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Background: The purpose of this study was to determine the effectiveness of a single early 

instillation of mitomycin C (MMC) after transurethral resection of bladder tumor (TURBT) 

together with urinary alkalinization in patients with low-risk non-muscle-invasive bladder 

cancer (NMIBC).

Methods: Between February 2006 and November 2010, patients diagnosed as having a primary 

bladder tumor were randomized into standard and optimized treatment groups. The treatment 

groups were formed prospectively from patients with NMIBC according to results of pathological 

examination postoperatively, whereas the control group was formed retrospectively. Patients in 

the standard group (n = 11) were given intravesical MMC 40 mg in the first 6 hours after TURBT, 

while the patients in the optimized group (n = 15) underwent urinary alkalinization prior to 

MMC. In the control group (n = 23), no drug treatment was given. The patients were followed 

after surgery at months 3 and 12, and then annually for the first 5 years using cystoscopy and 

ultrasound. Time to recurrence and recurrence-free survival rates were calculated.

Results: There were no statistically significant differences between the standard and optimized 

groups, between the control and optimized groups, or between the control and standard groups 

in terms of mean recurrence-free survival rates (P = 0.132, 0.645, and 0.173, respectively). The 

mean time to recurrence was 34.8 (range 28.5–41.1) months in the optimized group and 51.8 

(range 44.3–59.2) months in the control group. There was no recurrence during the follow-up 

period in the standard group.

Conclusion: The results of this preliminary study could not demonstrate the efficacy of urinary 

alkalinization before a single dose of early MMC following TURBT to increase the effective-

ness of the MMC, so we did not continue the study further.
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Introduction
Non-muscle-invasive bladder cancer (NMIBC) generally has a good prognosis. Never-

theless, the recurrence rate is 30–80% and the muscle-invasive disease develops within 

five years in 1–45% of the cases.1, 2 The goal of treatment is to eliminate the disease, 

prevent its recurrence, and improve the prognosis. One of the theories advanced to 

explain tumor recurrence is development of new tumors in tumor cells remaining after 

inadequate resection. Another theory is seeding of tumor cells in damaged portions of 

the mucosa, resulting in tumor recurrence.3,4 Therefore, intravesical therapy used in 

the early period could help to prevent tumor recurrence by eliminating floating tumor 

cells or residual neoplastic tissue.5–7 In a series of randomized studies, it was shown 

that treatment with a cytotoxic agent, such as epirubicin or mitomycin C (MMC) after 
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transurethral resection of bladder tumor (TURBT)  decreases 

the risk of relapse.8–17 Nowadays, single instillation of chemo-

therapy is used in the first 6 hours after TURBT to reduce the 

likelihood of recurrence in low-risk NMIBC, as recommended 

in the European Association of Urology guidelines for treat-

ment of bladder cancer.18 In studies aiming to increase the 

effectiveness of intravesical chemotherapy, the most discussed 

methods are reduction of the volume of MMC solvent, reduc-

ing the amount of residual urine, fluid restriction to reduce 

production of urine, and urinary alkalinization.19 The effect of 

urinary alkalinization on intracavitary MMC as maintenance 

therapy has been evaluated in other studies, but there is no 

study reporting on early single instillation of MMC.20,21

In this prospective study, our objective was to determine 

the effectiveness of early single instillation of MMC treat-

ment together with urinary alkalinization in patients with 

low-risk NMIBC, diagnosed on the basis of pathology results 

and tumor properties, on increasing the effect of MMC, on 

time to relapse, and on recurrence rates.

Materials and methods
Between February 2006 and November 2010, 53 patients 

with a primary bladder tumor treated in our department by 

transurethral resection and single instillation of MMC were 

randomized into standard and optimized treatment groups. 

The patients, who were diagnosed to have low-risk NMIBC 

post surgery depending on tumor pathology, number, and 

size (TaG1, solitary, tumor size , 3 cm), were prospectively 

enrolled in the optimized group. Patients with medium-risk 

and high-risk NMIBC, those with muscle-invasive bladder 

cancer, and those with suspected bladder perforation who 

could not be treated with MMC were excluded from the 

study. The control group was established retrospectively 

from patients with low-risk uroepithelial bladder cancer 

who had previously undergone TURBT without MMC 

treatment. Early single instillation of MMC is now the stan-

dard of care recommended in the guidelines, and all these 

patients had been treated prior to the current guidelines. 

In total, 49 patients with a diagnosis of primary bladder 

tumor treated with TURBT and with records of regular 

follow-up in the postoperative period were included as 

the low-risk group. There were 11 patients in the standard 

treatment group, 15 in the optimized treatment group, and 

23 in the control group. The pathological type of bladder 

cancer was predominantly uroepithelial in all three groups. 

Approval of the local ethics committee was obtained, and 

written informed consent forms were taken from patients 

before surgery.

The patients in the standard treatment group received 40 mg 

of intracavitary MMC diluted with 40 mL of sterile saline, given 

into a completely empty bladder in the first 6 hours postopera-

tively via a Foley catheter inserted during the operation, and the 

solution was kept in the urinary bladder for 2 hours. The patients 

in the optimized group underwent urinary alkalinization prior 

to administration of MMC. For alkalinization, 1.3 g of sodium 

bicarbonate was given orally the night before surgery, on the 

morning of surgery, and 30 minutes prior to administration of 

MMC, in three doses. Patients in both the standard and opti-

mized groups received 40 mg of MMC in the same way. In the 

control group, no drugs were given in the first 6 hours.

The patients were followed after surgery at months 3 and 

12, then annually for the first 5 years by cystoscopy. In addition, 

patients with macroscopic or microscopic hematuria underwent 

ultrasound and cystoscopy. Detection of bladder tumors was 

considered as recurrence. Urinary pH was measured the night 

before and just prior to surgery in both the standard and opti-

mized groups. There were no data for the control group.

The mean time to recurrence was calculated from the 

date of surgery to first recurrence in the control group and 

recorded in the patient files as “months” for both the standard 

and optimized groups. In addition, the groups were compared 

separately with respect to pathological features, demographic 

characteristics, and related environmental risk factors.

Statistical analysis
The data analysis was performed using the Statistical Package 

for the Social Sciences version 11.5 for Windows (SPSS Inc, 

Chicago, IL). Descriptive statistics for continuous variables 

were expressed as the mean ± standard deviation or median 

(minimum–maximum), and categorical variables were given 

as number of cases and percentages.

The relationship between recurrence-free survival rate 

and average life expectancy associated with the categorical 

variables was assessed by Kaplan-Meier survival analysis 

using the log-rank test. For each variable, survival rates at 

1, 3, and 5 years, median survival time, and 95% confidence 

intervals were calculated. The effect of the continuous 

variables on recurrence-free survival was evaluated using 

univariate Cox proportional hazards regression analysis. 

Hazard ratios and 95% confidence intervals were calculated 

for each variable. A value of P , 0.05 was considered to be 

statistically significant for the results.

Results
The patients in the three treatment groups were compared 

with respect to demographic characteristics, tumor size, 
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duration of follow-up, occupational risk factors, and smoking 

history. There were no statistically significant differences 

between the groups in this respect that may have affected 

the results of treatment (Table 1).

Pre-alkalinization urinary pH values (night before 

surgery) were compared with post-alkalinization urinary pH 

values (just before surgery) in the optimized and standard 

groups. There were no data available for the control group. 

Mean pre-alkalinization and post-alkalinization pH values 

were 5.88 ± 0.71 and 6.40 ± 0.50 versus 5.88 ± 0.63 

and 5.88 ± 0.57 in the optimized and standard groups, 

 respectively. The increase in mean urinary pH value was 

statistically significant in the optimized group (P = 0.005), but 

there was no statistically significant change in the standard 

group (P = 0.750).

The effects of the variables in Table 1, on recurrence-free 

survival rates were assessed individually. The median age of 

the patients included in the study was 61 (range 25–84) years, 

and was found to have no effect on mean recurrence-free sur-

vival rate (P = 0.720). Forty-four of the 49 patients included 

were male. The recurrence-free survival rate in these men 

was 90.9% and 85.9%, respectively, at 1 and 3 years, while 

the recurrence-free survival rate of the five female patients 

was 100% and 66.7%, respectively, at 1 and 3 years. There 

was no significant difference between the genders in this 

regard (Table 2).

Survival of patients with known occupational risk factors 

was 75% at 1 and 3 years, whereas patients without occupa-

tional risk factors had recurrence-free survival rates of 93.3% 

and 85.8% at 1 and 3 years, respectively. The difference was 

not statistically significant (Table 2).

Thirty-nine patients with a history of smoking had 

recurrence-free survival rates of 89.7%, 84.2%, and 84.2% 

at 1, 3, and 5 years, respectively. The 10 patients with no 

history of smoking had recurrence-free survival rates of 

100%, 85.7%, and 85.7% at 1, 3, and 5 years, respectively. 

This difference was not statistically significant (Table 2). 

The overall recurrence-free survival rates for all patients was 

91.8%, 84.7% and 84.7% at 1, 3 and 5 years, respectively 

(Figure 1 and Table 3). The recurrence-free survival rates of 

the standard group at 1, 3, and 5 years were 100%. In the 

optimized group, these rates were 86.7%, 79.4%, and 79.4% 

at 1, 3, and 5 years, respectively. In the control group, the 

recurrence-free survival rates were 91.3%, 82.6%, and 82.6%, 

at 1, 3, and 5 years, respectively. When the three groups were 

compared in terms of mean recurrence-free survival rates, 

no statistically significant difference was found (Table 3). 

The mean time to recurrence was compared between the 

study groups, and was 34.8 (range 28.5–41.1) months in the 

optimized group, and 51.8 (range 44.3–59.2) months in the 

control group, respectively. There was no recurrence during 

the follow-up period in the standard group (Table 3).

Discussion
The groups had similar characteristics and were evaluated 

in terms of recurrence-free survival rate, time to recurrence, 

tumor size, demographic data such as age and gender, and 

risk factors such as smoking and occupational hazards, 

which might have an effect on the likelihood of recurrence. 

No statistically significant difference was found between 

the three treatment groups with respect to recurrence-free 

survival and time to recurrence.

With regard to urinary alkalinization, the European 

Association Urology guidelines refer to the Phase III study 

by Au et al, who reported that adaptation of urinary pH, 

reduced urinary output, and buffering of the intravesical 

Table 1 Demographic and clinical characteristics of patients in treatment groups

Variables Standard 
n = 11

Optimized 
n = 15

Control 
n = 23

P value

Age, years (mean ± SD) 59.3 ± 14.9 63.5 ± 15.0 61.9 ± 10.2 0.716
gender 0.395
 Male, n (%) 9 (81.8) 13 (86.7) 22 (95.7)
 Female, n (%) 2 (18.2) 2 (13.3) 1 (4.3)
Tumor size, mm (mean ± SD) 18.3 ± 7.9 19.1 ± 8.4 19.4 ± 7.8 0.858
Duration of follow-up, months, median (range) 51 (12–60) 50 (12–59) 54 (38–60) 0.815
Occupational risk factors 0.264
 None, n (%) 9 (81.8) 13 (86.7) 18 (78.2)
 Present, n (%) 2 (18.2) 2 (13.3) 5 (21.8)
History of smoking 0.124
 None, n (%) 4 (36.4) 4 (26.7) 2 (8.7)
 Present, n (%) 7 (63.6) 11 (73.3) 21 (91.3)

Abbreviation: SD, standard deviation.
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solution all contribute to reduction in the recurrence rate.19 

Moreover, in another randomized trial, it is documented 

that the urinary drug concentration is more important than 

the duration of treatment.21 In light of these data, which 

all still need to be validated, the patient is asked to restrict 

their water intake on the morning of instillation, and it is 

recommended to dissolve the drug in an optimally buffered 

solution. On the other hand, in the American Urological 

Association guidelines, although it is stated that the optimal 

method of administration of MMC is unclear, reference 

is again made to the study by Au et al, and dehydration, 

alkalinization, dose concentration, and bladder evacuation 

are recommended.19 There are no recommendations in the 

National Comprehensive Cancer Network guidelines regard-

ing adaptation of urinary pH.

There are no studies in the literature on the use of urinary 

alkalinization in patients with primary bladder tumors, in 

addition to early postoperative single-dose instillation of 

MMC. The effectiveness of urinary alkalinization has been 

questioned in studies investigating induction treatment 

with MMC. In the study by Au et al, performed on behalf 

of the international MMC consortium, it was predicted that 

when the physiological parameters of urine are under con-

trol, the MMC reaches higher concentrations in urine and 

therefore in the tumor.19 When the results of their study are 

compared with ours, their study showed a longer period of 

time to relapse and a greater disease-free survival rate in 

the optimized group. On the other hand, unlike our study, 

some measures other than urinary alkalinization were taken 

into account, including an increased dose of MMC, diluent 

volume reduction, and restriction of fluid. Therefore, the 

overall result obtained represents the sum of these individual 

measures. However, in our study, the only difference between 

the standard and optimized groups was in alkalinization of 

urine, and only the effectiveness of urinary alkalinization 

was monitored. In the Au et al study, optimization for induc-

tion therapy was used in patients with a high-risk primary 

tumor or recurrence, whereas in our study, only early post-

operative instillation of a single dose was used in low-risk 

patients with primary bladder tumors. Therefore, in our 

study, the effect of urinary alkalinization was only measured 

after instillation of a single dose of MMC, whereas in the 

study by Au et al, the cumulative effect of urinary alkaliniza-

tion over an average period of 6 weeks before each MMC 

instillation may be responsible for the positive outcomes in 

the optimized group.

The effect of pH on the activity of MMC is another con-

troversial issue. Au et al alkalinized the urine to stabilize the 

MMC. Maeda et al22 also showed that both the stability and 

activity of MMC are pH-dependent, and that a urinary pH 

Table 2 Risk factors that may have impact on recurrence-free survival

Variables RFSR (%) Mean time to recurrence 
(95% CI)

Log-rank P value

One-year Three-year Five-year

gender 0.09 0.769
 Male (n = 44) 90.9 85.9 85.9 53.0 (47.7–58.2)

 Female (n = 5) 100.0 66.7 44.9 (28.6–61.1)
Occupational risk factors 0.77 0.382
 None (n = 40) 93.3 85.8 85.8 53.3 (48.3–58.3)

 Present (n = 9) 75.0 75.0 40.7 (23.2–58.2)
History of smoking 0.21 0.645
 None (n = 10) 100.0 85.7 85.7 54.9 (45.8–64.1)

 Present (n = 39) 89.7 84.2 84.2 52.1 (46.3–57.9)

Abbreviations: CI, confidence interval; RFSR, recurrence-free survival rate.
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Figure 1 Kaplan-Meier curve showing rate of recurrence-free survival in all patients.
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Table 3 Recurrence-free survival rates and median time to recurrence in treatment groups

Groups RFSR (%) Mean time to recurrence 
(95% CI)

Log-rank P value

One-year Three-year Five-year

Standard (n = 11) 100.0 100.0 100.0 –

Optimized (n = 15) 86.7 79.4 79.4 34.8 (28.5–41.1)

Control (n = 23) 91.3 82.6 82.6 51.8 (44.3–59.2)

general (n = 49) 91.8a,b 84.7a,c 84.7b,c 52.7 (47.7–57.7) 2.43 0.297

Notes: aBetween standard and optimized groups (P = 0.132); bbetween standard and control groups (P = 0.173); cbetween optimized and control groups (P = 0.645).
Abbreviations: CI, confidence interval; RFSR, recurrence-free survival rate.

greater than 5.5 heralds a good prognosis in MMC-treated 

patients. However, in in vitro studies, MMC has been shown 

to be more cytotoxic at acidic pH levels.23 In contrast, although 

the bladder tumor cells had a pH-dependent response in 

monolayer cultures, this reaction could not be demonstrated 

in multilayer cultures.24 In our study, it was demonstrated 

that effective urinary alkalinization could be achieved in 

the optimized group. Nevertheless, a further contribution of 

preoperative urinary alkalinization to the benefits of early 

single-dose MMC instillation could not be demonstrated in 

terms of recurrence-free survival rate or time to recurrence.

This study could not demonstrate the efficacy of urinary 

alkalinization before early single-dose MMC instillation 

following TURBT in improving the effectiveness of MMC. 

However, although our study has some important limitations, 

including the small number of patients in the treatment and 

control groups, and a short follow-up period, it may have 

made a considerable contribution to the relevant literature, 

being an early study of the use of urinary alkalinization, in 

addition to single early MMC instillation following TURBT 

in patients with NMIBC.

Conclusion
The results of this preliminary study did not demonstrate the 

efficacy of urinary alkalinization in increasing the effective-

ness of a single dose of early MMC instillation following 

TURBT, and discouraged us from continuing the practice. 

Studies with larger numbers and longer follow-up periods 

are needed to confirm or refute our findings.

Disclosure
The authors report no conflicts of interest in this work.
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