outer 
layers of the rectal wall and has spread to nearby lymph nodes. In stage IIIc, the tumor has penetrated through the outer wall of the rectum and 
has spread to nearby lymph nodes or tissues. TME, total mesorectal excision; LLND, lateral lymph node dissection.
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primarily includes a combination of neoadjuvant therapies, 
such as chemotherapy and radiation, followed by surgical 
intervention. The objective is to shrink the tumor and 

increase the likelihood of complete resection. Depending 
on factors, such as tumor size, location and patient health, 
surgeons may perform surgical procedures [e.g., low anterior 

Figure 2. Summary of methodological quality assessment: (A) Randomized controlled trials and (B) non‑randomized controlled trials.
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resection (LAR) or abdominoperineal resection (APR)]. The 
decision on whether to preserve the anal sphincter or create 
a permanent colostomy depends on the extent of the tumor 
and the patient's overall health (26). European countries, such 
as the UK, Germany and France, generally follow similar 
principles to the US. They emphasize neoadjuvant therapies 

to downsize the tumor before surgery. Minimally invasive 
techniques (e.g., laparoscopic or robotic‑assisted surgeries) 
are frequently utilized to preserve sphincter function when‑
ever possible. The decision between sphincter‑preserving 
surgery and abdominoperineal resection depends on the 
tumor's location, size and patient preference (27). In South 

Figure 5. Forest plot comparing the results of analysis of 5‑year survival rate between LLND+TME and TME groups [OR=2.16, 95% CI=(1.15, 4.06), P<0.05]. 
LLND, lateral lymph node dissection; df, degrees of freedom; IV, inverse variance; TME, total mesorectal excision.

Figure 3. Funnel plot illustrating the results of publication bias assessment.

Figure 4. Forest plot comparing the results of analysis of time‑to‑event outcome between LLND+TME and TME groups [OR=‑0.73, 95% CI=(‑16.26, 14.80), 
P>0.05]. LLND, lateral lymph node dissection; df, degrees of freedom; IV, inverse variance; TME, total mesorectal excision.
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Korea, there is a strong emphasis on preserving anal sphincter 
function. Neoadjuvant chemoradiotherapy is a common 
approach, followed by sphincter‑preserving surgeries, such 
as LAR. Surgeons often utilize techniques that prioritize 
maintaining bowel continuity while ensuring complete 
tumor removal (28). In Brazil, surgical criteria for rectal 
cancer focus on individualized treatment plans. Neoadjuvant 
therapies are employed and sphincter‑preserving surgeries are 
preferred whenever possible. The decision between LAR and 
APR depends on the tumor's proximity to the anal sphincter 
and the patient's overall health (29). In Japan, the emphasis 
is often on sphincter‑preserving surgeries to maintain bowel 
function and quality of life. They tend to prioritize preop‑
erative chemoradiotherapy, followed by minimally invasive 
techniques (30). Second, the heterogeneity of the meta‑anal‑
ysis by Lin et al (23) was high. Thus, the findings of the 
present study are more convincing and representative of the 
general world population, and the results of Lin et al (23) are 
more representative of the Japanese population. Besides, the 
compared results of the perioperative situation in the present 

study showed that operation time in the LLND group was 
longer and this may be associated with a higher incidence of 
perioperative complications compared with the non‑LLND 
group.

Georgiou et al (31) compared conventional surgery and 
expanded lymphadenectomy for rectal cancer in a meta‑anal‑
ysis in 2009, and in addition, various studies have summarized 
the effects of generalized lymph node dissection on the prog‑
nosis of colorectal cancer (32‑34), including survival, DFS, 
operation time, and urinary tract function. Certain studies 
included in the meta‑analysis by Georgiou et al (31) were 
excluded from the present study, as they did not use extended 
lymphadenectomy. Surprisingly, although the research by 
Georgiou et al (31) was conducted more than a decade ago, 
the level of evidence remains unchanged due to the lack of 
comparative data from RCTs. The data of non‑RCTs may be 
complicated by certain bias factors, as it was assumed that 
patients who received LLND may have more severe disease 
than those who received TME alone (35,36). Yang et al (37) 
conducted a meta‑analysis of the role of LLND in patients 

Figure 6. Forest plot comparing the results of analysis of local recurrence rate between LLND+TME and TME groups [OR=0.91, 95% CI=(0.74, 1.11), P>0.05]. 
LLND, lateral lymph node dissection; df, degrees of freedom; IV, inverse variance; TME, total mesorectal excision.

Figure 7. Forest plot comparing the results of analysis of 5‑year DFS rate between LLND+TME and TME groups [OR=1.03, 95% CI=(0.76, 1.41), P>0.05]. 
LLND, lateral lymph node dissection; DFS, disease‑free survival; df, degrees of freedom; IV, inverse variance; TME, total mesorectal excision.
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with rectal cancer after surgery. They found that LLND 
increased the risk of urinary dysfunction and yielded a 
longer operation time, which was consistent with the present 
findings. However, their results suggested that LLND did not 
contribute to longer 3 and 5‑year cumulative OS. By contrast, 
the present study indicated that the LLND group had longer 
OS and a higher 5‑year survival rate. This may be due to the 
inclusion of different studies and populations. The present 
study included the largest sample size and heterogeneity 

was controlled. There was no language restriction related to 
Chinese. Furthermore, in the present study, a subgroup anal‑
ysis of different article quality sources was also performed 
and the same conclusion was drawn. It appears that the 
present findings were more promising. However, the present 
results remain to be further verified by more well‑designed, 
large‑scale studies.

The treatment of rectal cancer is different between the West 
and the East (38,39). In Western countries with low‑density 

Figure 10. Forest plot comparing the results of analysis of operation time between LLND+TME and TME groups [OR=6.69, 95% CI=(1.38, 12.01), P<0.05]. 
LLND, lateral lymph node dissection; df, degrees of freedom; IV, inverse variance; TME, total mesorectal excision.

Figure 8. Forest plot comparing the results of analysis of DFS at the maximum follow‑up between LLND+TME and TME groups [OR=1.22, 95% CI=(0.92, 
1.61), P>0.05]. LLND, lateral lymph node dissection; DFS, disease‑free survival; df, degrees of freedom; IV, inverse variance; TME, total mesorectal excision.

Figure 9. Forest plot comparing the results of analysis of urinary dysfunction between LLND+TME and TME groups [OR=3.02, 95% CI=(1.03, 8.84), P<0.05]. 
LLND, lateral lymph node dissection; df, degrees of freedom; IV, inverse variance; TME, total mesorectal excision.
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lipoprotein deficiency, it is common to use neoadjuvant 
chemotherapy and radiation therapy before TME. Although 
the use of neoadjuvant radiotherapy and chemotherapy has 
decreased the local recurrence rate of low rectal cancer 
after surgery, metastasis to lymph nodes in the lateral pelvis 
is still a major problem. In Western countries, the standard 
approach for treating rectal cancer is typically chemoradio‑
therapy followed by TME instead of LLND (40,41). However, 
in Eastern countries, particularly Japan, LLND is consid‑
ered the preferred surgical procedure for locally advanced 
lower rectal cancer (31). Numerous analyses conducted by 
different authors have shown that LLND enhances OS rates 
and reduces local recurrence, as evidenced by historical 
control studies (42‑44). The present study found that LLND 
has a certain beneficial effect on the survival of patients. 
The present subgroup analysis also confirmed that similar 
findings may be obtained from data sources of articles with 
different quality. The present subgroup analysis is currently 
the first one in which the impact factors of articles and jour‑
nals are considered, which may decrease publication bias to 
a large extent. The current study also confirmed that LLND 

is associated with a longer operation time and the prognosis 
of urinary function may be adversely affected, consistent 
with the results of Yang et al (37) and Georgiou et al (31). 
It is thought that urinary dysfunction may be improved by 
minimally invasive procedures. This suggests that LLND is 
recommended for colorectal cancer.

The present study also has certain limitations that were 
summarized as follows: i) Due to the limitation of the 
number and level of existing clinical trials, only two studies 
included in the present analysis were prospective RCTs, and 
the remaining eight were non‑RCTs, which may produce 
selection bias, implementation bias and measurement bias; 
ii) these studies were conducted in different clinical centers 
and the surgery was performed by different surgeons, 
which may produce bias; iii) the lack of studies containing 
inconclusive or negative research results may be a cause 
of publication bias in the present study. Consequently, the 
present findings remain to be further verified by additional 
studies.

In conclusion, LLND provided a specific advantage 
in terms of increasing 5‑year survival rate, while LLND 

Figure 11. Forest plot for subgroup analysis of OS in the two groups. In all subgroups, OS in the LLND+TME group was not significantly longer than that in 
the TME group, indicating reliability of the results. df, degrees of freedom; IV, inverse variance; OS, overall survival; TME, total mesorectal excision; LLND, 
lateral lymph node dissection.
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was associated with prolonged operation time and increased 
incidence of urinary dysfunction.
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