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Abstract

Background Bacillus Calmette-Guerin (BCG) immunotherapy is the standard adjuvant treatment for high-risk, non-
muscle invasive bladder cancer (NMIBC). However, BCG immunotherapy is commonly accompanied by significant
lower urinary tract symptoms (LUTS) including symptoms such as urinary urgency, frequency, dysuria and pelvic
pain. These symptoms can undermine treatment adherence and clinical outcomes. In this study, the treatments for
preventing LUTS after BCG instillations were compared through a systemic review and network meta-analysis (NMA).

Methods Eligible studies were obtained from the PubMed, Web of Science, Embase and Cochrane Library databases.
We also searched the references of the included studies. Our protocol followed the preferred reporting items for
systematic reviews and meta-analyses (PRISMA) checklist. We performed NMA using Review Manager 5.3 and STATA
MP 18.0.

Result The analysis included 6 studies with 556 participants. The results of the NMA revealed that celecoxib and
prulifloxacin effectivelty reduce the incidence of LUTS including frequency, urgency and dysuria. Phenazopyridine
showed the best performance in improving pelvic pain.

Conclusion The NMA indicated that medications such as celecoxib, prulifloxacin and phenazopyridine are effective
in reducing the incidence of LUTS after BCG immunotherapy of bladder tumors.
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Introduction

Bladder cancer (BCa) is the tenth most commonly diag-
nosed cancer worldwide, and the age-standardized
mortality rate (per 100 000 person-years) is 3.3 for men
versus 0.86 for women. It continues to be the most preva-
lent malignancy of the urinary system [1]. On average, a
patient’s lifetime treatment costs for BCa are higher than
those for any other malignancy [2].

Approximately 75% of patients with BCa present with
disease confined to the mucosa (stage Ta or CIS) or sub-
mucosa (stage T1) [3], for younger patients, this percent-
age is even higher [4]. These tumours are grouped under
the heading of NMIBC. In the treatment of NMIBC,
surgical intervention such as transurethral resection
of bladder tumor (TURBT) combined with intravesi-
cal instillation therapy is the current standard treatment
principle [5].

Since BCQG instillation was first used to treat patients
with NMIBC in 1976 [6], BCG immunotherapy has
become the most successful adjuvant therapy for reduc-
ing the rate of NMIBC recurrence and progression [7-9].
For patients with intermediate-risk or high-risk NMIBC,
a 6-week course of intravesical BCG-based immuno-
therapy is the gold standard adjuvant therapy [10]. How-
ever, only 50% of patients with NMIBC received BCG
maintenance therapy as recommended by the American
Urological Association (AUA) and the European Asso-
ciation of Urology (EAU) guidelines [11], 19% of patients
who accepted intravesical BCG had to stop the treatment
because of complications, and only 16-29% of patients
could complete three years immunotherapy [12, 13].

The substantial occurrence of complications was con-
sidered one of the main reasons for poor compliance
with BCG immunotherapy. Mild and moderate local
and systemic adverse events occur in more than 90% of
patients [14]. LUTS are the most common complication
after BCG instillation and are characterized by frequency,
urgency, pelvic pain and dysuria [15]. Such LUTS are
reported in 70-80% of patients in the initial 48 h follow-
ing each infusion and can be debilitating [16]. Symtoms
can last few days to few weeks, If adverse reactions per-
sist over time or become intolerable, symptomatic treat-
ment with spasmolytics, anticholinergics, analgesics and
antiphlogistics are indicated, or, finally, a radical cys-
tectomy in the case of contracted bladder or refractory
symptoms [17]. To prevent such BCG-induced LUTS,
potentially effective options include BCG dose reduction,
BCG maintenance shortening, modifications of the BCG
maintenance schedule and medical interventions [12, 13,
18]. Nanosized carriers were also developed to reduce
the side effets of BCG immunotherapy [19].

Medical interventions are based on intravesical gly-
cosaminoglycan substitution, oral antibacterial agents
active against mycobacterium (fluoroquinolones or
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isoniazid) or oral anticholinergics. Although many stud-
ies have evaluated the efficacy of these medications, little
is known about their relative efficacy. Therefore, a com-
parison of the effectiveness of all interventions is needed
to review the current evidence and guide further clinical
trials.

NMA is a statistical approach that compares different
drugs that have not yet been directly compared via head-
to-head randomized controlled trials (RCTs) [20]. On the
basis of statistical inference, we can estimate its relative
ranking [21]. Therefore, we performed a NMA on treat-
ments for preventing LUTS after BCG immunotherapy,
which included 6 studies published from 2000 to 2022
and compared the effectiveness of 7 interventions. These
comparisons were performed using Review Manager 5.4
and STATA MP 18.0 software.

Materials and methods

Search strategy

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Review
and Meta-analysis (PRISMA) guidelines [22]. The search
was conducted in April 2024 without limiting the start-
ing time of the literature. We searched multiple data-
bases such as the PubMed, EMBASE, Web of Science
and Cochrane Library databases. The search strategy
involved the following keywords (MeSH terms and free
text words) : “Urinary Bladder Neoplasms’, “Administra-
tion, Intravesical; “BCG Vaccine”, and “Lower Urinary
Tract Symptoms”. The reference lists of the included
studies were examined to identify additional studies. The
language was restricted to English. This study completed
PROSPERO registration (CRD42024551912).

Study selection

The inclusion criteria were as follows: (1) the study
design was RCTs; (2) patients were diagnosed with BCa
and received 120 mg full-dose BCG immunotherapy; (3)
the study included at least one drug or intervention with
placebo control; and (4) the outcome of the study was the
incidence of BCG-induced LUTS. The exclusion criteria
were as follows: (1) the study was a case report, review
or editorial comment; (2) the study included only one
group; (3) the study was a repeated publication; (4) the
data of the study were available or extractable.

Data extraction and quality assessment

Two investigators independently extracted the data via
a standardized form. The following data were extracted:
study information (title, authors, country, publication
time, patient number), patient count, interventions, con-
trol and outcomes (the incidence or severity of LUTS).
Quality assessment was performed via the risk of bias
assessment tool from the Cochrane Handbook for
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Systematic Reviews of Interventions [23]. Any discrep-
ancy was resolved by discussion between the two review-
ers or by a third reviewer.

Data analysis

Review Manager 5.4 and STATA MP 18.0 software were
used for analysis (Cochrane Collaboration, Oxford,
United Kingdom). A random-effects model was adopted
for pooled analysis when statistical heterogeneity was
found (I2>50%, P<0.1), whereas a fixed-effects model
was adopted when no significant heterogeneity was
detected (I2<50% and P>0.1). Surface under the cumu-
lative ranking curve (SUCRA) was used to rank the effec-
tiveness of various medications.

Results

Literature search

The initial literature search identified a total of 630 arti-
cles: 96 from PubMed, 245 from Web of Science, 189
from the Cochrane Library and 101 from EMBASE. After
removing 278 duplicates, we identified 352 citations.
Through screening the titles and abstracts for eligibility,
we retrieved 41 articles for full-text assessment. Of these,
12 articles were excluded because of unavailable data,
12 articles were excluded because different outcomes
were assessed and 7 articles were conference abstracts
or editorial comments. The research process is shown in
Fig. 1. Finally, 6 studies met our review inclusion criteria
and remained for qualitative synthesis and quantitative
meta-analysis.
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Characteristics and qualities of the included studies

All of the studies included 556 patients and compared 7
different medications, specifically levofloxacin [24], iso-
niazid [25], ofloxacin [26], prulifloxacin [27, 28], cele-
coxib [29], phenazopyridine [29] and oxybutynin [29].
We present a comprehensive explanation of the included
studies in Table 1. All six studies were RCTs. We con-
ducted a risk of bias assessment using the Cochrane risk
of bias assessment tool for RCTs (Fig. 2). The effects of
different interventions on the incidence of LUTS are
shown in Fig. 3.

Network meta-analysis

A NMA was performed to assess indirect treatment
comparisons. The network constructions for compari-
son are shown in Fig. 4. After the NMA was conducted,
pairwise comparisons were obtained and are shown in
Tables 2 and 3. On the basis of results of the pairwise
comparisons, we further calculated the SUCRA values
and ranked them. The outcomes of SUCRA are shown
in Fig. 5. Smaller SUCRA values corresponded to a lower
incidence of BCG-induced LUTS.

Frequency

The frequency analysis was based on six studies and
the network construction was shown in Fig. 3a. Com-
pared with the placebo, levofloxacin, ofloxacin, pruli-
floxacin, celecoxib, phenazopyridine and oxybutynin
were effective in reducing the incidence. The outcomes
of pairwise comparisons are shown at the bottom-left

Article identified through database searching (n=630):
PubMed (n=96) Web of Science (n=245) Cochrane Library (n=189) EMBASE (n=101)

Articles after duplicates removed
(n=352)

Articles excluded after reading titles and abstacts
(n=311)

A 4

A4

Full-text articles excluded (n=31):

Data unavailable (n=12)

Full-text articles assessed for eligibility
(n=41)

\ 4

Different adverse events assessed (n=12)

y

Editorial comment (n=4)

Conference abstract (n=3)

Articles included in network meta-analysis
(n=6)

Fig. 1 Flow chart of the study search
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Table 1 Characteristics of the studies included in the NMA

Study Country Published year Study design Treatment arms Patient number Discontinued Intervention duration
patients

Numakura [24]  Japan 2022 2-arm RCTs 1.Placebo 51 4 6 weeks
2.Levofloxacin 55 5

Kamali [29] Iran 2020 4-arm RCTs 1.Placebo 30 0 6 weeks
2.Celecoxib 30 0
3.Phenazopyridine 30 0
4.0xybutynin 30 0

Serretta [28] Italy 2010 2-arm RCTs 1.Placebo 22 1 6 weeks
2.Prulifloxacin 21 3

Damiano [27] America 2009 2-arm RCTs 1.Placebo 35 12 6 weeks
2.Prulifloxacin 37 7

Colombel [26]  France 2006 2-arm RCTs 1.Placebo 58 20 9 weeks
2.Ofloxacin 57 9

Al Khalifa [25] Canada 2000 2-arm RCTs 1.Placebo 80 9 6 weeks
2.Isoniazid 80 7

Random sequence generation (selection bias)

Allocation concealment (selection bias) _ |

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

T e
s

Incomplete outcome data (attrition bias) —:—
Selective reporting (reporting bias) _:I
Other bias NN |

0% 25% 50% 75%

100%

. Low risk of bias

D Unclear risk of bias

Bl High risk of bias

Fig. 2 Risk of bias for all RCTs included in this study

of Table 2. According to the SUCRA results (Fig. 5a),
celecoxib was considered to be the most effective
choice (SUCRA=12.5%), followed by prulifloxacin
(SUCRA =29.6%), ofloxacin (SUCRA =32.9%), levofloxa-
cin (SUCRA =33.8%), oxybutynin (SUCRA =49.2%) and
phenazopyridine (SUCRA =75.7%). Isoniazid
(SUCRA =83.5%) did not significantly improve the thera-
peutic effect compared with placebo (SUCRA =82.9%).

Urgency

The urgency analysis was based on three studies and the
network construction is shown in Fig. 3b. Compared with
placebo, prulifloxacin and celecoxib were more effective
in reducing urgency. The outcomes of pairwise com-
parisons are shown at the top-right of Table 2. However,
oxybutynin and phenazopyridine showed no significant
improvement. According to the SUCRA results (Fig. 5b),
celecoxib was the highest-ranked treatment for urgency
(SUCRA=8.1%) and prulifloxacin ranked the second

(SUCRA =18.9%). Oxybutynin (SUCRA=83.8%) and
phenazopyridine (SUCRA =83.7%) did not have signifi-
cant advantages in terms of therapeutic effects over the
placebo (SUCRA =55.4%).

Pelvic pain

The pelvic pain analysis was based on four studies and
the network construction is shown in Fig. 3c. Compared
with the placebo, oxybutynin, prulifloxacin, phenazopyri-
dine and celecoxib were effective in reducing pelvic pain.
The outcomes of pairwise comparisons are shown at the
bottom-left of Table 3. According to the SUCRA results
(Fig. 5¢), phenazopyridine was the highest-ranked treat-
ment for urgency (SUCRA =24.5%), followed by pruli-
floxacin (SUCRA =33.8%), celecoxib (SUCRA=41.1%)
and oxybutynin (SUCRA=52.0%). Compared with the
placebo (SUCRA =66.8%), levofloxacin (SUCRA =81.9%)
did not significantly improve the therapeutic effect.
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Fig. 4 Network constructions for comparison of the incidence of LUTS, frequency (@), urgency (b), pelvic pain (c), and dysuria (d)
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Table 2 Pairwise comparisons of each intervention for the LUTS (bottom-left for frequency and top-right for urgency)
Celecoxib NA NA NA 282.82 0.00 0.04 0.71
(10.94.,7213.64) (0.00,0.09) (0.04,1.08) (0.20,2.50)
23.04 Isoniazid NA NA NA NA NA NA
(1.08,489.72)
1.60 0.07 Levofloxacin NA NA NA NA NA
(0.51,5.03) (0.00,1.81)
1.57 0.07 0.98 Ofloxacin NA NA NA NA
(0.46,5.35) (0.00,1.84) (0.18,5.26)
2.52 0.11 1.58 1.60 Oxybutynin 1.00 12.27 201.07
(0.72,8.80) (0.00,2.97) (0.29,8.60) (0.28,9.22) (0.01,99.47) (0.13,1190.95) (6.15,6574.61)
13.16 0.57 8.23 8.37 523 Phenazopyridine 12.27 201.07
(0.60,290.09) (0.01,44.17) (0.30,222.97) (0.30,232.98) (0.19,147.04) (0.13,1190.95) (6.15,6574.61)
23.04 1.00 14.42 14.65 9.15 1.75 Placebo 16.38
(1.08,489.72) (0.01,75.37) (0.55,377.30) (0.54,394.34) (0.34,24891) (0.02,135.51) (0.52,518.52)
141 0.06 0.88 0.90 0.56 0.11 0.06 Prulifloxacin
(0.47,4.28) (0.00,1.58) (0.18,4.36) (0.17,4.68) (0.11,2.99) (0.00,2.87) (0.00,1.58)
Table 3 Pairwise comparisons of each intervention for the LUTS (bottom-left for pelvic pain and top-right for dysuria)
Celecoxib 0.15 0.75 1.73 0.36 1.25
(0.01,2.80) (0.07,7.68) (0.23,13.20) (0.02,5.38) (0.29,5.47)
6.50 Levofloxacin 4.86 11.23 2.36 8.12
(0.36,118.33) (0.09,275.01) (0.23,537.29) (0.03,199.27) (0.27,246.61)
1.34 0.21 Oxybutynin 2.31(0.27,19.57) 049 1.67
(0.13,13.74) (0.00,11.65) (0.01,20.01) (0.13,21.37)
0.58 0.09 043 Phenazopyridine 0.21 0.72
(0.084.43) (0.00,4.26) (0.05,3.66) (0.01,7.23) 0.07,7.11)
2.75 042 2.06 4.75 Placebo 344
(0.19,40.68) (0.01,35.67) (0.05,84.55) (0.14,163.19) (0.15,80.24)
0.80 0.12 0.60 1.38 0.29 Prulifloxacin
(0.18,3.50) (0.00,3.74) (0.05,7.64) (0.14,13.58) (0.01,6.79)
Dysuria sensory afferents, urothelial permeability and inflam-

The dysuria analysis was based on four studies and the
network construction is shown in Fig. 3d. All the inter-
ventions were effective in reducing dysuria. The out-
comes of pairwise comparisons are shown at top-right
of Table 3. According to the SUCRA results (Fig. 5d),
prulifloxacin was the highest-ranked treatment for

mation are considered to be involved [16]. Among these
mechanisms, exaggerated sensory signaling from the
bladder is considered to be a major contributing factor,
which is caused by subsequent peripheral afferent sensi-
tization [16]. The other three mechanisms ultimately lead
to varying degrees of sensitization of the afferent nerves

urgency (SUCRA=34.2%), followed by celecoxib [32-34]. During pathophysiological states, bladder affer-
(SUCRA =34.9%), phenazopyridine (SUCRA=35.9%), ents generate increased input into the central nervous
oxybutynin ~ (SUCRA=50.2%) and levofloxacin system for lower bladder volumes, leading to exagger-

(SUCRA =67.0%). The SUCRA of placebo was 77.7%.

Discussion

BCG-induced LUTS are both common and debilitating.
In some cases, the severity of these symptoms could lead
to the discontinuation of the planned treatment, thus
worsening the oncological outcomes of patients [30].
Moreover, BCG-induced LUTS seems to be an important
factor associated with the impaired quality of life (QoL)
in these patients [31].

The mechanisms underlying BCG-induced LUTS have
yet to be determined and multiple elements are likely
to be present. Mechanisms such as the sensitization of
bladder afferents, direct interactions between BCG and

ated bladder sensations and bladder dysfunction, which
ultimately leads to the LUTS [35]. The management of
BCG-induced LUTS is key aspect for ensuring treatment
compliance and improving bladder cancer survivorship.
However, there are no specific guidelines for the manage-
ment of BCG-induced LUTS outlined by the AUA. The
EAU recommended the use of anticholinergics including
oxybutynin, paracetamol and nonsteroidal anti-inflam-
matory drugs (NSAIDs) [3]. However, there is limited
clinical evidence to support these guidelines and no obvi-
ous clinical consensus on which intervention offers the
best outcomes.

The available data on the relative efficacy of various
interventions are scarce because of the lack of published



Chen et al. BMC Urology

Fig. 5 Cumulative ranking probability for the incidence of LUTS, frequency (a), urgency (b), pelvic pain (c), and dysuria (d)
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studies that directly compare them. To compare multiple
interventions, NMA was developed using direct compar-
isons of interventions among trials and indirect compari-
sons across RCTs [36, 37]. Hence, this systematic review
and NMA assessed the efficacy of a range of medications
for BCG-induced LUTS.

In our analysis, we found that for various aspects of
LUTS, the effects of the intervention measures were not
the same. In terms of improving symptoms of frequency
and urgency, celecoxib ranked first on the basis of the
SUCRA and caused a significant reduction in the odds of
fever compared with the placebo group [29]. As a class
of COX-2 selective NSAIDs, celecoxib is widely used in
clinical practice because of its 3 A properties (Analgesic-
Antipyretic-Anti-inflammatory) [38]. In addition, cele-
coxib have been identified as a potential player in the
cellular dynamics of cancer treatment [39], and research
has gradually revealed that celecoxib has therapeutic
effects on some malignant tumors including bladder
cancer and prostate cancer [40, 41]. However, the antitu-
mor effect of celecoxib in bladder instillation therapy still
needs further research.

Prulifloxacin ranked second accroding to the SUCRA
in terms of improving symptoms of frequency and
urgency. Prulifloxacin is a new fluoroquinolone antibac-
terial agent with a broad spectrum of activity. Fluoroqui-
nolones are presently considered an important tools in
the management of BCG-related toxicity. In our study,
levofloxacin and ofloxacin also had therapeutic effects on
BCG-induced LUTS. It was previously reported that in a
mouse model, fluoroquinolones had a beneficial effect on
primary systemic BCG infections and that administering
fluoroquinolones during an intravesical treatment course
did not affect the antitumour efficacy of BCG [42]. More-
over, it was reported that commonly used antibiotics
exhibit significant dose-dependent toxicity against blad-
der cancer cells at concentrations achievable in the urine
after oral administration [43]. Thus, antibiotics might
prove beneficial in preventing the seeding of exfoliated
cancer cells after TURBT, thereby decreasing tumor
recurrence rates. However, whether fluoroquinolone
drugs will affect the antitumor effect of BCG instillation
still requires further research.

Phenazopyridine showed the best performance in
improving pelvic pain. Celecoxib and prulifloxacin also
had good therapeutic effects. Phenazopyridine is an over-
the-counter available urinary analgesic that provides
symptomatic relief of pain caused by LUTS [44]. It is now
generally accepted that phenazopyridine has no signifi-
cant bactericidal activity. Despite the long and extensive
use of phenazopyridine, the mechanisms underlying its
analgesic effects of phenazopyridine are largely elusive
and its molecular targets in the LUTS remain unknown
[45]. TRPMS8 inhibition may underlie the analgesic
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activity of phenazopyridine according to the latest
research [46]. Although long-term follow-up results are
lacking, phenazopyridine, owing to its mechanism of
action not involving antimicrobial activity, should theo-
retically not affect the antitumor effects of the BCG
bladder instillation. As the efficacy of BCG is tied to the
development of inflammation, and the LUTS side effects
of BCG are sensory, directly targeting the peripheral ends
of bladder-innervating sensory nerves without impacting
the critical components of BCG-induced inflammation is
an attractive target for preventing BCG-induced LUTS.
Nevertheless, there is a significant shortage of precisely
managed studies that have examined the specific tar-
geting of sensory nerves innervating the bladder, which
become hyperresponsive during BCG-induced LUTS.
The most extensively studied related drug at present is
phenazopyridine exactly.

Prulifloxacin ranked first and celecoxib ranked second
based on the basis of he SUCRA in terms of improv-
ing symptoms of dysuria. Although they have differ-
ent mechanisms of action, celecoxib and prulifloxacin
both effectively improve symptoms including frequency,
urgency and dysuria. This means that the routine applica-
tion of these two drugs may yield benefits.

Our study had certain limitations. First, a relatively
small number of patients were included in the study.
We will continue to follow the latest RCTs, allowing us
to comprehensively address this limitation comprehen-
sively in the future. Second, the included studies exhib-
ited heterogeneity, with differing assessments of outcome
measures, and the treatment times and dosages of vari-
ous drugs were also not uniform. On the one hand, the
mechanisms underlying BCG-induced LUTS have yet
to be determined and multiple elements are likely to be
present, therefore, drugs with various mechanisms of
action may all have potential therapeutic benefits. On
the other hand, and most importantly, current research
on this issue is relatively fragmented, with only a small
number of studies existing for any single mechanism of
action, thus making it impossible to conduct a more pre-
cise comparison. When the mechanisms of related com-
plications are further elucidated in the future, or when a
sufficient number of studies on any drug have been accu-
mulated, further research can then be conducted. Third,
many studies lacked long-term follow-up data, result-
ing in the prognostic impact of the medications on BCa
remaining unclear.

Conclusion

In conclusion, BCG immunotherapy remains the gold
standard treatment for high-risk NMIBC after TURBT,
and the resulting irritation symptoms are presently
the primary factor influencing patient compliance and
therapeutic effects. The NMA results indicated that
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celecoxib and prulifloxacin effectively improved BCG-
induced LUTS including frequency, urgency and dys-
uria. Phenazopyridine showed the best performance in
improving pelvic pain. Whether fluoroquinolone drugs
like prulifloxacin will affect the antitumor effect of BCG
instillation still requires further research.
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