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ABSTRACT 

 

Presence of lymphovascular invasion in 

urothelial bladder cancer specimens after 

transurethral resections correlates with risk 

of upstaging and survival: A systematic 

review and meta-analysis 

 

Hyung Suk Kim 

College of medicine, Department of Urology 

The Graduate School 

Seoul National University 

 

Objectives: This study aimed to elucidate the relationship 

between lymphovascular invasion (LVI) at transurethral 

resection of bladder tumor (TURBT) and the risk of 

pathological upstaging as well as the clinical outcomes. 

 

Materials and Methods: PubMed, SCOPUS, Web of Science and 

Cochrane Library databases were searched from the respective 

dates of inception until November 11, 2013.  

 

Results: A total of 16 articles met the eligibility criteria for this 

systematic review, which included a total of 3,905 patients. LVI 

was detected in 18.6% in TURBT specimens. The significant 

association was found between LVI at TURBT and pathological 
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upstaging of bladder cancer (odds ratio 2.21, 95% confidence 

interval [CI] 1.44-3.39) without heterogeneity (I2 45%, p = 

0.14). The pooled hazard ratio (HR) was statistically significant 

for recurrence-free survival (HR 1.47, 95% CI 1.24-1.74), 

progression-free survival (HR 2.28, 95% CI 1.45-3.58), and 

disease-specific survival HR, 1.35; 95% CI, 1.01-1.81), but 

not overall survival (HR, 1.55; 95% CI, 0.90-2.67). Tests of 

inconsistency for disease-specific survival (I2 66%, p = 

0.007) and overall survival (I2 72%, p = 0.03) could not 

exclude a significant heterogeneity. The results of Begg’s and 

Egger’s test showed that there was evidence of publication bias 

on pathological upstaging and progression-free survival.  

 

Conclusions: The data obtained in this meta-analysis indicate 

that the presence of LVI at TURBT portends the increased risk 

of pathological upstaging and may provide additional prognostic 

information. However, a large, well-designed, prospective 

study is needed to investigate potential treatment options for 

bladder cancer with LVI.  

------------------------------------- 

Keywords: Bladder cancer, urothelial carcinoma, meta-

analysis, lymphovascular invasion, prognosis, transurethral 

resection  
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Urothelial carcinoma of the bladder remains a significant public 

health cancer worldwide, with 73,510 new cases and 14,880 deaths 

attributed to bladder cancer in the United States in 2012 [1]. 

Approximately 70% of newly diagnosed bladder cancer are non-

muscle invasive bladder cancer, for which the initial treatment is 

transurethral resection of bladder tumor (TURBT), while radical 

cystectomy with pelvic lymph node dissection is the mainstay 

therapy for high-risk non-muscle invasive and muscle invasive 

bladder cancer. Identification of patients who are at risk for 

recurrence and progression is important for clinical decision-

making. Improvements in risk stratification may aid in the decision 

to undertake early cystectomy for patients with disease not 

invading bladder muscle or neoadjuvant chemotherapy in those with 

disease invading bladder muscle or who present initially with locally 

advanced disease. However, recent improvements in the 

assessment of individual risk calculation using clinicopatholocal 

parameters, predictive accuracies for recurrence and progression of 

bladder cancer are still limited.  

 

Lymphovascular invasion (LVI) is an essential and important step in 

the systemic dissemination of cancer cells [2]. Previously, we have 

demonstrated an association between poor prognosis and the 
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presence of LVI of urothelial carcinoma in final pathologic 

specimens (radical nephroureterectomy [3] and radical cystectomy 

[4]. In fact, LVI has been strongly associated with poor clinical 

outcomes, leading investigators to propose that the presence of LVI 

at radical cystectomy specimen be incorporated into staging system.  

 

LVI found at TURBT is also associated with increased risk of 

advanced pathological stage and lymph node metastases [5]. 

Pathological upstaging at cystectomy is associated with poor 

outcomes in urothelial carcinoma of the bladder [6]. Based on the 

M.D. Anderson Cancer Center criteria, LVI at TURBT is one of the 

high risk features and the presence of high risk features identifies 

patients with a poor prognosis who are most likely to benefit from 

neoadjuvant chemotherapy [7]. However, the prognostic 

significance of the presence of LVI at TURBT is still controversial.  

 

The present study aimed to elucidate the relationship between LVI 

at TURBT and the risk of pathological upstaging as well as the 

clinical outcomes.   
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실험 재료 및 방법 

 

Search strategy  

We conducted and reported this systematic review and meta-

analysis following the Preferred Reporting Items for Systematic 

reviews and Mata-Analyses (PRISMA) statement [8]. PubMed, 

SCOPUS, Web of Science and Cochrane Library were searched on 

November 11, 2013 and no lower date limit was used. However, 

since the first article was published in February 1, 1994, literatures 

published from February 1994 to November 2013 were included. 

The search strategy included the following keywords variably 

combined by “bladder cancer” and “lymphovascular invasion”. We 

only performed the review of the studies published in English 

language. Conference abstracts were not in the scope of this 

analysis owing to the insufficient data provided by the authors.  

 

Study selection  

Two reviewers (HSK and MK) primarily examined the titles and 

abstracts of all literature. The full articles were then screened 

separately by two reviewers (CWJ and CK) to determine whether 

they met the inclusion criteria or not. Disagreements were resolved 

through the consensus with a third reviewer. Inclusion criteria were: 

(1) urothelial carcinoma of the bladder; (2) LVI examined in 

TURBT specimens; (3) evaluation of the relationship between LVI 

and pathological features or prognosis; and (4) sufficient 

information provided to estimate the odds ratio (OR) or hazard ratio 

(HR) and their 95% confidence intervals (CIs). Exclusion criteria 

were: (1) letters, commentaries, case reports, reviews, and 

conference abstracts; (2) non-English articles; (3) articles from 
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which the relevant data could not be extracted; and (4) overlapping 

articles or ones with duplicate data. When there were multiple 

articles by the same group based on similar patients, only the 

largest or the most recently article was included.  

 

Data extraction and management  

Two reviewers (MK and CWJ) independently extracted the 

required information from all eligible studies. Separate data tables 

were independently made to extract all relevant data from tests, 

tables and figures of each included studies encompassing author’s 

name, year of publication, region, stage of disease, number of 

patients and follow-up. Completed databases were compared and 

discussed by both reviewers to find if required a consensus. 

 

Methodological assessments 

For the methodological evaluation of the studies, three reviewers 

(MK, HHK and JHK) read through each publication independently, 

and assessed and scored them according to Reporting 

recommendations for tumor marker prognostic studies (REMARK) 

guidelines and quality scale [9,10]. The quality scale has seven 

criteria, and a study with a total score of 8 was considered to have 

the highest study quality, whereas a score of zero indicated the 

lowest quality. The three reviewers provided the quality scores and 

compared them, and then reach a consensus value for each item.  

 

Statistical analysis 

The random-effects models were used to pool the effect size based 

on the DerSimonian and Laird method [11]. ORs with 95% CIs were 

used to evaluate the association between LVI and pathological 

upstaging. HRs and their 95% CIs were used to assess the impact of 
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LVI at TURBT on survival of bladder cancer patients. Survival data 

were extracted or calculated according to the methods described by 

Parmar et al [12]. An observed OR or HR >1 implied the significant 

association between LVI and pathological upstaging or a worse 

survival for the group with LVI, respectively, if the 95% CI did not 

overlap 1.  

 

Chi-square-based Q statistic test was performed to test the 

heterogeneity among the studies included in meta-analysis. A 

p>0.10 for the Q-test indicated a lack of heterogeneity among the 

studies. I-squared statistic was also used to assess the between-

studies heterogeneity. I-squared values of >50% indicate 

heterogeneity among studies [13]. Subgroup analysis with meta-

regression analysis was further performed to explore the source of 

existed heterogeneity. The inverted funnel plots, Begg’s test (rank 

correlation analysis) and Egger’s test (linear regression analysis) 

were used to evaluate the publication bias [14,15]. Publication bias 

was indicated when the p value from Begg’s test and Egger’s test 

was <0.05. All the p values were two-sided and p values <0.05 

denoted statistical significance. We pooled ORs and HRs of the 

studies by using software RevMan 5.0 (the Cochrane Collaboration, 

Copenhagen). The analysis of meta-regression and publication bias 

was performed by using R 2.13.0 (R development Core Team, 

Vienna, http://www.R-project.org).  
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결   과 

 

Study selection and characteristics 

The database searches identified 683 articles for initial evaluation 

(Figure 1). Of these, 368 articles were excluded because of 

duplicate publications, 170 were excluded through reading title and 

abstract, 108 were excluded because LVI was not assessed for 

TURBT specimens, 11 were excluded because there were studies 

irrelevant to the current analysis, five articles were excluded 

because there was no result of urothelial carcinoma, three were 

excluded because the estimation of HRs in the studies was not 

allowed because of insufficient data provided by the authors, and 

two were excluded because data overlapped with another study. 

Therefore, 16 studies meeting the inclusion criteria were finally 

enrolled in this systematic review and meta-analysis [16-31] 

(Figure 1). 

 

Figure 1. Flow chart of the literature search used in this meta-
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analysis 

The characteristics of the 16 eligible studies are extracted and 

summarized in Tables 1-3. These eligible studies were published 

from 2007 to 2013 and all the studies were retrospective in design. 

Eight studies assessed the patients from North America, four from 

Europe, and five from Asia. The total sample size was 3,905 with a 

mean of 230 (range, 80-948 patients). Ten datasets included <200 

patients, and seven dataset had enrolled ≥200 patients. LVI was 

found in TURBT specimens in 18.6% (663 of 3,567 patients) of 

total bladder cancer patients. In most studies, data comparing 

clinico-pathological parameters in the context of LVI at TURBT 

were not reported or extractable (data not shown). Some studies 

did not perform multivariate analysis (Supplemental Tables 1-5). 

 

LVI was not defined in seven studies [16,18,20,22,23,25,27,30]. In 

other studies, LVI was defined as tumor cells that were 

unequivocally noted within or attached to the wall of a vascular or 

lymphatic space (with a single-cell endothelial lining)on 

hematoxylin-and-eosin-stained 

sections[17,19,21,24,26,28,29,31]. If there was suspicion of LVI 

but the reporting pathologist was unable to unequivocally document 

its presence, immunohistochemistry was performed for CD31, CD34 

or factor 8 in some studies [21,29,31]. 

 

To estimate the quality of studies included into our meta-analysis, 

we calculated a quality score for each study. Overall, none of the 

studies examined in this review fulfilled all evaluation criteria. Only 

six of the included studies obtained scores of 4 or more in 

methodological assessment, indicating that they were of not high 

quality (Table 1). 
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Study results and meta-analysis  

 

Correlation of LVI at TURBT and pathological upstaging 

Four studies that referred to the correlation between LVI at TURBT 

and pathological upstaging were pooled to calculate the pooled ORs. 

As indicated in Figure 2, a significant association was found 

between LVI at TURBT and pathological upstaging of bladder 

cancer (pooled OR 2.21, 95% CI 1.44-3.39) without heterogeneity 

(I2 45%, p = 0.14). 

 

Figure 2. Forest plots of odds ratio of pathological upstaging 

according to lymphovascular invasion in transurethral resection 

specimens (Left). The horizontal lines correspond to the study-

specific hazard ration and 95% confidence interval, respectively. 

The area of the squares reflects the study-specific weight. The 

diamond represents the pooled results of hazard ratio and 95% 

confidence interval. Begg’s Funnel plots for publication bias test 

(Right). Each point represents a separate study for the indicated 

association. Vertical line represents the mean effects size. 

  



12 

 

Association of LVI at TURBT and survival of bladder cancer  

The pooled analysis of recurrence-free survival (RFS) was based 

on eight publications including 2,517 patients. A significant 

association of LVI at TURBT and RFS was observed in bladder 

cancer patients (pooled HR 1.47, 95% CI 1.24-1.74) (Figure 3A). 

As for progression-free survival (PFS), seven studies involving 

1,206 patients were included in the analysis, indicative of the 

significant correlation between LVI at TURBT and PFS (pooled HR 

2.28, 95% CI 1.45-3.58) (Figure 3B). Six studies (seven datasets) 

and three studies investigated disease-specific survival (DSS) and 

overall survival (OS) in a total of 1,393 and 1,542 patients, 

respectively. The pooled HRs (95% CI) of included studies for DSS 

and OS were  1.35 (1.10-1.81) (Figure 3C) and 1.55 (0.90-2.67) 

(Figure 3D), respectively. Tests of inconsistency for DSS (I2 66%, 

p = 0.007) and OS (I2 72%, p = 0.03) could not exclude a 

significant heterogeneity. 
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Figure 3. Forest plots of prognosis of lymphovascular invasion in 

transurethral resection specimens. (Left) The horizontal lines 

correspond to the study-specific hazard ration and 95% confidence 

interval, respectively. The area of the squares reflects the study-

specific weight. The diamond represents the pooled results of 

hazard ratio and 95% confidence interval. Begg’s Funnel plots for 

publication bias test (Right). Each point represents a separate study 

for the indicated association. Vertical line represents the mean 

effects size. (A) Recurrence-free survival. (B) Progression-free 

survival. (C) Disease-specific survival. (D) Overall survival. 
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Subgroup analysis 

Similar analysis was performed between LVI at TURBT and the 

prognosis of patients with non-muscle invasive bladder cancer. Six, 

seven, and two studies (three datasets) investigated RFS, PFS, and 

DSS in a total of 1,095, 1,206, and 560 patients, respectively. 

Meta-analysis of patients with non-muscle invasive bladder 

demonstrated the significant association of LVI at TURBT and RFS 

(pooled HR 1.28, 95% CI 1.34-2.46) and PFS (pooled HR 2.28, 95% 

CI 1.45-3.58), while the analysis did not demonstrate the 

significant correlation in a random-effects model (pooled HR 1.40, 

95% CI 0.68-2.88). Overall test for heterogeneity recorded a I2 

value of 50% for DSS, suggesting the presence of inter-study 

heterogeneity (Figure 4).  

 

Owing to heterogeneity across studies reporting DSS and OS of 

patients with bladder cancer, we analyzed the source of the 

heterogeneity using meta-regression by publication year, region, 

number of patients, median follow-up. HR estimation, analysis 

results, and quality scale (Supplements 6-9). If there was only one 

article, we gave its HR and 95% CI instead. Meta-regression 

analysis revealed that ‘analysis result’ might account for part of the 

inter-study heterogeneity for DSS (p = 0.0002). In addition, 

‘duration of follow-up’ and ‘analysis result’ were observed to 

significantly affect the relationship between LVI at TURBT and OS 

(all p = 0.0099). Notably, others of these subgroup analyses did not 

reveal heterogeneities of data. 
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Figure 4. Forest plots of prognosis of lymphovascular invasion in 

transurethral resection specimens in patients with non-muscle 

invasive bladder cancer. The horizontal lines correspond to the 

study-specific hazard ration and 95% confidence interval, 

respectively. The area of the squares reflects the study-specific 

weight. The diamond represents the pooled results of hazard ratio 

and 95% confidence interval. Begg’s Funnel plots for publication 

bias test (Right). Each point represents a separate study for the 

indicated association. Vertical line represents the mean effects size. 

(A) Recurrence-free survival. (B) Progression-free survival. (C) 

Disease-specific survival. 
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Publication bias 

Begg’s funnel plot for publication bias of the association between 

LVI at TURBT and pathological upstaging demonstrated a certain 

degree of asymmetry (Figure 2). The evaluation of publication bias 

indicated that both Begg’s test (p = 0.0415) and Egger’s test (p = 

0.0150) reached the significance.  

 

Assessment of publication bias revealed that Begg’s test (p = 

0.0043) and Egger’s test (p = 0.0041) for PFS were significant, 

and the funnel plots for PFS revealed a certain degree of 

asymmetry. According to DSS and OS, Begg’s test indicated no 

publication bias among these studies regarding risk ratio (p = 

0.8806 for DSS and p = 0.6015 for OS), but Egger’s test indicated 

publication bias (p = 0.0059 for DSS and p = 0.0090 for OS) 

(Figure 3). 

 

When the analysis was limited to studies with non-muscle invasive 

bladder cancer, there was evidence for significant publication bias in 

RFS (Begg’s test, p = 0.0388; Egger’s test, p = 0.017) and PFS 

(Begg’s test, p = 0.0043; Egger’s test, p = 0.0041) (Figure 4). 
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고     찰 

 

Although the exact mechanisms of lymphatic metastases are still 

poorly understood, infiltration of microscopic lymphovascular 

spaces by tumor cells is probably the initial entry of neoplastic cells 

into the circulation, prior to the development of fulminant lymph 

node metastasis [24]. Therefore, LVI represents tumor invasion 

into lymphatic and vascular channels, and is considered to be a 

sentinel step in metastatic dissemination and, thus, may be 

reflective of a disease state where the malignant cells have attained 

a metastatic phase [32].  

 

The presence of LVI has been associated with poor clinical 

prognosis in numerous solid tumors [33-36]. Our previous studies 

also indicated LVI as an important histological marker in the final 

pathologic specimens of urothelial cancer [3,4]. Since LVI could 

predict tumor behavior, it may guide treatment decisions. Based on 

the assumption that undetectable micrometastasis may be present 

in patients with LVI, it might be a reasonable option to consider 

systemic chemotherapy. For example, in the M.D. Anderson Cancer 

Center, neoadjuvant chemotherapy is routinely offered for patients 

with LVI at TURBT [16].  

 

We conducted this systematic review and meta-analysis to assess 

whether LVI at TURBT could predict the pathologic upstaging and 

prognosis of bladder cancer patients. This study aggregated the 

outcomes of 3,905 bladder cancer patients. To our knowledge, this 

systematic review and meta-analysis is the first study to 

systematically assess the association between LVI at TURBT and 

the risk of pathologic upstaging as well as prognosis of bladder 

cancer. This systematic review and meta-analysis supports the use 
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of LVI at TURBT as a prognostic marker. The significant 

associations were exhibited between LVI at TURBT and 

pathological upstaging and LVI at TURBT is a significant predictor 

for poor RFS, PFS and DSS of bladder cancer patients.  

 

However, to get a convincing conclusion on the value of LVI at 

TURBT for the prognosis of bladder cancer, some issues should 

also be addressed. It is not clear that the detection of LVI in 

TURBT specimens would directly correlate with the detection of 

LVI in cystectomy specimens. Only a small fraction of cT1 cancers 

have detectable LVI in the TURBT specimen, demonstrating low 

sensitivity for predicting LVI in cystectomy specimen [5]. Another 

equally problematic issue is false positive results since false 

positive results are possible and retraction artifact can mimic LVI of 

urothelial cancer [37,38]. This underscores the need to standardize 

the detection of LVI, perhaps with immunohistochemical studies 

such as CD31 or CD34 staining [34]. Standard diagnostic criteria 

for LVI are required and the potential usefulness of subsidiary 

immunohistochemical staining studies be examined in this context. 

In this way, LVI will be able to be introduced as an additional factor 

of the therapeutic approach for evaluation of bladder cancer [39]. 

 

This systematic review has some limitations. First, the combined 

HR >2 was considered as useful practical value [40]. In our 

systematic review and meta-analysis, the pooled HR of LVI at 

TURBT for RFS (pooled HR 1.47, 95% CI 1.23-1.74) and DSS 

(pooled HR 1.35, 95% CI 1.01-1.81) were not greater than 2 and 

did not influence OS (pooled HR 1.55, 95% CI 0.90-2.67). 

Additionally, in patients with non-muscle invasive bladder cancer, 

LVI at TURBT was not correlated with poor DSS (pooled HR 1.40, 

95% CI 0.68-2.88). Furthermore, subgroup analysis by several 

factors did alter the prognostic significance of LVI at TURBT 

regarding prognosis of bladder cancer. Second, significant 
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heterogeneity was found in the systematic review and meta-

analysis for DSS and OS of the prognostic role of LVI at TURBT. 

The source of inter-study heterogeneity present in this analysis 

was analyzed using meta-regression and subgroup analysis. We 

found that the heterogeneity mainly came from the ‘analysis results’ 

(for DSS and OS) or ‘duration of follow-up’ (for OS). Though the 

random-effects model takes heterogeneity into account and was 

used to analyze the studies with heterogeneities, the conclusion 

drawn in this systematic review and meta-analysis should be 

approached with caution. Third, one weakness of our study was 

publication bias, which could be seen from our publication bias 

evaluation (especially in pathological upstaging and PFS studies); A 

tendency for journals to only publish positive results leads to the 

larger magnitude of an association seen in a pooled analysis than it 

actually is. Fourth, the results of this systematic review and meta-

analysis were based on unadjusted estimates because some studies 

did not provide detailed information. Furthermore, we have to admit 

that a possible bias may be the fact that all studies were of 

retrospective nature, whereas, to the best of our knowledge, high 

quality randomized, controlled trials investigating the association of 

LVI at TURBT with clinicopathological parameters or prognosis 

have not been published. Finally, we cannot exclude that we 

introduced a language bias by including only English written articles, 

which might favor positive results [41].  
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결    

 

The data obtained in the present systematic review and meta-

analysis indicate that the presence of LVI at TURBT portends and 

increased risk of pathological upstaging and may provide additional 

prognostic information. However, strict criteria are required to 

unify the reproducibility of diagnosis of LVI and a large, well-

designed, prospective study is needed to investigate potential 

treatment options for bladder cancer with LVI, especially non-

muscle invasive bladder cancer. 
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국  

 

방 암에 한 경요도  검체에  

찰 는 임   침   후 종양 

병  상승과 생존과  : 체계  헌 

고찰 및 타 분  

 

학과 뇨 과학 공 

울 학  학원 

 

: 본 연구  목  방 암  경요도 방 종양  시행 

받  자에  찰  임  침 이 근  방  출  후 종양 

병  상승 및 임상 인 후  어떠한  가지는지를 체계  헌 

고찰 및 타 분  통해 평가하는데 있다. 

상 및 방법: PRISMA statement에 라, PubMed, Cochrane 

Library, SCOPUS, Web of science database에  2013년 11월 지 

발  논  상  논  검색  시행하 다. 

결과:  16개  논 이 이 체계  헌 고찰  시행할  있는 

에 합하 다.  3,905명  자를 포함하 고 이들  약 

18.6%  자에  경요도 방  종양  검체 본에  임  

침  소견이 찰 었다. 경요도 방  종양  검체 본에  

찰  임   침  포함  논 들 사이  이질  없이 근  

방  출  후 종양  병리학  병  상승과 한  (pooled 
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OR 2.21, 95% 신뢰구간 [CI], 1.44–3.99)  보 다. 생존 결과  

에 한 분  결과 경요도 방  종양 에  임  

침  체 생존 (pooled HR 1.55; 95% CI, 0.90-2.67)  외한 

재발 생존  (pooled HR, 1.47; 95% CI, 1.24–1.74), 진행 생존  

(pooled HR, 2.28; 95% CI, 1.45–3.58) 및 종양 특이 생존  (pooled 

HR, 1.35; 95% CI, 1.01–1.81)  한 인자 다. Begg’s and 

Egger’s test  평가한 publication bias는  후 병리학  병  상승 및 

진행 생존과  타분 에 해 만 찰 었다. 

결 : 본 체계  헌 고찰 및 타 분  결과 방 암에 한 경요도 

 검체 본에  찰 는 임  침  근  방  출  후 

병리학  병  상승과 밀 한 연 이 있 며  후 생존 결과를 

할  있는 한 후 인자가   있  알  있었다. 향후 

임  침  동반한 방 암 자에 한 한 료 방법 택에 

한 하게 계  향  연구들이 필요할 것  생각 다. 

---------------------------------------- 

주요어: 방 암, 요 상피암, 임  침 , 경요도 방  종양 , 

근  방 , 생존, 후 
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