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Prognostic role of urinary collecting 
system invasion in renal cell 
carcinoma: a systematic review and 
meta-analysis
Luyao Chen1,*, Hongzhao Li1,*, Liangyou Gu1,*, Xin Ma1, Xintao Li1, Fan Zhang1, Yu Gao1, 
Yang Fan1, Yu Zhang1, Yongpeng Xie2 & Xu Zhang1

The relationship between urinary collecting system invasion (UCSI) and oncological outcomes in renal 
cell carcinoma (RCC) patients has attracted extensive attention recent years. However, the reports were 
inconsistent and remain controversial. Thus, we performed a systematic literature search of PubMed, 
Embase, Web of Science and The Cochrane Library databases to identify relevant studies up to June 
2015 and conducted a standard meta-analysis of survival outcomes. 17 studies containing 9012 RCC 
patients satisfied the inclusion criteria. Pooled HRs for overall survival (OS) and recurrence-free survival 
(RFS) were 1.45 (95% CI, 1.26–1.66, P < 0.001) and 2.27 (95% CI, 1.54–3.34, P < 0.001), respectively. 
Further subgroup analysis suggested that UCSI was significant associated with poor cancer-specific 
survival (CSS) in stage T1–T2 RCC (HR = 2.05, 95% CI: 1.43–2.96, P < 0.001) but not in stage T3–T4 
tumors (HR = 1.08, 95% CI: 0.63–1.85, P = 0.771). Current evidence revealed that UCSI has a significant 
negative impact on OS and RFS in RCC patients and could be used to predict CSS especially in localized 
RCC. Thus, RCC patients with UCSI should be paid more attention by clinician and pathologist and 
require close follow up for their poor prognosis.

Renal cell carcinoma (RCC) is the third most common genitourinary tumor, which represents about 3% of all 
human cancers1. Epidemiological data demonstrate that the incidence of RCC has steadily increased in recent 
years2. The increase may be due to the widespread use of non-invasive imaging techniques, which allow the 
early detection of small renal masses3,4. With approximately 25–30% of patients found to have metastases at 
presentation and 20–30% of patients occurs relapse after surgical resection5, RCC patients should be closely 
watched and stratified to categories with different risk of recurrence, progression and survival. The stratifica-
tion can significantly improve postoperative patients’ counseling, selection of individualized treatment, plan-
ning of appropriate follow-up schedules and the design of clinical randomized controlled trials. Currently the 
Tumor-Nodes-Metastasis (TNM) staging system remains the most widely accepted system for RCC classification, 
which describe the anatomic extent of RCC and relate it to the prognosis6. However, patients with comparable 
tumor characteristics can experience significantly different even opposed clinical outcomes. Thus, it is necessary 
for the staging system to be continuously assessed and updated as new research data are available.

Invasion of urinary collecting system (UCSI), which used to be included in the first edition of American Joint 
Committee on Cancer (AJCC) TNM staging system in 1978, is no longer considered as a criterion in the subse-
quent versions7. However, some recent studies have focused on the prognostic value of UCSI in RCC and sug-
gested inconsistent and controversial results. Anderson et al.8 found that the presence of UCSI was independently 
associated with higher overall and disease-specific mortality in patients undergoing nephrectomy for locally 
invasive RCC. Brookman-Amissah et al.9 also demonstrated that collecting system invasion was independently 
associated with a significant decline in cancer-specific survival and was associated with simultaneous metastatic 
spread at the time of surgery and multilocular dissemination. On the other hand, Waalkes et al.10 and Schrader 
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et al.11 suggested that UCSI was disqualified as individual prognostic factor for RCC and did not advocate the 
inclusion of UCSI into upcoming TNM staging systems.

Understanding the relationship between UCSI and RCC outcomes is very important for the prognostic mod-
els establishing. To derive a more precise evaluation of the prognostic significance of UCSI in RCC patients, we 
systematically review published relevant studies and carried out a meta-analysis by standard techniques.

Results
Study characteristics.  A total of 486 potential relevant studies were retrieved from our initial literature 
search in the aforementioned databases. Using literature manager software (Endnote), 112 duplicated papers 
were excluded. After carefully screening titles and abstracts of identified records, 329 studies were excluded for 
reasons such as apparent irrelevant studies, case reports, conference abstracts, editorials and review articles. Of 
the remaining 45 studies selected for full text evaluation, 28 studies that belonged to duplicated publication, or 
failed to offer sufficient data (HRs with corresponding 95% CI) were excluded. Finally, 17 studies met our eligibil-
ity criteria and were included in the meta-analysis (Fig. 1). The characteristics and information of these included 
studies were shown in Table 1. The 17 studies contained 9012 RCC patients including 1008 UCSI, which were all 
diagnosed by histopathological methods. These RCC patients came from different countries (China, United State, 
Brazil, Korea, Italy, Egypt, Germany and France) with the duration of follow-up of more than 12 months. Of the 
eligible 17 studies, 12 studies8–19 containing 7006 patients were carried out to investigate the impact of UCSI on 
the CSS of RCC patients, 4 studies8,18,20,21 containing 2086 patients to investigate the OS and 4 studies17,22–24 con-
taining 1157 patients reported the RFS, respectively. Assessment of quality scores by NOS demonstrated that the 
scores of included studies ranged from 7 to 9, which were considered adequate for the following meta-analysis.

Meta-analysis.  Of the 12 studies that referred to CSS, there was apparent inter-study heterogeneity 
(I2 =  59.2%, P =  0.005). Thus, a random effect model was performed to calculate the pooled HR and correspond-
ing 95% CI. As shown in Fig. 2, the combined HR of these studies revealed that UCSI was associated with poorer 
CSS in RCC patients (HR =  1.24, 95% CI: 1.01–1.50, P =  0.036). To explore the source of significant heterogeneity, 
meta-regression analysis and subgroup analysis were performed by patients ethnicity, study number, tumor stage 
and analysis style. The results showed that tumor stage might have significant association with the heterogeneity 
(P =  0.041), while other factors did not (Table 2). In addition, subgroup analysis showed that the combined HR 
estimate for CSS in Caucasian was 1.25 (95% CI, 1.01–1.54, P <  0.001). For RCC patients in low stage and under 
multivariate analyses, UCSI was also significant associated with poor CSS (P <  0.001 and P =  0.035, respectively), 
which indicated that UCSI might be an independent cancer-special outcome prognostic factor, especially in low 
stage RCC patients.

No evident inter-study heterogeneity was observed in the 4 studies that focused on OS (I2 =  0%, P =  0.67). 
Thus, a fixed model was applied to pool the results. The combined HR for OS was 1.45 (95% CI, 1.26–1.66, 
P <  0.001), indicating that UCSI was associated with worse OS in patients with RCC (Fig. 3). In addition, 

Figure 1.  Flow chart of study selection. 
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sensitivity analysis was conducted by sequential omission of individual studies, which did not significantly influ-
ence the results and confirmed the credibility of outcomes.

As shown in Fig. 4, four studies were eligible for examining the relationship between the UCSI and RFS 
of RCC. A fixed effect model was selected because there was no evident heterogeneity among the four studies 
(I2 =  7.8%, P =  0.354). The pooled results (HR =  2.27, 95% CI: 1.54–3.34, P <  0.001) indicated that UCSI had an 
adverse impact on the RFS of RCC patients who received surgical treatment. The further sensitivity analysis did 
not alter the significance of combined HR, which validated the credibility of results.

Publication bias.  Funnel plots, Begg’s test and Egger’s test were conducted to assess the publication bias 
in our meta-analysis of included studies. As shown in Fig. 5, there was no evident asymmetry in the funnel 
plots. In addition, the results from Begg’s test (P value) and Egger’s test (intercept with corresponding 95% CI, 
P value) for the included studies evaluating the survival outcomes were Pbegg =  0.304, intercept 1.25 with 95% CI 

Author Year Country Study design
Study 
period Patient UCSI

Age 
(median)

Follow up 
(median) outcome

Quality 
scores

Zhang 2015 China Cohort study 2008–2011 253 RCC 10 62.5 32.3 months OS 8

Brookman-May 2011 Europe and USA Cohort study 1984–2008 670 RCC (pT2) 75 59.4 51 months CSS 8

Palapattu 2003 USA Cohort study 1989–1999 895 RCC 124 59 31 months OS 9

Klatte 2009 USA Cohort study 1985–2007 158 pRCC 29 61.9 38 months CSS 7

Margulis 2007 USA Cohort study 1990–2006 365 RCC (pT3a) 34 58.2 22.5 months CSS 8

Klatte 2007 USA Cohort study 1985–2006 321 RCC (pT3) 112 60.9 28 months CSS 7

Ornellas 2012 Brazil Cohort study 2004–2010 227 RCC 38 60 28 months RFS 8

Shi 2014 China Cohort study 2000–2010 173 ccRCC 28 53 61.4 months CSS 9

Klatte 2007 USA Cohort study 1985–2005 519 RCC (pT1+ pT2) 39 61 49 months RFS 8

Cho 2009 Korea Cohort study 1984–2007 299 ccRCC (pT1+ pT2) 42 56 52.3 months CSS, RFS 9

Terrone 2004 Italy Cohort study 1983–1999 671 RCC 59 60.4 59 months OS, CSS 9

Sameh 2012 Egypt Cohort study 2000–2010 112 RCC (pT3+ pT4) 10 59 24 months RFS 7

Schrader 2009 Germany Cohort study 1990–2005 780 RCC 67 64 5.44 years CSS 8

Anderson 2011 USA Cohort study 1988–2008 303 RCC (pT3) 67 61.8 23.3 months OS, CSS 8

Verhoest 2009 France and Italy Cohort study 1997–2004 754 RCC (pT1+ pT2) 35 61 43 months CSS 9

Waalkes 2010 Germany Cohort study 1990–2005 1678 RCC 149 62 5.4 years CSS 7

Brookman-Amissah 2010 Germany Cohort study 1992–2006 834 RCC 90 62.2 79 months CSS 9

Table 1.   Characteristics of eligible studies in the meta-analysis. Abbreviations: UCSI: urinary collecting 
system invasion; RCC: renal cell carcinoma; pRCC: papillary renal cell carcinoma; ccRCC: clear cell renal cell 
carcinoma; OS: overall survival; CSS: cancer-specific survival; RFS: recurrence-free survival.

Figure 2.  Forest plot of studies evaluating the association between urinary collecting system invasion and 
cancer-specific survival of renal cell carcinoma. HR =  hazard ratio; CI =  confidence interval.
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− 0.86 to 3.36, Pegger =  0.216 (CSS); Pbegg =  0.308, intercept − 1.13 with 95% CI − 3.31 to 1.04, Pegger =  0.154 (OS); 
Pbegg =  1.000, intercept − 2.76 with 95% CI − 21.49 to 15.98, Pegger =  0.592 (RFS), respectively. Therefore, the afore-
mentioned evidences suggested a low probability of publication bias.

Discussion
The relationship between UCSI and oncological outcomes in RCC patients has attracted extensive attention and 
been widely debated, however, the reports remain controversial and there has yet to be a consensus on whether 
UCSI should be included in the following AJCC staging system25,26. Thus, we systemically review the published 

Subgroup Studies Patients
Pooled 

HR 95% CI Heterogeneity
Meta-regression 

p value

Ethnicity 0.820

  Caucasian 10 6534 1.25 1.01–1.54 65.6%

  Asian 2 472 1.13 0.55–2.33 0%

No. of patients 0.420

  > 500 6 5387 1.33 1.02–1.73 72.4%

  < 500 6 1619 1.11 0.79–1.55 42.5%

Stage 0.041

  T1–2 3 1723 2.05 1.43–2.96 0%

  T3–4 3 989 1.08 0.63–1.85 74.5%

  Mixed 6 4294 1.10 0.94–1.30 26.7%

Analysis 0.643

  univariable analysis 2 664 1.02 0.59–1.75 0%

  multivariable analysis 10 6342 1.26 1.02–1.56 65.1%

Table 2.   Meta-regression and subgroup analysis of the studies reporting the association of USCI and CSS 
of RCC. Abbreviations: UCSI: urinary collecting system invasion; CSS: cancer-specific survival; RCC: renal cell 
carcinoma; HR: hazard ratio; CI: confidence interval.

Figure 3.  Forest plot of studies evaluating the association between urinary collecting system invasion and 
overall survival of renal cell carcinoma. HR =  hazard ratio; CI =  confidence interval.

Figure 4.  Forest plot of studies evaluating the association between urinary collecting system invasion and 
recurrence-free survival of renal cell carcinoma. HR =  hazard ratio; CI =  confidence interval.
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studies that evaluated the impact of UCSI on RCC survival and conducted a standard meta-analysis to clarify the 
prognostic value of UCSI in patients with RCC.

In the present research, based on the inclusion and quality assessment criteria, 17 studies were eligible and 
the HRs of cumulative survival rates were summarized quantitatively by meta-analysis techniques. Our results 
indicated that UCSI had a significant negative impact on OS and RFS of RCC patients who underwent surgi-
cally treatment. Interesting, by subgroup analysis, renal pelvis invasion was significantly associated with poor 
disease-specific prognosis in stage T1–T2 RCC (HR =  2.05, 95% CI: 1.43–2.96, P <  0.001) but not in stage T3–T4 
tumors (HR =  1.08, 95% CI: 0.63–1.85, P =  0.771), which means that UCSI could predict cancer-specific mortal-
ity in organ-confined rather than in advanced tumors. The inconsistent prognostic influence suggests that patho-
logical features such as perinephric fat involvement or vein invasion might be more important cancer-specific 
outcome predictors than UCSI in locally advanced tumors. On the other hand, it also suggests that collecting 
system invasion, together with tumor size, could be an additional useful prognostic variable for CSS in localized 
RCC.

To the best our knowledge, it is the first time that a comprehensive and standard meta-analysis has evaluated 
the association between UCSI and survival of kidney cancer. From our systematic review of 17 published studies 
including 9012 patients, the invasion of collecting system by RCC was unusual (11.2%), particularly in small 
masses. However, its prognostic value should not be ignored because the accurate determination of prognosis 
after surgery is highly important for both the planning of surveillance program and adequate adjuvant therapy. 
Our meta-analysis results quantity the impact of UCSI to be a negative prognostic factor. Several potential reasons 
for RCC patients with UCSI had a poor survival have been proposed but still not very clearly. A study by Klatte 
et al.23 showed that there was a tendency for an association between collecting system invasion and microvascular 
invasion and the biological aggressive of these tumors lead to poor survival. Besides, Waalkes et al.10 demon-
strated that UCSI was significantly associated with increased frequencies of lymphatic and visceral metastasis at 
diagnosis, which indicated the invasion of renal pelvis might be a high risk factor for cancer recurrence.

There were also several limitations in our meta-analysis. First, although 17 eligible studies involving 9012 
subjects were included in this systematic review, most of them were retrospective studies, which might render the 
results less reliable. Second, marked heterogeneity of studies was seen in pooled-analysis of CSS (I2 =  59.2%). By 
using subgroup analysis and meta-regression analysis, we found that the heterogeneity of CSS pooled-analysis 
may have been mostly due to different tumor stage among the included studies. When the analyses were per-
formed separately according to low and high stage, the prognostic role of UCSI were significance and insig-
nificance, respectively. Besides, several factors such as patients’ baseline characteristics (study size, gender, age, 
pathological subtype) and duration of follow up might also contribute to part of heterogeneity. Third, there were 
only four studies investigated OS and RFS of RCC even by a comprehensive literature search, which might inevi-
tably increase the risk of random error, therefore more large prospective studies are needed to further confirm our 
findings. Finally, despite the well-recognized advantages of systematic review and meta-analysis, the results were 
affected by the quality of included studies and the reporting bias that papers with null or nonsignificant results 
were more difficult to be published than those with significant results might be unavoidable27.

Currently collecting system invasion is not considered as a criterion for tumor staging in the latest TNM 
staging system, thus some clinical pathologists fail to consistently describe this parameter in their reports even 
if present. In light of the absence of both centralized pathology and standardized system for classifying invasion, 
it might be argued that only extensive invasion into the collecting system was identified, while the less obvious 
or microscopic may have been missed, therefore leading to a selection bias of more aggressive tumors28. Further 
prospective evaluation of the relevance of collecting system invasion as a prognosticator is warranted and the 
complex prognostic implication of UCSI especially in organ-confined RCC might be one of the next challenges to 
be addressed by more high-quality studies in the future, which requires concise histopathological description on 
collecting system invasion to be rendered by pathological report.

In conclusion, our systematics review and meta-analysis of current evidence suggest that UCSI has a signif-
icant negative impact on OS and RFS in RCC patients and could be used to predict cancer-specific mortality in 
localized RCC. Thus, this pathological parameter might be recommended to consider for further TNM classifi-
cation revisions and to improve the validly of new prognostic nomograms. Given the available data it does seem 
reasonable to conclude that RCC patients with collecting system invasion should be paid more attention by clini-
cian and pathologist and require close follow up for their poor prognosis.

Figure 5.  Funnel plots for the evaluation of potential publication bias. (A) cancer-specific survival; (B) 
overall survival; (C) recurrence-free survival.
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Methods
Literature search.  This meta-analysis was conducted according to the guideline of Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA)29. The detailed checklist of PRISMA 2009 was avail-
able in the supplementary data.

Electronic databases (PubMed, Embase, Web of Science and The Cochrane Library) were searched for pub-
lished studies that investigated the relationship between UCSI and RCC prognosis up to June 2015. The search 
strategy included the following terms through MeSH headings, keywords, and text words: “collecting system inva-
sion/involvement” or “renal pelvis invasion” or “pelvicaliceal invasion” combined with “renal cancer” or “renal 
cell carcinoma” or “kidney cancer”. Two independent investigators (Chen and Li) assessed the titles and abstracts 
of published studies. In addition, we manually reviewed the references cited in the relevant studies for possible 
inclusions. There was no language limitation existed in the search process.

Eligibility criteria.  The criteria for inclusion in our meta-analysis were set out as the following: (1) studies 
that confirmed the UCSI by histopathological examination; (2) studies analyzing the relationship between UCSI 
and RCC prognosis; (3) studies with the median follow-up not less than 12 months; (4) studies that reported 
overall survival (OS) or cancer-special survival (CSS) or recurrence-free survival (RFS) with hazard ratio (HR) 
and corresponding 95% confidence interval (CI) or studies that provided sufficient information to achieve an 
estimated HR and 95% CI by using the methods reported by Tierney et al.30.

Studies were excluded if they (1) were case reports, conference abstract, editorials or review articles; (2) inves-
tigated RCC cases fewer than 80 patients; (3) lacked sufficient data to estimate the HR and 95% CI. When multiple 
published papers by the same authors were retrieved, the most informative publication was included to avoid 
incorporating duplicated data.

Because the data included in our study were retrieved from published literature, ethical approval from ethics 
committees was not needed.

Data extraction and quality assessment.  Data from each eligible study were extracted by two investiga-
tors (Chen and Gu) independently with a standardized items form. The following information, if available, were 
recorded: first author’ name, publication year, study region, recruitment period, sample size, median of patient 
age, follow-up time and survival data including OS or CSS or RFS with their HRs and corresponding 95% CI.

Study quality was scored by two reviewers (Chen and Gu) using the Newcastle Ottawa Scale (NOS), which 
was recommended for the assessment of non-randomized studies31. The quality of studies included the following 
three main categories: selection, comparability and ascertainment of outcome. The total scores were added by 
these three aspects and a study with more scores means a better methodological quality. We defined studies with 
scores more than 6 were qualified to be included in the meta-analysis. Discrepancies between investigators for the 
above questions were resolved through discussion.

Statistical analysis.  Pooled HR with its corresponding 95% CI was calculated to evaluate the impact of 
UCSI on the survival of RCC patients, and HR greater than one indicated a worse prognosis in patients with 
UCSI. The statistical heterogeneity of combined HR was conducted using Cochrane Q test and I2 metrics. When 
there was no evident heterogeneity existed among studies (I2 >  50% suggested obvious heterogeneity)32, we used 
the fixed effect model, namely Mantel-haenszel method to pool the results, otherwise, the random effect model 
(DerSimonian and Laird method) was applied. Potential sources of heterogeneity, if significant, were explored by 
using subgroup analysis and meta-regression analysis. Besides, sensitivity analysis was performed by sequential 
omission of individual studies to evaluate the stability of outcomes. The possibility publication bias was assessed 
by visual inspection of the funnel plots, Begg rank correlation test33 and Egger linear regression test34. All analyses 
were performed using the program STATA version 12.0 (State Corporation, College Station, TX, USA). All statis-
tical tests were two sided and difference was considered significant when a P value <  0.05.
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