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Objective: To investigate the association between antibiotic therapy and the efficacy
of intravesical BCG therapy in patients with high-risk non-muscle invasive bladder
cancer (NMIBC).

Methods: This study involved the retrospective review of medical records of patients who
underwent transurethral resection of bladder tumors for high-risk NMIBC followed by
intravesical BCG therapy between 2008 and 2017. Patients were categorized as
none, short- (2-6 days), and long-course use (≥7 days) based on the duration of
antibiotic treatment concurrent with or initiated ≤30 days before BCG therapy.
Oncologic outcomes, including recurrence-free survival and progression-free survival,
were analyzed.

Results:Of the 276 patients enrolled in the study, 162 (58.7%) had pathologic T1 disease
and 206 (80.2%) had high-grade disease. Concurrently with or prior to BCG therapy, 114
patients had (41.3%) received short-course antibiotic therapy, and 96 (34.8%) patients
had received long-course antibiotics. The 5-year recurrence-free survival (62.2% vs
26.9%; log rank, p <0.001) and progression-free survival (79.6% vs. 53.3%; log rank,
p=0.001) rates were significantly higher in patients who did not receive antibiotic therapy
than in those treated with long-course antibiotics. Multivariable analysis revealed that
antibiotic treatment for more than 7 days was independently associated with increased
risks of recurrence (hazard ratio [HR], 2.45; 95% confidence interval [CI], 1.49-4.05; p <
0.001) and progression (HR, 3.68; 95% CI, 1.65-8.22 p = 0.001).

Conclusion: Long-course antibiotic treatment concurrently with or prior to intravesical
BCG adversely influenced disease recurrence and progression outcomes in patients with
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high-risk NMIBC. Careful use of antibiotics may be required to enhance the efficacy of
intravesical BCG therapy. Further mechanistic and prospective studies are warranted.
Keywords: bladder cancer, recurrence, antibiotics, progression, BCG - Bacille Calmette-Gué rin vaccine
INTRODUCTION

Non-muscle invasive bladder cancer (NMIBC), which is
confined to the mucosa (Ta or carcinoma in situ, CIS) or
submucosa (T1), accounts for 75% of new cases of bladder
cancer (1). The probability of 5-year recurrence of NMIBC is
high, ranging from 31% to 78% according to risk
stratification (1).

Following transurethral resection of bladder tumor (TUR-
BT), intravesical chemotherapy or immunotherapy is the
mainstay of NMIBC management (1–3). Intravesical Bacillus
Calmette–Guérin (BCG) instillation, which has been used in the
treatment of NMIBC for more than 40 years, is superior to
intravesical chemotherapy, in terms of disease recurrence and
progression, particularly for intermediate- and high-risk NMIBC
(3). Nonetheless, up to 50% of patients experience BCG failure
(4). In case of BCG-unresponsive high-risk NMIBC, radical
cystectomy with pelvic lymph node dissection and urinary
diversion is the standard treatment. This procedure is
associated with significant morbidity and mortality, and poor
health-related quality of life (5). Furthermore, a worldwide BCG
shortage contributes to a delay or lack of treatment (6). Thus, it is
essential to attempt treatment and optimize the efficacy of
intravesical BCG therapy in patients with NMIBC.

The high recurrence rates in NMIBC underscores the
importance of predicting disease recurrence and progression
(1). The European Organization for Research and Treatment
of Cancer (EORTC) Genito-Urinary Cancer Group has
published a prediction model for prognosis of NMIBC (7).
This model is based on the six essential clinical and
pathological parameters: tumor size, grade, T category,
presence of concomitant CIS, number of tumors, and prior
recurrence rate. Despite the EORTC model being useful to
stratify risks of recurrence and progression, there are some
limitations in identifying those individuals who will experience
a disease recurrence or progression, particularly in patients
treated with intravesical BCG (8, 9).

The intestinal microbiome has emerged as a key host
determinant of immunity to cancer, and its modulation may
influence response to immunotherapy (10). It is known that
antibiotic therapy impacts the effectiveness of immunotherapy
by modifying the composition of the microbiome composition
(11, 12). The implications of urinary microbiome in cancer
are unknown. However, there is increasing evidence
supporting the importance of the urinary microbiome in the
progression of urothelial cancers (13, 14). Owing to its local
immunoinflammatory response, the urinary microbiome may
influence the outcomes of intravesical BCG therapy (13). We
hypothesized that antibiotic therapy concurrent or prior to BCG
therapy may influence the efficacy of intravesical BCG, by
2

modulating urinary microbiome composition. The aim of this
study was to investigate the association between antibiotic
therapy and the efficacy of intravesical BCG therapy in patients
with high-risk NMIBC.
METHODS

The medical records of 321 patients subjected to TUR-BT for
high-risk NMIBC and who then received intravesical BCG
therapy at the National Cancer Center Korea between 2008
and 2017 were retrospectively reviewed. Patients with the
following findings were excluded: muscle invasive bladder
cancer (n = 4); incomplete (<5 weeks) induction BCG therapy
(n = 10); incomplete TUR-BT without second resection (n = 1);
or inadequate clinical data (n = 27). Baseline demographic and
clinicopathological characteristics, treatment-related variables,
antibiotic therapy, disease recurrence, progression, and survival
outcomes were evaluated. The study protocol was approved by
the institutional review board of National Cancer Center (no.
2019-0293).

All patients underwent TUR-BT prior to intravesical induction
BCG therapy. Following TUR-BT, cystourethroscopic
examination, urine cytology, and urinalysis were performed
every 3 months for the first 2-3 years, every 6 months for the
third and fourth years, and annually thereafter. Pathological
characteristics included the tumor stage, grade, size, and number
of lesions, and variant histology. Treatment-related evaluation
included number of previous TUR-BT, prior recurrence rate,
abdominopelvic computed tomography, urine cytology,
urinalysis, second resection procedure, and administration of
maintenance intravesical BCG. Maintenance BCG was given
once per week for three weeks at 3, 6, and 12 months after the
initial BCG treatment. The duration, timing, class, and indication
of antibiotic therapy were analyzed. Patients were classified in to
three antibiotic groups based on the duration of antibiotic therapy
as: concurrent or ≤ 30 days prior to BCG therapy: no antibiotics
(none); 2-6 days (short-course use); and > 7 days (long-course
use). All patients received prophylactic antibiotics (cephalosporin
or fluoroquinolone) immediately before TUR-BT. Therefore,
antibiotic therapy was defined when antibiotics were prescribed
for two or more days. Decisions regarding post-TUR-BT
management and need for antibiotics were made by urologists.

Oncologic outcomes, including recurrence-free survival
(RFS) and progression-free survival (PFS) were analyzed.
Cystourethroscopic examination, urine cytology, and computed
tomography were performed to assess disease recurrence
following TUR-BT. Recurrence was defined as histologically
confirmed urothelial cancer on tumor tissue. Progression was
April 2021 | Volume 11 | Article 570077
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recorded when patients showed progression to pathologic
muscle-invasive urothelial cancer or extravesical disease.

Patient characteristics were expressed as median or mean for
continuous variables and as frequency for categorical variables.
Comparison of the groups according to duration of antibiotic
therapy was performed using the t-test, analysis of variance
(ANOVA), and chi-square test. Survival outcomes were
estimated using the Kaplan-Meier method, and the log-rank
test was used to test for differences in the survival curves. Cox
proportional hazard models were used to identify significant
predictors of recurrence-free survival and progression-free
survival. A p-value < 0.05 was indicated statistical significance.
Frontiers in Oncology | www.frontiersin.org 3
All statistical analyses were performed using SAS 9.4 (SAS
Institute Inc., Cary, NC, USA) and R 3.5.2 version (R
Foundation for Statistical Computing, Vienna, Austria).
RESULTS

A total of 276 patients with NMIBC were included for analysis.
Patient characteristics are summarized in Table 1. The median
follow-up duration was 55 months. Of the 276 patients,
162 (58.7%) had pathologic T1 disease and 225 (81.5%) had
high-grade disease. Age, sex, T stage, tumor grade,
TABLE 1 | Baseline characteristics of patients.

Overall Antibiotic therapy P-value

No Short-course Long-course

Total, n 276 66 (23.9) 114 (41.3) 96 (34.8)
Age (median, yr.) 68 67 67 69 0.9
Gender 0.7
Male 220 (79.7) 54 (81.8) 88 (77.2) 78 (81.3)
Female 56 (20.3) 12 (18.2) 26 (22.8) 18 (18.8)

ECOG performance status ≥1 23 (8.7) 4 (6.1) 11 (10.1) 8 (9.1) 0.7
Pathologic T stage 0.7
Ta 114 (41.3) 27 (40.9) 50 (43.9) 37 (38.5)
T1 162 (58.7) 39 (59.1) 64 (56.1) 59 (61.5)

Tumor grade 0.4
Low 51 (18.5) 13 (19.7) 17 (14.9) 21 (21.9)
High 225 (81.5) 53 (80.3) 97 (85.1) 75 (78.1)

Tumor size 0.3
<3 cm 213 (77.2) 52 (78.8) 83 (72.8) 78 (81.3)
≥3 cm 63 (22.8) 14 (21.2) 31 (27.2) 18 (18.8)

Number of tumors 0.9
Single 116 (42.0) 24 (36.4) 50 (43.9) 42 (43.8)
2 to 7 85 (30.8) 21 (31.8) 35 (30.7) 29 (30.2)
≥ 8 75 (27.2) 21 (31.8) 29 (25.4) 25 (26.0)

Concurrent carcinoma in situ 69 (25.0) 11 (16.7) 34 (29.8) 24 (25.0) 0.2
Lymphovascular invasion 20 (7.4) 2 (3.0) 13 (11.4) 5 (5.2) 0.07
Histologic variants 14 (5.1) 1 (1.5) 7 (6.1) 6 (6.3) 0.3
No. of previous TUR-BT (median) 2 2 1 2 0.6
Prior recurrence rate 0.3
Primary 137 (49.6) 32 (48.5) 56 (49.1) 49 (51.0)
≤1 recurrence/yr. 70 (25.4) 21 (31.8) 31 (27.2) 18 (18.8)
>1 recurrence/yr. 69 (25.0) 13 (19.7) 27 (23.7) 29 (30.2)

Repeated TUR-BT 158 (57.2) 38 (57.6) 70 (61.4) 50 (52.1) 0.4
BCG maintenance 124 (44.9) 31 (47.0) 55 (48.2) 38 (39.6) 0.4
Urinalysis before BCG therapy
RBC ≥5 per HPF 200 (72.5) 48 (72.7) 84 (73.7) 68 (70.8) 0.9
WBC ≥5 per HPF 148 (53.6) 39 (59.1) 58 (50.9) 51 (53.1) 0.6
Nitrite positive 4 (1.4) 0 1 (0.9) 3 (3.1) 0.6

Urine culture before BCG therapy 0.9
Negative 259 (93.8) 63 (95.5) 107 (93.9) 89 (92.7)
E. coli 8 (2.9) 2 (3.0) 3 (2.6) 3 (3.1)
Others 9 (3.3) 1 (1.5) 4 (3.5) 4 (4.2)

Class of antibiotics
Quinolone – 84 (73.7) 82 (85.4)
Cephalosporin – 30 (26.3) 14 (14.6)

Timing of antibiotic treatment
Prior only – 75 (65.8) 38 (39.6)
Concurrent only – 14 (12.3) 17 (17.7)
Prior+concurrent – 24 (21.1) 41 (42.7)
April 2021 | Volume 11 | Article
ECOG, Eastern Cooperative Oncology Group; RBC; red blood cells; WBC, white blood cells; TUR-BT, transurethral resection of bladder tumor.
Values are presented as number and percentages.
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lymphovascular invasion, number of previous TUR-BT, second
resections, and administration of maintenance intravesical BCG
did not differ significantly among the various antibiotic groups.

Out of 276 patients, 114 (41.3%) received short-course
antibiotic therapy and 96 (34.8%) patients received long-course
antibiotics. Prior to BCG therapy, 17 (6.2%) patients showed a
positive result in urine culture. Of a total of 17 patients having
positive urine culture prior to surgery, fluoroquinolone-resistant
pathogens were found in 15 patients (88.2%) and ESBL-
producing pathogens in 10 (58.8%). The most common
reasons for antibiotic therapy were dysuria (43.1%) and
prophylaxis (46.9%). Among the patients who received
antibiotic therapy, quinolones and cephalosporins were
prescribed in 166 (ciprofloxacin: 122; levofloxacin: 44) patients
and 44 (cefaclor: 23; cefpodoxime: 14; cefixime: 7)
patients, respectively.

The 5-year RFS from the time of TUR-BT was significantly
higher in patients who did not receive antibiotic therapy than in
those who received long-course antibiotic therapy (62.2% vs.
26.9%; log rank, p < 0.001; Figure 1). PFS was also higher in
patients who did not receive antibiotic therapy than in those who
received long-course antibiotic therapy (79.6% vs. 53.3%; log
rank, p = 0.0006; Figure 2).

Multivariable analysis (Supplementary Table 1) showed that
long-course antibiotic treatment was independently associated
with an increased risk of recurrence (hazard ratio [HR], 2.45;
95% confidence interval [CI], 1.49-4.05; p < 0.001) and
progression (HR, 3.68; 95% CI, 1.65-8.22 p = 0.001); the other
factors included tumor grade, concurrent CIS, and maintenance
BCG therapy. Interaction tests showed that the relationship
between antibiotic treatment and outcomes was unrelated to
antibiotic class or timing (all p > 0.05).
FIGURE 1 | Recurrence-free survival after intravesical BCG therapy in patients with h

Frontiers in Oncology | www.frontiersin.org 4
DISCUSSION

In the present study, we found that long-course antibiotic
therapy was independently associated with recurrence and
progression following intravesical BCG therapy in patients
with high risk NMIBC. Because of the high recurrence and
progression probability after TUR-BT, intravesical therapy plays
a major role in managing NMIBC (1–3). Intravesical BCG
therapy is superior to intravesical chemotherapy (mitomycin
or gemcitabine) in reducing NMIBC recurrence, particularly in
intermediate- and high-risk disease (4, 15). In addition, owing to
the worldwide shortage of BCG, there is an urgent need to
predict and maximize the efficacy of intravesical BCG therapy.
Despite numerous efforts to predict and potentiate the effects of
intravesical BCG, only a few generally accepted biomarkers or
administration methods are available in clinical practice (14, 16).
Maintenance BCG therapy is required to reduce both recurrence
and progression. However, there is no consensus on the optimal
duration of maintenance BCG therapy (3, 15). Consistent with
the established literature, our study found that maintenance BCG
therapy was associated with recurrence-free and progression-free
survival benefits.

Antibiotics are often prescribed to manage or prevent
intravesical BCG-related side effects (10). Common adverse
events of BCG instillation include lower urinary tract
symptoms (27-95%), hematuria (1-40%), urinary tract
infection (5%), and low-grade fever (30%) (10). Broad-
spectrum antibiotic treatments are indicated for BCG sepsis, a
rare but life-threatening complication. In the present study,
antibiotics were prescribed either for dysuria or as prophylaxis
in most cases. However, antibiotics were somewhat overused in
our institution, considering the low positivity reported by urine
igh-risk non-muscle invasive bladder cancer.

April 2021 | Volume 11 | Article 570077
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FIGURE 2 | Progression-free survival after intravesical BCG therapy in patients with high-risk non-muscle invasive bladder cancer.
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culture (6.7%), which may be related with national practice
patterns and policy (17, 18). In this study, long-course (≥7
days) antibiotic therapy was found to be independently
associated with poorer outcomes. Recurrence-free survival and
progression-free survival rates were lower in patients who
received short-course antibiotic therapy than in those who did
not receive antibiotics; however, short-course therapy was not an
independent predictor of outcome. Antibiotic class and
administration timing did not appear to have any influence on
these outcomes.

Several studies have investigated the relationship between
antibiotic use and the efficacy of intravesical BCG. Van Der
Meijden et al. reported the possible inhibition of antitumor
efficacy by eradication of BCG organisms and suggested that
intravesical therapy should not be accompanied by antibiotics in
the absence of cystitis (19), corresponding to our results. In
contrast, one large randomized trial by the EORTC showed that
concurrent use of isoniazid showed no difference in efficacy with
combination therapy (20). Regarding antibiotic treatment that
did not target tuberculosis, Colombel et al. reported that
prophylactic ofloxacin was not associated with recurrence and
progression at the one year post-surgery follow-up (21).
Damiano et al. also reported that short-course prulifloxacin
was not associated with recurrence rates at 6 months (22).
However, both studies had a relatively shorter follow-up
duration and analyzed the effects of short-course antibiotic
therapy, unlike our study, and may have contributed to the
difference in results. Our results suggest that long-course
antibiotic therapy may reduce the efficacy of intravesical BCG
after TUR-BT; thus, avoiding unnecessary antibiotic therapy
may be helpful in the management of high risk NMIBC.
Frontiers in Oncology | www.frontiersin.org 5
Microbiota are a diverse consortium of commensal,
symbiotic, and pathogenic microorganisms. The role of gut
microbiota in the development of various malignancies is well
established (10, 13). In addition, the association between gut
microbiota modulation and treatment response in cancer
patients has been extensively studied, especially with the use of
immunotherapy (10). Recent studies have disproved the dogma
that urine is sterile (13, 14, 23). While most urinary microbiome-
related studies concern urinary tract infections, there are some
preliminary data demonstrating an association between the
urinary microbiome and urothelial carcinoma (24, 25).

One possible mechanism of action of intravesical BCG
therapy is by bladder microbiome manipulation (13, 26). BCG
is a live attenuated form of Mycobacterium bovis, which attaches
to the urothelial fibronectin, resulting in direct tumor and
immune response (15). In this process, local microorganisms
may potentially interact with BCG, influencing immunity to
bladder cancer (23). It is well known that antibiotic therapy
modulates intestinal microbiota (27). Accordingly, several
studies have reported that antibiotic treatment adversely
influenced response to immune checkpoint inhibitors through
the modulation of the gut microbiota (11, 12). Based on the
above evidence, we hypothesized that antibiotic therapy
concomitant or prior to BCG therapy may influence
therapeutic efficacy, because of the potential relationship
between antibiotic use, the urinary microbiome, and the
mechanism action of intravesical BCG. Although we cannot
elucidate underlying mechanisms involved to fully explain our
results, it is possible that the efficacy of BCG is related to the
composition of the urinary microbiome, which, in turn, is
influenced by long-course antibiotic treatment.
April 2021 | Volume 11 | Article 570077
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This study had several limitations. First, the retrospective
nature of the study was itself susceptible to inherent bias.
Inherent limitations may have included selection bias for
antibiotic treatment and the lack of standardized protocols for
TUR-BT, second resection, and maintenance BCG therapy.
Therefore, only limited conclusions can be drawn from this
study, which require further prospective validation for
confirmation. Second, the definition of prior antibiotic therapy
and long-course antibiotic therapy may be inappropriate. We
used a 30-day cut-off point from antibiotic exposure to BCG
therapy based on the results of a longitudinal study indicating
that compositional changes in the gut microflora recovers about
one month after antibiotic dosing (28). However, there are few
reliable data available regarding the relationship between
antibiotic therapy and urinary microbiome changes (29, 30).
Third, this was not a mechanistic study. The hypothesis that the
urinary microbiome responds to intravesical BCG, and its
possible modulation by antibiotics should be explored in future
studies. Despite these limitations, we believe that this study
provides a valuable contribution to the literature as the first
study to demonstrate the impact of long-course antibiotic
therapy on the outcomes of intravesical BCG in patients with
high-risk NMIBC. We think that prior or concurrent antibiotic
treatment, particularly long-term use, should be avoided in
pat ients who underwent intravesical BCG without
symptomatic bacteriuria. Our study results also suggest the
need for further investigation of the potential relationship
between the urinary microbiome and bladder cancer.

In summary, long-course antibiotic treatment concomitant or
prior to intravesical BCG therapy adversely influences disease
recurrence and progression outcomes in patients with high risk
NMIBC. Careful prescription of antibiotics may help to enhance
the efficacy of intravesical BCG therapy. Further mechanistic and
randomized studies are warranted to fully comprehend the
influence of antibiotic therapy in patients with bladder cancer.
Frontiers in Oncology | www.frontiersin.org 6
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1. Babjuk M, Burger M, Compérat EM, Gontero P, Mostafid AH, Palou J, et al.
European Association of Urology guidelines on non-muscle-invasive bladder
cancer (TaT1 and carcinoma In Situ)-2019 update. Eur Urol (2019) 76
(5):639–57. doi: 10.1016/j.eururo.2019.08.016

2. Chang SS, Bochner BH, Chou R, Dreicer R, Kamat AM, Lerner SP, et al.
Treatment of non-metastatic muscle-invasive bladder cancer: AUA/ASCO/
ASTRO/SUO guideline. J Urol (2017) 198:552–9. doi: 10.1016/j.juro.2017.04.086

3. Taylor J, Becher E, Steinberg GD. Update on the guideline of guidelines: non-
muscle-invasive bladder cancer. BJU Int (2020) 125:197–205. doi: 10.1111/
bju.14915

4. Kamat AM, Flaig TW, Grossman HB, Konety B, Lamm D, O’donnell MA, et al.
Expert consensus document: consensus statement on best practice management
regarding the use of intravesical immunotherapy with BCG for bladder cancer.
Nat Rev Urol (2015) 12(4):225–35. doi: 10.1038/nrurol.2015.58

5. Messer JC, Punnen S, Fitzgerald J, Svatek R, Parekh DJ. Health-related quality
of life from a prospective randomised clinical trial of robot-assisted
laparoscopic vs open radical cystectomy. BJU Int (2014) 114:896–902. doi:
10.1111/bju.12818

6. Khanna A, Yerram N, Zhu H, Kim S, Abouassaly R. Utilization of Bacillus
Calmette-Guerin for nonmuscle invasive bladder cancer in an era of Bacillus
Calmette-Guerin supply shortages. Urology (2019) 124:120–6. doi: 10.1016/
j.urology.2018.07.055
7. Sylvester RJ, van derMeijden AP, OosterlinckW,Witjes JA, Bouffioux C, Denis L,
et al. Predicting recurrence and progression in individual patients with stage Ta T1
bladder cancer using EORTC risk tables: a combined analysis of 2596 patients
from seven EORTC trials. Eur Urol (2006) 49:466–77. doi: 10.1016/
j.eururo.2005.12.031

8. Sylvester RJ. How well can you actually predict which non-muscle-invasive
bladder cancer patients will progress? Eur Urol (2011) 60(3):431–3; discussion
433–4. doi: 10.1016/j.eururo.2011.06.001

9. Fernandez-Gomez J, Madero R, Solsona E, Unda M, Martinez-Piñeiro L, Ojea A,
et al. The EORTC tables overestimate the risk of recurrence and progression in
patients with non–muscle-invasive bladder cancer treated with bacillus Calmette-
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Calmette-Guérin-induced toxicity? BJU Int (2009) 104:633–9. doi: 10.1111/
j.1464-410X.2009.08469.x
Frontiers in Oncology | www.frontiersin.org 7
23. Markowski MC, Boorjian SA, Burton JP, Hahn NM, Ingersoll MA,
Vareki SM, et al. The microbiome and genitourinary cancer: a
collaborative review. Eur Urol (2019) 75:637–46. doi: 10.1016/j.eururo.
2018.12.043
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