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Abstract.
BACKGROUND: The optimal management of non-invasive (mucosal and/or ductal) urothelial carcinoma of the prostate
remains elusive and there is a paucity of data to guide treatment.
OBJECTIVE: Our objective was to systematically review and synthesize treatment responses to conservative management
of non-invasive prostatic urothelial carcinoma using intravesical therapy.
METHODS: A systematic literature search using MEDLINE, EMBASE, Cochrane Library, SCOPUS, and Web of Science
databases from inception to November 2019 was performed. Risk of bias assessment was performed using the Newcastle-
Ottawa scale for non-randomised studies. Pooled estimates of complete response in the bladder and prostate and prostate
only were performed using a random effects model. Pre-specified subgroup analyses were generated to assess differences in
complete responses for: BCG therapy vs other agents, ductal vs mucosal involvement, CIS vs papillary tumors and TURP vs
no TURP.
RESULTS: Nine studies including 175 patients were identified for inclusion in the systematic review and meta-analysis. All
were retrospective case series and most evaluated response to BCG therapy. The pooled global complete response rate for
intravesical therapy was 60% (95%CI: 0.48, 0.72), and for prostate 88% (95%CI: 0.81, 0.96). Pre-specified analyses did not
demonstrate statistically significant differences between subgroups of interest.
CONCLUSIONS: Management of non-invasive prostatic urothelial carcinoma using intravesical therapy yields satisfactory
results. Caution should be taken in treating patients with papillary tumors and ductal involvement, as data for these populations
is limited. TURP may not improve efficacy, but is required for staging. Current recommendations are based on low quality
evidence, and further research is warranted.
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INTRODUCTION

Prostatic involvement of urothelial carcinoma
(PUC) has an incidence of 16% to 39% in patients
presenting with concomitant non-muscle invasive
bladder cancer (NMIBC) [1], however the true
prevalence remains unknown given that significant
sampling biases exist in clinical practice. Invasion
of the prostatic stroma is classified as stage T4 by
the American Joint Cancer Committee (AJCC) 8th
ed, and these patients are offered radical cystectomy
(RC) [2]. Non-invasive PUC includes carcinoma in
situ (CIS) and urothelial carcinoma with mucosal
or ductal involvement of the prostatic urethra. Since
the introduction of bacillus calmette-Guerin (BCG)
for the treatment of NMIBC, several groups have
reported on treatment of non-invasive PUC with var-
ious intravesical agents with acceptable treatment
responses [3]. Current international guidelines are in
keeping with findings in the literature, however these
recommendations are based on scarce and low quality
evidence [4, 5].

We conducted a systematic review and meta-
analysis to ascertain the treatment efficacy of
intravesical therapy for non-invasive PUC with com-
plete response as the primary outcome. The overall
goal of conducting this study is to describe in detail
the literature on this important disease state, and to
highlight the need for more rigorous trials for evaluat-
ing treatment benefit in a new era of rapidly advancing
therapies for bladder cancer (BC).

MATERIALS AND METHODS

Data sources and searches

We performed a systematic search in Ovid MED-
LINE, Ovid EMBASE, Cochrane Library, SCOPUS,
and Web of Science from inception to Novem-
ber 13, 2019. Search structures, subject headings,
and keywords were tailored to each database by a
medical research librarian (KJK) specializing in sys-
tematic reviews. The complete Ovid MEDLINE and
EMBASE search strategies are shown in supplemen-
tary Table 1.

Our findings are reported in accordance with the
PRISMA Preferred Reporting Items for Systematic
Reviews and Meta-Analyses [6].

Eligibility criteria

Adult patients with biopsy-proven urothelial carci-
noma of the prostate treated with intravesical therapy

were included. Patients with the following histology
were considered: CIS, Ta or T1. Both mucosal and
ductal involvement were assessed in this analysis.
Patients with stromal invasion were excluded. Stud-
ies wherein diagnosis of PUC was made following
radical surgery on cystectomy specimen were also
excluded. Full exclusion criteria are further outlined
in supplementary methods.

Study selection and data extraction

After the initial search, two of the principal
investigators (Andrea Kokorovic [AK], Mary Eliz-
abeth Westerman, [MEW]) independently screened
the titles and abstracts of the articles to identify
potentially relevant studies. Studies that passed the
initial review were retrieved for full-text review. We
retrieved 204 unique articles for review. The objective
was to evaluate the efficacy of intravesical therapy to
treat non-invasive (mucosal or ductal without stromal
invasion) urothelial carcinoma of the prostate. Data
extracted for review are detailed in supplementary
methods. Disagreements were resolved by consen-
sus and discussion. Of these, 9 studies met all the
criteria for inclusion in this systematic review [7–15].
The PRISMA flow diagram (Fig. 1) shows the entire
review process from the original search to the final
selection of studies.

Evidence quality and risk of bias (methodological
quality) assessment of individual studies

Given that all studies in this analysis are case series,
we used a previously published modified Newcastle
Ottawa scale that was appropriate for this systematic
review (Suppl. Table 2) [16]. The same two reviewers
(AK, MEW) used this scale to assess the risk of bias
of the included studies. Disagreements were resolved
with discussion. Two studies had a low risk of bias, six
moderate risk and one study was at high risk (Suppl.
Table 3).

Data analysis including meta-analysis

Pooled prevalence estimates and 95% confidence
intervals were computed from a random-effects
model using the method of DerSimonian and Laird
(D + L) [17]. I2 was used to assess the percentage
of variation in measures of association across stud-
ies due to heterogeneity. I2 ranges between 0% and
100%, where 0% indicates no observed heterogeneity
and larger values indicate increasing heterogeneity.
To derive D + L pooled estimates, the inverse variance
from both within-study and between-study variability
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Fig. 1. PRISMA Flow Diagram.

were utilized. This method provides larger variance
estimates and wider confidence intervals (CI) when
compared to fixed-effects models. Statistical signif-
icance was determined by non-overlapping 95% CI.
Analyses were conducted using the R software (R
Foundation for Statistical Computing, Vienna, Aus-
tria. URL https://www.Rproject.org/).

RESULTS

Literature search and study characteristics

Nine-hundred twenty references from electronic
database searches were identified and 204 potentially
relevant publications for full-text evaluation were

selected. The final analysis included 9 studies with
175 patients with PUC treated with intravesical ther-
apy. All studies were identified through the database
search.

Characteristics of included studies are detailed in
Table 1. All included studies were retrospective case
series published between 1989 and 2008. Sample
sizes ranged from 10 [10] to 32 [9] patients. The mean
age at time of diagnosis was 66 years (2 studies did not
report mean or median age [7, 14]. Patients had con-
comitant bladder and PU pathology in 7 studies [7–9,
11, 12, 14, 15]; 1 patient had an isolated PU tumor in
a single study [13]; the last study did not specify [10].
Bladder tumor histologies are summarized in Suppl.
Table 8. BCG strain, number of induction courses

https://www.Rproject.org/
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Table 1
Studies investigating intravesical therapy for treatment of prostatic urothelial carcinoma

Study Treatment Patients Treatment Pathology Median Follow-up CR (% global) CR (% prostate)

Author, year range (years) (N) age (Months)

Bretton, 1989 1978–1984 23 BCG Mucosal, ductal – 51.6 56.5 100

Orihuela, 1989 1978–1984 15 BCG Mucosal 62 37 86.7 86.7

Splspna, 1.991 1984–1987 32 MMC/AMC Mucosal 66 27.3 59.4 71.9

Ovesen. 1993 – 10 BCG Mucosal 69 26 80 SO

Palou, 1996 1989–1995 IS BCG Mucosal 66 31.1 77.8 83.3

Canda, 2004 1989–2002 19 BCG/Epirubicin Mucosal 63 63 47.4 94.7

Palou Redorta, 2006 1992–2003 10 BCG Ductal 66 40 50 80

Taylor, 2007 1981–1999 2S BCG Mucosal, ductal – 90 46.4 -

Gofrit, 2008 1988–2005 20 BCG Mucosal, ductal 68 52.5 35 90

and use of maintenance therapy varied across studies
with only 2 studies using maintenance BCG [14, 15],
albeit not for the entire patient population. Outcomes
of patients stratified according to receipt of main-
tenance vs induction BCG only were not reported.
(Suppl. Table 4).

Patients were diagnosed at initial NMIBC diagno-
sis in 2 studies [10, 14], at time of BC recurrence in 3
studies [7–9], a combination of both in 2 studies [13,
15], and 2 studies did not specify [11, 12]. Method
of diagnosis of PUC was inconsistent. All patients
were BCG-naı̈ve in 5 studies [8, 10–13]. Three stud-
ies biopsied the PU for cases of macroscopic tumor or
suspected involvement, although suspected was not
defined [7, 8–12]. Random biopsies were taken in the
remaining 6 studies as part of standard procedure in
the patient population [9–11, 13–15]; 2 of these only
took random PU samples in patients with high risk
BC or positive cytology [13, 15].

Efficacy analysis

Nine studies reported CR as an efficacy outcome,
however the definition of CR and failure of therapy
were inconsistent (Suppl. Table 5). For the purpose
of this analysis, global CR was defined as no evi-
dence of disease recurrence or progression (bladder,
upper tracts or prostate) at time of last known fol-
low up. Prostate CR was defined as no evidence of
disease recurrence or progression in the PU at time
of last known follow-up. Using these definitions for
the meta-analysis the pooled global CR estimate was
60% (95% CI: 48%–72%) with substantial hetero-
geneity (I2 = 67%, p < 0.01) (Fig. 2) Meta-analysis of
the pooled estimate prostate CR was 88% (95% CI:

81%–96%) with substantial heterogeneity (I2 = 59%,
p = 0.02) (Fig. 2). The PU and bladder were biopsied
as part of routine follow-up in 4 studies [3, 10, 13, 15],
at a range of 6 weeks to 3 years following treatment
completion. Orihuela et al. [8] obtained biopsies rou-
tinely only in patients with documented PUC prior to
BCG therapy. Follow up intervals ranged from 26 to
90 months.

Secondary efficacy outcomes included progression
free survival (PFS; 2 studies) [7, 12], disease free
survival (DFS; 1 study) [14], recurrence free survival
(RFS; 2 studies) [14, 15] and overall survival (OS;
3 studies) [7, 12–14] (Suppl. Table 6). Progression
of disease requiring RC ranged from 7% [8] to 29%
[14] and development of metastases ranged from 0%
[8, 14] to 29% [12] across series, although this was
inconsistently reported (Suppl. Table 7).

Treatment of mucosal vs ductal involvement

We identified 3 studies that included patients with
either mucosal or ductal pathology [7, 14, 15]; 5
studies treated patients with mucosal involvement
only [8–12], and 1 reported on patients with duc-
tal pathology only [13]. Of studies including patients
with both ductal and mucosal involvement, only 1
reported separate outcomes between two groups [7].
We performed a meta-analysis to define global CR
using BCG-treatment studies where response could
be stratified by mucosal vs ductal pathology. The
pooled estimate for mucosal CR of 73% (95% CI:
0.61, 0.86) was greater than ductal CR of 59% (95%
CI: 0.34, 0.84) with nonsignificant heterogeneity for
both groups; however, the difference in CR between
pathologies was not statistically significant (Fig. 3).
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Fig. 2. Global and prostate complete response estimates for all studies. a) Global (bladder and prostate) complete response rates. b) Prostate
only complete response rates. CI: confidence interval; CR: complete response.

Treatment with BCG vs other intravesical therapy

BCG was the sole intravesical agent used in 7
studies [7, 8, 10, 11, 13–15]. Canda et al. treated
patients with BCG or epirubicin [12]. Two patients
in the epirubicin group failed therapy and were sub-
sequently treated with BCG to achieve CR. One
study treated patients with mitomycin C (MMC)
or Adriamycin (AMC) but did not report sepa-
rate outcomes between treatment arms, therefore the
results are pooled [9]. Meta-analysis of global CR
for patients treated with BCG vs other intravesical
therapy revealed a pooled estimate of 63% (95% CI:
0.49; 0.76) and 47% (95% CI: 0.18; 0.77), respec-
tively, with substantial heterogeneity in the BCG
group (I2 = 69%, p < 0.01). Although the pooled CR

estimate was greater for patients treated with BCG,
there was no statistical difference in CR between the
therapies (Suppl. Fig. 1).

Treatment with or without TURP

Three studies treated patients with transurethral
resection of prostate (TURP) prior to intravesical
therapy instillation [9, 10, 15], 5 studies did not
perform TURP [7, 11–14], and 1 study included
patients treated with or without TURP [8]. Meta-
analysis of global CR for patients stratified by
receipt of TURP versus no TURP revealed a pooled
estimate of 61% (95% CI: 0.50, 0.72) and 72%
(95% CI: 0.32, 1.0), respectively, and no signifi-
cant difference between groups (Fig. 4). The level
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Fig. 3. Global complete response for studies stratified by ductal vs mucosal PUC involvement. CI: confidence interval; CR: complete
response.

of heterogeneity between studies was not signifi-
cant for the no TURP group (I2 = 27%; p = 0.23),
while substantial heterogeneity was observed in the
TURP group (I2 = 91%; p < 0.01). Pooled estimates
of response using prostate CR showed no significant
difference between treatment with or without TURP
(Fig. 4).

Treatment of CIS vs papillary tumors

Four studies treated patients with only CIS of the
PU [7, 10, 11, 13], 4 studies included patients with
both CIS and/or papillary non-invasive disease [8,
9, 12, 15], and histology in one study was unclear
[14]. Primary bladder pathology varied across series.
Bladder and prostate pathology are summarized in
Suppl. Table 8. Meta-analysis of 6 studies using BCG
therapy where papillary and CIS outcomes were sep-
arately reported was performed to determine global
CR. The pooled estimate of global CR for the CIS
group was 72% (95% CI: 0.60, 0.84) and 76% (95%
CI: 0.27, 1.00) for the papillary group, with substan-
tial heterogeneity for the latter (I2 = 85%, p = 0.01)
and no significant difference in outcome between the
tumor types (Suppl. Fig. 2).

DISCUSSION

The treatment of PUC remains controversial. The
prognosis of patients with mucosal or ductal involve-
ment is comparable to men without prostatic disease,
however progression to stromal invasion confers sig-
nificantly worse survival [18, 19]. Therefore, it is
imperative to determine optimal management in order
to avoid progression and to improve outcomes. Here,
we present results of the first systematic review
and meta-analysis on the topic. The meta-analysis
demonstrated a pooled-estimate CR in both the blad-
der and prostate of 60% (95% CI: 0.48, 0.72),
suggesting efficacy of intravesical therapy for treat-
ment of non-invasive PUC in the setting of NMIBC.
This is in keeping with current guidelines [4, 5],
which recommend BCG for this group of patients,
albeit based on low levels of evidence. Importantly,
the presence of PUC categorizes patients into high-
risk disease, and therefore this group is considered
to be at increased risk for tumor progression and
recurrence [5].

Among included studies, the incidence of PUC
diagnosed during the course of conservative therapy
was 3.4% to 27.8%. In contrast, the PUC incidence
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Fig. 4. a and b: Complete response (global (4a) and prostate (4b)) for patients stratified by receipt of TURP. CI: confidence interval; CR:
complete response.

from cystoprostatectomy specimens may be as high
as 50% [20]. The difference is likely due to signifi-
cant sampling bias, which may be the result of overall
lack of prostatic urethral biopsies, or alternatively
due to inadequate sampling technique. Theoretically,
all biopsies for the diagnosis of invasion should be
performed at the 5 and 7 o’clock positions, as the
majority of PUC is located in this location [21]. We
identified 5 studies that performed routine PU biop-
sies as part of standard procedure for all BC patients
[9, 10, 14] or high risk patients prior to initiation

of BCG therapy [13, 15]. The method of sampling
was not standardized, with only one study reliably
performing resectoscope loop biopsies of the veru-
montanum and lateral lobes in a routine manner [14].
The rate of 3.4% was found in a study obtaining rou-
tine biopsies in high risk patients (however type of
biopsy was not specified [15]), while the higher esti-
mate of 27.8% was from a study performing cold cup
biopsies in all patients with bladder CIS only [10].
This is comparable to results from RC specimens
[22], and support routine PU biopsies in patients with
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bladder CIS at a minimum. Consideration should also
be given for performing PU biopsies in patients with
high-risk disease, as early identification of PUC at
the time of initial diagnosis allows for appropriate
follow up protocols and timely identification of BCG
unresponsiveness.

The ability of intravesical therapy to penetrate the
PU is unclear. The presence of granulomas within the
prostate of patients receiving BCG therapy suggests
adequate exposure and infiltration [23, 24], however
this has never been correlated with clinical outcomes.
TURP prior to BCG administration has been pro-
posed as a potential mechanism of increasing PU
exposure to the drug, but results have been incon-
sistent. Our meta-analysis demonstrates a pooled-
estimate prostate CR of 88% (95% CI: 0.81, 0.96)
for patients receiving BCG, indicating an adequate
degree of penetration. Subgroup analysis of TURP
versus no TURP did not demonstrate a significant
difference in CR (global and prostate) rate between
the two groups, suggesting bladder neck resection is
not required. However, one must consider the poten-
tial for selection bias in these studies, as patients
undergoing TURP may also be more likely to be diag-
nosed with stromal invasion and therefore would not
have received intravesical therapy. Therefore, while
the data suggests TURP in these patients may not
offer therapeutic benefit, we would encourage its use
to rule out stromal invasion and appropriately select
patients for intravesical treatment.

The optimal treatment of PUC with ductal involve-
ment remains elusive. We identified only two studies
in which outcomes of ductal invasion are available
[7, 13], with a combined total of 14 patients. Clearly,
any recommendations regarding treatment are lim-
ited based on this paucity of data. Nonetheless, our
pooled estimate global CR for PUC with ductal
involvement is 59% (95% CI: 0.34, 0.84) with no het-
erogeneity observed between the two studies (I = 0%,
p = 0.35). Palou-Redorta identified 10 patients with
ductal involvement, 2 of whom required radical cys-
tectomy with one developing metastatic disease [13].
These finding suggest that a trial of BCG may be
appropriate, although it is imperative to adequately
stage the extent of disease to rule out underlying
stromal invasion. The EAU guidelines acknowledge
limitations in the data and suggest consideration of
upfront RC [4]. Based on our results, we advocate for
more robust studies regarding ductal involvement in
order to avoid potential overtreatment and morbidity
associated with radical surgery, as well as to improve
patient counseling.

We performed additional subgroup analyses to
ascertain differences in treatment response for BCG
versus other intravesical therapy and papillary tumors
versus CIS only. We did not identify a statistically sig-
nificant difference in outcomes between these groups.
It is important to note that only two studies including
10 patients had outcomes for papillary PUC involve-
ment with a substantial degree of heterogeneity.
Therefore, conclusions regarding the role of intrav-
esical therapy for treating papillary prostatic tumors
should be made cautiously. This represents a major
challenge in treating patients with PUC and warrants
further investigation. The chemotherapeutic agents
used in these publications include epirubicin, adri-
amycin and mitomycin, most of which are of historic
interest, and there did not appear to be a differ-
ence in efficacy between them and BCG. Conclusions
regarding efficacy of these agents individually to
treat PUC can not be drawn from this analysis, how-
ever their use should not be recommended based on
data extrapolated from NMIBC literature [25–27].
Another important confounding variable lies in the
inadequate use of maintenance BCG in the majority
of patients in this meta-analysis, given the historical
nature of the publications. More data is required to
determine the effect of maintenance BCG for treating
PUC, however the benefit is likely to mirror what is
seen in NMIBC.

Key points from this analysis are summarized in
Table 2.

Limitations

First, the study was not registered with the Inter-
national Prospective Register of Systematic Reviews
(PROSPERO). Studies may have been missed despite
an exhaustive search. All studies identified are case
series or case reports and included only 175 patients,
significantly limiting the level of evidence for the
meta-analysis. The heterogeneity across trial popu-
lations was substantial. Our subgroup analyses were
pre-specified and not designed to test for hetero-
geneity. It is likely that the low sample sizes, wide
range in year of publication and differences in blad-
der and prostate tumor characteristics contributed
substantially. Nonetheless, this is the first study to
investigate the outcomes of using intravesical ther-
apy for the treatment of PUC and is an important
addition to the literature. Furthermore, it sheds light
on important future directions in what we highlight
to be an understudied, yet significant, BC disease
entity.
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Table 2
Key points regarding intravesical therapy for treatment of PUC

Mucosal PUC with CIS is amendable to conservative therapy with BCG based on low
quality of evidence
TURP does not appear to improve response to therapy, however should be used for
detection of stromal involvement
Conclusions regarding efficacy for papillary Ta and T1 PUC tumors cannot be made and
further study is warranted
Intravesical therapy for ductal PUC may be appropriate, but further studies are required

CONCLUSIONS

Treatment of PUC with intravesical therapy con-
fers acceptable CR rates and should be recommended
for treatment of CIS and mucosal PUC. The use of
intravesical therapy for treatment of papillary and
ductal PUC tumors should be performed with caution
given the paucity of data and significant study limita-
tions. TURP does not appear to improve response to
therapy, but is encouraged for adequate staging and
to rule out stromal invasion. In an era of novel and
rapidly emerging treatment options for urothelial car-
cinoma, we believe that a more judicious assessment
of PUC is warranted.
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