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Abstract
Purpose: We tried to systematically evaluate the prognostic significance of
Ki-67 on survival outcomes in patients with upper urinary tract urothelial
carcinoma (UTUC) treated with radical nephroureterectomy (RNU).
Materials and Methods: We searched Embase, Scopus, and PubMed
databases for all articles published up to February 2016 in line with the
Preferred Reporting Items for Systematic Review and Meta-analysis
(PRISMA) guidelines. Outcomes of interest included intravesical recurrence
(IVR) free survival, disease free survival (DFS), cancer-specific survival
(CSS), and overall survival (OS). The associations between Ki-67 and
survival outcomes were expressed with pooled hazard ratio (HR) and 95%
confidence interval (CI).
Results: A total of 12 articles, consisting of 1,351 patients, ranging from 37
to 475, met the eligibility criteria and were finally selected for this metaanalysis. The overexpression of Ki-67 was significantly associated with worse
DFS (HR 2.74, 95% CI 1.58-4.74), CSS (HR 2.26, 95% CI 1.70-3.01), and
OS (HR, 3.71; 95% CI, 1.78-7.75), but not IVR free survival (HR, 0.77; 95%
CI, 0.10-5.82). Inter-study heterogeneity was observed in the analysis of DFS
(I2 = 54%; p = 0.05) and IVR free survival (I2 = 81%, p = 0.005). There was
no significant publication bias in the meta-analysis of survival outcome as a
result of funnel plot test.
Conclusions: The results drawn in this meta-analysis suggest that the
overexpression of Ki-67 may be a promising prognostic indicator predicting
the survival outcome after RNU for UTUC. However, a large, well-designed,
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prospective study is necessary to establish the prognostic value of Ki-67 in
UTUC.
------------------------------------Keywords: upper urinary tract, ureter, renal pelvis, urothelial carcinoma, Ki67, prognosis, meta-analysis
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Introduction

Upper urinary tract urothelial carcinoma (UTUC) is a rare urologic
malignancy, accounting for only 5% to 10% of all urothelial carcinomas
(UCs), but shows an aggressive nature with high recurrence and progression
rates [1]. Although radical nephroureterectomy (RNU) with ipsilateral bladder
cuff excision has been applied as a standard treatment for non-metastatic
UTUC, the prognosis of UTUC is generally poorer than that of UC of the
bladder. This can be explained by the difference of the natural history between
two malignancies, given that 20% to 30% of bladder cancers show muscle
invasive feature at the initial diagnosis, while 60% of UTUCs are initially
diagnosed with muscle invasive status [2]. In particular, muscle invasive
UTUC usually shows a very worse prognosis, presenting 5-year cancer
specific survival rate of less than 50% for pT2/pT3 disease and less than 10%
for pT4 [3, 4].
Therefore, risk stratification based on the factors to predict the prognosis
may help in selecting the proper treatment modalities and clinical follow-up
strategies in UTUC patients. Many potential prognostic factors have been
identified, including clinical factors, surgical factors, tumor related factors,
and molecular factors [5-8]. Tumor related factors, such as pathological tumor
stage, grade, lymphovascular invasion (LVI), and lymph node invasion (LNI),
are suggested as crucial primary prognosticators for postoperative tumor
recurrence and survival [5-8]. Additionally, several demographic and clinical
factors, including advanced age, worse performance status, ureteral tumor
location, preoperative hydronephrosis, and the presence of previous or
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synchronous bladder cancer, may adversely affect the recurrence and survival
in patients with UTUC [6-8].
In recent years, many investigators have focused their research on
molecular biomarkers related to the prognosis of UTUC patients [6-9].
Several studies have assessed the prognostic implication of various tissuebased markers, including E-cadherin, CD 24, p27, p53, Epidermal growth
factor receptor (EGFR), hypoxia-inducible factor (HIF)-1a, MET, bcl-2,
survivin, and Ki-67 in UTUC [6-9]. Among these tissue-based markers, Ki-67,
which is a nuclear protein presenting cell proliferation that is especially active
in malignant tumors, is a well-studied and potential biomarker in UTUC [1021]. However, due to the conflicting results among previously reported studies,
the prognostic value of Ki-67 in UTUC remains controversial, especially in
terms of survival outcomes.
Our study aimed to elucidate the prognostic impact of Ki-67 on survival
outcomes in UTUC patients treated with RNU through a systematic review of
relevant published articles and meta-analysis of available data.
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Materials and Methods
Search Strategy
A systematic review was performed in accordance with Cochrane
Collaboration and Preferred Reporting Items for Systematic Review and
Meta-analysis (PRISMA) guidelines [22]. A literature search was performed
using Embase, Scopus, and PubMed databases on all articles in English
published up to February 26, 2016. The following search terms were used:
“upper”, “urothelial”, “cancer”, and “Ki-67”. Citation lists of all retrieved
studies were then used to identify other potentially relevant publications.
Article selection was performed by two independent evaluators. Conflicts
between reviewers were resolved by consensus.

Study Inclusion/Exclusion Criteria
According to the PRISMA guidelines, we used the Population, Intervention,
Comparator, Outcome, and Study design (PICOS) approach to define study
eligibility [22].

Population: patients with UTUC
Intervention: RNU
Comparator: expression of Ki-67
Outcome: intravesical recurrence (IVR), progression, cancer-specific
mortality, and any-cause mortality
Study design: univariate and/or multivariate Cox regression analyses
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Studies were considered eligible for further evaluation if they met the
following inclusion criteria: (1) original article, (2) human research, (3)
English language, (4) UTUC, (5) treatment exclusively with RNU, (6)
expression of the Ki-67 was evaluated in by immunohistochemistry (IHC), (7)
the association between Ki-67 expression levels and survival outcome was
investigated, and (8) availability of Kaplan-Meier/Cox regression-derived
results about the prognostic value of Ki-67 on UTUC outcomes according to
the Reporting recommendations for tumor marker prognostic studies
(REMARKS) guidelines for assessment of a prognostic marker [23].
The exclusion criteria were as follows: (1) letters, commentaries, case
reports, reviews, and conference abstracts because of limited data; (2) studies
conducted using animals or cell lines; and (3) studies using other analyses
instead of survival analysis. Where part or all of the same patient series was
included in more than one publication, only the most recent or most complete
study was included in the analysis in order to avoid duplication of the same
survival data. Two reviewers independently determined study eligibility.
Agreements were reached for discrepant opinions through discussion.
In the present meta-analysis, IVR-free survival was defined as the interval
between surgery and the occurrence of urothelial cancer in the bladder.
Disease-free survival (DFS) was defined as the interval between surgery and
the subsequent appearance of either local failure at the operative site or in the
regional lymph nodes, or distant metastasis, while recurrence in the bladder
was not considered for DFS analysis. If DFS was defined as recurrence both
in bladder and non-bladder lesions, these studies were excluded from the
analysis for DFS. Cancer-specific survival (CSS) and overall survival (OS)
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was defined as the interval between surgery and death from UTUC and any
cause, respectively.

Data Extraction
We performed data extraction including study characteristics and outcome
data, and data were subsequently crosschecked to ensure their accuracy. Any
discrepancies in extracting data were resolved. We did not contact the authors
of eligible studies for additional data. Information was retrieved according to
the REMARK guidelines for reporting prognostic markers including (i)
publication data: name of first author, country, year of publication, geographic
location, study design, period of recruitment, (ii) characteristics of the studied
population: sample size, mean or median age, gender, inclusion and exclusion
criteria, treatment, endpoint definition, and follow-up period, (iii) tumor
characteristics; tumor stage and grade, (iv) IHC data: cut-off value of positive
expression, the antibodies used, and adoption of the blind method, and (v)
statistical data: survival curves, the exact data of total and exposed number in
case and control groups, as well as hazard ratios (HRs) and their confidence
intervals (Cis). Discrepancies were discussed to reach consensus.

Statistical Analysis
A meta-analysis was performed using the DerSimonian and Laird random
effects model, applying the inverse of variance as a weighing factor. Survival
outcome data were synthesized using the time-to-event HR as the operational
measure. For each trial, this HR was estimated by a method depending on the
data provided in the publications. If HRs and the corresponding standard
errors were not directly reported, previously reported indirect methods were
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utilized for extracting the logHR and variance, due to the paucity of
prognostic literature directly reporting these values [24].
A test of heterogeneity of the combined HRs was carried out using the Chisquare test and Higgins I-squared statistic. For the Chi-square test, we judged
that heterogeneity was significant when the p value was <0.05. I2 describes
the proportion of total variation in meta-analysis estimates, which is due to
inter-study heterogeneity, rather than sampling error, and is measured from 0%
to 100%, with increasing I2 values indicating a larger effect of between-study
heterogeneity in the meta-analysis [25]. Publication bias was evaluated using
the funnel plot. The graph should resemble a symmetrical inverted funnel in
the absence of bias; in the presence of bias, the plot should appear skewed and
asymmetrical.
The nominal level of significance was set at 5%. All 95% CIs were twosided. The Version 5.0 RevMan statistical software (the Cochrane
Collaboration, Copenhagen) was employed in this study.
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Results

Study Selection
The database searches identified 120 articles for initial evaluation. Of these,
55 articles were excluded because of duplicate publications. After reviewing
the corresponding abstracts, we excluded 35. A total of 30 articles remained
for full test review. By further review, 14 were excluded because these studies
did not apply survival analysis, three were excluded because the estimation of
HRs in these studies was not allowed because of the insufficient data provided
by the authors, and one was excluded because it had overlapped data with
another study. Finally, 12 articles including 1,351 patients, ranging from 37 to
475 per study were included in this study [10-21]. Figure 1 shows a flow
diagram of the selection process for relevant studies.

Study Characteristics
The characteristics of the 12 eligible studies are extracted and summarized
in Tables 1-3. Of the 12 studies, one was a global study [20], two were
conducted in Europe [16, 18], and the remaining nine studies were performed
in Asian countries [10-15, 17, 19, 21]. Among included studies, data were
collected prospectively in one study [18]. Three of these studies included <50
patients, and four studies enrolled >100 patients. The follow-up ranged from 2
months to 252 months, while one study did not provide clear follow-up time.
These eligible studies were published from 1996 and 2015. The threshold for
dichotomizing the level of Ki-67 also varied widely among studies (Table 4).
The cut-off value used to define Ki-67 overexpression was 20% in five studies
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[14, 15, 17, 20, 21] and 10% in three studies [13, 16, 19], respectively.
Whereas, in the remaining studies, the cut-off values were defined as 6% [18],
13.3% and 21.7% [11], 24% [10] and 30% [12]. Immunopositive cells were
defined according to the percentage of nuclear in nine studies. Only two
studies used the blind method to assess the Ki-67 expression (Table 4). Some
studies did not perform multivariate analysis (Tables 5-8).

Meta-analysis
Owing to prior assumptions about the likelihood for heterogeneity between
primary studies, the pooled HR estimate of each study was calculated by the
random effects model. Figure 2 demonstrates a forest plot of the individual
HRs and results from the meta-analysis. When 6 eligible studies were pooled
into the meta-analysis for DFS, we found that Ki-67 was significantly
associated with worse DFS (pooled HR, 2.74; 95% CI, 1.58-4.74; Z = 3.60).
Cochrane Q test (Chi2 = 10.88; p = 0.05) and test of inconsistency (I2 = 54%)
could not exclude a significant heterogeneity (Fig. 2a). The pooled analysis of
CSS was based on eight publications. The pooled HR was 2.26 (95% CI,
1.70-3.01; Z = 5.57) without heterogeneity (Chi2 = 5.93, p = 0.55; I2 = 0%)
(Fig. 2b). Three studies provided data on OS. Results suggested that Ki-67
correlated with poor OS (pooled HR, 3.71; 95% CI, 1.78-7.75; Z = 3.49). No
significant heterogeneity existed between the studies (Chi2 = 2.22; p = 0.33, I2
= 10%) (Fig. 2c). Three studies investigated IVR free survival and the pooled
HR (95% CI) was 0.77 (0.10-5.82) with large heterogeneity in the data (Chi2
= 10.49; p = 0.005, I2 = 81%) (Fig. 2d).
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Publication Bias
No significant publication bias was found in the meta-analysis of survival
outcome. Funnel plots for publication bias of the association between Ki-67
and outcome demonstrated a certain degree of asymmetry (Fig. 3).
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Discussion

Although RNU can provide effective local control as a radical extirpative
therapeutic modality for non-metastatic, high-grade UTUC, the overall
prognosis for UTUC after surgery is not quite promising [7]. It has been
reported that about a quarter of patients die from the UTUC in less than five
years [1]. Therefore, it is important to evaluate the status of the disease and
predict the prognosis of individual UTUC patients. Based on the predictors
related to the prognosis of UTUC, we can further determine proper candidates
for additional treatment strategies including neoadjuvant and/or adjuvant
chemotherapy [5-8, 26]. There have been several tumor-related factors
considered to have prognostic values in UTUC. Although the prognostic
implication of tumor related factors somehow varied among the studies,
several parameters, including tumor stage, tumor grade, LVI, LNI, extensive
tumor necrosis and sessile tumor architecture, are generally widely accepted
as independent prognostic factors for UTUC [5-8, 27].
Recently, the approach to improve prognostic predictability in UTUC has
focused on evaluating the prognostic role of molecular factors other than
tumor related factors [6-9]. In particular, as for Ki-67, which is an established
molecular marker representing cell proliferation, there have been several
studies to investigate the prognostic value of Ki-67 in various types of human
cancers. It was demonstrated that high expression of Ki-67 and p53 are
associated with a worse OS in patients with colorectal cancer [28]. Similarly,
increased Ki-67 expression and tumor size were related to increased risk of
disease recurrence and decreased OS in pancreatic neuroendocrine neoplasms
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[29]. As for prostate cancer, Ki-67 positivity is an independent predictor of
biochemical recurrence after radical prostatectomy, especially in patients
expected to have favorable prognostic characteristics, such as no LNI and
negative surgical margins [30]. In a study to investigate the relationship
between Ki-67 and survival outcomes in clinically localized clear-cell
carcinoma, Ki-67 overexpression was identified to be a significant predictor
of worse DFS [31]. The prognostic value of Ki-67 was also assessed in nonmuscle invasive bladder cancer (NMIBC) [32, 33]. Ki-67 positivity was an
independent predictor of tumor recurrence and progression in NMIBC
patients so that combination of Ki-67 expression with European Organization
for Research and Treatment of Cancer risk scores could improve the risk
prediction for both recurrence and progression in NMIBC [32]. Likewise, it
was reported that the novel molecular grading model combining Ki-67
labeling index and VEGF is helpful for predicting tumor recurrence and
progression in NMIBC [33].
This prognostic implication of Ki-67 has been also investigated in UTUC,
but there have shown some conflicting results among studies. In several
studies, it was identified that high Ki-67 labeling index is closely related to
poor oncologic (high tumor stage and grade) and survival outcome [10-13, 15,
16]. This unfavorable correlation between high Ki-67 expression and
prognosis was recently further validated in a large, multi-institutional UTUC
cohort [20]. Likewise, a meta-analysis pooling a total of 13 studies
demonstrated that Ki-67 overexpression significantly correlated with higher
disease specific mortality rate, lower 5-year DFS and OS rates [34]. Therefore,
these results suggest that we can obtain additional information regarding the
patients' prognosis by measuring a degree of Ki-67 expression in UTUC
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specimens after RNU. Whereas, in a recent study performed by Wu et al.,
low-level Ki-67 expression was an independent predictor of IVR [21].
In this study, we tried to elucidate the prognostic value of Ki-67 in terms of
survival outcomes in UTUC patients treated with RNU by applying metaanalysis method. As mentioned above, Ki-67 has been recognized as an
established molecular biomarker showing significant correlation with the
prognosis of urothelial carcinomas in many studies [32-35]. In the present
study, we focused on the patients who underwent RNU for UTUC. It was
revealed that Ki-67 overexpression portends the increased risk of worse DFS,
CSS and OS, except for IVR free survival. Our meta-analysis results may
provide some insights which can aid in the specific and real clinical scenarios
we face in clinical practice, such as patients’ counseling based on the
prognosis of each patient after surgery and clinical decision-making for
additional treatment plan (i.e. chemotherapy). Furthermore, the results of the
study can give a clue to make up a follow up protocol or reinforce the current
protocol for UTUC patients in terms of evaluating the significance on the
relationship of Ki-67 with IVR free survival. Even if its relationship was not
significant in this study, the results should be further identified through
additional investigation to justify the inclusion of periodic cystoscopy in the
follow up protocol to monitor intravesical disease recurrence following RNU
for UTUC.
The current study has several limitations. First, owing to the characteristics
of meta-analysis based on previously published studies, the association of Ki67 and survival outcomes could not be adjusted in a multivariate analysis
incorporating other prognostic factors, such as tumor stage, grade and LVI.
Consequently, the prognostic values of Ki-67 were reported as the univariate
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analysis results. A further prospective investigation is needed to make such a
determination. Second, the cut-off points to define Ki-67 overexpression
differed among the enrolled studies (Table 4). These differences may be
attributable to the difficulty in defining a unified standard threshold in real
clinical practice. However, it was suggested that the immunohistochemical
cut-off points should be determined in consideration of various clinical
scenarios [36]. For instance, a lower cut-off of 10% would avoid
overtreatment if Ki-67 is used to exclude patients with slow-growing tumors
from chemotherapy. However, if Ki-67 is used to discriminate chemotherapysensitive patients, a higher cut-off of 30% would be reasonable. Third,
significant inter-study heterogeneity was found in the analysis of DFS (I2 =
54%) and IVR free survival (I2 = 81). These results may result from the use of
diverse Ki-67 cut-off points among the included studies and the variations in
healthcare delivery, environmental and ethnogenetic factors among the
various geographic regions included in this study. Lastly, we cannot
completely exclude the probability of language bias by including only the
articles published in English [37], in spite of no definite evidence of
significant publication bias.
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Conclusions

Our analysis results suggest that overexpression of Ki-67 can be used as a
potential prognostic biomarker predicting survival outcomes in UTUC
patients who underwent RNU for UTUC. Also, it may be helpful to justify
and improve current follow up protocol. Further well-designed studies with
larger cohort population are needed to confirm and establish the use of this
molecular biomarker in clinical practice.
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Table 6. Estimation of the hazard ratio for cancer-specific survival

Significant

Significant

Significant

Significant

Not significant

Significant

Not significant

Significant

Analysis results

27

Grade, pT stage
Grade, pT stage, pN

Hazard ratio, 95% confidence interval
Hazard ratio, 95% confidence interval

P value, event no. (univariate)

Masuda et al [11]

Kamai et al [12]

Wu et al [21]
-

stage, p27

Co-factors

Hazard ratio estimation

Table 7. Estimation of the hazard ratio for overall survival
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no.

concomitant

bladder

location, p53
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Multiplicity,
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Table 8. Estimation of the hazard ratio for intravesical recurrence-free survival

Significant

Not significant

Significant

Analysis results

Figure 1. Flow chart of the literature search used in this meta-analysis
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Figure 2. Forest plots of hazard ratios with a random-effects model for ki-67
in patients with upper urinary tract urothelial carcinoma(A: Disease-free
survival, B: Cancer-specific survival, C: Overall survival, D: Intravesical
recurrence-free survival)
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Figure 3. Funnel graphs of the assessment of potential publication bias in
studies of ki-67 in patients with upper urinary tract urothelial carcinoma (A:
Disease-free survival, B: Cancer-specific survival, C: Overall survival, D:
Intravesical recurrence-free survival)
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국 문 초 록
서론:

본

연구에서는

신장요관절제술을

시행

상부요로상피암

받은

환자에서

환자

Ki-67

의

중

근치적

예후

예측용

표지자로서의 가치를 평가하기 위해 체계적 문헌고찰 및 발행된
논문의 메타분석을 실시하였다.
대상 및 방법: PRISMA 가이드라인에 따라 Embase, SCOPUS,
PubMed 의 2016 년 2 월까지 발표된 논문을 검색하였다. 결과
변수를 방광내 무재발 생존율, 무질병 생존율, 종양특이 생존율,
전반적 생존율로 Ki-67 과 생존 결과의 관계를 위험도와 95%
신뢰구간으로 분석하였다.
결과: 총 1351 명의 환자를 포함하는 12 개의 논문이 체계적
문헌고찰의 기준에 적합하였다. Ki-67 의 과발현은 악화된 무질병
생존률(위험도

2.74;

95%

신뢰구간

1.58-4.74),

종양특이

생존율(위험도 2.26; 95% 신뢰구간 1.70-3.01), 전반적 생존율(위험도
3.71; 95% 신뢰구간 1.78-7.75)과 통계적으로 유의하였다. 그러나
방광내 무재발 생존율(위험도 0.77; 95% 신뢰구간 0.10-5.82)과는
통계적으로 유의하지 않았다. 연구간 이질성 조사에서는 종양특이
생존율(I2 = 54%, p = 0.05), 방광내 무재발 생존율(I2 = 81%, p =
0.005)에서 높은 정도의 연구간 이질성이 시사되었다. 출판비뚤림은
funnel plot test 로 배제하였다.
결론: 본 연구의 결과로 Ki-67 의 과발현이 상부요로상피암 환자
중 근치적 신장요관절제술을 받은 환자에서의 유용한 예후 예측용
표지자로

사용될

수

있음을

알

32

수

있었다.

향후

Ki-67

의

상부요로상피암에서의 예후 예측 표지자로서의 가치를 확립하기
위해 더 큰 규모로 잘 설계된 전향적 연구가 필요하다.
------------------------------------주요어: 상부요로, 요관, 신우, 요로상피암, Ki-67, 예후, 메타분석
학 번: 2016-21946
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