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Abstract

Background: Intravesical bacillus Calmette-Guérin (BCG) instillation is a standard
treatment for non–muscle-invasive bladder cancer (NMIBC); however, not all
patients benefit from BCG therapy. Currently, no surrogate marker exists to predict
BCG efficacy, and thereby, identify patients who will benefit from this treatment.
Objective: To evaluate the utility of urine Mycobacterium tuberculosis complex
polymerase chain reaction (MTC-PCR) assay as a predictive marker for recurrence
and progression following BCG therapy.
Design, setting, and participants: A prospective analysis was carried out for of
intermediate- or high-risk NMIBC patients who received BCG instillation for the
first time. Urine samples, for MTC-PCR assay, were collected at baseline and
annually for up to 10 yr after the last BCG instillation, including induction
and maintenance therapy. The first postoperative sample for MTC-PCR was taken
at 1 yr from the last instillation.
Outcome measurements and statistical analysis: A survival analysis was per-
formed using the Kaplan-Meier method, and risk factors for recurrence and
progression after BCG treatment were assessed using Cox regression analysis.
Results and limitations: During follow-up (median: 57 mo), 468/521 samples
(89.8%) were MTC-PCR positive, and 108/123 patients (87.8%) exhibited MTC-
PCR positivity at least once. Five-year recurrence- and progression-free survival
in patients who were not MTC-PCR positive was significantly lower than in patients
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who were MTC-PCR positive at least once (p < 0.001). Using multivariable Cox
regression analysis, MTC-PCR positivity at least once was a significant prognostic
factor for recurrence (hazard ratio [HR]: 36.782, p < 0.001) and progression (HR:
47.209, p < 0.001).
Conclusions: Patients who were not MTC-PCR positive, even once after BCG
therapy, were extremely likely to exhibit recurrence and progression. Urine
MTC-PCR may be an extremely useful, noninvasive surrogate marker to predict
recurrence and progression following BCG therapy.
Patient summary: Urine Mycobacterium tuberculosis complex polymerase chain
reaction may be a novel biomarker capable of identifying patients at risk of
recurrence and progression after bacillus Calmette-Guérin (BCG) immunotherapy.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creati-

vecommons.org/licenses/by-nc-nd/4.0/).

E U R O P E A N U R O L O G Y O P E N S C I E N C E 2 7 ( 2 0 2 1 ) 1 0 – 18 11
1. Introduction

Adjuvant intravesical instillation of bacillus Calmette-
Guérin (BCG) has been used effectively against non–
muscle-invasive bladder cancer (NMIBC) [1]. While
numerous guidelines globally [2–6] recommend BCG
for intermediate- or high-risk NMIBC patients, not every
patient will benefit from BCG therapy [7]. The risk of
failure of BCG treatment may be >40–50% in long-term
follow-up [8,9], and patients with NMIBC receiving BCG
instillation exhibit 1- and 5-yr recurrence rates of
approximately 25% and 40%, respectively [10].

Currently, markers used to predict the effects of BCG
include clinicopathological [9] and molecular factors [11],
but these markers lack utility in predicting BCG response
[10]. As a consequence, the lack of adequate and highly
specific noninvasive prognostic surrogate biomarkers that
can accurately predict response to BCG remains an unmet
medical need [12,13].

Our hypothesis that long-term presence of BCG DNA in
urine may predict intravesical BCG treatment responsive-
ness is based on reports that, while a delay in infectious BCG
presentation is rare, it has been reported up to 3 yr after last
BCG instillation [14,15].

The aim of this single-center study is to examine
whether urine mycobacterial DNA detected by
Mycobacterium tuberculosis complex polymerase chain
reaction (MTC-PCR) in NMIBC patients after BCG instillation
is useful for predicting the long-term effects of BCG therapy.

2. Patients and methods

2.1. Clinical outline

Patients were eligible for inclusion in this prospective study if they
presented with histologically confirmed NMIBC (intermediate or high
recurrence risk according to the European Organization for Research and
Treatment of Cancer [EORTC] risk table) [10], had undergone a
transurethral resection of bladder tumor (TURBT), with or without
random biopsies, followed by BCG. For patients with a bladder
perforation during TURBT, the single immediate postoperative instilla-
tion of intravesical chemotherapy was not administered. If the detrusor
muscle was not included in the primary TURBT specimen, patients with
high-grade tumors underwent a second TURBT.

Bladder cancers (BCs) were staged according to the 2010 American
Joint Committee on Cancer TNM classification system [16] and graded
using the World Health Organization/International Society of Urologic
Pathology classification system [17]. Patient characteristics, including
recurrence risk classification according to EORTC recurrence risk
classification [10] and Club Urologico Espanol de Tratamiento Oncologico
(CUETO) recurrence risk classification [18], were documented.

All patients received intravesical instillation of BCG (Connaught
strain, 3.77 � 108 colony-forming units [CFU]; Sanofi S.A., Paris,
France, or Tokyo 172 strain, 48.77 � 108 CFU [19]; Japan BCG Supply,
Tokyo, Japan) 6 wk after TURBT as induction therapy, given six to
eight times weekly. Some patients underwent further instillations
every 3–6 mo for 2 yr as maintenance therapy, which was generally
three times at weekly intervals. The continuation of maintenance
therapy was at the discretion of the attending physician and patient
preference.

This study was performed in accordance with the Declaration of
Helsinki. The internal review board and the local ethics committee
authorized and approved the study (13-198). Written informed consent
was obtained from each patient.

2.2. DNA extraction and urine MTC-PCR

Urine samples were collected for analysis at baseline (after TURBT and
before initiation of BCG instillation), and every year after the last BCG
instillation, including induction and maintenance for up to 10 yr. MTC-
PCR results acquired during BCG treatment (induction and maintenance)
were excluded from the data sets. MTC-PCR results acquired after the
end of BCG treatment (induction or maintenance) were included in the
data sets. A minimum of 50 ml freshly voided, midstream, clean catch
urine was collected and stored immediately in aliquots at �80 �C until
analysis. DNA was purified from the pellet using a QIAamp DNA kit
(Qiagen, Hilden, Germany), and at least 2 ml of collected urine remained
after centrifugation (5000 g/20 min).

MTC-PCR was used to detect the presence of mycobacterial DNA
(from M. tuberculosis complex [MTC] organisms) in urine samples, as
previously described [20]. Primer pair A (50-agagtttgatcctggctcag)/
247 (50-tttcacgaacaacgcgacaa) [21,22] amplifies a 590 bp fragment,
which contains the sequences for M. tuberculosis complex (MTC)
[23]. MTC-PCR controls were prepared from urine collected 1 h after
intravesical BCG instillation (positive control), and from the urine of
patients without BC and urine tuberculosis on general wards
(negative control; Fig. 1A).
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Fig. 1 – Analysis of MTC-PCR products from DNA in urine. The products
were separated by gel electrophoresis on a 1% agarose gel. (A) MTC-PCR
controls were prepared from urine collected 1 h after intravesical BCG
instillation (positive control), and from the urine of patients without BC
on general wards (negative control). MTC-PCR for DNA coding for
168 rRNA resulted in the expected fragment of about 590 bp for the
positive urine test. (B) We evaluated MTC-PCR using urine from enrolled
patients. We have demonstrated that mycobacterial DNA can be
detected in this way. (C) Percentage of positive and negative urine MTC-
PCR results after intravesical BCG instillation therapy during the 10-yr
follow-up. There was no significant difference in urine MTC-PCR
positive rate for each year (p = 0.337). BC = bladder cancer; BCG = bacillus
Calmette-Guérin; bps = base pairs; MTC-PCR = M. tuberculosis complex
polymerase chain reaction; N = negative; P = positive; PCR = polymerase
chain reaction.

Table 1 – Patient characteristics

Characteristics Evaluable patients
(n = 123)

Age (yr), median (IQR) 68 (63–75)
Gender, n (%)
Male 102 (82.9)
Female 21 (17.1)

Smoking history, n (%)
Smoker 64 (52.0)
Nonsmoker 27 (22.0)
Unknown 32 (26.0)

PS, n (%)
0 117 (95.1)
1 6 (4.9)

Recurrence history, n (%)
Primary 60 (48.8)
Recurrent 63 (51.2)

Second TURBT, n (%)
Yes 43 (35.0)
No 80 (65.0)

cT, n (%)
cTa 67 (54.5)
cT1 39 (31.7)
cTis 17 (13.8)

Tumor grade, n (%)
High 86 (69.9)
Low 37 (30.1)

EORTC recurrence risk, n (%)
Intermediate-low 39 (31.7)
Intermediate-high 56 (45.5)
High 28 (22.8)

EORTC progression risk, n (%)
Intermediate 51 (41.5)
High-low 39 (31.7)
High-high 33 (26.8)

CUETO recurrence risk, n (%)
0–4 27 (22.0)
5–6 26 (21.1)
7–9 40 (32.5)
10–16 30 (24.4)

CUETO progression risk, n (%)
0–4 36 (29.3)
5–6 20 (16.3)
7–9 25 (20.3)
10–16 42 (34.1)

Immediate postoperative instillation
of intravesical chemotherapy, n (%)
Yes 30 (24.4)
No 93 (75.6)

BCG strain
Connaught 67 (54.5)
Tokyo 172 56 (45.5)

Maintenance BCG, n (%)
Yes 25 (20.3)
No 98 (79.7)

BCG = bacillus Calmette-Guérin; cT = clinical T disease; CUETO = Club
Urologico Espanol de Tratamiento Oncologico; EORTC = European
Organization for Research and Treatment of Cancer; IQR = interquartile
ranges; PS = performance status; TURBT = transurethral resection of
bladder tumor.
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2.3. Statistical analysis

Quantitative variables are shown as median and range with interquartile
ranges (IQRs), and categorical variables as frequencies and proportions
(percentages). Disease first recurrence was defined as the first
pathologically confirmed BC relapse after adequate intravesical BCG
treatment (a minimum of five or six induction therapies and two or three
first maintenance therapies [6]), regardless of tumor stage and grade.

The primary endpoint of recurrence-free survival (RFS) was defined
as the period between the last TURBT before BCG treatment and the date
of the first pathologically confirmed recurrence.

The second endpoint was progression-free survival (PFS). Disease
progression was defined according to the International Bladder Cancer
Group consensus definition, in the presence of a � T2 stage or lymph
node positive (N+) disease or distant metastases [24].

Time to RFS and PFS was analyzed using Kaplan-Meier estimates and
log rank tests. To assess the significant prognostic factors related to
recurrence and progression during follow-up periods after the last
intravesical BCG instillation, receiver-operating characteristic (ROC)
curves, and univariate and multivariate Cox proportional hazard
regression models were used to estimate hazard ratios (HR) with 95%
confidence intervals (CIs).

All tests were two sided, and p < 0.05 was considered significant. All
statistical tests were performed with R software v.3.5.1 (R Foundation for
Statistical Computing, Vienna, Austria).
3. Results

3.1. Clinical and pathological characteristics

Of the 139 patients initially included in the study, 16 had
missing data or their data were unavailable (Supplementary
Fig. 1). Of the 123 evaluable patients (88.5%), 67 (54.5%)
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underwent instillation with the Connaught strain and 56
(45.5%) with the Tokyo 172 strain (Table 1). The median total
number of BCG instillations was 8 (IQR: 8–9), and the overall
median duration of follow-up was 57 mo (IQR: 33–100 mo).

3.2. MTC-PCR

At baseline, urine MTC-PCR was negative for all patients
(Fig. 1B). Of the 521 urine samples analyzed by MTC-PCR
assay, 468 samples (89.8%) were positive. During the 10-yr
follow-up, there was no significant difference in the urine
MTC-PCR positive rate for each year (p = 0.337; Fig. 1C).
During follow-up, all patients (n = 103) in the nonrecurrence
group exhibited MTC-PCR positivity at least once. In the
recurrence group (n = 20), 15 patients (75.0%) were negative
for all MTC-PCR tests during follow-up. There was no
significant difference in time period until recurrence
Fig. 2 – Kaplan-Meier analysis to evaluate RFS in patients within each subgrou
was 96.7% at 1 yr and 81.7% at 5 yr after the last BCG instillation. (B) Before TU
59.7%) was significantly lower than that in the urine cytology negative group (
rate between patients with initial BC (91.2%) and patients with recurrent BC (7
5-yr RFS rate (71.3%) than the Connaught strain group (89.1%; p = 0.009). (E) R
the only induction group (p = 0.043). (F) For the CUETO recurrence risk group,
scores 0–4 (100.0%), 5–6 (92.0%), 7–9 (70.2%), and 10–16 (70.0%; p = 0.009). (G) 

the group with a positive MTC-PCR result at least once was significantly highe
RFS rate in the group with a positive MTC-PCR result at (H) 1, (I) 2, (J) 3, and (K
(L) ROC curve results showed the area under the curve (AUC) values of five fac
values of age, urine cytology, recurrence history, BCG strain, CUETO recurrence
0.560–0.800), 0.629 (95% CI: 0.515–0.742), 0.613 (95% CI: 0.491–0.735), 0.697 (95
of MTC-PCR was significantly higher than that of age (p = 0.044), urine cytolog
CUETO recurrence risk (p = 0.023). BCG = bacillus Calmette-Guérin; CI = confide
Oncologico; FPF = false positive fraction; MTC-PCR = M. tuberculosis complex p
RFS = recurrence-free survival; TPF = true positive fraction; TURBT = transurethra
between the negative for all MTC-PCR tests group (median:
18 mo, IQR: 13–33.5 mo) and the MTC-PCR positive at least
once group (median: 27 mo, IQR: 20–33 mo, p = 0.293).

Although there was no significant difference in the total
number of intravesical BCG instillations (median: 8 vs 8,
p = 0.647) between the MTC-PCR positive at least once
group and the MTC-PCR negative for all MTC-PCR tests
group, the number of patients with an MTC-PCR positive
result at least once in the Connaught strain group was
significantly higher (63/67 patients, 94.0%) than that in the
Tokyo 172 strain group (45/56 patients, 80.4%, p = 0.021).

3.3. Prognostic factors for recurrence after BCG instillation

During follow-up, recurrences were observed in 20/123
patients (16.3%) after BCG, and in these patients, median
time to recurrence was 19.0 mo (IQR: 14.75–34 mo). In all
p. Comparisons were performed by log-rank test. (A) RFS in all patients
RBT, 5-yr RFS rate in the urine cytology positive group (classes IV and V,
classes II and III, 90.1%; p < 0.001). (C) Significant difference in 5-yr RFS
2.1%; p = 0.017). (D) The Tokyo 172 strain group had a significantly lower
FS rate in the maintenance group was significantly higher than that in
 there were significant differences in 5-yr RFS rate between recurrence
Compared with patients with no positive MTC-PCR results, RFS rate in
r (p < 0.001). Compared with patients with a negative MTC-PCR result,
) 4 yr after the last BCG instillation was significantly higher (p < 0.001).
tors that were significantly different in univariate Cox analysis. The AUC

 risk, and MTC-PCR were 0.717 (95% CI: 0.600–0.835), 0.680 (95% CI:
% CI: 0.598–0.795), and 0.868 (95% CI: 0.767–0.970), respectively. The AUC
y (p = 0.017), recurrence history (p = 0.007), BCG strain (p < 0.0001), or
nce interval; CUETO = Club Urologico Espanol de Tratamiento
olymerase chain reaction; ROC = receiver-operating characteristic;
l resection of bladder tumor.
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patients, RFS periods were 96.7% at 1 yr and 81.7% at 5 yr
after the last BCG instillation (Fig. 2A).

Kaplan-Meier plots showed a significant difference in 5-yr
RFS rate between the pre-TURBT urine cytology positive group
(classes IV and V) and urine cytology negative group (classes II
and III; p < 0.001; Fig. 2B), between initial BC (91.2%) and
recurrent BC (72.1%, p = 0.017; Fig. 2C), and between the
Connaught strain group (89.1%) and the Tokyo 172 strain
group (71.3%, p = 0.009; Fig. 2D). The RFS rate in the
maintenance group was significantly higher than that in
the only induction group (p = 0.043; Fig. 2E). Although there
was no significant difference in the RFS rate between EORTC
recurrence risk groups (p = 0.552; Supplementary Fig. 2G), for
patients grouped according to the CUETO recurrence risk
classification, there were significant differences in the 5-yr RFS
rate between recurrence score categories (p = 0.009; Fig. 2F).

Examining the relationship between MTC-PCR results
and recurrence, 5-yr RFS rate in the group with a positive
MTC-PCR result at least once (94.5%) was significantly
higher than in patients with no positive MTC-PCR results
(0.0%, p < 0.001; Fig. 2G). Only 4.6% of patients (5/108) with
a positive MTC-PCR result at least once developed tumor
recurrence within 5 yr, compared with 100% of patients
with no positive MTC-PCR results during follow-up. The RFS
rate in patients with a positive MTC-PCR result from 1 to 4 yr
after the last BCG instillation was significantly higher than
that in patients with a negative MTC-PCR result (p < 0.001;
Fig. 2H–K). There were no significant differences in RFS
between other clinicopathological factors, including gender,
smoking habits, performance status, clinical T disease (cT),
presence or absence CIS, disease grade, EORTC recurrence
risk group, second TURBT, and immediate postoperative
instillation of intravesical chemotherapy (Supplementary
Fig. 2A–I), as determined by log-rank statistical analyses.
Table 2 – Univariate and multivariate Cox regression analyses for the p
intravesical BCG

NMIBC patients Univariate ana

HR 95% CI 

Age 1.093 1.030–1.159 

Gender (male vs female) 1.748 0.405–7.533 

Smoking history (smoker vs nonsmoker) 0.711 0.233–2.173 

PS (1 vs 0) 0.862 0.115–6.442 

Cytology (IV + V vs II + III) 4.841 1.897–12.355 

Recurrence history (recurrent vs primary) 3.222 1.170–8.872 

Second TURBT (yes vs no) 0.641 0.233–0.763 

cT (cT1 vs cTa) 1.091 0.603–0.974 

Tumor grade (high vs low) 1.122 0.431–2.921 

CIS (positive vs negative) 1.866 0.743–4.685 

Immediate postoperative instillation of
intravesical chemotherapy (yes vs no)

1.816 0.690–4.779 

BCG strain (Connaught vs Tokyo172) 0.304 0.120–0.770 

Maintenance BCG (yes vs no) 0.162 0.022–1.210 

Total number of BCG instillations 0.986 0.883–1.101 

EORTC recurrence risk 1.388 0.781–2.466 

CUETO recurrence risk 2.154 1.305–3.557 

MTC-PCR 63.050 20.131–197.47

BCG = bacillus Calmette-Guérin; CI = confidence interval; CIS = carcinoma in sit
Oncologico; EORTC = European Organization for Research and Treatment of Can
chain reaction; NMIBC = non–muscle-invasive bladder cancer; PS = performance s
Univariate Cox analysis indicated that age (p = 0.003),
urine cytology before TURBT (p < 0.001), tumor status
(primary or recurrent; p = 0.024), BCG strain (p = 0.012),
CUETO recurrence risk (p = 0.003), and urine MTC-PCR
outcome (p < 0.001) were significant predictive factors for
disease recurrence in NMIBC patients treated with intra-
vesical BCG (Table 2). Multivariate Cox analysis indicated
that MTC-PCR positivity at least once was an independent
risk factor for recurrence (p < 0.001; Table 2). MTC-PCR
positivity at least once (by ROC curve analysis) was most
predictive of recurrence during follow-up periods: sensi-
tivity, 0.750; specificity, 1.000 (Supplementary Table 1); and
area under the curve (AUC), 0.868 (Fig. 2L).

3.4. Prognostic factors for progression after BCG instillation

During follow-up, progression was observed in six of 123
(4.9%) patients after BCG, and three patients exhibited an
increase in T stage or grade. The 5-yr PFS rate was 94.2%
(Fig. 3A).

In the pre-TURBT urine cytology positive group (classes
IV and V), PFS rate was significantly lower than that in the
urine cytology negative group (classes II and III, p = 0.002;
Fig. 3B). The PFS rate in the positive MTC-PCR results at least
once group was significantly higher than that in patients
with no positive MTC-PCR results (p < 0.001; Fig. 3C).
Progression occurred in five of 15 patients (33.3%) in the no
positive MTC-PCR results group, compared with just in one
of 108 patients (0.9%) in the positive MTC-PCR result at least
once group. The PFS rate in patients with a positive MTC-
PCR result from 1 to 4 yr after the last BCG instillation was
significantly higher than that in patients with a negative
MTC-PCR result (p < 0.001; Fig. 3D–G). There were no
significant differences in PFS for other clinicopathological
rediction of disease recurrence in NMIBC patients treated with

lyses Multivariate analyses

p value HR 95% CI p value

0.003 0.991 0.930–1.055 0.769
0.454
0.549
0.885
<0.001 2.692 0.748–9.692 0.130
0.024 2.499 0.592–10.549 0.213
0.389
0.774
0.813
0.184
0.227

0.012 0.424 0.142–1.267 0.125
0.076
0.805
0.265
0.003 1.459 0.529–4.024 0.466

3 <0.001 36.782 10.072–134.321 <0.001

u; cT = clinical T disease; CUETO = Club Urologico Espanol de Tratamiento
cer; HR = hazard ratio; MTC-PCR = urine M. tuberculosis complex polymerase
tatus; TURBT = transurethral resection of bladder tumor.



Fig. 3 – (A) PFS in all patients was 99.2% at 1 yr and 94.2% at 5 yr after BCG instillation. (B) PFS rate in the pre-TURBT urine cytology positive group
(classes IV and V) was significantly lower than that in the urine cytology negative group (classes II and III; p = 0.002). (C) PFS rate in the group with
positive MTC-PCR results at least once was significantly higher than in patients with no positive MTC-PCR results (p < 0.001). Compared with patients
with a negative MTC-PCR result, RFS rate in the group with a positive MTC-PCR result at (D) 1, (E) 2, (F) 3, and (G) 4 yr after the last BCG instillation
was significantly higher (p < 0.001). (H) ROC curve results showed the area under the curve (AUC) values of three factors that were significantly
different in univariate Cox analysis. The AUC values of urine cytology, CUETO progression risk, and MTC-PCR were 0.765 (95% CI: 0.596–0.934), 0.752
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factors (Supplementary Fig. 3A–M), as determined by log-
rank analyses. Univariate Cox analyses demonstrated that
urine cytology before TURBT (p = 0.017), CUETO progression
risk (p = 0.049), and urine MTC-PCR outcome (p < 0.0001)
were significant predictive factors of PFS (Table 3). Multi-
variate Cox analyses indicated that urine MTC-PCR outcome
was a significant predictive factor of PFS (p < 0.001;
Table 3). MTC-PCR positivity at least once (by ROC curve
analysis) was most predictive of progression: sensitivity,
0.833; specificity, 0.915 (Supplementary Table 2), and AUC,
0.875 (Fig. 3H).

4. Discussion

Although BCG therapy is widely accepted as standard
therapy after TURBT, nearly 5% of patients develop systemic
BCG infection [15], and there is a high rate of tumor
recurrence and progression [6]. Furthermore, some patients
do not benefit from BCG therapy [25], and we are currently
unable to predict which patients respond to this treatment
[26]. We report here for the first time that for patients who
were not MTC-PCR positive even once after BCG therapy,
this was a significant predictive factor for post-BCG
recurrence and progression. While previous studies have
shown an association between a positive UroVysion
fluorescent in situ hybridization (FISH) assay with an
increased risk of recurrence among patients who have
undergone BCG therapy [25], these studies had limitations
[27–30]. FISH assays are generally more cumbersome to
perform than polymerase chain reaction (PCR) tests and are
also more expensive; PCR testing is a simpler assay to
perform in a clinical setting.

The urine MTC-PCR assay used in this study to determine
the response to BCG therapy is based on the amplification of
the mycobacterial DNA fragment from the MTC [20]. The
presence of long-term residual BCG organisms in urine has
previously been reported. Bowyer et al [14] found persistent
acid-fast bacilli in the urine of some patients after
intravesical BCG therapy, and the presence of long-lasting
and persistent BCG DNA in the bladder, measured by PCR,
has also been demonstrated [31,32]. The authors previously
investigated urine culture for acid-fast bacilli for the
detection of BCG DNA in urine, but only three of 58
(5.2%) MTC-PCR–positive patients had a positive urine
culture after BCG instillation (data not shown), so this
avenue was not pursued.

Our hypothesis was that the expression of BCG DNA in
urine is crucial to sustain and determine the BCG treatment
effect following therapy; MTC-PCR positivity persisted in
many samples for a very long time after the last BCG
instillation. There was no significant difference in the total
number of BCG instillations in the MTC-PCR positive result
(95% CI: 0.631–0.874), and 0.875 (95% CI: 0.710–1.041), respectively. There were
Calmette-Guérin; CI = confidence interval; CUETO = Club Urologico Espanol de 

tuberculosis complex polymerase chain reaction; PFS = progression-free surviva
TPF = true positive fraction; TURBT = transurethral resection of bladder tumor.
at least once group, compared with the MTC-PCR negative
group. Therefore, BCG instillation period does not appear to
affect MTC-PCR positivity. However, the number of patients
who were MTC-PCR positive at least once in the Connaught
strain group was significantly higher than in the Tokyo
172 strain group. These findings may be the reason why a
previous study by Niwa et al [33] suggested that the
Connaught strain may be more effective than the Tokyo
172 strain.

Using ROC curve analyses and multivariate Cox analyses,
MTC-PCR outcome provided a good predictive factor for
recurrence and progression after BCG treatment. Although
BCG is difficult to differentiate from other MTC bacteria
using conventional methods, including regular PCR [34], all
patients in this study had no history or signs of urogenital
tuberculosis, as well as a negative MTC-PCR result before
BCG instillation. Taking these findings into consideration,
we propose that this method can adequately detect long-
term urinary BCG DNA in urine. Ongoing local antigen
stimulation may have an important role to play in the mode
of action of BCG; thus, the continuous presence of BCG in
urine may stimulate the immune system to generate an
antitumor response.

From these data, it is not possible to predict the
usefulness of BCG from MTC-PCR before the start of
treatment, and the optimal timing, frequency, and period
of urine MTC-PCR positivity after the last BCG instillation
are not fully known. While surveillance with cystoscopy and
cytology for detecting the recurrence and progression of BC
is essential standard of care, MTC-PCR tests may help
predict post-treatment recurrence and progression in a
timely manner. The recurrence and progression rates of the
MTC-PCR positive from 1 to 4 yr group were significantly
lower than the recurrence rates for patients in the MTC-PCR
negative from 1 to 4 yr group (p < 0.001).

Study limitations included the relatively low number of
patients (all from a single center), the low number of BCG
bladder instillations (median number of doses, n = 8), and
<20% of patients receiving maintenance therapy. Patients
who discontinued BCG instillation were also included in
the analyses. As the aim of the study was to examine the
usefulness of the MTC-PCR assay in predicting the efficacy
of BCG after the end of BCG administration, it was
considered that stopping BCG administration early would
not affect MTC-PCR assay results. Another limitation was
the necessity to examine MTC-PCR results as a predictive
factor according to the type of BCG failure category.
Recommendations from specialists and professional
guidelines devote significant attention to the definition
of BCG failure [3,5,6,35–38], and recent evidence suggests
that BCG-relapsing disease is associated with better
outcomes than BCG-refractory disease [39]. All patients
 no significant differences between these factors. BCG = bacillus
Tratamiento Oncologico; FPF = false positive fraction; MTC-PCR = M.
l; ROC = receiver-operating characteristic; RFS = recurrence-free survival;



Table 3 – Univariate and multivariate Cox regression analyses for the prediction of disease progression in NMIBC patients treated with
intravesical BCG

NMIBC patients Univariate analyses Multivariate analyses

HR 95% CI p value HR 95% CI p value

Age 1.109 0.993–1.240 0.067
Cytology (IV + V vs II + III) 13.785 1.605–18.402 0.017 2.814 0.211–37.549 0.434
Recurrence history (recurrent vs primary) 2.167 0.396–11.852 0.373
Second TURBT (yes vs no) 0.389 0.045–3.328 0.389
cT (cT1 vs cTa) 1.918 0.703–5.239 0.204
Tumor grade (high vs low) 0.954 0.175–5.211 0.957
CIS (positive vs negative) 3.411 0.687–16.942 0.133
Immediate postoperative instillation of
intravesical chemotherapy (yes vs no)

0.836 0.096–7.244 0.871

BCG strain (Connaught vs. Tokyo172) 0.576 0.114–2.899 0.503
Maintenance BCG (yes vs no) 0.615 0.072–5.286 0.658
Total number of BCG instillations 1.109 0.959–1.281 0.162
EORTC progression risk 1.768 0.666–4.694 0.253
CUETO progression risk 3.259 1.003–10.588 0.049 1.884 0.452–7.864 0.385
MTC-PCR 71.399 10.058–506.870 <0.001 47.209 5.013–444.550 <0.001

BCG = bacillus Calmette-Guérin; CI = confidence interval; CIS = carcinoma in situ; cT = clinical T disease; CUETO = Club Urologico Espanol de Tratamiento
Oncologico; EORTC = European Organization for Research and Treatment of Cancer; HR = hazard ratio; MTC-PCR = urine M. tuberculosis complex polymerase
chain reaction; NMIBC = non–muscle-invasive bladder cancer; TURBT = transurethral resection of bladder tumor.
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with recurrence in this study were in the BCG-relapse
group.

5. Conclusions

This study reports the significantly low likelihood of tumor
recurrence and progression among patients with at least
one MTC-PCR positive result after BCG therapy, compared
with that among patients with a negative MTC-PCR result
for all follow-up tests. MTC-PCR test results may, therefore,
be related to BCG therapeutic response and may influence
prognosis. Post-BCG urine MTC-PCR analysis allows urol-
ogists the possibility to stratify patients according to the
likelihood of relapse and progression after BCG therapy.
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