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ABSTRACT

Objective: To assess the effect of the urinary pH value on the efficacy of a postoperative single instillation of mitomycin-C.
Study Design: A descriptive study.

Place and Duration of Study: Department of Urology, Ankara Numune Training and Research Hospital, Ankara, Turkey from
2011 to 2016.

Methodology: Patients newly diagnosed with low-risk non-muscle invasive bladder cancer and given a postoperative single
instillation of mitomycin-C were retrospectively reviewed. The demographic data and pre-instillation urinary pH values of the
patients were recorded. All patients included in the study (n=117) were followed up for five years. The primary outcome was
the time to the first recurrence. The patients were divided into two groups: Group 1 consisted of 87 patients with no recurrence
and Group 2 comprised 30 patients that had recurrence during the follow-up.

Results: The mean pre-instillation urinary pH value was significantly lower in Group 2 than in Group 1 (5.89 vs. 5.37, p
<0.001). The receiver operating characteristic analysis revealed that the cut-off value of urinary pH in predicting recurrence
was 5.25. The patients with a urinary pH value of 5.25 or greater had significantly higher recurrence-free survival rates.
Conclusions: The patients with higher urinary pH before a single instillation of mitomycin-C had better recurrence-free

survival.
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INTRODUCTION

Bladder cancer (BC) accounts for 3% of all newly diagnosed
cancer cases and 2.1% of all cancer-related deaths." Approxi-
mately 75% of BC cases present with non-muscle invasive
bladdercancer (NMIBC) confined tothe mucosa (stageTa, carci-
nomain situ) orsubmucosa (stageT1).?

Althoughthe completetransurethral resection of bladdertumor
(TUR-BT) is the main treatment for NMIBC, patients with NMIBC
haveover40%recurrencerates.>

Apostoperativeimmediate single instillation (SI) of chemother-
apeuticagents prevents the implantation of floating tumor cells
intothe bladderurotheliumfollowing TUR-BT and destructsresi-
dual tumor cells at the resection site and/or on small unnoticed
tumors.”
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It is known that the SI of chemotherapeutic agents results in
lower recurrence rates among patients with NMIBC.>® For this
purpose, several agents can be used as SI, including mito-
mycin-C (MMC), epirubicin, and pirarubicin that have been
demonstrated to be beneficial.® Although the Sl of intravesical
chemotherapeutic agents has been reported to prolong recur-
rence-free survival (RFS) irrespective of the drug used,” MMC is
one of the most commonly used intravesical chemotherapeutic
agentsforSI®*®and has provenits efficacyinreducing recurrence
rates. Currently, increased drug concentration, decreased urine
production, alkaline urine, and two-hour application time are
widely accepted recommendations for an optimized regimen of
intravesical MMCtreatment.’

The aim of this study was to determine the impact of the urinary
pH value on the recurrence rates of patients with low-risk NMIBC,
who were given an immediate postoperative SI of intravesical
MMC.

METHODOLOGY

The current study was conducted at the Department of Urology,
Ankara Numune Training and Research Hospital, Ankara, Turkey
from 2011 to 2016. The study was approved by the local Ethics
Committee (Ethics Committee Ruling number: E1-21-1518) and
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conductedinaccordance with the principles of the Declaration of
Helsinki. As a result of the retrospective review of the clinic’s
medical reports between 2011 and 2016, the authors identified
227 patients newly diagnosed with low-risk NMIBC (primary, soli-
tary, TaG1, <3 cm tumor, and no carcinoma in situ) followed up
foratleastfiveyears.

Atotal of 117 patients were included in the study after excluding
110 patients that were not administered MMC due to hematuria
or suspicion of bladder perforation or inability to tolerate instilla-
tion for two hours. All the 117 patients were given 40 mg MMC
diluted with 20 ml sterile saline via a urethral catheter indwelled
during the operation within six hours following TUR-BT. The dura-
tion of instillation was two hours. All the histopathological speci-
mens were examined with standard procedures. Tumor grade
was determined according to the 1973 World Health Organisa-
tion grading system, and tumor stage was determined according
tothe 2009 TNM classification.

Written informed consent was obtained from all the patients
beforesurgeryandtheintravesicalinstillation ofthechemothera-
peutic agent. The patients’ demographic data, urinary pH
values, and risk factors (smoking and occupational exposure)
wererecorded.

Urine pH measurements were performed using the Cobas® 6500
urineanalyzer (Roche Diagnostics GmbH, Mannheim, Germany).
Three indicators, namely methyl red, bromothymol blue, and
phenolphthalein were used to measure the urine pH level. All the
patients were followed up with cystoscopy and urinary cytology
in the third month after TUR-BT, and if their findings were nega-
tive, the evaluations were undertaken again in the ninth month,
followed by annually for at least five years. The patients with
macroscopic hematuria also underwent cystoscopy in addition
tothisfollow-upschedule.

The authors’ primary outcome was the time of the first recur-
rence. According to the follow-up data, the sample was divided
into two groups: The patients with no tumor recurrence were
defined as Group 1 (n = 87) while those that developed tumor
recurrenceasGroup 2 (n=30).

Statistical analyses were performed using the Statistical
Packageforthe Social Sciences (SPSS) v. 16.0 for Windows (SPSS
Inc. Chicago, IL, USA). All numeric variables that we tested were
normally distributed. Therefore, the t-test was used to compare
the numeric variables between the groups, and the chi-square
test was used to compare categorical variables. Numeric vari-
ables were presented as mean * standard deviation while cate-
gorical variables were as number (% percentage). The receiver
operating characteristic (ROC) analysis was performed to deter-
mine the cut-off value of urinary pH to predict recurrence. The
Kaplan-Meier survival analysis was used to determine the RFS
rates and the log-rank test was used for comparisons. A p-value
of <0.05was considered asstatistically significant.

RESULTS

The mean age of the patients was 60.6 = 12.6 years. Ofthe 117
patients, 11.1% (n = 13) were female and 88.9% (n = 104) were

male. Risk factors, including smoking and occupational expo-
sure, were not statistically different between the groups. The
mean pre-instillation urinary pH value was 5.76 = 0.75. The
patients in Group 1 had a significantly higher mean urinary pH
value than thosein Group 2 (5.89vs.5.37, p <0.001). The base-
line demographics and urinary pH values of the groups are
summarisedinTablel.

Table I: Comparison of the demographic data and urinary pH values
betweenthestudygroups.

Variables ?nrzu§7]i ﬁ:’():ugoz) p-value
Age (years) 59.7 £ 13.7 63.2 £ 8.7 0.112%
Gender, n (%)

Male 78 (89.7) 26 (86.7) 0.655%*
Female 9(10.3) 4(13.3)

Urinary pH 5.89+0.79 537+041 <0.001*
Occupational exposure, n (%) 16 (18.4) 10 (33.3) 0.091**
History of smoking, n (%) 75 (86.2) 24 (80) 0.418%*
Smoking (pack years) 37 +£19.9 42 +19.9 0.285*
ASA score, n (%)

| 2(2.3) -

Il 65 (74.7) 27 (90)

I 20 (23) 3(10)

ASA: American society of anesthesiologists. Continuous variables are presented as
mean * standard deviation, and nominal values are presented as numbers with
percentages. Bold font indicates statistical significance * T-test. ** Chi-square test.

Table II: Comparison of the demographic data and tumor recurrence
accordingtothe cut-offvalueofurinarypH.

Urinary pH Urinary pH
Variables <5.25 =5.25 p-value
(n = 36) (n = 81)
Age (years) 62.9 £ 12 59.6 £ 12.9 0.192*
Gender, n (%)
Male 31(86.1) 73(90.1) 0.531%*
Female 5(13.9) 8(9.9)
Recurrence, n (%)
Yes 14 (38.9) 16 (19.8) 0.029**
No 22 (61.1) 65 (80.2)
Occupational exposure, n
%2 8(22.2) 18 (22.2) 15
No 28 (77.8) 63 (77.8)
Smoking history, n (%)
Yes 31(86.1) 68 (84) 0.765%*
No 5(13.9) 13 (16)

Variables are presented as mean * standard deviation or numbers and percentages
bold font indicates statistical significance. * T-test. ** Chi-square test.

The ROC analysis revealed that the best cut-off value for urinary
pH for the prediction of recurrence was 5.25 (95% confidence
interval [CI]: 0.597-0.793, p = 0.001). According to the cut-off
value of 5.25,in Group 1 22 of 87 patients had a urinary pH value
of <5.25while14 of30hadin Group 2. Tablell presentsthe demo-
graphics and recurrence rates of the patients according to this
cut-offvalue.

The overall RFSratesinyears 1, 3, and 5 were 87.2%, 77.1%, and
67.3%, respectively. The mean recurrence time was 22 = 14.9
months in Group 2. The RFS rates at year 1, 3, and 5 were 88.9%,
82.2% and 66.5%, respectively in patients with a urinary pH value
of 5.25 or greater and 83.3%, 65.8% and 53.8%, respectively in
those with a urinary pH value of <5.25 (p = 0.023). Figure 1 shows
the RFSrates ofthe patientsataurinary pH cut-off value of 5.25.
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Figure 1: Recurrence-free survival rates at the urinary pH cut-off value of
5.25. The continuous line indicates urinary pH =5.25, dotted line indi-
catesurinary pH<5.25.

DISCUSSION

Although most BC cases arediagnosed with NMIBC, asignificant
proportion of patients with NMIBC suffer tumor recurrence.’
European Organisation for Research and Treatment of Cancer
(EORTC) risk calculator for BC reveals that the probability of
recurrence for low-risk NMIBC is 15% for the first year and 31%
forthefirstfive years." Toreducetumorrecurrence, Slhas been
applied for years with proven efficacy. In 2013, Perlis et al.
reported that Sl prolonged recurrence free interval by 38% and
reduced early recurrence by 12%.’ Another meta-analysis
including 13 studies and 2,384 patients showed that Sl reduced
the recurrence risk by 35% and the five-year recurrence rate
from 58.8% to 44.8%. In addition, the authors of the study
reported that patients withan EORTC recurrence score of =5 did
not benefit from instillation.® Therefore, the current European
Association of Urology (EAU) guidelines’* recommend Sl
following TUR-BT in patients with low-risk NMIBC (primary, soli-
tary, TaG1, <3 cm tumor, and no carcinoma in situ) to reduce
therecurrencerisk. Anotherstudyreportedthe RFSratesat1, 2,
and 5 years to be 73%, 62%, and 51%, respectively among the
NMIBC cases given Slirrespective of theirrisk group.” In a study
by Bosschieter et al., it was found that the recurrence risk was
31% at three years and 43% at five years in patients with low-
risk NMIBC that were given SI.” Present results showed that the
RFS rates of patients with low-risk NMIBC were 87.2%, 77.1%
and67.3%atyearl,3and5, respectively.

Optimising intravesical instillation to further reduce the recur-
rence risk has been the main goal.’ In the literature, studies on
the optimisation of intravesical instillation have mostly focused
on MMC. In order to maximise the benefit of intravesical MMC
instillation, severalfactorsincluding the duration of exposure of
the bladder to the chemotherapeutic agent, optimal drug dose,
and fluid intake have been investigated. Previous trials
compared the effect of 0.5-hour and one-hour exposure times
on recurrence and showed lower recurrence rates in a longer

exposure.”*® Although there is no study comparing one- and
two-hour instillation durations, the current EAU guidelines
recommend thatthe duration of instillation should be oneto two
hours.” In order to increase drug concentration, it is recom-
mended to reduce fluid intake and residual urine volume before
and during instillation.””” Previous studies favored 40 mg MMC
in 20 ml saline as the optimal concentration."”*® In the current
study, the authors administered 40 mg MMC in 20 ml saline for
twohourstothe patients aftereighthours of fasting.

Urine pHand urinary alkalinisation are otherdiscussed issuesin
the optimisation of intravesical MMC treatment.*** In 1985,
Jauhiainen et al. assessed the effect of pH on the antitumor
activity of six cytostatics, including MMC in the cell line, which
were incubated at different pH values (5 to 7.4). The authors
reported that MMC had lower activity at pH 5." Dalton et al.
showed that the concentration of MMC in urine in vitro incuba-
tion was decreased by 44% at pH 5 and by <4% at pH 7.%
However, in another study, it was stated that MMC activity was
not affected by pH in human bladder tumor explants.” In a
prospectivestudy by Seoetal., the effectof oral sodiumbicarbo-
nate administration on the concentration of the active form of
MMC was evaluated. The authors reported that although
sodium bicarbonate therapy significantly increased the urine
pH values, changes in the concentration of the active form of
MMC were not statistically significantly different (285.3 vs.
305.3ug/ml,p=0.605).*

In2001,arandomised phasellltrial evaluatedthe efficacy of opti-
misedintravesical MMCinstillationin patients with NMIBC. Atotal
of 230 patients were divided into two groups as optimized (n =
119) and standard (n = 111) treatment. In the optimised-treat-
ment group, the patients were given a 40 mg dose of MMC, and
the MMC concentrationwas manipulated by decreasingthe urine
volume and stabilised by urinary alkalinisation. The patients in
the standard-treatment group received 20 mg MMC without any
manipulation or alkalinisation. The patients in the opti-
mised-treatment group were reported to have a significantly
higher RFS rate (41% vs. 24.6%) and a longer median time to
recurrence (29.1 vs. 11.8 months) at five years compared to the
standard-treatmentgroup. Theauthors concludedthatoptimisa-
tion of intravesical MMC treatment was significantly associated
with improved efficacy and recommended the use of sodium
bicarbonate to alkalinise the urine.”” Maeda et al. investigated
the effect of urine pH on weekly MMC maintenance treatment. In
that study, 124 patients were divided into two groups according
tourinary pH using the cut-off value of 5.5 (pH <5.5and pH =5.5).
The authors reported that the patients with urinary a pH of 5.5
had improved three- and five-year RFS rates than those with a
urinary pH value of <5.5 (64.2% and 52.9% vs. 41.9%, and
38.4%, respectively). The authors concluded that monitoring
andmodifyingurinary pHcouldimprovetheefficacy of MMCinstil-
lation.”” Ersoy et al. evaluated the association between urinary
pH and the efficacy of SI with MMC in patients with low-risk BC.
Theydivided the patientswerethree groupsasstandard(n=11),
optimised (n=15), and control (n = 23). The patientsin the stan-
dard group were instilled MMC within the first six hours following
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TUR-BT. In the optimised group, the patients were given 1.3 g of
sodium bicarbonate for urinary alkalinisation before the MMC
instillation while those in the control group were given no treat-
ment. The mean pH value was 6.4 in the optimised group after
alkalinisation and 5.88 for both the standard and control groups.
The one-year RFS rates were reported as 86.7%, 100%, and
91.3%, and the three-year RFS rates as 79.4%, 100%, and 82.6%
for the optimized, standard, and control groups, respectively,
and there was no difference between the groups. The authors
stated that their preliminary results could not show the efficacy
of urinary alkalinisation; therefore, they terminated the study.”
According to the present results, the patients with recurrence
hadalowermeanurinary pHvalue.

Intheinternationalliterature, several studies have investigated
the effect of urinary pH on the risk of BC and recurrence rates.
Alguaciletal.evaluatedtheeffectofurinepHontherisk of devel-
oping BC among patients with urothelial cell carcinoma (n =
712) and controls (n = 611). The authors found that acidic
urinary pH (=6) was associated with an increased risk of BC
(odds ratio = 1.5, 95% CI: 1.2-1.9).”" A study by Stone et al.
assessed the effect of urinary pH on tumor recurrence rates in
NMIBC by dividing the patients into two groups according to
their pH values being < 6 or >6. It was reported that there was
noassociation betweenurinary pHandrecurrencerates.”

Although previous studies provide controversial findings
concerning the effect of urinary pH on the risk of BC, recurrence
rates, and MMC concentration or the efficacy of SIwith MMC, our
results indicated that at acidic urinary pH values (<5.25), the
incidence of tumor recurrence was higher in patients with low-
risk NMIBC that were given Sl of MMC. In addition, most of the
clinical studies in the literature have focused on NMIBC with
various stages including Ta and T1 tumors which might
influence the results or have studied on a smaller sample size.
Ontheotherhand, this study has certain limitations. Firstly, due
to the retrospective design of the study, the authors were
unable to record some demographic parameters of the
patients, including comorbidities. Secondly, the study cohort
did notinclude patients that were given medication to alkalinize
urine; therefore, theresearchers werenotabletodeterminethe
effect of alkalinisation on these results. Lastly, the authors did
not include the patients that were not given Sl of MMC as a
controlgroup.

CONCLUSION

Patients who developed recurrence had lower mean urinary pH
values. In addition, the urinary pH value being 5.25 or greater
was associated with an increased RFS rate in patients that had
received S| of MMC for the treatment of low-risk NMIBC. In
patients with this urinary pH value, either urinary alkalinisation
before SI with MMC or a closer follow-up may be beneficial.
However, these results need to be confirmed by prospective
studieswithlargersamplesizes.
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