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Abstract 

Background  Radical nephroureterectomy (RNU) is the primary treatment strategy for upper tract urothelial carci‑
noma (UTUC). However, the intravesical recurrence occurs in 20–50% of all patients. The specific effect of subsequent 
bladder cancer (SBCa) on survival remains unclear. Therefore, we investigated the effect of SBCa following RNU 
in patients with UTUC.

Methods  PubMed, EMBASE, and Cochrane Library were exhaustively searched for studies comparing oncological 
outcomes between SBCa and without SBCa. Standard cumulative analyses using hazard ratios (HR) with 95% confi‑
dence intervals (CI) were performed using Review Manager (version 5.3).

Results  Five studies involving 2057 patients were selected according to the predefined eligibility criteria. Meta-
analysis of cancer-specific survival (CSS) and overall survival (OS) revealed no significant differences between the SBCa 
and non-SBCa groups. However, subgroup analysis of pT0-3N0M0 patients suggested that people with SBCa had 
worse CSS (HR = 5.13, 95%CI 2.39–10.98, p < 0.0001) and OS (HR = 4.00, 95%CI 2.19–7.31, p < 0.00001).

Conclusions  SBCa appears to be associated with worse OS in patients with early stage UTUC. However, caution 
must be taken before recommendations are made because this interpretation is based on very few clinical studies 
and a small sample size. Research sharing more detailed surgical site descriptions, as well as enhanced outcome data 
collection and improved reporting, is required to further investigate these nuances.

Highlights 

•	 RNU is the standard treatment for UTUC.
•	 SBCa after RNU is common.
•	 In patients with UTUC, SBCa has no significant effect on prognosis.
•	 In patients with early stage UTUC, SBCa suggests a worse prognosis.
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Introduction
Upper urinary tract urothelial carcinoma (UTUC) is 
a rare malignant disease that accounts for 5–10% of 
all urothelial carcinoma [1]. Radical nephroureterec-
tomy (RNU) with ipsilateral bladder cuff excision (BCE) 
remains the standard treatment for nonmetastatic UTUC 
[1, 2]. Patients with early stage tumors generally have 
a reported 5-year estimated cancer- specific survival 
(CSS) of > 90%, whereas the 5-year CSS rate in patients 
with advanced stage tumors is usually less than 50% [3]. 
Although the pathological T and N categories are stable 
indicators of UTUC prognosis, it remains necessary to 
identify more prognostic factors that may guide patient 
counselling, follow-up scheduling, and the administra-
tion of adjuvant therapies [3, 4].

Developing subsequent bladder cancer (SBCa) follow-
ing radical surgery is common, occurring in between 20 
and 50% of all UTUC patients [1, 5], and most of them 
occur within 1 year postoperatively. The precise etiol-
ogy of secondary bladder cancer remains ambiguous. 
The field-cancerization hypothesis suggests that in the 
background of upper urinary tract urothelial carcinoma 
(UUC), the entire urothelial lining of the upper urinary 
tract is exposed to carcinogenic injuries, resulting in the 
multifocal occurrence of malignant lesions [6]. On the 
other hand, the tumor seeding theory, posits that can-
cer cells shed from existing tumors can disseminate and 
implant in other areas, giving rise to secondary tumors. 
The multifocal nature of the lesions observed in cases of 
upper tract urothelial carcinoma (UTUC) often poses a 
challenge in treatment, thus necessitating a comprehen-
sive approach to manage both the primary tumor and 
potential secondary lesions [6].

According to the European Association of Urology 
(EUA) Guidelines, cystoscopy should be performed every 
3 months for 1 year after surgery and then at increas-
ing intervals in patients with epithelial carcinoma of the 
upper urinary tract [1]. Hence, regular bladder examina-
tions should be performed during treatment of patients 
with UTUC. Although regular cystoscopic review plays 
an important role in the management of patients with 
UTUC, as an invasive procedure, the associated bleeding, 
injury, and cost cannot be ignored [7].

To customize postoperative management of UTUC 
patients, one current direction of focus is the stratifica-
tion of patients’ risk of intravesical recurrence. Numer-
ous studies have been designed to identify potential 
SBCa predictors after RNU [8–10]. However, little is 

known about how SBCa affects prognosis, and cur-
rent evidence is sparse and remains controversial. For 
example, Lee et al. conducted a study which suggested 
that SBCa is not correlated with long-term oncologi-
cal outcomes [11]. Likewise, Elalouf et  al. found that 
overall SBCa does not affect prognosis, but they also 
found that muscle-invasive bladder cancer (MIBC), as 
opposed to superficial BCa, was associated with worse 
cancer-specific survival [12]. Conversely, Jiang et  al. 
found that organ-confined UTUC patients who devel-
oped SBCa after RNU had significantly higher cancer-
specific mortality rates [13]. We believe that while 
identifying which patients with UTUC are more likely 
to relapse, attention should also be paid to the specific 
impact of SBCa on survival. Identifying which patients 
with SBCa are more likely to affect prognosis can also 
provide guidance for the postoperative management of 
UTUC patients.

As such, we sought to systematically review and 
meta-analyze the best available evidence on the effect 
of SBCa on prognosis. The overarching aim is to 
develop and share a knowledge base to support screen-
ing and treatment guideline development.

Methods
Search and selection
Two authors (SC-L and HP-H) performed a systematic 
search of PubMed, EMBASE, and Cochrane Library 
from inception until August 20, 2021. The search 
strategy involved only clinical studies assessing the 
oncologic impact of SBCa following radical surgery in 
patients with UTUC.

The search terms were upper urinary tract urothe-
lial carcinoma, transitional cell carcinoma of the upper 
urinary tract, upper tract urothelial cancer, upper tract 
urothelial neoplasms, and radical nephroureterectomy. 
Additional manual searches were conducted for per-
tinent studies and citations. The search strategy was 
designed according to the Preferred Reporting Items 
for Systematic Reviews and Meta-analysis (PRISMA) 
statement and AMSTAR (Assessing the Methodologi-
cal Quality of Systematic Reviews) Guidelines [14].

Inclusion criteria
Studies were included, if they met all of the following 
criteria:
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(1)	 Patients with primary UTUC without distant 
metastases or bilateral synchronous upper urinary 
tract tumors at the time of diagnosis

(2)	 All patients underwent RNU with bladder cuff exci-
sion (BCE).

(3)	 The median follow-up period was > 12 months.
(4)	 Oncologic outcomes included cancer-specific sur-

vival (CSS) and overall survival (OS).
(5)	 Survival data included hazard ratios (HR) and 

corresponding 95% confidence intervals (CI) or 
Kaplan–Meier curves comparing survival between 
SBCa and without SBCa.

(6)	 Prospective or retrospective studies analyzing the 
relationship between SBCa and UTUC prognosis.

When multiple studies reported findings based on an 
identical study population, only the study with the most 
detailed information was included in the analysis.

Systematic review process
After duplicates were removed, two authors (HP-H and 
SC-L) independently reviewed 957 reports. Discrepan-
cies were resolved through consensus. Eventually, only 
five studies were selected for data extraction and quality 
assessment. A PRISMA flowchart depicting the review 
process is presented in Fig. 1.

Data extraction
Data were independently extracted from full-length arti-
cles by two reviewers (HP-H and SC-L) using a standard-
ized item form. Extracted information included author/s, 
year of publication, country/region, type of study, sample 
size, number of participants in each group, mean/median 
age, sex, tumor location and grade, pathological stage, 
perioperative chemotherapy, median follow-up, and out-
comes, including CSS and OS.

Quality of data assessment
The quality of studies was assessed independently by two 
reviewers (HP-H and SC-L) using the Newcastle–Ottawa 
scale (NOS), which is recommended for the assessment 
of non-randomized studies [15]. The NOS assesses risk 
across three domains: patient selection, comparability of 
groups, and outcomes. Studies with NOS scores ≥6 were 
considered eligible for inclusion in the meta-analysis. 
Any divergence of opinion was settled through discus-
sion or arbitration by a third reviewer.

Statistical analyses
Log HR and variance were extracted from all studies and 
synthesized. For each trial, HRs for survival with corre-
sponding 95% CIs were analyzed in terms of the impact 
of SBCa following RNU on oncologic outcomes. Given 

that this evidence base is relatively new, we adopted the 
assumption that the effects would vary; therefore, the 
random-effects model (DerSimonian and Laird method) 
was applied. This model generates more conservative 
estimates [16].

Sensitivity analysis was performed if there were high 
levels of heterogeneity. This study aimed to assess the 
reliability of the findings and identify potential sources of 
heterogeneity. Subgroup analysis was performed for fac-
tors (T, N stage) that clearly influenced prognosis.

Publication bias was assessed by using funnel plots. 
All data analyses were performed using Review Manager 
(version 5.3; The Nordic Cochrane Centre, Copenhagen, 
Denmark). Statistical significance was set than 0.05.

Results
The search and selection strategy yielded six publications 
consisting of five separate clinical studies [11–13, 17–19]. 
Two reports were based on the same trial conducted over 
different periods [12, 19]. Finally, 2057 participants were 
included, of whom 138 had been diagnosed with SBCa. 
A summary of demographics, study design, and clinical 
characteristics for each of the included studies is pro-
vided in Table 1.

These studies were conducted in Asia (n = 3), Africa 
(n = 1), and Europe (n = 1). Two multicenter and three 
single-center studies were conducted. All studies were 
retrospective, and the largest study was conducted in 
Korea with 760 participants. Their ages ranged from 
to 30–91 years, as seen in the Yamashita et  al. study in 
Japan, but generally appears to be around 68 years (± 
10 years). Approximately 71% of the participants in this 
study were men. 46.6% (n = 958) were at pTa-1 stage with 
the remainder having muscle-invasive tumors (pT2–4). 
46.6% (n = 97) also had lymph node positive tumors.

Overall, the median follow-up period for this sample 
ranged from 19 to 57.5 months. No significant differences 
were observed within this sample. After assessment, each 
study was found to have level III evidence, with scores 
of ≥6. This evidence is broadly considered adequate for 
meta-analysis.

Impact of SBCa on CSS
Overall
Pooled analysis suggested that there was no significant 
difference between the two groups (HR = 1.49, 95% CI: 
0.91–2.45, p = 0.12, Fig.  2A). Pooled analysis revealed 
that there was significant heterogeneity between the tri-
als (I2 = 69%). Therefore, sensitivity analysis was then 
performed to reduce the heterogeneity and confirm the 
result.
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Sensitivity analysis
A sensitivity analysis was performed by removing trials 
that included only T3N0M0 patients (Fig. 3c). This tech-
nique lowered the level of heterogeneity substantially to 
I2 = 0% and highlighting the source of heterogeneity. The 
recalculated results then suggested that the association 

between SBCa and CSS was not statistically significant 
(HR = 1.12, 95% CI: 0.87–1.46, p = 0.37, Fig. 2B).

Subgroup analysis
Since pathological T and N stages had a significant influ-
ence on survival, further subgroup analysis excluding 

Fig. 1  Flowchart of study selection
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Fig. 2  Forest plots assessing the impact of SBCa on css: (A) overall population, (B) sensitive analysis, (C) sub-group analysis

Fig. 3  Forest plots assessing the impact of SBCa on os: (A) overall population, (B) sensitive analysis, (C) sub-group analysis
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T4 or node-positive patients was conducted. Finally, 
two trials involving 448 patients were included, and the 
combined HRs revealed that patients with SBCa had sig-
nificantly worse survival (HR = 5.13, 95% CI: 2.39–10.98, 
p < 0.0001, Fig. 2C).

Impact of SBCa on OS
Overall
Three studies involving 1523 patients reported the OS 
and were included in this meta-analysis. Results sug-
gested that there was no significant difference between 
the SBCa and non-SBCa groups (HR = 1.66, 95% CI: 
0.86–3.19, p = 0.13, Fig. 3A). However, significant hetero-
geneity was detected between the trials (I2 = 84%), which 
initiated sensitivity analysis.

Sensitivity analysis
Sensitivity analysis was performed by removing trials that 
only included T3N0M0 patients (Fig. 3c), which lowered 
the level of heterogeneity to I2 = 0%. Recalculated results 
however also indicated that SBCa was not significantly 
related to OS (HR = 1.15, 95% CI: 0.90–1.48, p = 0.26. 
Please refer to Fig. 3B for further details.

Subgroup analysis
Subgroup analysis involved the exclusion of T4 or node-
positive patients. OS data were reported in only three 
studies, and pooled analysis suggested that patients with 
SBCa do have significantly poorer survival (HR = 4.00, 

95% CI: 2.19–7.31, p < 0.00001, Fig.  3C). There was 
No apparent heterogeneity (I2 = 0%, p = 0.47), in this 
instance.

Publication bias
The basic symmetry of the funnel plots suggested that 
there was no obvious publication bias across this evi-
dence base at this stage (Fig. 4).

Discussion
Systematic search and strict eligibility criteria ensured 
that we could synthesize evidence from five studies 
involving 2057 people. Participants were predominantly 
men (≈71%) and were aged between 30 and 91 years. All 
the included studies were retrospective, with follow-up 
periods ranging from 1 to 300 months. This sample of 
studies can be considered to have a reasonably high level 
of evidence, despite the relatively small number of stud-
ies. The meta-analysis suggested that there was no sig-
nificant difference between those who developed SBCa 
and those who did not. However, subgroup analysis of 
pT0-3N0M0 patients appears to confirm that people who 
develop SBCa are at a greater risk of lower cancer-spe-
cific survival and overall survival.

For localised or locally advanced UTUC, RNU with 
BCE provides lasting local control but CSS rates can be 
as hgh as 70% [20, 21]. However, the recurrence and pro-
gression rates of this type of malignant tumor remain 
high [1, 5]. Like most other malignancies, pathological 

Fig. 4  Funnel plot assessing publication bias
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stage is the strongest predictor of survival in patients 
with UTUC [3, 20, 22]. However, its predictive value 
as an individual risk factor has been limited. Given the 
relative rarity of this disease, analyses such as this are 
unlikely to identify stronger predictive values. As such, 
there is an increasing awareness of data mining, specifi-
cally in oncology, which will enable us to identify further 
risk factors affecting survival, although at present, we do 
not have the breadth of data required. Thus, even though 
there are a few studies available in this field, little is cur-
rently known about SBCa rates following radical surgery, 
how patients respond, prognosis, and the importance of 
timing treatments such as chemotherapeutics.

In this study, meta-analytical techniques were adopted 
to synthesize evidence, not only to produce more reli-
able recommendations, but also to identify issues that 
require further consideration in primary research. First, 
we analyzed the differences in CSS and OS between the 
SBCa and non-SBCa groups. These results are consistent 
with the individual studies of Lee et al., Elalouf et al., and 
Elawdy et al. [12, 18]. We found that SBCa after radical 
surgery had no significant effect on CSS and OS; how-
ever, each individual study had limitations that may have 
affected this analysis. For example, most of the included 
studies only provided single-factor analysis; therefore, 
we could not obtain the data after the correction of other 
factors, such as tumor stage, grade, age, and sex. Further-
more, Elawdy et al. showed a comparatively lower mean 
age of participants, while the median duration of follow-
up was relatively shorter. The study conducted by Jiang 
et al. encompassed a larger proportion of individuals with 
muscular infiltrating UTUC within the sampled popula-
tion. This was likely to have caused a degree of bias in the 
obtained effect values.

To reduce the amount of bias related to tumor staging 
in this meta-analysis, we performed a subgroup analysis 
that excluded T4 or node-positive patients. These find-
ings suggest that patients with SBCa have significantly 
poor survival rates. Again, this finding is in keeping with 
previous reports in which researchers observed that 
SBCa is a predictor of both overall survival and cancer 
specific survival in the organ-confined UTUC popula-
tion [13]. Non-muscle-invasive UTUC has also been 
confirmed as a predictor of poor survival in patients with 
SBCa [17]. While this appears to be self-evident, it also 
raises a number of questions regarding seeding and can-
cerization, which ought to be addressed.

There are two main theories that may account for these 
findings: the field-cancerization hypothesis and tumor 
seeding theory [23–25]. Field cancerization is a hypoth-
esis that assumes that multifocal urothelial carcinoma 
arises secondarily, and perhaps independently, within the 
urothelial tract as a consequence of potentially external 

cancer-causing factors such as smoking and the use of 
specific pharmaceuticals. The tumor seeding theory 
on the other hand, adopts the rather prosaic analogy of 
cancer as a flower, budding and then seeding [6, 26, 27]. 
While both the field cancerization hypothesis and tumor 
seeding theory have merits, the seeding theory is more 
likely in this instance because of the urological proce-
dures involved. However, further research is necessary 
to understand subsequent tumor location and genetic 
instability.

According to recent studies by Du et  al. and Li et  al., 
urothelial carcinoma at different sites can occur with an 
independent clonal origin. In some instances, subsequent 
tumors can be both polyclonal and monoclonal, which 
raises another set of questions regarding the mecha-
nisms involved in SBCa [24, 28]. Indeed, many academ-
ics and clinicians believe that SBCa, which occurs during 
the early postoperative period, can be attributed to the 
spread and planting of primary carcinoma cells, although 
this may be related to soiling and perhaps urothelial 
injury during surgery, which may encourage cellular 
adherence [17, 29, 30]. This issue requires further atten-
tion. However, at present, we do not have the data, nor 
are we designing studies that incorporate a more com-
plex set of indicators for analysis. This should not be 
entirely left to basic medical researchers. With more rig-
orous clinical study designs, we can gain insights into the 
mechanisms involved.

However, SBCa research has revealed that tumor cells 
are commonly and more aggressive after RNU. As we 
are acutely aware, quicker cell proliferation and growth 
correspond with worsening prognosis, which means 
that postoperative surveillance must be enhanced. At 
present, guidelines and the included studies appear to 
have adopted standard follow-up procedures, but seed-
ing (and indeed cancerization) may also be related to 
tumor size and injury or surgical methods, such as open 
or laparoscopic approaches [1]. At present, there are few 
indicators and effective interventions. One may advo-
cate indiscriminate adjuvant intravesical instillation with 
chemotherapy; however, this could have a greater impact 
on a patient’s physical and emotional well-being.

Therefore, more active postoperative surveillance and 
a more accurate predictive model for SBCa after RNU 
should be proposed for patients with UTUC. This may 
help improve the long-term prospects of these patients. 
By incorporating the results of this study, we can con-
duct more frequent cystoscopy and intervention therapy 
for relatively early stage UTUC patients with a higher 
risk of SBCa during clinical follow-up. This is because 
preventing SBCa in this group of patients can provide 
the greatest survival benefit. For patients with relatively 
advanced-stage disease, palliative treatment should focus 
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on avoiding late-stage symptoms. To facilitate urologists 
in designing individualized monitoring strategies based 
on individual patient risk factors.

Furthermore, in addition to traditional clinical indica-
tors, biomarkers or genetic analyses related to bladder 
recurrence after UTUC surgery have received extensive 
attention. For example, the preoperative neutrophil-to-
lymphocyte ratio (NLR) has been shown to correlate with 
tumor invasiveness [31]. Inoue et al. studied the expres-
sion of vascular generation- and invasion-related genes in 
55 UTUC patients who underwent RNU and found that 
E-cadherin expression was associated with bladder-spe-
cific recurrence [32].

With the application of next-generation sequencing 
technology, genetic analysis is also significant for pre-
dicting SBCa. Forkhead box O3A (FOXO3A), which 
belongs to the FOXO protein family and is located on 
human chromosome 6q21, is usually involved in DNA 
damage repair, cell cycle regulation, apoptosis, and the 
cell stress response as an important transcriptional regu-
lator. Downregulation of FOXO3A expression may pro-
mote the occurrence, metastasis, and progression of 
UTUC [33]. François et al. used targeted next-generation 
sequencing to prospectively sequence tumors and found 
a significant correlation between the risk of bladder 
recurrence after radical surgery for UTUC and mutations 
in FGFR3, KDM6A, CCND1, and TP53 [34]. In a multi-
center retrospective study by Soria et al., which included 
732 UTUC patients after RNU, 35.8% of patients had 
overexpression of HER2, which was associated with 
SBCa [35].

From a strictly surgical perspective, radical resection 
must comply with oncological principles; that is, surgery 
of this nature must also attempt to prevent tumor seeding 
by avoiding entry into the urinary tract during surgery 
[21]. However, previous high-quality evidence has dem-
onstrated that a single postoperative dose of intravesi-
cal chemotherapy (pirarubicin and mitomycin C) soon 
after surgery (< 72 h) reduces the risk of SBCa occurrence 
within the first year post-RNU [36–39]. At present, this is 
administered at the physician’s discretion; however, this 
may need to become a standard procedure to reduce the 
likelihood of cancerization and seeding.

To the best of our knowledge, this is the first study to 
assess the effect of SBCa on the survival of patients with 
UTUC using standard meta-analytical techniques. How-
ever, prior to providing recommendations, some limi-
tations should also be considered. As a meta-analysis, 
this study has inherent methodological limitations that 
are difficult to avoid. First, owing to data source restric-
tions, this study relied on aggregated data rather than 
individual patient data. Second, given the low incidence 
of the disease, high-quality studies are scarce, which may 

introduce bias. Additionally, the inclusion of only retro-
spective studies in this analysis hampers the examina-
tion of crucial factors, such as detailed bladder irrigation 
chemotherapy regimens, which could contribute to our 
progress. Moreover, there may be a need to incorpo-
rate more surgical details, surgeon-specific experience, 
and skills. There may be an increased risk of seeding 
through biopsy and surgical resection [40]. Theoreti-
cally, circulating cancer cells may be encouraged to leave 
the upper urinary tract, disseminate to distant sites, and 
inadvertently seed at the sites of surgical injury. There-
fore, future prospective studies on patients with UTUC 
should encompass more intricate details, including sur-
gical expertise, surgical details, biomarkers, and genetic 
analyses.

Conclusions
In early stage UTUC populations, SBCa appears to be 
associated with worse survival; however, caution must 
be exercised because this finding is based on a very lim-
ited number of clinical studies. Research sharing more 
detailed surgical site descriptions, as well as enhanced 
outcome data collection and improved reporting, is 
required to investigate the nuances involved.
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