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Abstract

Prognostic Significance of Ki-67 in 

Non-muscle Invasive Bladder Cancer Patients: 

a Systematic Review and Meta-analysis

Objective: Various tumor markers are being developed and 

researched to compensate for difficulty to estimate the prognosis 

of individual patients only with clinicopathological factors. But, 

there are no tumor markers being currently used in clinical 

setting. This meta-analysis evaluated the prognostic significance 

of Ki-67 in non-muscle invasive bladder cancer (NMIBC).

Materials and Methods: We selected 39 articles including 5,229 

patients from Embase, Scopus, and PubMed searches. The 

primary outcomes, recurrence-free survival (RFS), 

progression-free survival (PFS), disease-specific survival (DSS), 

and overall survival (OS) were determined using time-to event 

hazard ratios (HRs) with 95% confidence intervals (CIs). Study 
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heterogeneity was tested by chi-square and I2 statistics. 

Heterogeneity sources were identified by subgroup 

meta-regression analysis.

Results: Two studies were prospective; 37 were retrospective. 

Immunohistochemistry was performed in tissue microarrays or 

serial sections. A wide range of antibody dilutions and Ki-67 

positivity thresholds were used. Study heterogeneity was 

attributed to analysis results in studies of RFS (p < 0.0001). 

Meta-regression analysis revealed that region and analysis 

results accounted for heterogeneity in PFS studies (p = 0.00471, 

p < 0.0001). High Ki-67 expression was associated with poor 

RFS (pooled HR, 1.78; 95% CI, 1.48–2.15), poor PFS (pooled HR, 

1.28; 95% CI, 1.13–2.15), poor DSS (pooled HR, 2.24; 95% CI, 

1.47–2.15), and worse OS (pooled HR, 2.29; 95% CI, 1.24–4.22).

Conclusion: The meta-analysis found that current evidence 

supports the prognostic value of Ki-67 in NMIBC patients.

…………………………………………………………………………………………
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INTRODUCTION 

 Bladder cancer is the ninth most common cancer worldwide. 

Approximately 430,000 patients are diagnosed and 165,000 

patients die from it annually1. Approximately 25% of newly 

diagnosed cases are muscle invasive bladder cancer (MIBC, ≥

T2), and radical cystectomy is the standard treatment. Other 

non-muscle invasive bladder cancers (NMIBCs) include stage Ta 

noninvasive papillary carcinomas and stage T1 tumors that invade 

the subepithelial connective tissue. The gold standard treatment of 

NMIBC is transurethral resection of bladder tumor (TURBT) and 

intravesical Bacillus Calmette–Guerin (BCG) installation. However, 

30%–70% of patients experience a recurrence after initial 

treatment, and 25%–60% progress to MIBC.
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 As the incidence and survival of bladder cancer increase, the 

importance of treatment follow-up and predicting the risk of 

recurrence and progression of individual patients also increases. 

The outcome of T1 bladder cancer can range from no recurrence 

to rapid progression to MIBC and metastasis. As progression has 

a poor prognosis, it is important to distinguish patients who would 

benefit from early cystectomy and those best managed by 

bladder-preserving treatments. Currently, such group assignment 

is challenging. The use of clinical and pathological variables, such 

as tumor size and number and presence of a carcinoma in situ 

(CIS), to estimate MIBC progression risk has been evaluated2, but 

it is difficult to estimate individual prognosis. Characterizing 

bladder cancer as low or high grade using two-tier criteria of the 

European Treatment Guidelines or the 2004 World Health 

Organization classification is difficult, and distinguishing Ta and 

T1 bladder cancer is problematic because of interobserver error3. 
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 Ki-67 is a nuclear protein that is associated with ribosomal RNA 

transcription and is a marker of cellular proliferation4. It is 

strongly expressed in the growth fraction of cancer cells, and the 

presence of Ki-67-positive tumor cells indicates a poor survival 

and recurrence prognosis in prostate and breast cancer and 

nephroblastoma5. Ki-67 has not been confirmed as a poor 

prognosis marker in NMIBC patients because the reported 

thresholds of positivity and the immunochemical staining methods 

vary, making direct comparisons difficult6.

 Tumor markers, such as bcl-2, p53, Ki67, and CK20, are 

currently under study, but none are in routine clinical use at this 

time. An international expert panel on bladder tumor markers 

appraised markers that are capable of estimating clinical 

prognosis.7 The panel primarily reviewed published articles on 

various tumor markers for bladder cancer and classified the tumor 

markers into the following six groups: chromosomal alterations 
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and allelic deletion, proto-oncogenes/oncogenes, tumor suppressor 

genes, cell cycle regulators, angiogenesis-related factors, and 

extracellular matrix adhesion molecules. The panel found that 

certain markers, such as Ki-67 and p53, can predict the 

recurrence and progression of bladder cancer, but the 

inconsistency of available data indicates their unreliability. 

 This meta-analysis was conducted to increase our understanding 

of the prognostic significance of Ki-67 in NMIBC patients.
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MATERIALS AND METHODS

 This meta-analysis was performed following the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) guidelines8.

1. Search strategy

 Embase, Scopus, and PubMed were searched for articles 

published in English to March 28, 2016 using the keywords 

“bladder cancer” and “Ki-67.” The titles and abstracts of the 

retrieved articles were reviewed independently by two 

investigators to minimize bias and to improve reliability. The 

reference lists of the retrieved articles were manually searched 

for potentially eligible studies that were not included in the initial 

database search. The full texts of the selected articles were 

independently screened by the same authors. Disagreements 

between the reviewers were resolved by consensus.
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2. Study selection

 The PRISMA flow chart of the systematic literature search and 

study selection is shown in Figure 1. The initial searches 

retrieved 1,959 articles. Of these, 1,059 were excluded as 

duplicate publications and an additional 575 were excluded after 

reviewing the abstracts. The full texts of the remaining 325 

articles were reviewed, and an additional 286 articles that did not 

satisfy the inclusion criteria were excluded. A total of 39 articles 

including 5,229 patients, ranging from 32 to 605 per study were 

finally included in the analysis6,9-46.

3. Inclusion and exclusion criteria

 Following the PRISMA guidelines, the study population, 

intervention, comparator, outcome, and study design (PICOS) 

were used to define study eligibility8. In this analysis, these were 

defined as Population, patients with NMIBC; Intervention: TURBT; 

Comparator, Ki-67 expression; Outcome, recurrence, progression, 
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cancer-specific mortality, and any-cause mortality; Study design, 

univariate and/or multivariate Cox regression analysis. Strict, 

well-defined inclusion and exclusion criteria were intended to 

limit heterogeneity across studies and facilitate obtaining clinically 

meaningful results in this meta-analysis of prognostic marker 

studies47. The eligibility criteria were as follows: publication as an 

original article in English language; included human research 

subjects who were NMIBC patients and treated with TURBT; 

reported the histologic type as urothelial carcinoma (UC); 

evaluated Ki-67 expression in bladder cancer tissue by 

Immunohistochemistry (IHC); and investigated the association of 

Ki-67 expression level and survival outcomes. Eligible articles 

reported Kaplan–Meier/Cox regression-derived results of the 

prognostic value of Ki-67 on outcomes following the REporting 

recommendations for tumor MARKer prognostic studies 

(REMARK) guidelines for assessment of prognostic markers48.
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Studies were excluded if they were: letters, commentaries, case 

reports, reviews, or conference abstracts (because of limited 

data); studies conducted in animals or cell lines; studies using 

other than survival analyses.

 If the same patient series was included in more than one 

publication, only the most informative or complete report was 

included to avoid duplication of the survival data. Two 

investigators independently determined study eligibility. Discrepant 

opinions were resolved by discussion.

4. End points

 The primary outcome measures were recurrence-free survival 

(RFS), progression-free survival (PFS), disease-specific survival 

(DSS), and overall survival (OS). Survival was defined as the 

time from TURBT to the last follow-up. In the meta-analysis, 

recurrence was the development of histologically confirmed UC on 

follow-up after complete tumor resection. Disease-specific death 

was any death because of bladder cancer in patients with 
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documented metastatic or recurrent disease. Compared with the 

primary tumor, progression was defined in individual studies as 

development of a higher stage6,11; development of a higher stage 

and/or grade23,27; development of a higher stage and/or grade as 

well as development of regional or distant metastases21; 

development of a higher stage or metastasis9,13,14,29,32,33,37, or 

development of a higher stage and muscle invasive cancer (≥T2), 

distant metastasis, or death from bladder cancer10. Additional 

definitions of progression included development of MIBC (≥

T2)30,41,43 and development of MIBC (≥T2) and/or 

metastasis12,45,46.

5. Data extraction

 Two investigators extracted the study characteristics and 

outcome data, which were subsequently cross checked to ensure 

their accuracy. Any discrepancies in extracting data were 

resolved by discussion. Authors of eligible studies were not 

contacted for additional data. The data retrieved following the 
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REMARK guidelines were: the name of first author, country and 

year of publication, geographic location, study design, and 

recruitment period; the study population sample size, mean or 

median age, gender distribution, inclusion and exclusion criteria, 

treatment administered, endpoint definition, and follow-up period; 

tumor characteristics including stage, and grade; IHC data 

including cutoff value of positive expression, the antibodies used; 

adoption of a blinded evaluation method; and statistical data 

including survival curves, data including the total number of case 

and control participants, and hazard ratios (HRs) with confidence 

intervals (CIs). Discrepancies were resolved by discussion.

6. Statistical analysis 

 The meta-analysis was carried out with Review Manager 

software (RevMan 5; The Nordic Cochrane Center, The Cochrane 

Collaboration, Copenhagen, Denmark) and R 2.13.0 (R 

Development Core Team, Vienna, Austria, 

http://www.R-project.org).
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6.1 Primary analysis

 Study and pooled estimates were presented as forest plots. 

Survival outcome data were synthesized using the time-to-event 

HR as the operational measure. The method used to estimate the 

HR of each publication depended on the data provided. If HRs and 

the corresponding standard errors were not directly reported, 

then previously reported indirect methods were used to extract 

the logHR and variance because of the lack of previously 

published prognostic values49-51. A DerSimonian and Laird random 

effects model was used to obtain the summary HRs and 95% CIs.

6.2 Assessment of heterogeneity

 Heterogeneity of combined HRs was evaluated by the chi-square 

test and Higgins I-squared statistic. With the chi-square test, 

heterogeneity was significant when the p-value was < 0.05. I2 

described the proportion of total variation in meta-analysis 

estimates that was caused by inter-study heterogeneity, rather 
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than sampling error. It can take a value from 0% to 100%; 

increasing I2 values indicated increasing between-study 

heterogeneity. An I2 value above 50% was considered as having 

notable heterogeneity52,53, and if found, a subgroup 

meta-regression analysis was carried out to identify the source 

of the heterogeneity.

6.3 Publication bias

 Publication bias was evaluated with funnel plots. In the absence 

of bias, the plots should resemble a symmetrical, inverted funnel 

and in the presence of bias, they should appear skewed and 

asymmetrical53. If more than 10 studies were included in the 

meta-analysis, then the Begg rank correlation test was also used 

to evaluate publication bias54. Bias was assumed if the p-value 

was <0.05.
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RESULTS

1. Study characteristics

 The characteristics of the 39 selected studies are described in 

Tables 1–3. They were published between 1997 and 2015, 17 

were conducted in Asian countries, 17 were conducted in Europe, 

and five were conducted in America. All but two studies were 

retrospective, 19 included <100 patients, 20 included ≥100 

patients, follow-up ranged from 1 to 267 months, and five 

studies did not report the duration of follow-up.

2. Immunohistochemistry

 IHC was performed using tissue microarrays of 1–2 mm diameter 

samples of representative tissues and using slide mounted serial 

tissue sections in the other 34 studies. Fifteen of the 39 studies 

evaluated IHC staining in formalin-fixed paraffin-embedded tissue 

blocks, but did not identify the primary antibody used, and a wide 
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range of antibody dilutions was reported (1/20 to 1/200). In 33 

studies, immunopositivity was defined by the presence of nuclear 

staining, but the cutoff percentage for positive or negative 

expression (% IHC cutoff) and the reported percentage of 

Ki-67-positive cells varied widely among studies. Twenty 

studies reported blinded evaluation of Ki-67 expression (Table 

4).

3. Study outcomes

 Of the 39 studies, the association of Ki-67 expression with RFS 

was reported in 34 (4,581 patients), with PFS in 21 (3,400 

patients), with DSS in six (1,505 patients), and with OS in two 

(356 patients) studies (Tables 5–8). The most common cofactors 

included in the multivariate analysis of the risk of outcome were 

grade and T stage. Forest plots of the HRs reported in individual 

studies and those from the meta-analysis are shown in Figure 1. 

Despite the use of strict inclusion criteria, between-study 
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heterogeneity was detected in the effect of Ki-67 expression on 

RFS and PFS, with p < 0.05 and I2 ≥ 50%.

4. Recurrence-free survival

 Overall, the pooled HR for RFS in 34 studies was 1.78 (95% CI, 

1.48–2.15), suggesting that high Ki-67 expression indicated poor 

bladder cancer prognosis. However, significant heterogeneity was 

observed in the studies (I2=80%, p < 0.00001) (Figure 2a). 

Subgroup meta-regression by publication year, region, number of 

patients, HR estimation, and analysis results identified analysis 

results as the only possible explanation for heterogeneity (p < 

0.0001, Table 9). The other variables in the subgroup analyses 

did not include any heterogeneity of data.

5. Progression-free survival

 A meta-analysis of 21 studies found that high Ki-67 expression 

was significantly associated with poor PFS (pooled HR, 1.28; 95% 

CI, 1.13–1.44). However, the Cochrane Q test (p < 0.00001) and 
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an I2=75% could not exclude significant heterogeneity (Figure 

2b). Meta-regression analysis revealed that region accounted for 

part of the study heterogeneity for PFS (p = 0.00471). In 

addition, analysis results was found to significantly affect the 

relationship between Ki-67 expression and PFS (p < 0.0001, 

Table 10). Other variables included in this subgroup analysis did 

not include any heterogeneity of data.

6. Disease-specific survival

 A meta-analysis of six studies found that high Ki-67 expression 

was significantly associated with poor DSS (pooled HR, 2.24; 95% 

CI, 1.47–3.39). No significant study heterogeneity was found 

(I2=0%, p = 0.73; Figure 2c).

7. Overall survival

 Meta-analysis of the two studies evaluating the association of 

ki-67 expression with OS found that a high Ki-67 expression 

predicted a worse outcome, with a pooled HR of 2.29 (95% CI, 
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1.24–4.22). Inter-study heterogeneity was not significant 

(I2=12%, p = 0.29) (Figure 2d).

8. Sensitivity analysis 

 One-way sensitivity analyses were conducted by stepwise 

exclusion of single studies and recalculating the pooled HR for the 

remaining studies. No significant differences were observed 

among the results obtained at each step of the analysis (data not 

shown), demonstrating that the overall results of the 

meta-analysis were statistically reliable.

9. Publication bias

 Because fewer than 10 studies were included in meta-analyses 

of DSS and OS, it was not reasonable to estimate the potential 

for publication bias. No obvious asymmetry was evident in any of 

the funnel plots shown in Figure 3. The p-values of the Begg 

tests for RFS and PFS were > 0.05 (p = 0.4676 for RFS and 
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0.4324 for PFS), which confirmed the funnel plot symmetry and 

lack of evidence of publication bias.
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DISCUSSION 

 About 75% of newly diagnosed bladder cancers are NMIBC 

localized in the subepithelial connective tissue55. After initial 

TURBT, NMIBC patients undergo cystoscopy every 3 months for 

the first year to monitor recurrence and progression. This 

protocol is painful and is also a financial burden; however, 

because progression to MIBC has a bad prognosis for the 

patients, ongoing cystoscopy and radiological evaluation are 

required. Early cystectomy for high risk T1 bladder cancer 

patients who are expected to progress is important because it can 

increase survival. On the other hand, radical cystectomy is a 

surgical procedure with many complications and requires use of 

urostomy bags or clean intermittent catheterizations, both of 

which have negative effects on daily activities. Efforts to 

distinguish candidates for early cystectomy or bladder 
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preservation are complicated by the heterogeneous clinical 

behavior of bladder cancer.

 Until recently, predicting the progression from NMIBC to MIBC 

has relied on clinicopathological variables, such as tumor size, 

grade, multiplicity, and diagnosis of CIS. However, even in cases 

of the same stage and grade of NMIBC, the clinical course can 

vary from no recurrence to rapid progression, making it difficult 

to predict the course. In addition, inter-pathologist variation in 

interpretation of TURBT specimens can occur because of 

malorientation, cautery artifacts, and other reasons. Given the 

current situation, reliable molecular markers would assist in 

making clinical decisions. 

 Previous studies of tumorigenesis indicated that changes at the 

molecular level precede changes in cellular morphology56. Changes 

in gene expression in multiple molecular pathways have been 

related to the development of bladder cancer. Ki-67 has been 
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associated with expression of oncogenes or tumor suppressor 

genes, such as Connexin 43, Sox2, G protein-coupled receptor 

87, heme oxygenase-1, p53, and p2714,22,33,36,42,44. IHC assays of 

proliferation markers, such as the Ki-67 and fibroblast growth 

factor receptor (FGFR)-3 are available in most pathology 

laboratories and have high reproducibility9,10. IHC is currently 

used worldwide by over 90% of pathologists to diagnose bladder 

cancer, and Ki-67 is already used as a prognostic marker in over 

84% of specimens in Europe57. Another advantage of this biologic 

marker is that objective measurements are possible and changes 

in expression can be compared after the therapeutic intervention.

 Despite many advantages, biologic markers are not widely used 

to make clinical decisions because difficulties in making direct 

comparisons of study results have resulted in lack of consensus 

on their usefulness. In this meta-analysis, the overexpression 

threshold varied from 5% to 25% and the variation in positive 

Ki-67 expression was from 10% to 70 percent. Reasons for the 
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inconsistency of previous study results include different follow-up 

protocols after TURBT, and differences in patient ethnicity, 

geography, tumor stage, tissue sectioning methods, and the 

primary antibodies and antibody dilutions used in each study6. The 

importance of these differences was apparent in the inter-study 

heterogeneity detected in the meta-analysis, with I2 values of 

80% in RFS and 75% in PFS. To the best of our knowledge, this 

was the first meta-analysis of Ki-67 in bladder cancer. To 

determine the origins of the heterogeneity, we performed a 

meta-regression including publication year, region, HR estimation, 

and analysis results. Only analysis results were significantly 

associated with heterogeneity of studies reporting RFS. Although 

region might have accounted for part of the inter-study 

heterogeneity, analysis results was observed to significantly affect 

the relationship of Ki-67 expression and PFS.

 As a proliferation-associated nuclear antigen, Ki-67 is 

expressed in all phases of the cell cycle except G0. The normal 
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bladder uroephithelium has a very low proliferation rate58, 

increased proliferation may signal recurrence rate, and high 

Ki-67 expression has a poor prognosis for patients with bladder 

cancer. Bladder tumors with Ki-67 expression have aggressive 

behaviors, such as multifocality, concomitant CIS, and increased 

EORCT risk scores, in addition to higher grade/stage11,12. Because 

Ki-67 is a cellular proliferation marker, some studies claim that 

it is more closely related to the recurrence of NMIBC rather than 

progression to MIBC11,13. Other studies reported that Ki-67 was 

related not only to recurrence but also to progression and 

survival12,14,15. Even though a consensus on the prognosis of 

Ki-67 expression has not been reached, this meta-analysis found 

that patients with high Ki-67 expression had significantly higher 

recurrence and progression rates than those with low expression. 

Even though the meta-analysis of DSS included only six studies 

and that of OS only two, patients with high Ki-67 expression had 

a significantly worse prognosis.



24

 There were some notable study limitations. The first was study 

heterogeneity, which is common to meta-analyses of prognostic 

marker studies. Even though we applied strict inclusion and 

exclusion criteria to all study stages, and the selected studies 

included patient populations with similar T stage and grade, the 

variables evaluated study was different and diverse. Second, we 

could not suggest a cutoff percentage for positive expression 

because the immunopositivity of Ki-67 varied among studies.   

Third, because of the strict selection criteria, we were not able 

to perform Begg tests as fewer than 10 studies were included in 

the DSS and OS meta-analysis. Consequently, while the analysis 

generated symmetrical inverted funnel plots, the results should be 

interpreted with care because of publication bias.
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CONCLUSION

 The meta-analysis found that current evidence supports the 

prognostic value of Ki-67 in NMIBC patients.
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Figure 1. The PRISMA flow chart
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(a)
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(b) 
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(c) 

(d)

Figure 2. Forest plots of the hazard ratios. High Ki-67 

expression indicated poor bladder cancer prognosis. (a) 

Recurrence-free survival, (b) Progression-free survival, (c) 

Disease-specific survival, (d) Overall survival. Between-study 

heterogeneity was detected in the effect of Ki-67 expression 

on RFS and PFS.
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(a) 

(b)
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(c) 

(d) 

Figure 3. Begg tests. Begg tests for (a) Recurrence-free survival 

and (b) Progression-free survival confirmed the funnel plot 

symmetry and lack of evidence of publication bias. Fewer than 

10 studies were included in meta-analyses of (c) 

Disease-specific survival and (d) Overall survival.
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국 문 초 록

 비근육침윤성 방광암의 예후는 환자마다 다양하고 근육침윤성 방광암으로 

진행하는 경우에는 예후가 불량하기 때문에 고위험 환자와 저위험 환자를 구

분하여 환자에게 맞춤 치료를 제공하는 것이 중요하다. 지금까지는 종양의 임

상병리적인 특징만을 가지고 두 군을 구별하고자 노력하였으나, 예후 예측에는 한계

가 있었다. 이 점을 보완하고자 여러 종양표지자들이 개발되었지만, 현재까지 임상

에서 널리 쓰이고 있지 않다. 이에 본 연구는 체계적 고찰 및 메타분석을 이용하여 

종양표지자인 Ki-67의 임상적 효용성을 규명하고자 하였다.

 “Bladder cancer”와 “Ki-67”를 주요어로 하여 Embase, Scopus, PubMed

를 검색하였다.  검색된 1,959개의 논문 중 선정기준에 적합한 325개의 논문을 전

체적으로 검토하였고, 이 중 PRISMA 가이드라인에 부합한 5,229명의 환자가 포함

된 39개의 논문을 최종적으로 분석하였다. 본 연구는 time to event hazard ratio

를 이용하여 Ki-67 발현차이에 따른 무재발생존율, 무진행생존율, 질병특이생존율, 

전체생존율을 분석하였다. 연구간 이질성은 하위그룹 메타회귀분석을 통하여 분석하

였다.



66

 39개의 논문 중 2개의 논문은 전향적 논문이었으며, 37개의 논문은 후향적 논문이

었다. 면역조직화학염색은 조직미세배열(tissue microarray) 또는 조직절편을 이용

하였다. 항체 희석농도는 논문에 따라 다양하였으며, Ki-67의 양성 판정 기준도 다

양하였다. 하위그룹 메타회귀분석에서는 분석결과(analysis result)만이 무재발생존

율의, 지역(region)과 분석결과(analysis result)만이 무진행생존율의 이질성을 설

명할 수 있는 인자였다. 높은 Ki-67의 발현은 낮은 무재발생존율(pooled HR, 

1.78; 95% CI, 1.48-2.15), 낮은 무진행생존율(pooled HR, 1.28; 95% CI, 

1.13-2.15), 낮은 질병특이생존율(pooled HR, 2.24; 95% CI, 1.47-2.15), 낮은 

전체생존율(pooled HR, 2.29; 95% CI, 1.24-4.22)을 보였다. 

 이 연구를 통하여 높은 Ki-67 발현율은 비근육침윤성 방광암 환자들에게 불량한 

예후 인자라는 증거를 확인 하였다.

…………………………………………………………………………………………

주요어: 방광암, 요로상피세포암, Ki-67, 예후, 메타분석

학  번: 2016-39960
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