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Abstract Approximately 70% of newly diagnosed bladder tumors are non-muscle invasive bladder cancer
(NMIBC). NMIBC accounts for approximately 80% of total bladder cancer cases. Bacillus Calmette-Guérin
(BCG) instillation and maintenance is considered as the standard adjuvant treatment for superficial bladder
cancer. A number of randomized studies have focused on the benefit of maintenance therapy following initial BCG
induction. To provide further insights into the effect of intravesical instillation on recurrence in patients with
NMIBC, we analyzed this relationship by conducting an updated detailed meta-analysis. Evidence suggested that
adjuvant intravesical BCG with maintenance treatment is significantly effective for the prophylaxis of tumor

recurrence in patients with NMIBC.
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Introduction

Bladder cancer is one of the most common malignancies of
the urinary tract [1]. Approximately 70% of newly diagnosed
bladder tumors are non-muscle invasive bladder cancer
(NMIBC) at diagnosis [1]. NMIBC also accounts for
approximately 80% of total bladder cancer cases [2]. Bacillus
Calmette-Guérin (BCG) instillation and maintenance is
considered as the standard adjuvant treatment for superficial
bladder cancer [3]. However, the five-year recurrence rates
range from 16% to 59% after a single six-week course of
intravesical immunotherapy after transurethral resection of
bladder tumor (TURBT) is performed [4]. The European
Association of Urology (EAU) guidelines recommend a
second transurethral resection (TUR) two to six weeks after
the initial resection [5]. Although instillations are adminis-
tered according to a six weekly induction scheme proposed by
Morales et al. [6], no consensus regarding the optimal
maintenance scheme is established. The EAU recommends at
least one year of BCG maintenance [7], but the American
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Urological Association proposes three weekly instillations
(i.e., each week for three weeks) at three and six months after
induction and every six months thereafter for three years [4].

Randomized studies have focused on the benefits of
maintenance therapy following initial BCG induction [8].
Our published meta-analysis [9] showed a 39% reduction in
the risk of recurrence with BCG maintenance compared with
chemotherapy and immunotherapy. We also showed that
adjuvant intravesical BCG with maintenance treatment is
effective for the prophylaxis of tumor recurrence in super-
ficial bladder cancer. For patients with papillary carcinoma,
adjuvant intravesical BCG with maintenance therapy should
be administered as the treatment of choice. However, several
studies [17,20,22,26] have revealed no benefit of main-
tenance therapy in the control of tumor recurrence or
progression. Differences in the results are possibly caused
by maintenance schedules. Maintenance schedules vary
considerably and a weekly, monthly, quarterly, or six-month
schedule for one to two years may be immunologically
suboptimal [10].

Since the time we conducted our meta-analysis [9],
relevant studies [10-32] on the association between BCG
and NMIBC recurrence after TURBT have been published.
These reports are from both prospective and retrospective
studies and include approximately 6000 additional cases. To
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provide further insights into the effect of intravesical
instillation on recurrence in patients with NMIBC, we
analyzed this relationship by conducting an updated detailed
meta-analysis. This updated analysis expanded the discussion
of possible implications and interpretations of findings.

Materials and methods
Retrieval of studies

MEDLINE and EMBASE were used to gather studies
published from January 2005 to November 2012 and are
related to both the exposure (BCG) and outcome (bladder
cancer) of interest. The following medical subject heading
terms and/or text words were used: “bladder cancer,”
“superficial bladder cancer,” “non-muscle invasive bladder
cancer,” “bladder carcinoma,” and “bladder neoplasm.” The
abstracts of all possibly relevant studies were reviewed, and
full manuscripts of relevant studies were obtained. We also
reviewed the reference lists of these included articles to
identify any other studies that were not obtained from the
initial literature search. No language restrictions were
imposed.

Inclusion and exclusion criteria

In this meta-analysis, case-control, cohort, or cross-sectional
studies were considered, particularly those that evaluated the
instillation of BCG and bladder cancer recurrence after
TURBT. All of the available published data on the treatment
results of patients with histologically confirmed superficial
bladder cancer were selected for analysis if the following
criteria were satisfied: (1) case-control or cohort studies that
provided treatment results for patients with histologically
confirmed Stage Ta or T1 of any grade or carcinoma in situ
(CIS) bladder cancer; (2) trials that compared intravesical
BCG plus TUR with TUR alone, TUR plus intravesical
chemotherapy, TUR plus immunotherapy, or alternatively,
intravesical chemotherapy/immunotherapy and BCG; and
(3) studies with sufficient information that adequately esti-
mated the odds ratio (OR) and 95% confidence interval (CI),
i.e., crude data or adjusted estimates, CIs or P values to
estimate cancer risk under instillation of BCG compared with
instillation of chemotherapy and/or immunotherapy.

Studies were excluded (1) if they provided only an estimate
of the effect with no specific means to calculate CI and (2) if
they were based on bladder cancer cell lines or animal
models. If multiple publications were obtained from the same
population or cohort, only data from the most recent reports
were included.

The primary endpoint criterion of this meta-analysis was
the frequency of tumor recurrence within the follow-up
period of the studies. Recurrence was defined as the
reappearance of tumor at the same or lower stage and grade
as the primary tumor.

In this meta-analysis, BCG maintenance therapy was
defined as a six-week induction course of BCG and then
three-weekly BCG instillations at three and six months and
every six months thereafter for at least one year. Patients who
only received six-week (or less than) induction courses of
BCG were included in the non-BCG maintenance group.

We did not assess the methodological quality of the
primary studies because quality scoring in meta-analysis of
observational studies is controversial. Instead, we performed
subgroup and sensitivity analyses that are widely recom-
mended. Hence, no study was rejected because of methodo-
logical characteristics or any subjective quality criteria.

Data extraction

Data were independently abstracted in duplicate by two
investigators using a standard protocol and data collection
form. We extracted the following information from each
publication: the first author’s last name; publication year;
study design; type of control (in case-control studies); study
location; exposure and outcome definition; number of
subjects; sample size (cases and controls or cohort size);
and controlled variables in the analysis. Disagreement or
uncertainty between two investigators was resolved by
discussion. We also extracted the risk estimate adjusted for
the greatest number of potential confounders from each study.

Statistical analysis

We examined the relationship between instillation of BCG
after TUR and bladder cancer recurrence risk on the basis of
the ORs and 95% CIs published in each study. A fixed-effect
model using the Mantel-Haenszel method and a random-
effect model using the DerSimonian and Laird method were
used to pool the results. Heterogeneity was evaluated using
Cochran’s Q test and /[-squared statistics. If the level of
heterogeneity was acceptable (P > 0.10, or P < 0.10 but
P = 50%), the meta-analysis was conducted using a fixed-
effect model. If the significant heterogeneity was found
(P < 0.10, P > 50%), a random-effect model was used for
the meta-analysis.

Inverted funnel plots and Egger’s test were used to assess
publication bias. An asymmetric plot suggested possible
publication bias. Funnel plot asymmetry was assessed by
Egger’s linear regression test. z-test was performed to
determine the significance of the asymmetry and P < 0.05
indicated a significant publication bias.

A sensitivity analysis was performed to determine the
potential risk bias in the overall results because studies that
violated some of the eligibility criteria were included.
Potential confounding effects were investigated by stratified
meta-analysis. Sensitivity analyses were also conducted to
identify trends among subpopulations within the overall
study. The following subgroups were included: (1) BCG
maintenance therapy; (2) instillation schedules, such as BCG
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versus TUR alone/chemotherapy/immunotherapy and BCG
plus chemotherapy/immunotherapy versus BCG alone;
(3) BCG strains; and (4) types of different histological results.

A cumulative meta-analysis was conducted. This proce-
dure evaluated the cumulative effect estimate over time. We
also used the META-INF command in Stata to evaluate the
influence of any study on the overall effect estimate. This
analysis omitted one study at a time and determined the
pooled effect estimate.

Stata 10 software (Stata, College Station, Tex., USA) was
used for the statistical analyses.

Results

The characteristics of the trials included in the meta-analysis
are summarized in Tables 1, 2, and 3. Our literature search
yielded 1260 articles; among these studies, 198 satisfied the
inclusion criteria for our overall systematic review of the
antitumor effect of BCG on NMIBC recurrence from January
2005 to November 2012. Among these 198 articles, a total of
23 [10-32] new publications or abstracts were indentified
since the time we conducted a previous meta-analysis [9].
Two [33,34] additional papers published in 2000 and 2002
were also included in our analysis. As a result, 48 studies
(Fig. 1) satisfied the inclusion criteria of our meta-analysis
and provided information regarding 9482 subjects with
published estimates of BCG instillation and NMIBC. The
trial publication dates covered 1997 to 2012. A wide range of
control groups was noted, including TUR alone (10 trials), the
use of different immunotherapy agents, such as interferon
(two trials), and the use of different chemotherapy regimens,
such as mitomycin C, thiotepa, doxorubicin, and epirubicin
(28 trials), and BCG and chemotherapy/immunotherapy (11
trials). Some forms of BCG maintenance were used in 30
trials and no BCG maintenance was used in 18 trials (Table
1). In the 48 eligible clinical trials with a total of 9482
patients, the sample size ranged from 3 to 560 patients (Table
2). Hence, a total of 4952 patients were treated with BCG.
These patients were then compared with 4530 patients treated
without BCG.

The funnel plot showed the expected funnel shape (Fig. 2).
The results of Begg’s (P =0.21) and Egger’s tests (P = 0.30)
suggested a low probability of publication bias in our
analysis. To determine the degree of heterogeneity that
existed among the 48 studies, we conducted Cochran’s Q test.
Cochran’s Q test yielded P < 0.01 (Q= 192.97 on 56 df),
indicating a high degree of heterogeneity in our analysis. As
such, a random-effect model including all studies was chosen.
In the follow-up period, 1900 (38.4%) of the 4952 BCG-
treated patients and 2231 (49.2%) of 4530 patients treated
without BCG developed tumor recurrence. In the combined
analysis, a statistically significant difference in the recurrence
rate between the two treatment groups was found. The
randomized model-combined OR was 0.59 (95% CI 0.49 to

Table 1 Trial characteristics (n = 48)
Publication date

Oldest 1997
Most recent 2012
Disease type
Ta-1 13
CIS 4
Ta, T1, CIS 22
Others (T1G3 and T1) 9
Treatment comparisons
BCG vs. transurethral resection only 10
BCG vs. BCG and chemotherapy/immunotherapy 11
BCG vs. immunotherapy 2
BCG vs. chemotherapy 28
BCG maintenance
No 18
Yes 30
BCG strain
Connaught 10
Tokyo 6
Pasteur 9
Tice 8
Danish 1
RIVM 2

0.71, P < 0.0001). Thus, the overall results of the 48
included studies were consistent with the statistically
significant difference between BCG and non-BCG efficacy
on tumor recurrence in the overall pooled data.

In this meta-analysis, patients who only received a six-
week (or less than) induction course of BCG were included in
the non-BCG maintenance group. A total of 6547 patients
received BCG maintenance therapy for at least one year. In 18
studies with a total of 2935 patients, no maintenance therapy
was administered. In the BCG maintenance subgroup, the
combined random effect OR was 0.53 (95% CI=0.43 to 0.65,
P =0.000). The results indicated a statistical significance of
BCG versus non-BCG efficacy on tumor recurrence in the
BCG maintenance subgroup. The non-BCG maintenance
subgroup showed a combined random effect model OR of
0.70 (95% CI=0.50 to 0.99, P = 0.047).

The combined random effect OR was 0.43 (95% CI=0.26
to 0.72, P = 0.001) when BCG versus TUR alone was
stratified. In the BCG versus chemotherapy subgroup
comprising patients who received BCG versus patients who
only received chemotherapy without immunotherapy or
BCG, the combined random effect OR was 0.58 (95% CI=
0.45 to 0.75; P = 0.000). In the BCG plus chemotherapy/
immunotherapy versus BCG alone subgroup, the combined
randomized model OR was 0.87 (95% CI=0.62 to 1.21, P =
0.408). In the BCG versus immunotherapy subgroup, the
combined random effect OR was 0.44 (95% CI=0.21t0 0.91,
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Potentially relevant RCTs identified
and screened for retrieval
n=1260

RCTs excluded, n= 1062

RCTs retrieved for more detailed
evaluation
n=198

(Abstract showed that did not meet
inclusion criteria)

RCTs excluded, n =147

Potentially appropriate RCTs to be
included in the meta-analysis
n=>51

(did not meet inclusion criteria)

RCTs included in meta-analysis
n=48

RCTs excluded from meta-analysis, n=3

RCTs with usable information, by
outcome,
n=48

RCTs withdrawn, by outcome, n =0

Fig. 1 PRISMA flow diagram for the trial. RCT, randomized clinical trial.

Table 2 Trial characteristics (n = 48)

Characteristics n (%)
Evaluable 9482
No BCG 4530 (47.8)
BCG 4952 (52.2)
Treatment comparisons 8649
BCG vs. transurethral resection only 1242 (14.4)
BCG vs. BCG and chemotherapy/immunotherapy 1181 (13.8)
BCG vs. immunotherapy 360 (4.2)
BCG vs. chemotherapy 5866 (67.8)
BCG maintenance 9482
No 2935 (31.0)
Yes 6547 (69.0)
BCG strain 7701
Connaught 2629 (34.1)
Tokyo 313 (4.1)
Pasteur 1475 (19.2)
Others (Tice, Danish 1331, RIVM) 3284 (42.6)

P =0.027). In the BCG maintenance therapy versus initial
therapy subgroup, the combined random effect OR was 0.57
(95% CI=0.32 to 0.99, P = 0.047).

In our study, several strains of BCG were used, including

Begg’s funnel plot with pseudo 95% confidence limits

log OR

SE of'log OR

Fig. 2 Funnel plot of log OR of recurrent NMIBC according to the SEs
of all studies in analysis. Begg’s test (P = 0.21) and Egger test for
publication bias (P = 0.30).

Connaught, Tokyo, Pasteur, Tice, Danish, and RIVM. The
stratified meta-analysis did not show any statistically
significant confounding effects on the results when stratified
by a BCG strain. However, a statistically significant
difference was found between BCG and non-BCG treatments
in terms of tumor recurrence in the Ta-1 subgroup with a
combined random effect OR of 0.63 (95% CI = 0.48 to 0.85,
P =0.002). The combined random effect OR of Ta, T1, and



245

Jiangang Pan et al.

mojseq €DIL ouo[e Y(.L/Adeioy) [entut HOY 19/9% T6/v9 PUBIOZ)IMG €00T “Iv 42 O uIyeys
pauonuoul J0N 1L Aderogrowayo/Adetoyy [entut HOY €9/ ve/Te L661-5661 ‘uedef €00C v 12 ] ereH
majseq 11 ‘el auo[e Y[ L/Aoueud I DOE 06/89 08/9¢ Y661-6861 “BnROID €00T “7v 12 (@ Yeluorqry
Wsneuuo) SIO O % DOg/eouBudjuIEW DOY 6S1/L8 S1/S9 L661-T661 “OIPION €00T 7P 12 { uoulseTy
auo[e Y[ [/AoueuajuIewr DOE LIt LS/¥T
mojseq €D1L DINN/PoURUB IR DD 01/8 LSIVT 100T-1661 @duel  $00T “Iv 12 N dInewolkog
0oL, €D1L ouo[e Y(.L/Adeioy) [entut HOY S1/8 6l/v uedef $00T “p 12 A eInung
wysneuuo)  SIO ‘1L BL uorqnuidg/eouruR)uIew HHY 08/S 18/€S 6661-€661 ‘SPUBIdYION S00T v 12 INL M0y op
wsneuuo)  SIO ‘1L ‘BL uorqnuidg/eouruR)uIew HHH LO1/6S 201/0¢ 6661-1661 Bury) 00T 7 12 MO Suey)
pauonuouwr JON.  SID ‘I.L “BL Aderapowoyo/Aderoy [enrur DOY T8/1¢ 09/11 €00T—C00T ‘BIssmy S00T “I 12 A AdsMEIS
wsneuuo)  SIO ‘1L ‘BL OININ % DOg/Aderoy [entur DO LOT/8€ S01/9¢ 200T1661 Arear 900 “Iv 12 NS 1S81S I
04yog, 1L ‘BL urorqnioxop/Aderot [enrur DO 0p/€l 0v/1T 20078661 ‘uedef 900T v 12 S nSjouly
s1eak ¢ DNIN/Aderoy [entur DO €51/91 91/1¢
INADY el $30aMm 9 DININ/Adetoyy [enrur DO 6L1/9% 91/ 20075661 “Auewion LOOT “17 72 DN YoUpaLL]
DINIA/(Bw ¢ 1) doueuajuIew HOE 6¥1/85 6£1/0S
ySneuuo) IL ‘8L DININ/(Bwr £ 7) eoueudjuret DO 6¥1/85 Tr1/8¢ 8661-5661 ‘OLAND LOOT ‘17 12 v eelp
pauonuew JoN  SID ‘1L ‘BL uorqnurdy % HOF/Aderoy) uonentul DO 08/%€ 18/0% LO0T-S00T “Arear 800 ‘v 12 L 1’D
pauonuouwr JON  SID ‘I.L ‘BL urdayoyduresAxoIpAH 79 HOE/PURUSUTRW DD vT/0 17/g LO0OT00T ‘BuryD 800C “IP 12 HS 1A
malsed  SIO ‘1L BL DINN/PoURUBUTRW DD Sh/9¢ vp/9T L861—F861 ‘PUR[ULL  600T “/P 12 USUIAL B[ LI
Q01 1L ANI 2% uoIqnuidg/eoueuojurews DO YCI/LY 9T1/¥€ 90076661 “odomyg 010T “17 12 N doyon(
PIZBIUOS] 2 DDH/PoURUdIUIEW DHDF LLT/OTT 182/€01
201, 1L 8L uroiqnuidg/eourudjurews HHY 6LT/LYL 182/€01 L661-T661 “odomg 010T “Iv 12 [y 10ISPA[AS
%0IL  SID ‘IL ‘BL auiqepwon % HDOF/Adeloy) uoneniur HHY 9e/pl IS/L1 9007-500C ‘0103 600T “Iv 12 A 0UD
ysneuuo) 11 el OUIQE}IOWAN/AOUBUSIUIEW DOE 0p/S€E 0v/1T 8002900 “A1ei 010T v 12 D 0zu2107T I
%01 SID ‘1L ‘BL OUIQE}IDWAN/AOUBUSIUIEW DOE TE/LL 4300 900200 “Arei 010T “1v 712 N Bu2I0g
0&YoL  SID ‘IL ‘BL Aderoyy uonentur HHg/eoUBUUIEW DOY LT/ST vT/el $00T—¢00T ‘ueder 010T v 12 H e303]
Q01 SIO OIIAL pue douBUdIUIEW H)H/AURUdUIEW DDF 8¥/€T 8%/9T S00T—100T 910 “AJef “Aospng, 10T “IP 12 M OUI[121S00
uroqnuidgyAdesoyy uonentur HOY 4334 /LT
urorqnuidg/eouguRjurel HHE TE/ET 19/9
wsneuuo)  SIO ‘1L ‘BL Adesoyy uoneniur HHF/LOUEULIUTEW DH)E /LT /9 ueder 10T “/p #2 S nsjoury
une[dsio pue “UIdIGIOXOP DIAIN/AOURURIUIEW DHDE v11/99 29/7C
mojseq IL Bl UIDIqNIOXOP/ddUBUdIUIEW D) $9/9¢ 29/t $00T-9661 ‘UeMIE], S BUIYD) TI0T P 12 HD udy)
0&YoL  SID IL ‘BL Aderoyy uonentur HHg/ouBULUIEW DOY LT/gl 8¥/8 90076861 ‘ueder TI0T “7p 12 L enwesQ
INADY €01L DININ/eouBUDIUTEW DOE ¥S/ST €5/91 ©a103] TI0T “1v 12 D1 0UD
auofe YN.L/Adesoyy uoneniur HOY 0p/€T 611/8%
wysneuuo)  SIO ‘L1 ‘BL Aderoyrowayy/Adeloyy uonentut HHY vT/61 611/8% 8007861 ‘ueder TI0T v 12 3 ojownsiey
DININ 2anerodorad
pauonuaw JON  SIO ‘I.L ‘BL pue Adesoyy uoneniur Hg/Aderoy) uoneniur DOY 9T/S §T/6 9007—+00¢ “Ao3ny, T10T “p 12 Q reulding
o1 SID ‘1L ‘BL Aderoyy uoneniur HHg/ouBUUIEW DOY ve/1T T6/€€ 6007-000C ‘2103 T10T “p 12 H 00X
N/ N/ .
urens D)g  adAy eseasiq SO[NPAYos uone[[Isu| 058 ON o8 Apmys Jo (S)Ieak pue uonedo| uopnearqnd jo 1eak ‘Apmg

SIsA[eue-gjow Ay} Ul PAsn SAIPNYS JO SONSLIOORIRYD dANALIOSaq € [qBL



BCG and NMIBC

246

"uoIoION] NJ D UIOAWONIA :DININ

Inaysed IL ANI/eoueuSuIEW HHY 6v/ve 19/v¢ ureds  £661°7P 12 A Zn1)-zououf

Imajsed IL®L DININ/duRURUIRW DY €C1/¥8 99/ST douel] 8661° 10 12 N poAy

INATY  SID ‘IL ‘BL DININ/Aderay) uonenrur HOF 891/CL 6ST1/9L 98615861 ‘DLM0H 8661 17 12 V[ solipm

pauonuaw JoN  SID ‘1L ‘BL DINIA/Adesayy uonentur HHG 6/ty 06/5¢ SPUEBLIDYION. 8661 “1v 12 V[ solipm

mased  SID ‘IL ‘Bl DINN/duBURUIRW DY Scl/6v STl/6S USPIMS 6661 7P 12 Nd WOnSWEN

pauonuati JoN 1L ‘8L ouoe Y(.L/Adeioy) uoneniur HHY ¥C1/68 [11/ey ureds 6661 “70 12 7T OA[ED OUBKOI

wdneuuo) IO ‘IL ‘BL undiqnudy % DOg/Adeloy) uoneniut HHY 0T/€ 17y S661-+661 “Koxmy, 000¢ “P 12 KD ualig

Adesopowayo/Adesoyy uonentur HHY 0F/01 19/91

pauonuaul J0N 1L ‘8L auofe YN .I/Aderoy) uonentur DO 0¥/01 19/91 Kooy, 000¢ “/v 12 g Key

ySneuuo)  SIO ‘11 ‘BL Aderoyy uoneniur HHF/eOUBULIUTEW DY w1/t T61/301 vsn 000C “7v 2 1@ wwe]

ysneuuo) SID Adexoy uoneniur HOg/eoUBULUIEW DY 19/5¥ 99/9§ $661-6861 ‘uredg 100T “7v 2 [ nofed

oA3j01 11 ‘8L uroiqnuidg 2p HOE/eOUBULUIEW DY €2/9 0S/91 6661-9661 ‘ueder 100T “7v 12 3] emezo],

pauonuatl JON 1L ‘BL Adexoyiowayo/eourudjuIew HHH 6LT/1¢€1 18¢/16 SPUBLIOYION [00T 77 2 dV USPIIDJN 10p ueA

pauonuall J0N SID Aderoyrowayo/Kderoy) [entut HOY 1T/11 1e/c 6661-8661 ‘ueder 100T 7?12 H dubjes

ystueq €DIL ouoe Y.I/Adetoy) uoneniut HHY /8 69/T¢ 6661-1661 BIPU 200T “7v J2 Nf tuey[n]

pauonusw 0N SIO ‘1L ‘BL Aderoy uoneniur HOg/eoUBULIUEW DY 1/L 16/5¢ BISSIY 200T “7v 12 3V Aomday)

01 SID ‘IL ‘'L Quofe Y(1/eourusiuretl HHY £5/6C co1/61 20029661 Pue[od T00T v 12y [e1zpojoy

Imajsed €OIL Quofe Y[1/eourusiuretl HHY 0¢/LT 0S/ST 9661-6L6120UBL] 200T “Iv 2 [ prered

0LL 1L ‘BL NAT % DDd/eouruajuIeW HOHY £01/%9 01/8% 9661-7661 ‘Pue[uL] 200C “[v 2 g usuiseey]

urens DOg  odA asessiq SO[NPAYOs UOR[[IISU] OumR\h O>U\ \M Apmys Jo (S)1eak pue uonedo| uonedrqnd jo 1eak ‘Apmg
(ponunuo))



Jiangang Pan et al.

247

CIS subgroup was 0.55 (95% CI= 0.40 to 0.75, P = 0.000)
and that of T1G3 was 0.50 (95% CI=0.31to 0.82, P =0.06).
Thus, BCG maintenance therapy and a papillary disease type
in BCG versus non-BCG therapy against tumor recurrence
were significantly associated. For CIS disease, the random
effect OR was 0.80 (95% CI 0.34 to 1.85, P = 0.595). This
result indicated that BCG therapy had no statistical
significance compared with non-BCG therapy against CIS
tumor recurrence.

A cumulative meta-analysis was conducted to evaluate the
cumulative effect estimate over time. Since 2000, signifi-
cantly lower OR between BCG instillation and bladder cancer
has been found, specifically after 2005 when more publica-
tions were added cumulatively and resulted in the overall
effect estimate of 0.60. In the sensitivity analysis, the overall
homogeneity and effect size were calculated, but one study
was removed at a time. The META-INF command in Stata
was also used. The result of this analysis confirmed the
stability of the inverse association between BCG instillation
and bladder cancer. The range of the pooled OR when one
study was removed was 0.55 to 0.70.

Discussion

Bladder cancer is a common disease in urologic oncology.
NMIBC accounts for approximately 70% of bladder cancers.
NMIBC is manifested as Ta, Tis, and T1 bladder cancers [35].
Among these cancers, the predominant histological type is
transitional cell carcinoma accounting for > 90% of bladder
tumors in Europe and USA. Approximately 75% to 85% of
bladder cancers are superficial and confined to the mucosa
(stage Ta) or submucosa (stage T1) [36]. CIS is a less
common high-grade diffuse surface-spreading lesion con-
fined to the urothelium (Ta), accounting for 1% to 4% of the
primary tumors and occurs concomitantly with a papillary
tumor in 13% to 20% of bladder cancer patients [37]. The
standard primary treatment for NMIBC is TUR; however, the
recurrence rates of TUR alone can be as high as 70%, in
which a maximum of 30% progresses to muscle invasive
disease requiring cystectomy [38].

For superficial urinary bladder cancer, one of the
established treatment modalities involves the direct infusion
of BCG into the bladder, and this procedure is recommended
to those with intermediate or high risk of recurrence or stage
progression [39]. For CIS, BCG is considered as the primary
standard [39] and the only treatment option available.

High rates of recurrence and progression have prompted
researchers to investigate various treatments to decrease the
burden of this disease. Since the first therapeutic application
of BCG in 1976 [6], intravesical BCG has been administered
as the standard therapy for NMIBC and considered as
superior to any other single chemotherapeutic agent for the
reduction of recurrence and prevention of disease progres-
sion. Major efforts have also been devoted to elucidating the

antitumor mechanism. Typical complete response rates are
55% to 65% for papillary tumors and 70% to 75% for CIS;
this result inversely indicates that 30% to 45% of patients
likely suffer from BCG failures [39]. Among the complete
responders, a maximum of 50% likely experience recurrence
[40].

Many individual trials exhibit low capacities to detect
medically plausible differences between two treatment regi-
mens, particularly if both regimens have valid efficacy. One
possible way to overcome this problem is to perform a
combined analysis of the available materials by conducting a
meta-analysis. Meta-analysis is a formal statistical method
used to combine the results of separate, but similar, studies
quantitatively; as such, the statistical power of the tests used
to compare treatments is increased by considering evidence
obtained from a larger number of controlled trials rather than
only one controlled trial [41]. Meta-analytical techniques
were also used to draw conclusions on the benefits of different
therapeutic options for the adjuvant treatment of superficial
bladder cancer. Our meta-analysis has shown that intravesical
BCQG after TUR reduces the risk of recurrence, particularly in
papillary tumors, when maintenance BCG is used. Our meta-
analysis confirmed that BCG plus chemotherapy/immu-
notherapy is not better than BCG alone; furthermore, BCG,
particularly regimens with maintenance BCG, was more
effective in the subgroup of patients with papillary tumors
than other agents. In our study, the results indicated the
statistical significance of BCG efficacy on tumor recurrence
in the BCG maintenance subgroup. Grade 3 tumors likely
undergo progression, and the treatment of these tumors
remains controversial. In our study, the results indicated that
BCG also yielded statistical significance against T1G3
tumors. Chemotherapy or immunotherapy agents can be
instilled into the bladder directly by using a catheter; thus, the
morbidity of systemic administration is prevented in most
cases. In our study, mitomycin C, thiotepa, doxorubicin,
epirubicin, interferon, interleukin-2, and BCG were included.
However, our results did not show any statistically significant
differences regarding the efficacy to prevent tumor recur-
rence.

The consideration of study bias is critical when observa-
tional data are subjected to meta-analysis. In our analysis, the
funnel plot revealed the expected funnel shape (Fig. 2). The
results of Begg’s (P = 0.21) and Egger’s tests (P = 0.30)
suggested a low probability of publication bias. Therefore, we
are confident that important publication bias caused by the
preferential publication of large studies with significant
findings unlikely occurred. However, Cochran’s Q test results
indicated a high degree of heterogeneity in our analysis. As a
result, a random-effect model was used to include all studies.
To identify the sources of heterogeneity, we stratified data into
subgroups on the basis of study and performed sensitivity
analysis. In the sensitivity analysis, the overall homogeneity
and effect size were calculated, removing one study at a time.
Excluding any study did not significantly change the pooled
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OR. The range of pooled OR was 0.55 to 0.70 when one study
was removed.

This formal and updated meta-analysis suggested that

adjuvant intravesical BCG with maintenance treatment is
significantly effective for the prophylaxis of tumor recurrence
in patients with NMIBC. For patients with papillary bladder
cancer, adjuvant intravesical BCG therapy with maintenance
should be administered as the treatment of choice.
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