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Introduction

Bladder cancer (BC) is one of the most common malignant 
tumors of the genitourinary system and the seventh most 
diagnosed malignant tumor among men, resulting in a 
significant impact on the psychology, lives, and health of 
patients (1). According to statistics, there are 420,000 new 
cases of BC. Among them, the death cases are about 160,000, 
the incidence of developed countries such as Europe and 
North America is high, BC is the seventh of male cancer, 

and the tenth of female cancer (2). The incidence of bladder 
cancer in China is 7.49/100,000, accounting for 2.50% of 
China’s malignant tumors (3). The current research shows 
that occupational exposure, overweight/obesity, smoking, 
and improper eating habits are risk factors (4). Generally 
speaking, smoking, unreasonable diet, and lack of drinking 
water are all pathogenic factors. In daily life, a person 
who does not like drinking water or drinking less cannot 
guarantee the quality of the body’s metabolism, and the 
risk of BC is very high in these individuals. Globally, the 
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death rate of BC ranks ninth, and its incidence and death 
rates are increasing. In terms of the upward trend, men are 
higher than women, and developed areas are higher than 
poor areas (5). Previous studies have shown that smoking 
and occupational exposure are the two major risk factors for 
BC, with about 30–50% of BC cases caused by smoking. 
For patients diagnosed with BC that continue to engage 
in excessive smoking, it will further aggravate the disease 
and seriously affect the patient’s life. Long-term exposure 
to industrial chemicals (such as paint and rubber) during 
work, and family factors are also important factors for 
BC, with occupational factor-induced BC accounting for 
approximately 20% of all cases (6). In addition to these 
two high-risk factors, chronic schistosome infections, 
sex hormones, and genetic factors may all lead to BC (7). 
Compared to other malignant tumors, BC has relatively 
good prognosis, and regular physical examination is helpful 
for early BC diagnosis.

Hematuria is the most common symptom of patients 
with BC, which can be divided into two types: microscopic 
hematuria and gross hematuria. There are many histological 
types of BC, and can be divided into urothelial carcinoma, 
squamous cell carcinoma, and adenocellular carcinoma 
according to the pathological type, the incidence rates of 
which were over 90%, 3–7%, and <2%, respectively (8,9). 
According to the depth of invasion, BC can be classified into 
muscle-invasive BC (MIBC) and non-muscle-invasive BC 
(NMIBC). Studies have shown that NMIBC accounts for 
approximately 75% of the all BC cases, and about 40% of 
patients will eventually progress from NMIBC to MIBC (10).  
MIBC has a low incidence; however, it is an aggressive 
malignant tumor with a high tendency to metastasize, with 
a poor prognosis and high fatality rate. The 5-year survival 
rate of patients who develop lymph node metastasis is only 
15–30% (11). At present, the treatment of bladder cancer 
mainly includes: radical perfectly, transurethral bladder 
tumor electrical cutting (TUR-BL), transurethral laser 
surgery, and photodynamic treatment, etc. (12). The most 
effective treatment method for MIBC is laparoscopic radical 
cystectomy (LRC). Pelvic lymph node dissection (PLND) 
is required when radical cystectomy (RC) is performed on 
MIBC patients, and therefore, RC combined with PLND is 
the gold standard for treatment of MIBC (13). When LRC 
is performed on MIBC patients, the scope of surgery will 
vary depending on the body structures of men and women. 
The resection scope of male MIBC patients should include 
the bladder, surrounding fat tissue, distal ureter, prostate, 
and seminal vesicles. For female MIBC patients, the bladder, 

surrounding adipose tissue, distal ureter, uterus, and part 
of the anterior vaginal wall have to be excised. If the BC is 
found to have invaded the urethra, a combined total urethral 
resection is required intraoperatively (14,15).

RC includes LRC and open RC (ORC). ORC has a 
definite curative effect and is the gold standard surgery 
for MIBC. However, ORC involves significant trauma, 
heavy bleeding, slow postoperative recovery, as well as an 
increased risk of postoperative complications in patients (16). 
With the continuous advancement of medical technology, 
LRC has gradually replaced ORC as the first choice for 
the clinical treatment of MIBC. LRC can fully expose the 
surgical field of view, improve surgical accuracy, and reduce 
intraoperative blood loss (IBL) and blood transfusion rate 
(BTR). In addition, it is minimally invasive, which reduces 
the incidence of postoperative complications to a certain 
extent, and shortens the length of hospital stay (17,18). 
Although LRC has achieved definite treatment effects in 
MIBC surgical treatment, there remains some controversy 
with ORC treatment methods. Moreover, the current 
literature on LRC treatment of MIBC lacks a unified 
evaluation standard for surgical efficacy, making it difficult 
to objectively and accurately reflect the treatment effect of 
LRC on BC patients. Aboumarzouk et al. (19) used meta-
analysis to compare the effects of LRC and ORC in the 
treatment of BC, but the number of total cases is only 427. 
Therefore, this research is to further incorporate results in 
recent years, increase the number of patients incorporating 
patients, perform a meta-analysis to systematically 
evaluate articles reporting on LRC treatment of BC, with 
the aim of providing a theoretical basis for the clinical 
selection of reasonable MIBC treatment. We present the 
following article in accordance with the PRISMA reporting 
checklist (available at https://tau.amegroups.com/article/
view/10.21037/tau-21-1076/rc).

Methods

Article retrieval 

Articles involving clinical controlled trials on LRC treatment 
of BC were searched from six English databases (Embase, 
Ovid, PubMed, Medline, Springer, and Web of Sciences) 
from the date of establishment of the database to March 1, 
2021. The search language was English, and the search was 
performed by stochastic combination of topic words and free 
terms. The English retrieval terms were composed of “BC”, 
“muscle-invasive BC”, “non-muscle-invasive BC”, “radical 

https://tau.amegroups.com/article/view/10.21037/tau-21-1076/rc
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cystectomy”, “laparoscopic radical cystectomy”, “open 
radical cystectomy”, “MIBC”, “NMIBC”, “RC”, “LRC”, and 
“ORC”. The search words were combined with “and” or “or”. 
The literature search was conducted by two researchers using 
independent search methods.

Literature inclusion and exclusion criteria 

The inclusion criteria were as follows: (I) articles whose 
subjects were diagnosed with BC through preoperative 
examination or clinical pathology, and aged ≥18 years old; 
(II) clinical case-control trials published in English in a 
foreign English database; (III) studies that adopted LRC in 
the observation (Observ) group and non-LRC in the control 
(Ctrl) group, and baseline data of the patients in both 
groups were comparable; (IV) studies involving research 
objects that had no history of gastrointestinal surgery and 
could undergo radical total cystectomy; and (V) articles 
including the following evaluation indicators: operation 
time, IBL, incidence of postoperative complications, and 
postoperative length of hospital stay.

The exclusion criteria were as follows: (I) article 
involving research objects who suffered from non-BC and 
those with animal or cell research objects; (II) unpublished 
articles such as degree theses, reviews, special case reports, 
or non-English literature; (III) studies with LRC combined 
with other methods for the Observ group; (IV) the research 
objects were BC, and also suffers from other diseases; and 
(V) studies with incomplete, ineffective, or unrelated data 
indicators.

Article screening

Following the literature retrieval process, the titles of all 
the retrieved articles were entered into NoteExpress 3.2 
software (Beijing Aegean Music Technology Co., Ltd.) to 
establish a document database, and were then de-duplicated 
using the NoteExpress 3.2 software. Subsequently, two 
literature researchers were invited to independently screen 
the articles. Firstly, they conducted a preliminary screening 
by reading the titles and abstracts of the articles to 
determine whether they were relevant to the meta-analysis, 
and to delete articles that did not meet the inclusion criteria. 
Next, the full texts of the articles were read to determine 
whether they should be included, based on the inclusion and 
exclusion criteria. If the data in the article was not clearly 
described, we attempted to contact the author to obtain 
detailed information. If the detailed data was not available, 

it would be directly excluded. In the literature screening 
process, disagreements between the two researchers were 
resolved by discussion, and if a consensus could not be 
reached, a third researcher was asked to arbitrate. After the 
articles were screened, those meeting the requirements were 
sorted.

Data extraction

Two researchers extracted the data independently. Next, 
an Excel table (Microsoft, Washington, America) was 
created based on the basic information of the article, 
the characteristics of the research objects, intervention 
measures, outcome indicators, and bias evaluation, etc. The 
extracted data was then crosschecked. Any disagreements 
between the two researchers during the data extraction 
process were resolved through discussion or arbitration 
by a third researcher. In this study, the extracted data 
consisted of the basic information of the article (document 
title, first author, publication year, author information, and 
document source, etc.), basic characteristics of the study 
subjects (gender, age, research sample size, and baseline 
comparability, etc.), research methods, research plan 
design, intervention measures in the two groups, outcome 
evaluation indicators, and outcome data. It compared 
the efficacy of two groups, including blood loss, blood 
transfusion rate, analgesic use, postoperative complications, 
and hospital stay. 

Bias risk assessment

The Cochrane Handbook (version 5.0.2) systematic review 
writing manual was adopted to assess the bias risk of the 
included articles. The content of the bias risk assessment of 
the systematic review writing manual included the following 
items: (I) random sequence (whether a random number 
table or other methods were used to randomize the research 
subjects); (II) allocation concealment (whether the groups 
were random and the subjects were kept confidential); 
(III) blinding of research subjects (whether the clinical 
research subjects know about the experiment process and 
grouping); (IV) blinding of outcome reviewers (whether the 
researchers or outcome assessors knew the subject’s groups 
and the interventions received); (V) complete or missing 
data; (VI) whether the study had selective reporting; and 
(VII) whether there were other biases. Regarding the above 
7 items, “satisfaction” indicated that the bias was relatively 
small, and “do not satisfy” referred to highly bias, the study 
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did not have sufficient detailed report, if not mentioned, 
danger was unknown assessment including random sequence 
generation, allocation, blind method, and tracking/exiting 
four dimensions, which were 1 to 3 points, regarded as low 
quality, 4 to 7 points were considered high quality. In the 
assessment on risk bias and analysis of the included article, if 
there was any disagreement between two researchers during 
the data extraction process, it could be solved by friendly 
discussion or solicited by a third researcher.

Statistical analysis

STATA11.0 software (StataCorp, America), Cochrane 
Handbook 5.0.2 software, and Review Manager5.3 software 
(cochrane collaboration network) were adopted to merge the 
statistics of the included articles, evaluate risk of bias of the 
included articles, and perform meta-analysis of the combined 
statistics. Forest diagrams and funnel diagrams were then 
drawn on the basis of the analysis results. For meta-analysis, 
the articles were examined for heterogeneity using the I2 
test to observe whether the studies could be combined, 
and the P value was undertaken as an index to evaluate the 
heterogeneity. If the result of the heterogeneity test showed 
that I2≥50 and P<0.05, this suggested that the heterogeneity 
among studies was small, and the fixed effects model (FEM) 
could be adopted for meta-analysis of the combined effect 
size. However, if the result showed that I2<50 and P>0.05, 
this indicated that there was heterogeneity among the 
studies, so the random effects model (REM) could be applied 
for meta-analysis. The relative risk (RR) was applied as the 
effect scale indicator for intraoperative BTR, incidence of 
postoperative complications, and other binary variables, and 
the 95% confidence interval (95% CI) was calculated. The 
weighted mean difference (WMD) was applied as the effect 
scale index for continuous variables such as operation time, 
IBL, length of hospital stay, and use of analgesics, and the 
95% CI was calculated. The u-test was utilized to determine 
whether there was statistical meaning between the combined 
effect sizes, and the probability P value was calculated based 
on the u value. α=0.05 was used as the test level, and P<0.05 
indicated that the difference was statistically significant.

Results

Literature retrieval results

Clinical controlled studies of LRC treatment of BC 
were searched in six English databases from the date 

of establishment of the database to March 1, 2021. A 
total of 1,326 related articles were obtained after the 
preliminary search, among which 388 related articles 
were retrieved from the PubMed database, 232 from 
Embase, 249 from Medline, 206 from Springer, 108 from  
Ovid, and 143 from Web of Sciences. After the preliminary 
search, the references of the retrieved articles were 
entered into NoteExpress 3.2 software to eliminate the 
duplicate documents, leaving 901 articles. After the titles 
and abstracts of the article were read, 619 articles that 
were obviously inconsistent with the subject of this study 
were excluded. Finally, the content of the articles was 
read carefully to strictly screen based on the inclusion 
and exclusion criteria. In total, 12 articles (20-31) were 
included, which were all publicly published clinical 
controlled studies. The publication time was from 2004 
to 2021. These studies involved 1,239 subjects, including  
607 cases in the Observ group and 632 cases in the Ctrl 
group, and the baseline data of the two groups were 
comparable. The specific process of literature retrieval is 
presented in Figure 1, and the basic data of the included 
articles is shown in Table 1.

Assessment on bias risk of included articles

The Cochrane Handbook (version 5.0.2) systematic review 
writing manual was adopted to assess the bias risk of the  
12 included articles, and the Review Manager5.3 software 
was applied to construct the bias risk chart (Figures 2,3). The 
risk of bias assessment included the following: (I) random 
sequence (eight articles reported random grouping and 
were thus considered “low risk”, one article did not report 
whether random grouping was applied, and was considered 
“unclear risk”, and three articles clearly mentioned that 
the grouping method was “non-random”, indicating that 
these articles were “high risk”); (II) allocation concealment 
(two articles mentioned allocation concealment, suggesting 
that they were “low risk”, while 11 articles did not mention 
allocation concealment, indicating they were “unclear 
risk”); (III) subject blinding (two articles mentioned that 
the patients were informed, indicating “high risk”, while 10 
articles did not mention such information, indicating that 
they were “unclear risk”); (IV) blinding of outcome assessor 
(three articles mentioned blinding the outcome assessor, 
suggesting they were “low risk”, while nine articles did not 
mention such information, suggesting they were “unclear 
risk”); (V) data completion (all 12 articles had complete 
data, indicating “low risk”); (VI) selective reporting (there 
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was no selective reporting in the 12 articles, indicating 
“low risk”); and (VII) other biases (the other biases of all 
12 articles were impossible to evaluate, so they were all 
considered as “unclear risk”).

Operation time

Ten of the 12 included articles included reported on the 
operation time of the LRC and ORC groups. A total of 
999 patients with BC were included, of which 486 were 
in the LRC group and 513 were in the ORC group. The 
heterogeneity test results (I2=83% and P<0.00001) revealed 
that there was a certain degree of heterogeneity among 
the studies, so the data were analyzed with the REM, 
and the analysis results are illustrated in Figure 4. The 
interval of combined effect size of the meta-analysis [mean 
difference (MD) =63.35; 95% CI: 41.83–84.87; Z=5.77; 
and P<0.00001] was on the right side of the invalid line, 
indicating that operation time of the LRC group was 
markedly superior to that of the ORC group.

IBL 

Five articles (21-23,25,27) reported on IBL in the LRC and 
ORC groups. A total of 370 patients with BC were included, 
with 178 cases in the LRC group and 192 in the ORC group. 
The heterogeneity test result (I2=0% and P=0.78) confirmed 
that the homogeneity among the studies was relatively good, 
so the FEM was used to analyze the research data. According 
to the analysis results (Figure 5), the interval of combined 
effect size of the meta-analysis (MD =−458.75; 95% CI: 
−505.75 to −411.76; Z=19.13; and P<0.00001) was on the 
left side of the invalid line, suggesting that the IBL the LRC 
group was significantly inferior to that of the ORC group.

Intraoperative blood transfusion rate

Three articles (22,27,28) reported on intraoperative BTR in 
the LRC and ORC groups. A total of 281 patients with BC 
were included, with 153 cases in the LRC group and 128 
in the ORC group. The heterogeneity test results (I2=60%, 
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and P=0.08) indicated that there was heterogeneity among 
the studies, and therefore, the research data were analyzed 
using the REM. Figure 6 shows the analysis results. The 
interval of combined effect size of the meta-analysis [odds 
ratio (OR) =0.36; 95% CI: 0.13–0.94; Z=2.08; and P=0.04] 
was on the left side of the invalid line. This suggested that 
the intraoperative BTR of the LRC group was considerably 
lower than that of the ORC group.

Use of analgesics

Four articles (20-23) reported on the utilization of 

analgesics in the LRC and ORC groups. A total of  
227 patients were included, with 117 cases in the LRC 
group and 110 in the ORC group. The heterogeneity test 
results (I2=81%, and P=0.001) showed there was a certain 
degree of heterogeneity among the studies. Therefore, 
the research data were analyzed by the REM, and the 
analysis results are presented in Figure 7. The interval of 
the combined effect of meta-analysis (MD =−24.53; 95% 
CI: −39.04 to −10.01; Z=3.31; and P=0.0009) was on the left 
side of the invalid line, which indicated that the adoption of 
analgesics in the LRC group was obviously inferior to that 
in the ORC group.

Table 1 Basic data of included articles

First author Published year Group Sample size Gender (male/female) Surgical approach

Basillote JB 2004 Observ 13 13/0 LRC

Ctrl 11 11/0 ORC

Hemal AK 2007 Observ 30 28/2 LRC

Ctrl 35 33/2 ORC

Guillotreau J 2009 Observ 38 36/2 LRC

Ctrl 30 25/5 ORC

Ha US 2010 Observ 36 32/4 LRC

Ctrl 34 27/7 ORC

Pruthi RS 2010 Observ 10 / LRC

Ctrl 20 / ORC

Zheng W 2012 Observ 45 39/6 LRC

Ctrl 65 54/11 ORC

Pyun JH 2016 Observ 26 24/2 LRC

Ctrl 38 35/3 ORC

Yong C 2017 Observ 29 20/9 LRC

Ctrl 28 19/9 ORC

Esquinas C 2018 Observ 86 / LRC

Ctrl 70 / ORC

Lenfant L 2018 Observ 28 26/2 LRC

Ctrl 35 22/13 ORC

Subirá-Ríos D 2019 Observ 108 94/14 LRC

Ctrl 108 96/12 ORC

Huang H 2021 Observ 158 142/16 LRC

Ctrl 158 139/19 ORC

LRC, laparoscopic radical cystectomy; ORC, open radical cystectomy.
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Figure 2 Bar chart for bias risk assessment.
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Figure 3 Bias risk evaluation results.

Figure 4 Forest map of the operation time of patients in the two groups.
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Length of hospital stay 

Five articles (21-23,25,28) reported on the length of 
postoperative hospital stay in the LRC and ORC surgery 
groups. A total of 469 patients were included, with 235 
cases in the LRC group and 234 in the ORC group. There 
was a certain degree of heterogeneity (I2=57%, and P=0.06) 
among the studies, and therefore, the REM was adopted 
to analyze the research data (Figure 8). The interval of 
combined result of the effect size of meta-analysis (MD 
=−2.43; 95% CI: −4.83 to −0.02; Z=1.98; and P=0.05) 
intersected the invalid line, indicating that the length of 
hospital-stay of the two groups of patients showed no 
statistically significant distinction.

Incidence of postoperative complications

Six articles (21,22,25,27,28,30), reported the incidence 

of postoperative complications in the LRC and ORC 
surgery groups. A total of 672 patients were included, with  
336 cases in the LRC group and 336 in the ORC group. 
The heterogeneity test results (I2=77%, and P=0.0006) 
reflected that heterogeneity could be found among the 
studies, so the REM was utilized. The data analysis results 
are displayed in Figure 9. The interval of combined effect of 
meta-analysis (OR =0.58; 95% CI: 0.39–0.85; Z=2.77; and 
P=0.006) was on the left side of the invalid line. Therefore, 
there was a significantly different between the two groups 
in the incidence of postoperative complications; that is, the 
incidence of postoperative complications in the LRC group 
was significantly lower than that in the ORC group.

Publication bias 

To analyze the publication bias, a funnel chart of various 
outcome indicators in LRC treatment of BC was drawn 

Figure 5 Forest map of intraoperative blood loss of patients in both groups.

Figure 6 Forest map of blood transfusion rate for patients in both groups.

Figure 7 Forest map of analgesics adoption for patients in both groups.
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using the Review Manager 5.3 software. The results 
(Figures 10-15) revealed that scattered points representing 
the articles were located in the CI in terms of IBL, 
intraoperative BTR, and length of hospital stay, suggesting 
that the possibility of publication bias was lower. In the 
funnel charts of operation time, use of analgesics, and 
incidence of postoperative complications, some scattered 
points fell outside the CI, suggesting that a certain 
publication bias could be observed among the articles.

Discussion

BC is the most common malignant urological tumor, which 
can be classified as MIBC or NMIBC according to the 
degree of lesion invasion. NMIB is limited to the bladder 
mucosa or submucosa, while MIBC extends beyond the 
bladder submucosa (32). Although MIBC accounts for only 
about 25% of BCs, most of them are high-grade urothelial 
carcinomas with high metastatic tendency, high risk of 

Figure 8 Forest map for length of hospital stay for patients in both groups.

Figure 9 Forest map for the incidence of postoperative complications.
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Figure 10 Funnel plot evaluation for publication bias of operation 
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Figure 11 Funnel plot evaluation for publication bias of 
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lymph node metastasis, poor prognosis, and high mortality. 
It is impossible to cure patients with distant metastasis, and 
the median survival time is approximately 12–18 months (33). 
RC combined with PLND is the standard procedure for the 
treatment of MIBC. With the development of minimally 
invasive techniques in recent years, LRC has gradually 
gained certain advantages over ORC in the treatment of 
breast cancer. LRC provides more accurate information on 
the tumor staging of breast cancer patients, and can also 
reduce the number of tumor cells and improve the survival 
rate of these patients. The operation time of ORC is short, 
but the length of hospital stay is longer, and there may be 
more complications (34). In contrast, LRC has less IBL, 
reduced length of hospital stay, and longer operation time. In 
addition, the minimally invasive treatment of the abdominal 

cavity utilized in LRC can relieve the postoperative pain 
of patients, thereby reducing the demand for opioids and 
helping the patient resume daily activities sooner (35).

In this  study, we performed a meta-analysis  to 
systematically evaluate the treatment effect of LRC 
on patients with BC. The 12 included articles covered  
1,283 subjects. The results showed that LRC treatment of 
BC could effectively reduce the IBL and use of analgesics in 
patients, lower the intraoperative BTR and the probability 
of postoperative complications, but the operation time 
was longer. These results were similar to the findings of 
Aboumarzouk et al. However, it found that LRC treatment 
of BC failed to reduce the length of hospital stay in patients. 
A possible reason for this may be that the wide application 
of the current concept of accelerated rehabilitation surgery 

Figure 12 Funnel plot evaluation for publication bias of 
intraoperative blood transfusion rate. RD, rate difference.

Figure 14 Funnel plot evaluation for publication bias of hospital 
stay length.

Figure 13 Funnel plot evaluation for publication bias of analgesics 
utilization.

Figure 15 Funnel plot evaluation for publication bias of incidence 
of postoperative complications.
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had in turn promoted the recovery of intestinal function 
after surgery. Furthermore, the difference between the two 
groups of patients in terms of postoperative recovery time 
was relatively small due to the adequate preparation of the 
intestinal tract before surgery.

Stopping urine can prolong the effect of carcinogens on 
the bladder. In life, people should develop a good habit of 
drinking more water and diligent urination. Stimulating 
foods play a key role in promoting the occurrence of 
diseases, so a suitable diet should be reasonably adjusted 
to avoid the occurrence of diseases. People who smoke 
and consume alcohol should also avoid these as much as 
possible. Furthermore, avoiding volatile emotions and 
promoting a relaxing mood can make the body and mind 
feel happy. Moreover, according to research, sweating 
through exercise can discharge acidified toxic substances in 
the body, leading to a healthier and more energetic body. 

Conclusions

In this study, we conducted a systematic analysis and 
evaluation on the treatment effect of LRC on patients with 
BC. The results indicated that LRC could decrease the IBL 
and use of analgesics, lower the intraoperative BTR, and 
reduce the incidence of postoperative complications. The 
results of this study provide a reference for LRC treatment 
of BC. However, this study had some limitations that should 
be noted. Firstly, the number of included articles was small, 
which resulted in some indicators that lacked a certain 
degree of persuasiveness. Therefore, in future studies, more 
high-quality, multi-center, large-sample clinical controlled 
trials should be performed to further analyze the surgical 
effect of LRC in the treatment of BC, so as to provide an 
adequate basis for the treatment of BC.
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