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Urinary bladder cancer is one of the most frequent cancers worldwide. Non-muscle-invasive bladder carcinoma (NMIBC)
has a very low curative rate after resection. The meta-analysis aims to compare efficiency of the combination therapy of bacillus
Calmette-Guérin (BCG) and mitomycin C (MMC) with each monotherapy on NMIBC treatment. Articles were retrieved in
relevant databases up to May, 2016. The Cochrane Collaboration Risk of Bias Tool was used to assess quality of the included
studies. Risk ratio (RR) and the 95% confidence interval (CI) were used as the effect size to calculate pooled result. Funnel
plot and Egger’s test were applied to examine publication bias. Sensitive analysis was performed. Eight randomized controlled
trials were included in this meta-analysis. As a result, the BCG+MMC combination therapy had a significantly decreased
recurrence rate in NMIBC patients, compared with monotherapy of BCG or MMC (RR = 0.81, 95% CI: 0.72 to 0.92, P <
0.001). However, there were no obvious differences between the two regimens regarding to progression rate, overall mortality
and disease-specific mortality (P > 0.050). Subgroup analysis indicated the combination therapy was more advantageous than
BCG (RR =0.73, 95% CI: 0.61 to 0.87) but not MMC monotherapy (P > 0.050), on the reduced recurrence rate. 81mg/week
BCG + 30 mg/week MMC had a significant lower progression rate than BCG (RR = 0.44, 95%CI: 0.24 to 0.82). In conclusion,
BCG+MMC combination therapy is more advantageous than BCG to NMIBC patients with reduced recurrence rate.
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Urinary bladder cancer is one of the most frequent cancers
with high prevalence in the world [1]. It is derived from the
epithelial lining of the urinary bladder. Reportedly, approxi-
mately 30% bladder cancer patients are muscle-invasive and
closely associated with high risk of metastases-related death,
and the remaining 70% are identified as superficial tumors [2],
namely non-muscle-invasive tumors. Although not as serious
as muscle-invasive bladder carcinoma (MIBC), non-MIBC
(NMIBC) has a very low curative rate after resection, and most
of NMIBC patients would recur. In addition, several NMIBC
patients would develop into MIBC over time [3].

Instillation therapies are clinically demonstrated to be ef-
fective for the treatment of NMIBC, such as the intravesical
immunotherapy, bacillus Calmette-Guérin (BCG) [4]. Report-
edly, BCG could result in a 67% reduction on recurrence rate,

compared with resection alone [5]. On the other hand, it is
found that intravesical chemotherapies, such as mitomycin
C (MMC), are effective options when BCG is failing or pa-
tients are unsuitable [6]. Many studies have been conducted
to compare efficiency between the two therapies, especially on
the control of recurrence. For instance, a study finds that BCG
achieves a lower recurrence during a long-term administra-
tion, compared with MMC [7]. Bohle et al also support the
superiority of BCG over MMC in preventing recurrence [8].
Despite these advantages, BCG is demonstrated to be poorly
tolerant in patients with a long-term maintenance [5]. Thereaf-
ter, a large number of studies have focused on the combination
of BCG with MMC, to reduce the BCG dose and diminish
the toxicity. Di et al indicate that patients assigned sequential
BCG and electromotive mitomycin have a lower recurrence
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rate than those assigned with BCG only [9]. By contrast, sev-
eral studies suggest that there are no significant differences
between NMIBC patients treated with MMC plus BCG and
those treated with BCG alone, regarding to the recurrence rate
[10, 11]. Meta-analysis is a statistical analysis that combines
data from several individual studies to provide a quantitative
summary of the studies. Compared with the less quantitative
review methods, meta-analysis has the advantages to enhance
statistical power, provide a more rigorous generalizability of
results and have a profound understanding of the nature of
relationships among variables [12-14]. Meta-analysis also has
disadvantages as follows: (1) All the studies are observational
studies instead of clinical trials; (2) There might be heteroge-
neities across different studies, however, we can select different
models based the heterogeneity result, and a random-effects
model is utilized when heterogeneity presents; otherwise the
fixed-effects model is used [15]. To resolve these inconsistent
results regarding to MMC+BCG combination therapy and
monotherapy, a previous meta-analysis has been carried out
and finds that maintenance BCG is superior to MMC for
prophylaxis of recurrence, but has a comparable effect on
progression, overall survival, and cancer-specific survival
with MMC [16]. However, combination therapy of BCG with
MMC is not concerned. In addition, toxicity is not evaluated.

Literatures searched, n=366
PubMed, n=101;
Embase, n=226
Cochrane library, n=39

Excluded irrelevant articles by
screening titles, n=166.

.4.______9{ Excluded duplicates, n=124. ‘

Articles screened for abstracts, n=76 !

Excluded, n=60

Studies about the comparison
between BCG and MMC, n=19;

Reviews or letter, n=14;

Studies were not about NMIBC,
n=12;

Studies were about BCG/MMC
vs. other drugs, n=10;

Non-English articles, n=5.

Articles screened for full-texts, n=16

Excluded, n=8

7 were not about BCG+MMC vs.
BCG/MMC;

1 was protocol.

Atrticles included in further Meta-analysis,
n=8

Figure 1. Flow chart of the study selection

Therefore, we performed this meta-analysis by retrieving
electronic databases up to May, 2016, to include only ran-
domized controlled trails (RCTs) and mainly compared the
combination therapy with the two monotherapies and took
the adverse effects into consideration. We attempt to provide
a comprehensive evaluation and solid evidence for the opti-
mum treatment of NMIBC.

Methods

Literature search and study selection. We retrieved
PubMed, Embase and Cochrane library to select the eligible
studies up to May, 2016. The relevant RCTs were obtained
using the key searching terms of “bacillus Calmette-Guérin’,
“mitomycin C”, “instillation therapy” and “bladder cancer”
The searching strategy was ((bacillus Calmette-Guérin) OR
BCG) AND (mitomycin C) AND ((instillation therapy) OR
intravesical) AND (bladder cancer) AND (random* OR (ran-
domized controlled trial)).

Two investigators independently selected the study basing
on the predefined criteria. When disagreements appeared,
a discussion with a third investigator was conducted to reach
a consensus.

Inclusion and criteria. Studies were included if they met
with the following criteria: (1) the study was a RCT comparing
the combination therapy (BCG+MMC) with BCG or MMC
monotherapy for NMIBC treatment; (2) instillation therapy
of the study included both of induction therapy and main-
tenance therapy; (3) the study contained at least one of the
four outcomes: recurrence, progression, overall mortality and
disease-specific mortality; (4) for the duplicated publications
based on the same dataset, only the study with the best qual-
ity and most complete outcomes was included; (5) the study
was an English publication. On the other hand, studies were
excluded if they were letters, conference abstracts reviewers;
or they compared the differences of BCG+MMC combination
therapy with other agents.

Quality assessment and data extraction. The Cochrane
Collaboration Risk of Bias Tool was used to assess quality of
the included studies [17]. Likewise, two investigators inde-
pendently evaluated quality of the included studies, and then
extracted the following data information: first author name,
publication year, disease status, drug strategies (drug and
their dosage in trial group and control group, respectively),
sample size (male/female), age (mean+sd) and the outcomes
including recurrence rate, progression rate, overall mortality,
disease-specific mortality and adverse events.

Statistical analysis. Risk ratio (RR) and the 95% confidence
interval (CI) were used as a measure of effect size to calcu-
late the pooled results. Heterogeneity across the studies was
determined by Cochran based Q statistical and I* test [18].
P < 0.05 or I*> 50% indicated a significant heterogeneity and
then the random-effects model was selected. Otherwise, if
there did not detect significant heterogeneity (P > 0.05 or I
< 50%), the fixed-effects model was applied. For outcomes as
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recurrence rate, progression rate, overall mortality and disease-
specific mortality, subgroup analyses stratified by different
control groups (BCG or MMC) and BCG or MMC dosage
were performed. Funnel plot and Egger’s test were applied to
examine the publication bias [19]. All the statistical analyses
were completed using RevMan 5.3 software (Cochrane Col-
laboration, http://ims.cochrane.org/revman).

Sensitive analysis. To evaluate whether a single study would
influence the combined results, sensitive analysis by removing
a study at one time was carried out. If a reverse result ap-
peared after eliminating a study, it indicated that result of the
meta-analysis was instable. The software of Stata 12.0 (STATA,
College Station, TX, USA) was used for the analysis.

Table 1. Characteristics of the included articles

Results

Eligible studies. Through preliminary retrieval, a set of 366
articles were obtained (101 in PubMed, 226 in Embase and 39 in
Cochranelibrary). Then 124 duplicated publications and 166 ir-
relevant studies were eliminated. The remaining 76 studies were
further examined by reading abstract, and another 60 articles
were excluded, including 14 reviewers and letters; 5 non-English
publications; 10 studies that were about BCG/MMC vs. other
drugs; 19 studies that involved comparison of BCG vs. MMC;
and 12 studies that did not enroll NMIBC patients as the cases.
Through full-text reading, 8 of the remaining 16 studies were
excluded (7 did not involve comparison of BCG+MMC vs.

Study Country Period Disease Follow-up  Group Treatment schedules No.(M/F)  Age,y
Di Stasi Ttaly 1994.01- Stage pT1bladder 88 (IQR: 63- BCG+MMC BCG: 81 mg/week, 120 min, 2 weeks; 107 (87/20) 66 (56-73)!
2006 2002.06 cancer 110) m MMC: 40 mg/week, 3 week
BCG BCG: 81 mg/week, 120 min, 6 weeks 105 (86/19) 67 (61-73)
Gulpinar ~ Turkey = 2004.11- NMIBC, stage Ta, ~ 41.3 (8-64) m BCG+MMC BCG: 5*10° colony-forming units in 50 mL saline, 25 (21/4) 58.2
2012 2006.05 T1 urinary bladder at least 15 days from TURBT
cancer MMC: 40 mg MMC in 40 mL saline, within 6
hours of surgery
40.9 (6-68) m BCG BCG: 5*10%cfu in 50 mL saline, once a week, 6 26 (20/6) 58
weeks
Jarvinen Finland 1987-  patients with CIS, 7.2 (range 0.8- BCG+MMC alternating MMC and BCG instillations during 28 (24/4) 66 (36-83)
2012 1992 NMIBC 19.5)y the first year and every third month during the
second year.
BCG Pasteur strain F 75 mg or 6*10°%cfu in 50
ml saline
MMC monthly installations of MMC alone 40 (31/9) 68 (40-80)
Kaasinen  Finland  1992.12- primary, secondary, 56 m BCG+MMC MMC: 40 mg, 6 weeks; 159 (125/34) 71
2003 17.12  and concomitant alternating monthly instillations of BCG 120 mg

CIS

and MMC for one year.

BCG monthly instillations of BCG 120 mg 145 (119/26) 69.9
Oosterlinck Belgium 2001.06- patients with pri- 4.7y BCG+MMC MMC: 40 mg/week, 6 weeks; 48 (44/4) 68 (42-83)*
2011 2005.02 mary/secondary/ BCG: TICE 5*10°cfu/week, 6 weeks
concurrent CIS of BCG BCG: TICE 5*10°cfu/week, 6 weeks 48(42/5)1 70 (55-83)
the urinary bladder Then, followed by 3 wk of rest and then by 3 wk missing
of BCG.
Rintala Finland 1987-  patients withrap- 34 m BCG+MMC MMC: 40 mg, 95(71/24) 68
1996 1992 idly recurring stage BCG: 2.75 mg (6*10°cfu) of Pasteur strain F im-
Ta or T1 cancer mune BCG in 50 ml.
MMC 20 to 40 mg depending on the bladder capacity 93 (71/22) 69
Solsona Spain 1993.01- papillary NMIBC, 7.1y BCG+MMC BCG: 81 mg (1.5-5*10° CFU) in 50 ml 0.9% saline, 211 (192/19) 65 (57-71)"
2014 1994.11 TaG2 multiple weekly intravesical BCG instillation for 6 wk;
tumors, TaG3 or MMC: 30 mg in 50 ml 0.9% saline.
T1G1-3 tumors, BCG 196 (174/22) 66 (59-72)
and Tis
Witjes 1998 The Neth- 1991.01- papillary superficial 32 m (range BCG+MMC MMC: 40 mg/week, 4 weeks; 90
erlands  1993.11 bladder cancerand 2-65) BCG: 6 weekly instillations with
carcinoma in situ MMC MMC: 10 weekly instillations 92

Abbreviations: NMIBC: non-muscle-invasive bladder carcinoma; BCG: bacillus Calmette-Guérin; MMC: mitomycin C; CFU: colony-forming units; m: months;

y: year; M: male; F: female. IQR: interquartile range.
1 represented Medium (IQR); 2 represented Medium (range)
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Figure 2. Assessment of risk of bias.A: Methodological quality graph: authors’ judgment about each methodological quality item presented as percent-
ages across all included studies; B: Methodological quality summary: authors’ judgment about each methodological quality item for each included

study, “+” low risk of bias; “?” unclear risk of bias; “-” high risk of bias.

BCG/MMC, and 1 was protocol). Finally, 8 RCTs [9-11, 20-24]
were included in the meta-analysis. Detailed procedures of study
selection are presented in Figure 1.

Characteristics of the included studies. As listed in Ta-
ble 1, the 8 studies were all RCTs, containing a total of 1502
NMIBC cases. Five studies were about the comparison of
BCG+MMC vs. BCG, and the BCG+MMC group contained
550 cases, while BCG group had 520 cases. Three studies
involved the comparison of BCG+MMC vs. MMC, and 210
cases were distributed in BCG+MMC group, while 222 were
in MMC group. These studies were conducted in different
countries such as Italy, Turkey and Finland. The mean follow-
up times varied from 32 months to 7.2 years, and the average
ages in different studies were 58-71 years. Quality assessment
indicated that as a whole, risk of the selection bias, detection
bias and attrition bias were low in all the included studies.
Two studies carried out by Oosterlinck etal. [11] and Solsona
et al. [23] had a relatively high quality (Figure 2).

Outcome comparisons. The main outcomes of the present
meta-analysis included recurrence rate, progression rate,
overall mortality and disease-specific mortality.

Recurrence rate. There were 7 studies reported the recur-
rence of patients after different regimens. The fixed-eftects
model was used due to a lack of significant heterogeneity (P
=0.120, I* = 41%). The pooled result indicated that combina-
tion therapy of BCG+MMC achieved a significantly reduced
recurrence rate of NMIBC, compared with monotherapy of
BCG or MMC (RR = 0.81, 95% CI: 0.72 to 0.92, P < 0.001,
Figure 3A). No obvious publication bias was detected among
these studies (Egger’s test: P = 0.513).

Progression rate. Seven studies reported the disease pro-
gression after application of these different therapies. As there
was no significant heterogeneity across studies (P = 0.110, I* =
41%), the fixed-effect model was selected. As a result, there were
no significant differences between different treatments (RR =
0.94,95% CI: 0.71 to 1.23, P = 0.650, Figure 3B). Likewise, there
did not observe any publication bias (Egger’s test: P = 0.502).

Overall mortality. Five studies involved the outcome of
overall mortality. A fixed-effects model was applied due to
significant homogeneity (P = 0.250, I* = 26%). As expected,
there were no significant differences between combination
therapy and any monotherapy (RR = 0.90, 95% CI: 0.74 to
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A Experimental Control Risk Ratio Risk Ratio
Study or Subgroup __Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Di Stasi 2006 45 107 61 105 21.0% 0.72[0.55, 0.95] =
Gulpinar 2012 9 25 5 26 1.7% 1.87 [0.73, 4.82]
Jarvinen 2012 19 28 35 40 9.8% 0.78[0.59, 1.03] |
Oosterlinck 2011 23 48 26 48 8.9% 0.88[0.60, 1.31] T
Rintala 1996 57 92 58 90 20.0% 0.96 [0.77, 1.20] .
Solsona 2014 44 211 68 196 24.1% 0.60 [0.43, 0.83] =
Witjes 1998 39 90 43 92 14.5% 0.93[0.67, 1.28] "
Total (95% CI) 601 597 100.0% 0.81[0.72, 0.92] <&
Total events 236 296
Heterogeneity: Chi? = 10.14, df =6 (P =0.12); I’ =41% (') 2 0'5 1 2' é
Test for overall effect: Z = 3.37 (P = 0.0007) Favours [experimental] Favours [control]
B Experimental Control Risk Ratio Risk Ratio
Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Di Stasi 2006 10 107 23 105 25.7% 0.43[0.21, 0.85] =
Gulpinar 2012 1 25 1 26 1.1% 1.04 [0.07, 15.74]
Jarvinen 2012 8 28 14 40 12.7% 0.82[0.40, 1.68] T
Kaasinen 2003 34 159 20 145 23.1% 1.55[0.94, 2.57] bl
Oosterlinck 2011 2 48 5 48 5.5% 0.40 [0.08, 1.96]
Solsona 2014 26 211 24 196 27.5% 1.01[0.60, 1.69] b
Witjes 1998 5 90 4 92 4.4% 1.28 [0.35, 4.61] -
Total (95% CI) 668 652 100.0% 0.94 [0.71, 1.23] <@
Total events 86 91
i Chi2 = - - .12 = 490 } t } } } t
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est for overall effect: Z = 0.46 (P = 0.65) Favours [experimental] Favours [control]
C Experimental Control Risk Ratio Risk Ratio
Study or Subgroup __Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Di Stasi 2006 23 107 34 105 24.9% 0.66 [0.42, 1.05] = i
Jarvinen 2012 20 28 30 40 17.9% 0.95[0.71, 1.28] "
Qosterlinck 2011 7 48 1 48 8.0% 0.64 [0.27, 1.50] =
Solsona 2014 51 211 52 196 39.1% 0.91 [0.65, 1.27] L
Witjes 1998 21 90 14 92 10.0% 1.563 [0.83, 2.82] ] -
Total (95% CI) 484 481 100.0% 0.90 [0.74, 1.10] -
Total events 122 141
ityv: i2 = = = 12 = o, T T T T
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D Experimental Control Risk Ratio Risk Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Di Stasi 2006 6 107 17 105 28.1% 0.35[0.14, 0.84] -
Jarvinen 2012 8 28 12 40 16.2% 0.95[0.45, 2.02] b
Kaasinen 2003 13 159 10 145 17.2% 1.19[0.54, 2.62] -
Solsona 2014 10 211 15 196 25.5% 0.62 [0.28, 1.35] b
Witjes 1998 5 90 8 92 13.0% 0.64 [0.22, 1.88] -
Total (95% Cl) 595 578 100.0%  0.70 [0.48, 1.01] -
Total events 42 62
i ORIz = = = .12= 189 : : } } t t
Heterogeneity: Chi? = 4.87, df = 4 (P = 0.30); 18% 01 02 05 1 > 5 10

Test for overall effect: Z = 1.92 (P = 0.05)
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Figure 3. Forest plot of comparisons between the combination therapyof bacillus Calmette-Guérin (BCG) and mitomycin C (MMC) and the monotherapy
of BCG or MMC on four outcomes. A: Recurrence rate; B: Progression rate; C: Overall mortality; D: Disease-specific mortality.
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A Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE IV, Fixed. 95% CI IV, Fixed, 95% CI

1 Recurrence -0.3147 0.0916 0.73[0.61, 0.87] —+

2 Progression -0.1744 0.2963 0.84[0.47, 1.50] -t

3 overall mortality -0.2231 0.13 0.80[0.62, 1.03] —t

4 disease-specific -0.4308 0.2351 0.65[0.41, 1.03] . I—'_ . .
0.2 0.5 1 2 5

Favours [experimental] Favours [control]

B Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE 1V, Fixed, 95% CI IV, Fixed, 95% CI

1 Recurrence -0.0943 0.0786 0.91[0.78, 1.06] —tT

2 Progression -0.0726 0.3166  0.93[0.50, 1.73] A |

3 overall mortality 0.131 0.2636 1.14[0.68, 1.91] — 1t

4 disease-specific -0.2107 0.3114  0.81[0.44, 1.49] . .—l__ . .
0.2 0.5 1 2 5

Favours [experimental] Favours [control]

Figure 4. Subgroup analysis stratified by the monotherapy of bacillus Calmette-Guérin (BCG) and mitomycin C (MMC) with regard to recurrence rate.

A: BCG+MMC vs BCG; B: BCG+MMC vsMMC.

1.10, P = 0.290, Figure 3C). No significant publication was
observed (Egger’s test: P = 0.903).

Disease-specific mortality. A set of five studies involved the
disease-specific mortality after application of two regimens.
Since there lacked significant heterogeneity across the stud-
ies (P =0.300, I* = 18%), a fixed-effects model was used. The
pooled RR was 0.70 (95% CI: 0.48 to 1.01, Figure 3D), indicat-
ing a lower disease-specific mortality with the combination
therapy than with monotherapy, however without statistical
significance (P > 0.050). There also did not detect any publica-
tion bias (Egger’s test: P = 0.458).

Subgroup analysis. When stratified by different control
groups (BCG/MMC), it indicated that the combination
therapy of BCG+MMC significantly reduced the recurrence
rate of NMIBC patients, compared with BCG monotherapy
(RR=0.73,95% CI: 0.61 to 0.87, Figure 4); while in the com-
parison of BCG+MMC vs. MMC, there did not observe any
significant difference between these two regimens.

When stratified by different BCG/MMC dosage, the re-
sult suggested that 81mg/week BCG in combination with
30 mg/week MMC had a significant lower progression rate
than BCG monotherapy (RR = 0.44, 95%CI: 0.24 t0 0.82, P =
0.008, Figure 5C). Likewise, 81 mg/week BCG and 30 mg/week
MMC reduced the recurrence rate, however, without statisti-
cal significance (P = 0.110, Figure 5D). As only three studies
involved the comparison of BCG+MMC with MMC, we did
not further perform subgroup analysis stratified by dosage,
compared with MMC.

Adverse events. As the evaluation indexes of adverse events
were different in different studies, we did not combine the
result with regard to these outcomes.

The study of Di Stasi et al. [9] believed that there were
not significant differences between combination therapy and

BCG monotherapy on adverse events. Likewise, Gulpinar
et al. [10] suggested that monotherapy had a comparable
incidence of adverse events with combination therapy (P =
0.457). Kaasinen et al. [21] revealed that alternative therapy
with BCG and MMC had a significant lower incidence of local
and systemic adverse events at 3 months and 12 months, than
BCG monotherapy.

Sensitive analysis. As expected, with regard to the above
four outcomes, the newly combined results after removal of
a single study did not show a reverse result. This result indi-
cated a reliability of the meta-analysis.

Discussion

The meta-analysis included a total of 8 RCTs containing
1502 NMIBC cases. As expected, the BCG+MMC combina-
tion therapy showed a significantly decreased recurrence rate
in NMIBC patients, compared with monotherapy of BCG or
MMC. However, there were no obvious differences between
the two regimens with regard to progression rate, overall
mortality and disease-specific mortality. Subgroup analysis
indicated the combination therapy was more advantageous
than the monotherapy of BCG but not MMC, with the de-
creased recurrence rate. Moreover, subgroup analysis stratified
by BCG/MMC dosage suggested that 81mg/week BCG and 30
mg/week MMC had a significant lower progression rate than
BCG monotherapy. Several studies showed a comparable ad-
verse effects caused by the two regimens, and a study indicated
alower incidence of local and systemic adverse events with the
combination therapy than monotherapy [21].

BCG is a common intravesical immunotherapy for NMIBC
management. However, about a half of patients will develop
recurrence during a long period after BCG application [25].



BCG AND MMC COMBINATION THERAPY VS BCG/MMC

973

MMC is a chemotherapy that has been used as the most com-
mon intravesical cytotoxic drug [26]. Combination of MMC
and BCG could reduce the dosage of BCG, and thus alleviate
the toxicity of BCG. Di Stasi et al point out that patients treated
with sequential BCG and electromotive MMC therapy achieve

A Experimental Control

r r Even Total Events Total Weigh
2.5.1 BCG 81 mg, MMC 40 mg
Di Stasi 2006 6 107 17 105 100.0%
Subtotal (95% CI) 107 105 100.0%
Total events 6 17
Heterogeneity: Not applicable
Test for overall effect: Z =2.33 (P = 0.02)
2.5.2 BCG 81 mg, MMC 40 mg
Kaasinen 2003 13 159 10 145 100.0%
Subtotal (95% CI) 159 145 100.0%
Total events 13 10
Heterogeneity: Not applicable
Test for overall effect: Z=0.42 (P = 0.67)
2.5.3 BCG 81 mg, MMC 40 mg
Solsona 2014 10 211 15 196 100.0%
Subtotal (95% CI) 211 196 100.0%
Total events 10 15

Heterogeneity: Not applicable
Test for overall effect: Z=1.21 (P = 0.23)

a lower recurrence rate than BCG monotherapy (41.9% vs
57.9%) [9]. The possible explanation is that the inflamma-
tion induced by BCG might increase the permeability of the
bladder mucosa, and thus contribute to the subsequent MMC
chemotherapy [27]. However, another meta-analysis stresses

Risk Ratio
M-H, Fix % CI

Risk Ratio
M-H, Fixed, 95% CI

-

0.35[0.14, 0.84]
0.35 [0.14, 0.84]

1.19[0.54, 2.62]
1.19 [0.54, 2.62]

= -

0.62 [0.28, 1.35]
0.62 [0.28, 1.35]

= i

05 1 2 5
Favours [control]

0.1 0.2
Favours [experimental]

Test for subgroup differences: Chi? = 4.13, df =2 (P = 0.13), I> = 51.6%

B Experimental Control
Study or Subgroup Events Total Events Total Weight
2.41 BCG 81 mg, MMC 40 mg

Di Stasi 2006 23 107 34 105 75.7%
Oosterlinck 2011 7 48 11 48  24.3%
Subtotal (95% CI) 155 153 100.0%
Total events 30 45

Heterogeneity: Chi2 = 0.01, df =1 (P = 0.93); 1= 0%

Test for overall effect: Z=2.04 (P = 0.04)

2.4.2 BCG 81 mg, MMC 30 mg

Solsona 2014 51 211 52 196 100.0%
Subtotal (95% Cl) 211 196 100.0%
Total events 51 52

Heterogeneity: Not applicable
Test for overall effect: Z=0.55 (P = 0.58)

Risk Ratio Risk Ratio
M-H, Fixed, 95% Cl M-H, Fixed, 95% CI

0.66 [0.42, 1.05] ——

0.64 [0.27, 1.50] =

0.66 [0.44, 0.98] -

0.91[0.65, 1.27]
0.91 [0.65, 1.27]

>

05 07 1 15 2
Favours [experimental] Favours [control]

Test for subgroup differences: Chi? = 1.50, df = 1 (P = 0.22), I? = 33.2%
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C Experimental Control Risk Ratio Risk Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.3.1 BCG 81 mg, MMC 40 mg

Di Stasi 2006 10 107 23 105 79.5% 0.43[0.21, 0.85] _._

Gulpinar 2012 1 25 1 26 3.4% 1.04 [0.07, 15.74]

Oosterlinck 2011 2 48 5 48 17.1% 0.40 [0.08, 1.96] -

Subtotal (95% Cl) 180 179 100.0% 0.44 [0.24, 0.82] -

Total events 13 29

Heterogeneity: Chi? =0.41,df =2 (P = 0.82); I?=0%
Test for overall effect: Z = 2.60 (P = 0.009)

2.3.2 BCG 120 mg, MMC 40 mg

Kaasinen 2003 34 159 20 145 100.0% 1.55[0.94, 2.57]
Subtotal (95% Cl) 159 145 100.0% 1.55 [0.94, 2.57] 1
Total events 34 20

Heterogeneity: Not applicable
Test for overall effect: Z=1.70 (P = 0.09)

2.3.3 BCG 81 mg, MMC 30 mg

Solsona 2014 26 211 24 196 100.0% 1.01[0.60, 1.69] l
Subtotal (95% CI) 211 196 100.0% 1.01 [0.60, 1.69]
Total events 26 24

Heterogeneity: Not applicable
Test for overall effect: Z = 0.02 (P = 0.98)

01 02 05 1 2 5 10
Favours [experimental] Favours [control]

Test for subgroup differences: Chi? = 9.58, df = 2 (P = 0.008), I? = 79.1%

D Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.1.1 BCG 81 mg, MMC 40 mg

Di Stasi 2006 45 107 61 105 66.6% 0.72[0.55, 0.95] —l—

Gulpinar 2012 9 25 5 26 5.3% 1.87[0.73, 4.82] - >
Oosterlinck 2011 23 48 26 48 28.1% 0.88[0.60, 1.31] -

Subtotal (95% CI) 180 179 100.0% 0.83 [0.67, 1.03] -

Total events 77 92

Heterogeneity: Chi? = 3.89, df = 2 (P = 0.14); 12 = 49%
Test for overall effect: Z=1.67 (P = 0.10)

2.1.2 BCG 81 mg, MMC 30 mg

Solsona 2014 44 211 68 196 100.0% 0.60[0.43, 0.83] i
Subtotal (95% CI) 211 196 100.0% 0.60 [0.43, 0.83]

Total events 44 68

Heterogeneity: Not applicable
Test for overall effect: Z = 3.06 (P = 0.002)

05 0.7 1 15 2
Favours [experimental] Favours [control]

Test for subaroup differences: Chi? =2.60. df =1 (P =0.11). 12 =61.5%

Figure 5. Subgroup analysis stratified by dosage of Calmette-Guérin (BCG) and mitomycin C (MMC). A: BCG+MMC vs. BCG on disease-specific mor-
tality; B: BCG+MMC vs. BCG-overall mortality; C: BCG+MMC vs. BCG on progression rate; D: BCG+MMC vs. BCG on recurrence.
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that reduced recurrence of NMIBC is not observed when add-
ing chemotherapy to maintenance BCG [28]. Oosterlinck and
Decaestecker further explore the correct sequence of chemo-
therapy and BCG but fail to make a conclusion, because they
find the synergistic effect is only effective within 24 h [29].
It might be the reason for the failure of detecting decreased
recurrence rate that chemotherapy is given at least one week
before BCG in most of the included studies in their meta-
analysis [28]. In addition, a large scale, randomized phase IIT
trial is designed to seek the definitive evaluation of the two
regimens [30]. In our study, although we found the combina-
tion therapy of BCG+MMC resulted in a reduced recurrence
rate, the sequence of the two therapies and time duration was
not concerned. Therefore, based on our results, we could just
speculate that the combination therapy has the potential to
reduce recurrence rate of NMIBC, compared with BCG mono-
therapy. Subgroup analysis indicated that the combination was
not superior to MMC, suggesting that MMC chemotherapy
might be sufficient for NMIBC treatment. Actually, MMC
is often applied when BCG is failed in NMIBC patients [6].
Moreover, based on the subgroup analysis stratified by dosage,
81mg/week BCG and 30 mg/week MMC might be the optimal
dosage for the combination therapy.

However, the combination therapy of BCG+MMC showed
a comparable effect with the monotherapy on progression rate,
overall mortality and disease-specific mortality. In the com-
parison of BCG with MMC, Malmstrom et al show the same
result [16]. Interferon (IFN)-a2b is another immunotherapy.
A prospective randomized FinnBladder-4 study compared
the long-term (medium follow-up time: 10.3 years) outcome
of MMC+BCG and MMC+BCG/IFN (alternating BCG or
IFN) regimens on frequently recurrent NMIBC patients, and
find no significant differences in the probability of progres-
sion, disease-free mortality, or overall survival [31]. These
results collectively indicate that there might be no obvious
differences between chemotherapy and immunotherapy,
regarding to outcomes such as progression, overall mortality
and disease-specific mortality. Therefore, it is understandable
that combination therapy achieved a comparable result with
monotherapy on the three outcomes.

With regard to the side effects, Solsona et al state that se-
quential combination of MMC and BCG is superior to BCG
monotherapy, but more toxic than BCG [23]. In the included
studies in our meta-analysis, only one study observed that
BCG, in combination with MMC, resulted in a significant
reduced local and systemic adverse events at 3 months and
12 months, compared with BCG alone [21]. As we did not
combine the adverse events due to different evaluation indexes,
result of this outcome needed to be interpreted carefully.

In the present study, all the included studies were RCTs, and
the lack of extensive heterogeneity across the included studies
strengthened the reliability of the pooled results. However,
despite these obvious advantages, several limitations were
presented. The overall quality of the included studies was
relatively low. In addition, we did not consider duration as

a risk factor for subgroup analysis, which might cause devia-
tion of the results. Moreover, sequences of BCG and MMC in
the combination therapy were not concerned, which might
also influence the summary result. Therefore, more large scale
RCTs are required to confirm our findings.

In conclusion, BCG in combination with MMC is more
advantageous than BCG monotherapy for NMIBC treatment
with reduced recurrence rate, and 81mg/week BCG and 30 mg/
week MMC might be the optimal dosage. However, the effect
on progression rate, overall mortality and disease-specific
mortality were not different between the two regimens.
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