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Abstract.
BACKGROUND: Bacillus Calmette–Guerin (BCG) is the standard adjuvant treatment for intermediate and high-risk non-
muscle invasive bladder cancer (NMIBC) following transurethral resection of the bladder (TURB). However, the optimal
dose, strain, and schedule of BCG remain unclear.
OBJECTIVE: To evaluate the impact of BCG dose reduction on oncological outcomes and toxicity in patients with non-
muscle invasive bladder cancer.
METHODS: We performed a systematic review of the literature in PubMed, EMBASE, Cochrane Central Register of
Controlled Trials, and ClinicalTrials.gov databases. Selected studies were analyzed for Meta Analysis using PRISMA criteria.
The study focused on disease recurrence, progression, and toxicity. We also compared the oncological outcomes of the different
BCG strains.
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RESULTS: A total of 2963 patients in 13 randomized controlled trials were included. In recurrence analysis, we found a
non-significant difference between the full dose and any dose reduction of BCG (RR = 1.17, [1.06–1.28], I2 = 0%, p = 0.7).
In terms of progression, the difference was also non-statistically significant (RR: 1.12 [0.89 - 1.41], I2 = 0%, p = 0.93). In
the toxicity analysis, there were more local (RR: 0.81 [0.67–0.99] I2 = 76%; p < 0.01) and systemic (RR: 0.53 [0.34–0.82]
I2 = 83%; p < 0.01) side effects in the full dose group than in the dose reduction group. There were no statistically significant
differences in oncological outcomes between the analyzed BCG strains.
CONCLUSIONS: Dose reduction did not affect the oncological outcomes of patients with NMIBC who received adjuvant
therapy with BCG. On the other hand, dose reduction showed a significant trend towards fewer systemic and local side effects.
Further studies comparing oncological and toxicity outcomes using different strains are needed.
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BACKGROUND

Bladder cancer is the second most common malig-
nancy of the urinary tract, with 549,393 new cases
reported worldwide in 2018. Approximately 75% to
85% of patients present with non-muscle invasive
bladder cancer (NMIBC) [1]. Most of these patients
require adjuvant treatment following transurethral
resection of the bladder (TURB). Since Morales et
al. first reported on it in 1976, several clinical trials
have confirmed the value of bacillus Calmette-Guerin
(BCG) in treating NMIBC [2, 3]. BCG instillation
is the standard therapy for intermediate-risk (IR)
and high-risk (HR) NMIBC, and various studies
have demonstrated its long-term efficacy in delay-
ing recurrence and reducing the risk of progression,
particularly when maintenance therapy is utilized
[4].

Regarding treatment schedules, it is widely
accepted that BCG instillations should be adminis-
tered according to the maintenance scheme described
by Lamm et al. in 2000 [5]. Despite this, multi-
ple efforts have been made to explore shorter or
less intensive regimens, driven by concerns about
BCG toxicity and shortages, among other reasons.
In 2020, Grimm et al. published the results of the
NIMBUS trial, comparing a standard BCG instilla-
tion scheme (6 induction doses followed by 3 weekly
doses at 3, 6, and 12 months, totaling fifteen instilla-
tions within a year) with a reduced frequency scheme
consisting of induction at weeks 1, 2, and 6, fol-
lowed by 2 weekly doses of maintenance at 3, 6, and
12 months (nine instillations) [6]. They concluded
that the reduced frequency of BCG instillations was
inferior to the standard treatment in terms of time-to-
first-recurrence.

Another controversial aspect of BCG treatment is
the use of different strains without direct compar-
ison thus far. A prospective randomized trial with

142 patients found a significantly greater 5-year
recurrence-free survival in patients treated with Con-
naught compared to those who received TICE BCG
(p = 0.01) [7]. However, maintenance BCG was not
administered in this trial, and the superiority of one
strain over the other may have been mitigated by the
use of maintenance BCG. The ongoing randomized
phase III clinical trial S1602, comparing TICE ver-
sus Tokyo-172 strains, may provide answers to these
questions, but results are pending [8].

Indeed, there is another element that makes it
challenging to compare BCG treatments with the
same or different strains [9]. A recent publication
demonstrates that there is considerable variability in
the amount of colony forming units (CFU) among
vials of the same BCG strain. It is normal for BCG
vials to contain different ranges of CFU, which
means that the dose each patient receives can vary
from one instillation to another. Since this variability
can result in a wide range of dosage modifications,
it seems reasonable to consider that reducing the
dose should not significantly impact the oncological
prognosis.

The main disadvantages of BCG treatment are its
local and systemic side effects, which depend on the
dose and number of instillations. Several studies have
compared the effectiveness and toxicity of different
doses of BCG using the same strain. Martinez Piñeiro
et al. suggested that a one-third dose of intravesical
BCG is as effective as the standard dose in high-risk
NMIBC patients, with a significant decrease in the
progression rate as well as in local and systemic side
effects [10].

In other words, the optimal dose of BCG is cur-
rently unclear, and published trial results have not
been able to influence current practice. The aim of
this meta-analysis is to compare the oncological and
toxicity outcomes of dose reduction versus standard
dose in BCG treatment for NMIBC.
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METHODS

Database search

A systematic literature search was conducted
between April and May 2022 using the PubMed,
EMBASE, Cochrane Central Register of Controlled
Trials, and ClinicalTrials.gov databases. Various
combinations of the following search terms were used
in a free text protocol: “bladder cancer,” “NMIBC,”
“BCG,” “low dose,” “recurrence,” “progression,”
“toxicity,” “Bacillus Calmette-Guerin,” and “main-
tenance.” Filters were applied for language (English)
and full-text availability.

Study selection

The study eligibility criteria were defined accord-
ing to the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) criteria [11].
Studies were considered eligible if they included
patients with intermediate and high-risk NMIBC
(according to EAU classification) who underwent
TURB and received intravesical BCG treatment with
any schedule, comparing outcomes between full dose
and any dose reduction. Retrospective studies were
excluded.

The titles of the articles were initially screened
to determine their potential eligibility. After assess-
ing the abstracts, full-text articles underwent a more
comprehensive evaluation. Studies without primary
data (e.g., reviews, commentaries, and letters) were
excluded; however, relevant citations within these
studies were examined for possible inclusion (Fig. 1).

The patients included in the analysis underwent
TURB and received intravesical BCG treatment. The
control group received the full dose, while the exper-
imental group received dose reduction according to
various study protocols and authors’ preferences. All
schemes of dose reduction were accepted since all the
included studies compared the standard dose for the
respective strain with a reduced dose.

Outcomes and definitions

The primary endpoint was treatment efficacy,
measured by disease recurrence and/or progression.
Tumor recurrence was defined as the first occur-
rence of recurrence after intravesical BCG treatment.
Tumor progression was defined as progression to
a higher stage than the initial stage or to muscle-
invasive disease (T2). A subgroup analysis was

Fig. 1. Study selection flow.

performed to compare treatment efficacy among dif-
ferent BCG strains (see Supplemental Table 1).

The secondary endpoint was treatment toxicity. A
subgroup analysis was conducted to describe the pro-
portion of patients experiencing local adverse effects
such as frequency, urgency, dysuria, and bladder pain,
as well as systemic adverse events such as fever, sep-
sis, and liver toxicity.

Statistical analysis

For each selected study, the following information
was recorded: first author’s name, year of publica-
tion, study design, country of origin, study period,
patient characteristics (age and gender), tumor char-
acteristics (stage, grade, size), BCG strain, treatment
schedule, grade of progression (intermediate or high
risk), reports of recurrent and progressed disease,
and toxicity reports in the control and experimental
groups.

The effects were presented as risk ratios (RR)
with their corresponding 95% confidence intervals
(95% CI). A random-effects model was used to pool
the studies to account for between-study variabil-
ity. Heterogeneity and inconsistency (i.e., differences
between studies beyond chance) were assessed using
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Table 1
Studies included in Meta-analysis

Study Institution Year Study Type Arms Inclusion Criteria LE

Morales Department of Urology, Queen’s University,
Kingston, Ontario, Canada

1992 qRCT 2 NMIBC 2b

Takashi Nagoya University School of Medicine
(Japan)

1995 RCT 2 NMIBC without CIS

Yalcinkaya Social Security Council, Ankara Hospital,
Ankara. (Turkey)

1998 RCT 2 NMIBC

Martinez-Pineiro CUETO (Spain) 2002 RCT 2 NMIBC 2b
Irie Kitasato University school of Medicine 2003 qRCT 2 NMIBC 2b
Martinez-Pineiro CUETO (Spain) 2005 RCT 2 T1G3 and CIS NMIBC 1b
Vijjan Sanjay Gandhi Institute of Medical Sciences

(India)
2006 RCT 3 NMIBC High risk 2b

Agrawal Medical College Agra (India) 2007 RCT 3 NMIBC without CIS 2b
Inarnoto Osaka Medical College (Japan) 2011 RCT 2 NMIBC 2b
Oddens EORTC-GU (Europe) 2012 RCT 4 Intermediate or high risk

NMIBC
1b

Kandeel Urology Department, Benha Faculty of
Medicine. Benha University. (Egypt)

2015 RCT 2 Intermediate risk NMIBC

Yokomizo Department of Urology, Graduate School of
Medical Sciences, Kyushu University,
Fukuoka. (Japan)

2015 RCT 2 NMIBC and/or CIS

Sood Dr Ram Manohar Lohia Hospital (India) 2019 RCT 2 NMIBC

qRCT: quasi randomized controlled trial. RCT: randomized controlled trial. NMIBC: non muscle-Invasive bladder cancer. CIS: carcinoma
In situ.

Cochran’s Q test and the I2 statistic, respectively.
Publication bias was explored using a funnel plot and
formally assessed using Egger’s test. All statistical
analyses were conducted using R version 4.0.1 (R:
A language and environment for statistical comput-
ing. R Foundation for Statistical Computing, Vienna,
Austria).

RESULTS

The study selection process is illustrated in Fig. 1,
and the funnel plot heterogeneity analysis of all
included studies is presented in Fig. 2. After exclud-
ing 3746 studies, a total of 13 studies met the
inclusion criteria and are listed in Table 1 [1, 10,
12–22]. Table 1 in the supplementary material pro-
vides further details on the included studies. The
meta-analysis included 2963 patients with interme-
diate and high-risk NMIBC.

Regarding disease recurrence, our analysis
revealed a non-statistically significant trend towards
higher recurrence rates in the low-dose groups
(RR = 1.17, 95% CI: [1.06–1.28], I2 = 0%, p = 0.7).
This finding was consistent across both smaller and
larger studies, as depicted in Fig. 3.

For disease progression, a total of 8 studies were
analyzed. The difference between the control and

experimental arms was also non-statistically signifi-
cant, with a similar trend observed (RR: 1.12, 95% CI:
[0.89 - 1.41], I2 = 0%, p = 0.93), as shown in Fig. 4.

The analysis of toxicity in the dose reduction group
showed a significantly lower number of events com-
pared to the full dose group. Both systemic and local
side effects were more frequent in the full dose group.
The RR for systemic side effects was 0.53 with a CI
of [0.34 - 0.82], and the RR for local side effects was
0.81 with a CI of [0.67 - 0.99]. These results indicate
a lower risk of side effects in the dose reduction group
compared to the full dose group (Figs. 5 and 6).

The studies included in the analysis were organized
based on the strain of BCG used. Group 3 consisted
of 1355 patients from the EORTC study using the
TICE strain. Group 2 included 234 patients with the
Danish 1331 strain. Group 1 consisted of 735 patients
from three studies using the Connaught strain. Lastly,
group 0 included 521 patients from multiple stud-
ies using different strains (Armand Frapier, Moscow,
Vacera, and Tokyo).

When analyzing recurrence rates, only Group 0
showed a tendency towards better results in the full
dose arm, but the difference was not statistically sig-
nificant. The other groups did not show statistically
significant differences between the experimental
and control arms (Figure 1, supplementary mate-
rial). There were no significant differences observed
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Fig. 2. Funnel plot showing heterogeneity between included studies.

Fig. 3. Disease recurrence.

Fig. 4. Disease progression.
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Fig. 5. Systemic toxicity.

between the different BCG strains in terms of pro-
gression (Figure 2, supplementary material).

DISCUSSION

The present study aimed to compare oncologic and
toxicity outcomes of standard dose BCG and any
dose reduction in intermediate and high-risk NMIBC.
Statistical analysis showed significant heterogeneity
between studies due to various factors such as differ-
ent classifications of NMIBC, strains of BCG, doses,
and schedules of instillations used. Despite the het-
erogeneity, the analysis sought to identify similarities
among the studies.

The CUETO study 90.008 was the first Span-
ish study to compare the efficacy and toxicity of
intravesical BCG (Connaught strain) at full dose
(81 mg) or reduced dose ( 1

3 dose, 27 mg) [15]. The
study included 500 patients with primary or recur-
rent NMIBC (intermediate and high risk). The main
finding was that both BCG doses were similarly effec-
tive in preventing recurrences and/or progression, but
the full dose was more effective in patients with
multifocal tumors. Dose reduction resulted in fewer
patients experiencing toxicity and fewer instances of
delayed instillations or treatment withdrawal. How-
ever, severe systemic toxicity still occurred even with
the reduced dose.

Two subsequent studies by the same group,
CUETO 95.011 and CUETO 95.012, further inves-
tigated the efficacy and toxicity of reduced doses of
BCG [23]. CUETO 95.011 focused on intermediate-
risk patients and compared BCG 27 mg ( 1

3 dose) and
BCG 13.5 mg ( 1

6 dose) using the Connaught strain,
as well as Mitomycin C (MMC) 30 mg. The study
found that the 1

3 dose arm had a significantly better
disease-free interval compared to the other groups.
There were no significant differences in time to pro-

gression and cancer-specific survival among the three
groups. Local and systemic toxicity were higher in
both BCG arms, suggesting that BCG 27 mg ( 1

3 dose)
was the minimum effective dose for intermediate-risk
NMIBC, superior to MMC 30 mg. BCG 13.5 mg ( 1

6
dose) was similarly effective as MMC 30 mg but had
a higher toxicity rate.

The CUETO 95.012 study compared the standard
81 mg dose of BCG (full dose) with a reduced dose
of 27 mg ( 1

3 dose) in high-risk NMIBC (carcinoma
in situ and T1G3 tumors). The study found similar
overall efficacy in terms of recurrence and progres-
sion rates between the two doses. No significant
differences were observed among the analyzed sub-
groups. Approximately 62% of patients in the full
dose arm and 50% in the 1

3 dose arm were disease-
free at 5 years, although this 12% difference was not
statistically significant. However, the authors noted
that the 12% difference could be clinically mean-
ingful, despite the lack of statistical significance due
to decreased trial power. Dose reduction resulted in
significantly less local and systemic toxicity. These
findings suggested that a 1

3 dose of BCG was as
effective as the full dose in preventing progression
in high-risk NMIBC but with significantly lower tox-
icity.

The EORTC 30962 study was conducted to assess
whether the toxicity of BCG maintenance therapy
could be decreased without compromising its efficacy
[1]. The study was designed as a non-inferiority 2x2
factorial clinical trial, with two planned comparisons
for each of the two null hypotheses.

The first null hypothesis compared the efficacy of
1
3 dose BCG to full dose BCG, with two maintenance
durations: 1 year and 3 years. The second null hypoth-
esis compared the efficacy of 1 year of maintenance
to 3 years of maintenance, using both 1

3 dose and
full dose BCG. The primary objective was to reject
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Fig. 6. Local toxicity.

the null hypothesis of a 10% decrease in the 5-year
disease-free rate from 50% on the control arms (full
dose BCG with 3 years of maintenance) to 40% on
the experimental arms ( 1

3 dose BCG with 1 or 3 years
of maintenance).

However, the study did not reach the prespeci-
fied decrease of 10% in the 5-year disease-free rate
in any of the primary and secondary objectives or
in the preplanned stratification. Only a non-planned
stratification comparing 1

3 dose BCG with 1 year
of maintenance to full dose BCG with 3 years of
maintenance showed a 10% decrease in the 5-year
disease-free interval. A second non-planned stratifi-
cation was performed based on risk group categories.
The authors concluded that intermediate-risk patients
should be treated with full dose BCG and 1 year of
maintenance, as this group showed the lowest per-
centage of events. In high-risk patients, the lowest
percentage of events occurred in those receiving full
dose BCG with 3 years of maintenance.

The study’s most relevant conclusions regarding
dose reduction were derived from non-planned strat-
ifications, and the results regarding the percentage of
events recorded in the different groups were debat-
able. The data on toxicity showed no difference
between reduced dose BCG and full dose BCG.
Brausi and Oddens published data on local and sys-
temic toxicity in 1316 patients from the same EORTC
30962 database who received 1

3 dose BCG or full dose
TICE strain BCG with 1 or 3 years of maintenance
[24]. The differences in systemic and local adverse
events were not statistically significant.

Several single-arm studies evaluated dose reduc-
tion with BCG Pasteur strain or Connaught strain
and showed similar results compared to other series
at that time [25–32]. These studies also highlighted
the superior effect of full dose BCG in patients with
multiple risk factors, such as multifocal tumors and

higher recurrence rates, suggesting the potential for
risk-adapted dosing.

A meta-analysis published in 2017 evaluated
the efficacy of different BCG strains compared to
other intravesical therapies [33]. It found that BCG
Tokyo-172 was associated with significantly better
recurrence-free survival compared to all other BCG
strains, while the Connaught strain showed a non-
significant increase in disease recurrence compared
to Pasteur, TICE, and Tokyo-172 strains. The analysis
concluded that BCG was superior to chemotherapy in
preventing recurrence, but no superiority was found
among different BCG strains.

Another BCG dose reduction meta-analysis was
published in 2023 [34]. The authors found that dose
reduction did not affect progression, metastasis nor
survival. Although the recurrence results initially
appeared better in the full-dose group, these findings
were disregarded after excluding studies that had only
provided BCG induction but no maintenance. These
findings align with those published by Malmstrom
et al. in 2009 and Chou et al. in 2015, which showed
that BCG treatment results improve significantly with
maintenance [35, 36]. The authors also suggest the
need to evaluate the results of BCG dose reduction
by comparing different strains of BCG.

In the present study, when analyzing recurrence
stratified by strains, only group 0 showed a slightly
higher recurrence rate in the dose reduction arm, but
the difference was not statistically significant. These
trials (Morales and Irie) had small sample sizes (97
and 80 patients), which may require a larger number
of events to detect significant differences. In Morales’
study, there was no statistical difference in recurrence
in the 1/2 dose arm of Tokyo BCG in patients with
Ta or T1 disease, but a significant difference was
observed in patients with CIS+Ta or CIS disease.
High-risk patients represented a significant propor-
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tion of the study population. The results of recurrence
for other strains were similar and not statistically
significant.

Based on the current evidence, it is not possible to
determine the optimal BCG dose for intermediate and
high-risk NMIBC, nor can we determine if any BCG
strain is superior in terms of efficacy and toxicity.
Prospective, randomized studies such as S1602 are
needed to provide more conclusive answers to these
questions [8]. S1602 is a three-arm trial comparing
different BCG strains and instillation strategies, and
its results are still pending.

The study presents certain limitations that are
important to highlight. Firstly, the heterogeneity of
the included studies, partly due to the wide range
of publication dates, different definitions used to
classify patient risk, varying BCG administration
schemes, differences between strains, and treatment
durations. However, it is crucial to acknowledge that
this also constitutes a strength of this study. This
heterogeneity makes the results more similar to real-
life scenarios found worldwide. As for strengths, we
must emphasize the multiplicity of studies included
from various regions across the globe, the diversity
of strains examined, and the meta-analysis comparing
recurrence and progression among different strains,
which contributes to the originality of this research.

CONCLUSION

In conclusion, BCG dose reduction did not
affect the oncological outcomes of NMIBC patients,
even when comparing different BCG strains. While
there was a tendency towards lower recurrence and
progression rates in the full dose groups, these
differences were not statistically significant. Dose
reduction was associated with fewer systemic and
local side effects. Further randomized controlled tri-
als using standardized schedules and follow-up are
necessary to confirm whether BCG dose reduction
can reduce toxicity without compromising oncolog-
ical outcomes. BCG dose reduction may be a useful
strategy in cases of BCG shortage or in patients with
BCG toxicity.
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Rodrı́guez RH, Gómez JMF, Martı́n MG, et al. Has a 3-
fold decreased dose of bacillus Calmette-Guerin the same
efficacy against recurrences and progression of T1G3 and
Tis bladder tumors than the standard dose? Results of a
prospective randomized trial. J Urol. 2005;174(4):1242-7.

[11] Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred
reporting items for systematic reviews and meta-analyses:
The PRISMA statement. Int J Surg. 2010;8(5):336-41.

[12] Morales A, Nickel JC, Wilson JW. Dose-response of bacil-
lus Calmette-Guerin in the treatment of superficial bladder
cancer. J Urol. 1992;147(5):1256-8.

[13] Takashi M, Wakai K, Ohno Y, Murase T, Miyake K. Eval-
uation of a low-dose intravesical bacillus Calmette-Guérin
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Calmette-Guérin Instillation Therapy for Nonmuscle Inva-
sive Bladder Cancer. J Urol. 2016;195(1):41-6.

[22] Sood R, Sharma H, Sharma B, Parekh S, Pujari P, Shewale
S. A prospective comparative study to assess the efficacy
and tolerability of 2 different doses of intravesical bacillus
Calmette-Guerin (BCG) in patients with non-muscle-
invasive bladder cancer. Urol Oncol. 2020;38(5):433-9.

[23] Ojea A, Nogueira JL, Solsona E, Flores N, Gómez JMF,
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