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Introduction

Bladder cancer is one of the rare cancers that ranks ninth in the 
global list of cancers. In the majority of patients (approximately 
80%), the cancer is superficial at presentation. However, despite 
being superficial [Ta, T1, or carcinoma in situ (CIS)], the outcome 
remains varied (1).

The usual initial management of non-muscle invasive (NMI) 
bladder cancers includes cystoscopy and transurethral resection 
(TUR). Despite this, the spread of cancers to the muscle tissue and 
the recurrence rate are high, which carries a poor prognosis (1).

Given this, the use of adjuvant intravesical therapies has 
been practically recommended, which include intravesical 
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immunotherapy with “bacillus Calmette-Guerin (BCG)” or 
intravesical chemotherapy with “mitomycin C (MMC), epirubicin, 
or doxorubicin” (2). They have been proposed to delay the tumor 
progression and recurrence with minimal side effects (3).

The use of BCG in bladder cancer began after it proved 
efficacious in melanoma. The effect is based on the mechanism 
that BCG binds and internalizes in the bladder tumor cells and 
induces cell death by (1) apoptosis-inducing pathways and (2) 
stimulation of local inflammation and macrophage-induced 
destruction. Since an adequate host immunity is required for 
the BCG immunotherapy to be effective, BCG has been much 
used in NMI bladder cancers only, that is, with low cancer load 
and good host immunity (4). The dosage regime of BCG has 
been decided as per its delayed immunity effects, which begin 
to show in 3 weeks, and its side effects profile, which subsides 
within 1 week. Therefore, a weekly regime of 6 weeks has been 
practically unanimously agreed (5,6). This regime showed to 
reduce tumor progression and recurrence for up to 10 years (7), 
after which increased recurrence rates have been reported in a 
follow-up study of 15 years (8).

MMC, hydrophobic in nature, is an antitumor antibiotic, among 
others, like epirubicin and doxorubicin, which by local instillation, 
works as an immediate chemotherapy measure to provide a 
longer recurrence-free period (9,10). It is minimally absorbed in 
a dose of 40 mg in saline or water and thus carries minimal side 
effects (11,12). Unlike BCG multi-dosage regime, MMC shows no 
superiority in efficacy by multi-dosage in comparison to single 
immediate instillation (12,13). Thus unanimously, a single dose 
of 40 mg within 1 h of TUR has been accepted (11).

Among the two, BCG has shown superior efficacy in 
reducing the recurrence (14-19). With the ongoing medical 
advancements, combinations of therapies have been tried 
against monotherapy. However, no consensus was found as to 
combination therapies are safe and efficacious compared to 
monotherapy. Some studies showed that BCG in combination 
with MMC is far better in achieving tumor-free interval and 
lowering disease progression (20-22), whereas some studies fail 
to see any significant difference with the combination therapy 
(23,24).

Therefore, the present study was conducted to determine the 
benefits of a combination of BCG and MMC compared to BCG 
alone in the treatment of patients with NMI bladder cancer.

Materials and Methods

The randomized comparative study was conducted in the 
department of urology of a tertiary care hospital. The study 
recruitment period was of 1 year with a follow-up of 2 
years. The institutional ethical committee approved the study 

(IEC/SNMC/1210/2010). All patients aged 18 years or older 
with freshly diagnosed and histologically proven stage pT1 
transitional cell carcinoma of the bladder, whether papillary 
or solid, were included in the study. Any patient with muscle 
invasion, previous or ongoing treatment with intravesical 
agents, bladder capacity <2 L, a urethral stricture that would 
prevent endoscopic procedures and repeated catheterization, 
diseases of the upper urinary tract, history of tuberculosis, tumor 
recurrence, cardiac disease, other malignancies, psychiatric or 
neurological disorder, contraindications to spinal or general 
anesthesia as required for a TUR, and known hypersensitivity to 
BCG or MMC were excluded from the study.

Informed written consent was obtained from all patients before 
enrolling them into the study. The sample size calculation of 
the study was based on the research of Hurle et al. (25), who 
observed that in the BCG group, estimated recurrence-free 
survival was 58.1 months, whereas 34.6 months for the MMC 
group. Taking these values as a reference and assuming a 
standard deviation of 30 months, the minimum required sample 
size with 80% power of study and 5% level of significance is 26 
patients in each study group. The total sample size taken is 27 
(54 patients per group) to reduce the margin of error.

The enrolled patients underwent an investigative protocol of 
urine exfoliative cytology, ultrasonography of the upper urinary 
tract, intravenous urogram, cystoscopy, and biopsy. TUR of 
bladder tumor (TURBT) for all visible tumors was performed on 
cystoscopy. The detailed methodology of TURBT has been shown 
in Supplementary File 1.

Following TURBT, patients were randomly grouped into two 
using a sealed envelope system. In this, ten sealed opaque 
envelopes were prepared, assigning A and B in 5 envelopes 
each, where A is represented by perioperative MMC and BCG 
and B by BCG alone. Once a patient consented to enter a trial, 
an envelope was opened, and the patient was then offered the 
allocated group. In this technique, patients were randomized in 
a series of blocks of 10. Once 25 patients were allocated to each 
group, then we used four sealed opaque envelopes, assigning A 
and B in 2 envelopes each.

Group A (n=27) included patients who received postoperative 
MMC at 40 mg diluted in 50 mL of NS within 6 h of operation, 
followed by intravesical BCG at 60 mg per week for 6 weeks 
followed by monthly BCG for 1 year. BCG therapy was begun 
2-4 weeks after the tumor resection to allow time for re-
epithelization.

Group B (n=27) included patients who received intravesical 
BCG at 60 mg postoperatively (after 2-4 weeks) per week for 6 
weeks, followed by BCG monthly for 1 year.
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The detailed steps of drug instillations are shown in 
Supplementary File 2, and the procedural flow is shown in 
Figure 1.

Follow-up

All patients were properly followed for the next 2 years to 
fulfill the objectives of the study. Adverse events were recorded 
according to the World Health Organization toxicity grading 
(26) after each instillation and a week after the 6th dose. In 
case of persistent fever for >72 h and sterile urine culture, 
antitubercular treatment was started depending on the severity 
of the symptoms, and all records were maintained of the total 
dose and duration. Follow-up cystoscopy with three urine 
cytology was done every 3 months for 2 years. Histopathological 
types and grades were recorded for each recurrence.

The outcome measures were time to recurrence, progression 
of the disease to muscles or other organs, overall survival, and 
treatment-related side effects. Recurrence (or persistent disease) 
was defined as biopsy confirmed CIS or non-invasive papillary 
carcinoma, or malignant cytology and progression defined as 
pT1 tumor or more advanced disease. Patients were considered 
to have a complete response at 1 year if they had no progression 
during the first 9 months and no recurrent/persistent disease or 
progression at 12±3 months. The treatment failure was defined 
as progression or change in therapy resulting from recurrence or 
side effects during the first year or as recurrence, progression, or 
change in therapy after the first year.

Statistical Analysis

The categorical variables were presented in the form of numbers 
and percentages (%). Contrarily, the continuous variables were 
presented as mean ± standard deviation and median values. 
Mann-Whitney U test was used to compare quantitative 
variables, and the chi-square test and Fisher’s Exact test were 
used to compare qualitative variables. The data entry was done 
in the Microsoft Excel spreadsheet, and the final analysis was 
done with the use of Statistical Package for Social Sciences 
software version 21.0. For statistical significance, a p-value of 
<0.05 was considered significant.

Results

The demographic distribution of the two groups was comparable 
(Table 1). The median age in the group of perioperative MMC with 
BCG was 65 years and in BCG alone was 67 years (p=0.361). The 
gender distribution showed slight male predominance in both 
groups (p=0.573). All patients were of NMI bladder cancer with 
T1 stage in both the groups (p=0.967). The majority of tumors 
were the papillary type of transitional cell carcinoma (88.89% in 
group A and 92.59% in group B) with others being the solid type 
of transitional cell carcinoma, with no significant difference 
(p>0.05). The tumors were majorly low grade (85.19% in group 
A and 88.89% in group B) with well-differentiated morphology. 
Among all the cases belonging to T1, 2 cases in group A and 3 
cases in group B were CIS.

Compared to BCG alone, perioperative MMC in combination with 
BCG had comparable disease-free survival (85.18% vs. 66.66%, 
p=0.202), disease recurrence (14.81% vs. 33.33%, p=0.202), and 
progression rate (11.1% vs. 25.9%, p=0.293) (Table 2).

The side effects profile of the study participants was comparable 
in both the study groups (Table 3). The side effects included 

Figure 1. Fifty-four participants underwent TURBT

TURBT: Trans urethral resection of bladder tumour, BCG: Bacillus Calmette-Gu

Table 1. Demographic characteristics of study groups
Variables Group A (n=27) Group B (n=27) p

Age 65 (58-72) years 67 (64-70) years 0.361

Gender 0.573

Male 16 (59.26%) 18 (66.67%)

Female 11 (40.74%) 9 (33.33%)

Histological variant of the tumor 

Papillary 24 (88.89%) 25 (92.59%) 1

Solid 3 (11.11%) 2 (7.41%)

Carcinoma in situ 2 (7.41%) 3 (11.11%) 1

Grade of tumor

Low grade 23 (85.19%) 24 (88.89%) 1

High grade 4 (14.81%) 3 (11.11%)

Disease characteristics 0.967

pT1-G2 (multifocal) 15 (55.56%) 16 (59.26%)

pT1-G3 12 (44.44%) 11 (40.74%)
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dysuria, bacterial cystitis, drug-induced cystitis, macroscopic 
hematuria, prostatitis, epididymitis, fever, influenza-like 
symptoms, and fatigue, due to which treatment had to be 
temporarily stopped in 5 patients in group A and 4 patients 
in group B. However, overall, they were minor side effects and 
were effectively managed without any mortality.

Discussion

The present study was a randomized comparative trial on 54 
patients (27 patients in each group), where we determined the 
benefits of a combination of BCG and MMC in comparison to 
BCG alone in the treatment of patients with NMI bladder cancer 
by comparing progression-free survival rates in patients.

The randomization ensured that age, gender, and cancer stage 
were comparable among the two groups and that any difference 
in outcome is purely due to differential intervention and not 
due to chance bias (27).

Despite the developments in diagnosis and treatment modalities, 
a high recurrence rate in bladder tumors is reported. Generally, 
the progression from non-muscle to muscle-invasive urinary 
bladder cancer results in metastasis and is considered a bad 
prognosis. Approximately 70-80% are NMI, which usually recur 
without aggressive histopathological features, and a subgroup 
of high-risk lesions that usually progress to invasive forms (MI). 
Recurrent relapses, disease progression, and chemoresistance 
lead to urinary bladder cancer that becomes difficult to manage 
from the diagnosis till death (28).

Our study revealed a comparable progression rate in perioperative 
MMC in combination with BCG compared to BCG alone (11.1% 
vs. 25.9%, p=0.293). Among the previous studies that compared 
the combination therapy with BCG alone, similar findings 
were reported by Solsona et al. (29), who found no statistically 
significant difference between MMC + BCG and BCG alone in 
terms of 5-year PFI (12.3% vs. 12.2%; hazard ratio: 1.05; 95% 
confidence interval, 0.61-1.83; p=0.852). Even Oosterlinck et al. 
(30) reported that alternating chemoimmunotherapy schedules 
with MMC and BCG demonstrated comparable efficacy 
compared to BCG alone in reducing the rate of progression. 
In contrast, Di Stasi et al. (23) reported that sequential BCG in 
combination with electromotive MMC showed lesser progression 
of the disease than BCG alone [9.3% (3.8-14.8) vs. 21.9% (17.9-
25.9); p=0.004].

Disease-free survival is an important landmark in cancer 
treatment. Our study revealed a comparable disease-free survival 
in perioperative MMC in combination with BCG compared to 
BCG alone (85.18% vs. 66.66%, p=0.202), as well as in disease 
recurrence (14.81% vs. 33.33%, p=0.202). The findings were 
comparable to Oosterlinck et al. (30), who found that alternating 
chemoimmunotherapy schedules with MMC and BCG had 
similar efficacy compared to BCG alone in reducing the rate 
of recurrence. Contrary to the present study, Di Stasi et al. (23) 
found a combination of the sequential BCG with electromotive 
MMC to be superior to BCG alone, as sequential BCG and 
electromotive MMC had lower recurrence [41.9% (32.7-51.5) vs. 
57.9% (48.7-67.5); p=0.0012]. Solsona et al. (29) also reported 
similar findings as a combination of sequential BCG with MMC 
significantly reduced the disease relapse at 5 years compared to 
BCG alone (20.6% vs. 33.9%, p<0.05).

The side effects of both protocols were minor without any 
mortality. They were mainly macroscopic hematuria, dysuria, and 
drug-induced cystitis in the BCG + MMC group and macroscopic 
hematuria, fatigue, and drug-induced cystitis in the BCG alone 
group (p>0.05). A similar comparable side-effect profile was 
observed in the study by Di Stasi et al. (23). Kaasinen et al. (31) 
found significantly more local side effects with BCG monotherapy, 
which also resulted in premature cessation of instillation treatment 
compared to the MMC + BCG. However, the difference in serious 
side effects in both groups was not significantly different. 
Contrarily, Solsona et al. (29) found that the MMC + BCG had 
significantly more local toxicity compared to BCG alone (80.4% 
vs. 69.7%, p<0.05). Even after reducing the dose of MMC to 10 
mg, toxicity was still higher compared to BCG alone, specifically in 
local side effects grade 3 (28.4% vs. 10.9%; p<0.001).

Overall, we found that both protocols were comparable in 
safety and efficacy in reducing the progression and recurrence 
of NMI bladder cancers without any significant superiority of 
MMC in combination with BCG compared to BCG alone. Our 

Table 3. Side effects of study groups
Event Group A 

(n=27)
Group B 
(n=27)

p

Dysuria 17 (62.96%) 13 (48.15%) 0.902

Bacterial cystitis 7 (25.93%) 6 (22.22%) 0.869

Drug-induced cystitis 15 (55.56%) 14 (51.85%) 0.984

Macroscopic hematuria 20 (74.07%) 17 (62.96%) 0.743

Prostatitis 0 (0%) 1 (3.70%) 1

Epididymitis 1 (3.70%) 0 (0%) 1

Fever 9 (33.33%) 8 (29.635) 0.914

Influenza-like symptoms 13 (48.15%) 12 (44.44%) 0.984

Fatigue 13 (48.15%) 16 (59.26%) 0.951

Table 2. Comparison of outcomes in the study groups
Variables Group A 

(n=27)
Group B 
(n=27)

p

Disease-free survival 23 (85.18%) 18 (66.66%) 0.202

Recurrence of disease 4 (14.81%) 9 (33.33%) 0.202

Progression rate 3 (11.1%) 7 (25.9%) 0.293

Mortality 0 (0%) 0 (0%) -
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findings were in line with the studies by Solsona et al. (29), 
who found comparable PFI, and were in contrast to the studies 
by Oosterlinck et al. (30) and Di Stasi et al. (23), who showed 
that combination is a better protocol compared to BCG alone 
in terms of recurrence, progression, and disease-free survival. 
Among other studies, Kaasinen et al. (31) found that 1-year BCG 
monotherapy was more effective than the alternating therapy 
of BCG and MMC for reducing recurrence rates and disease-free 
survival and similar progression rate.

The difference in the results of various studies could be due to 
the difference in the schedule of instilling MMC with BCG. In 
studies by Oosterlinck et al. (30) and Kaasinen et al. (31), MMC 
plus BCG was administered on a weekly alternating schedule. 
In a study by Solsona et al. (29), MMC was administered 
sequentially, 1 d before the BCG instillation. In the study by D i 
Stasi et al. (23), patients who were assigned to BCG + MMC had 
electromotive MMC once a month. The comparable reduction 
in the progression and recurrence of NMI bladder cancers 
noted in the present study might be because MMC was given 
only once immediately after the TURBT, whose effect might be 
overpowered by the continuous instillation of BCG for 1 year 
given in both the groups.

Thus, combination therapy is proposed to depend specifically 
on the infusion timing. In contrast to the present study, where 
MMC was given initially and followed by BCG in due course, 
better outcomes have been seen with initial treatment with 
BCG followed by MMC. With the initial treatment with BCG, the 
immune response is initiated, and the tumor cells get exposed to 
infiltration of cytokines (some of which exert an antiproliferative 
action), cytotoxic T-lymphocytes, helper T-lymphocytes, 
and specifically, non-specific BCG-induced responses. These 
cascades play an important role for MMC introduction, which 
by enzymatic reduction, enhances the anticancer effects by 
crosslinking of DNA to all tissue layers of the bladder wall, 
which are affected by NMI bladder cancer (such as urothelium 
and lamina propria). In addition, MMC attacks cancer cells that 
are resistant to BCG (23).

Study Limitations

One of the limitations of the study was the insufficient long-
term maintenance schedule, which is recommended as per the 
guidelines (32). Another limitation was that this study was 
conducted at a single center; thus, results cannot be generalized. 
Lastly, no comparison was made on BCG infusion followed by 
MMC on the disease-free interval in NMI bladder cancers.

Conclusion

Perioperative MMC in combination with BCG was comparable to 
BCG alone in the effectiveness in terms of disease-free survival, 

disease recurrence, and progression rate in patients with NMI 
bladder cancer. In addition, side effects were also similar in 
patients who received MMC with BCG and BCG alone, thereby 
suggesting that the combination therapy (MMC followed by 
BCG infusion) holds no advantage over BCG alone.
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Supplementary File 1

Operative Steps of TURBT:

• 	A preliminary cystoscopy was performed to assess the shape 
and size of the tumor.

• 	An Otis urethrotomy was performed if the urethra was 
narrow to allow easy passage of a resectoscope.

• 	A preliminary assessment of whether the tumor could be 
easily resected completely or not was made. This was possible 
in those tumors that had not infilterated more deeply than 
superficial muscle.

• 	The aim was to resect the tumor level to the rest of the 
bladder wall.

• With small tumors, it was often best to begin the resection 
towards the base of tumor, particularly when a papillary 
growth had a relatively small stalk. On other occasions when 
the tumor had a wide base, it was necessary to resect from 
the top or the side of the tumor downwards, towards the 
base.

• 	A continuous flow Iglesias system was used, so that the 
position of the bladder tumor remains static.
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• In tumors of the anterior wall, which tend to become 
inaccessible as the bladder filled, a suprapubic pressure on 
a half filled bladder was done to bring the tumor into view.

• Diathermy alone was sufficient for small areas of tumor, 
provided that adequate biopsies had been taken elsewhere.

• During the resection bleeding points were coagulated. 
Visualizing a small ring of white coagulation confirmed 
homeostasis and yielded less damage to the bladder than that 
occurring when the biopsy area was painted with cautery. 

• 	It was important to include muscle in the resection 
biopsy specimens, so that any invasion could be identified 
histologically. The resulting bladder defect was inspected 
carefully for bleeding and for perforation.

Supplementary File 2

• 	Method of instillation of perioperative chemotherapy.

1. 	Intent to administer perioperative chemotherapy (and 
agent) on actual operative schedule was included.

2. 	It was insured that the pharmacy had the medication 
available. A written prescription was given to all patients.

3. 	After resection, absence of clinical perforation was 
confirmed. Then 3 ways catheter was placed in bladder 
while patient was still in operating room. Inflow port was 
attached to saline infusion bag and inflow was clamped.

4. 	Mitomycin C 40 mg diluted in 50 mL of NS was administered 
through catheter outflow port in recovery room within 6 
hours of operation and outflow tubing was clamped with 
hemostat to allow retention. 

5.	 Outflow tubing was opened for irrigation 1 hour after 
administration, so that gravity drainage occurs in next 30 
to 60 minutes.

6. Foley catheter was removed and discarded in biohazard 
container.

7. 	Gloves were worn throughout the procedure.

• 	Method of instillation of BCG.

1. 	The vaccine was reconstituted with 50 mL of saline and 
administered through a urethral catheter under gravity 
drainage soon thereafter in order to prevent aggregation.

2. Treatment was begun 2 to 4 weeks after tumor resection, 
allowing time for reepithelialization to minimize the 
potential for intravasation of live bacteria.

3. In the event of a traumatic catheterization, the treatment 
was delayed for several days.

4. After instillation, the patient retained the solution for 2 
hours.

5. After 2 hours gravity drainage of the drug was done by 
opening the catheter opening, followed by removal of 
catheter.


