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Correspondence symptoms, urodynamic parameters, and oxidative stress levels in male patients.
Yasuyoshi Miyata, Department of Urology, Methods: This prospective study included 53 male patients with urinary symptoms,
Nagasaki University Graduate School of L . . .
Biomedical Sciences, 1-7-1 Sakamoto, who met the criteria for overactive bladder (OAB) (= 2 points for Q3 [urgency] in the
Nagasaki 852-8501, Japan. OAB symptom score [OABSS] assessment and = 3 points for the total score). The

Email: yasu-myt@nagasaki-u.ac.jp . X § X .
patients received 5 mg tadalafil orally once daily, and their symptoms were assessed

before and after the 12-week treatment. The OABSS and international prostate
symptom score (IPSS) were used to evaluate the subjective symptoms. The objective
findings were assessed using uroflowmetry. Oxidative stress was assessed by deter-
mining urinary levels of 8-hydroxy-2’-deoxyguanosine (8-OHdG) levels with an
adjustment for urinary creatinine (CR) concentration.

Results: After tadalafil administration, total and individual indices of the OABSS
assessment showed significant improvement. In addition, total storage and voiding
symptoms that contributed to the IPSS were also significantly improved. The voided
volume was increased, and the maximum flow rate was improved after tadalafil treat-
ment (P = .002 and < 0.001, respectively). Urinary 8-OHdG/CR decreased from 12.4
+ 9.7 ng/mg CR to 7.6 + 11.6 ng/mg CR (P < .001). In patients who showed OAB
improvement and did not meet the criteria for OAB after the treatment (44 patients,
83.0%), the urinary 8-OHdG/CR level was significantly decreased from 11.6
+ 8.4 ng/mg CR to 6.4 + 10.3 ng/mg CR (P < .001).

Conclusions: Tadalafil treatment improves OAB symptoms and urodynamic parame-

ters by decreasing oxidative stress level.
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1 | INTRODUCTION

Lower urinary tract symptoms (LUTS), which comprise voiding, stor-
age, and postmicturition symptoms, are caused by various factors,
including benign prostatic hyperplasia in male patients. Depending on
the objective findings and patient-subjective symptoms, drugs such as
al-adrenergic receptor blockers, 5a-reductase inhibitors, anticholiner-
gic agents, 3 adrenergic receptor stimulants, or phosphodiesterase
type 5 (PDE5) inhibitors are used in clinical practice. In particular,
PDES5 inhibitors have been shown to ameliorate LUTS by various
mechanisms, for example, by relaxing smooth muscle cells in the
urogenital tract via the NO/cGMP/PDES5 pathway,*? increasing blad-
der perfusion,’ decreasing afferent nerve activity,® and decreasing
smooth muscle proliferation.> Hence, tadalafil, which is the only PDE5
inhibitor approved for male LUTS (mLUTS) patients, is now used
worldwide.

Oxidative stress caused by bladder ischemia as a result of pelvic
artery insufficiency leads to LUTS, including overactive bladder
(OAB).>” In addition, it has been reported that the urinary level of
8-hydroxy-2'-deoxyguanosine (8-OHdG), which is recognized as a
useful oxidative stress marker, is higher in LUTS patients than in indi-
viduals without LUTS. Furthermore, tadalafil reduced oxidative stress
both in vivo and in vitro.””** However, the relationship between oxi-
dative stress level and the effectiveness of tadalafil in mLUTS patients
is unclear.

Understanding molecular mechanisms of tadalafil efficacy is
important for the development of a treatment strategy in patients
with mLUTS. Hence, the aim of this study was to evaluate the efficacy
of tadalafil monotherapy in improving urinary tract symptoms and
urodynamic parameters and to clarify the relationship between such
efficacy and oxidative stress changes induced by the treatment in
mLUTS patients with OAB.

2 | METHODS

2.1 | Ethics

The study protocol was approved by the Clinical Study Review Board
of the Nagasaki University Hospital. All procedures were carried out
in accordance with the principles of the Declaration of Helsinki. Writ-
ten informed consent was obtained from all patients that participated

in the study.

2.2 | Patients

mLUTS patients with OAB symptoms were recruited at the Nagasaki
University Hospital (Nagasaki, Japan). This study was a prospective,
single-center, open-label study. mLUTS patients with OAB symptoms
(overactive bladder symptom score [OABSS]: urgency =2, total
score > 3) for at least 3 months, who did not take any medications for
their urinary symptoms, were included in this study. The patients received
oral tadalafil (Zalutia®; Nippon Shinyaku Co., Ltd., Kyoto, Japan; 5 mg)

once daily in the morning. We evaluated the efficacy of the treatment
using the OABSS, international prostate symptom score (IPSS), and visual
analog scale for quality of life (QOL; rated from O to 10) to assess the sub-
jective symptoms, and urinary 8-OHdG changes 12 weeks after initial
administration were compared with those at baseline. In addition, we
used uroflowmetry and determined postvoid residual (PVR) urine volume
to assess objective symptoms. Exclusion criteria were a PVR volume of
100 mL, prostate volume of 40 g, history of urinary retention, prior diag-
nosis of neurogenic bladder, urethral stricture, history of symptomatic
orthostatic hypotension, history of prostatic surgery, bladder stones, renal
insufficiency (glomerular filtration rate <30 mL/min/1.73 m?), liver
impairment, urological malignancy, active lower urinary tract infection,
treatment with any antimuscarinic or al adrenal receptor antagonist
agents, or conclusion about unsuitability for the trial by the treating
physicians.

2.3 | Urinary sample preparation and assessment

The participants were asked to come to the clinic by 10:00 awm, repli-

t,%2 and their urine

cating the settings described in a previous repor
samples were collected at the maximum desire to void to measure uri-
nary 8-OHdG. Urine specimens taken from all subjects were cen-
trifuged at 3000 x g for 10 min, and the supernatants were separated
and stored at —80 °C until being tested. After defrosting, urinary
8-OHdG and creatinine (CR) concentrations were measured using a
human 8-OHdG ELISA kit (New 8-OHdG Check®; Japan Institute for
the Control of Aging, Nikken Seil Co., Ltd., Shizuoka, Japan) and a cre-
atinine assay kit (Colorimetric for Urine Sample; Cayman Chemical,
Ann Arbor, Michigan), as described in the manufacturers' instructions.
In addition, 8-OHdG levels were normalized by the urinary CR con-
centration. Both 8-OHdG and CR levels were determined using ELISA
kits as above. The absorbance was detected at 450 nm for 8-OHdG
and at 492 nm for CR using a microplate reader (Thermo/LabSystems
Multiskan RC; Artisan Technology Group, Champaign, lllinois). Forty
males without any LUTS and with comorbidity background similar to
that of OAB patients were selected as control subjects. After that, we
evaluated the differences in urinary biomarkers between control sub-
jects and OAB patients. In addition, we compared urinary levels of this
biomarker before and after oral tadalafil treatment. Furthermore, we
divided the patients into two groups by the efficacy of tadalafil treat-
ment. In particular, we defined the patients whose urinary symptoms
improved and did not fit the OAB definition after the 12-week study
period as the responder group, whereas the patients with persisting
OAB symptoms after the treatment were defined as the non-
responder group. Urinary 8-OHdG/CR levels before and after tadalafil

administration were then compared between the two groups.

2.4 | Statistical analysis

All statistical values are presented as the mean + SD. The Wilcoxon
signed rank test was used to evaluate changes in subjective symptoms
based on the OABSS and IPSS, whereas objective findings were

obtained by uroflowmetry and urinary biomarker analysis. All
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statistical analyses were two-sided and conducted with a significance
level of a = 0.05 (P < .05) using JMP 13 software (SAS Institute, Cary,
North Carolina).

3 | RESULTS

3.1 | Patients' characteristics

A total of 53 mLUTS patients with OAB were enrolled in the present
study (Table 1). The mean age at the start of the treatment was 72.1
+ 7.2 years. The body mass index was 23.1 * 2.7 kg/m?, and the mean
prostate volume was 24.3 + 8.2 mL. Hypertension and renal dysfunc-
tion were frequent comorbidities in 25 (47.2%) and 22 (41.5%)
patients, respectively. In addition, the levels of urinary 8-OHdG and
8-OHdG/CR in OAB patients were higher than those in control sub-
jects (Figure 1).

TABLE 1 Patients' characteristics at baseline
Entire
Number of patients (N/%) 53
Age (years) 721 +7.2
Body mass index (kg/m?) 231+27
Prostate volume (mL) 243 +8.2
Comorbidity
Hypertension (%) 25 (47.2)
Diabetes mellitus (%) 10 (18.9)
Renal dysfunction (%) 22 (41.5)
Hyperlipidemia (%) 15 (28.3)
Urological parameter
VV (mL) 116.3 +78.3
Qmax (ML/s) 7.9 +35
PVR (mL) 423 +31.7
Urinary 8-OHdG/CR (ng/mg CR) 124 +9.7

3.2 | Relationship between subjective and objective
findings and urinary 8-OHdG level

Table 2 shows the relationship between subjective and objective find-
ings and urinary 8-OHdG. Urinary 8-OHdG levels did not correlate
with subjective symptoms, except for weak stream in IPSS. However,
urinary 8-OHdG showed moderate positive correlation with voided
volume (VV) and maximum flow rate (Qumax), Which are objective

symptoms.

3.3 | Changes in subjective symptoms according to
OABSS and IPSS

The magnitude of subjective symptoms was determined from respec-
tive OABSS and IPSS values (Table 3). Among the OAB symptoms,
tadalafil treatment improved the total score and all subscale OABSS.
In particular, the total OABSS was improved from 6.5 + 1.7 to 2.8

Responders Nonresponders P value
44 9 -
713+1.1 75.9+23 .071
232+26 22.6 +3.5 .953
248 + 6.5 235+58 764
18 (40.9) 7(77.8) .067
10(22.3) 0(0) 181
18 (40.9) 4 (44.4) 1.000
13(29.6) 2(28.3) 1.000
118.7 + 84.6 104.3 + 35.0 .887
7.8+38 85+14 .553
43.2 + 30.6 37.8 £38.5 129
11.6 +84 163+ 144 .850

Abbreviations: 8-OHdG, 8-hydroxy-2'-deoxyguanosine; CR, creatinine; PVR, postvoid residual; Qqnax, maximum flow rate; VV, voided volume.

(A) (B)
(ng/mL) (ng/mg CR)
30 - 30 -
P=0.013 P<0.001
25 25 -
20 20
FIGURE 1 Differences in the 15 15
oxidative stress marker 8-hydroxy-2’- 10 10
deoxyguanosine (8-OHdG) levels
between overactive bladder (OAB) 5 5
patients and control subjects. Absolute 0 0
(A) and normalized (by creatine [CR] level) OAB Control OAB Control
8'(3_”‘1“3 °°”Cef‘“f’ft_'°”-°'t |(Bi,-leﬁelstlr? OAB Mean 11.1 3.9 Mean 12.4 5.8
atients were significan igher than in
P . e SD 13.4 0.5 SD 9.7 5.3

control participants
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TABLE 2 Relationship between urinary 8-OHdG/CR level and TABLE 3 Changes in the subjective symptoms
subjective and objective symptoms at baseline
Baseline 12 wk P value
r P value OABSS
OABSS Q1 (daytime frequency) 0.7+0.7 0.3+0.5 <.001
Q1 (daytime frequency) 0.1204 391 Q2 (nighttime frequency) 24+07 15:09 <001
Q2 (nighttime frequency) 0.0164 .907 Q3 (urgency) 27409 09+11 <001
Q3 (urgency) 0.1077 443 Q4 (urgency incontinence) 0.7+0.8 0.1+0.3 <.001
Q4 (urgency incontinence) 0.0015 997 Total score 65+17 28+19 <001
Total score 0.0155 912 IPSS
IPSS Q1 (incomplete emptying) 16+14 0.9 +0.7 <.001
Q1 (incomplete emptying) 0.1552 877 Q2 (frequency) 25412 12+09 <001
Q2 (frequency) 0.1433 306 Q3 (intermittency) 1516 12+11 069
Qa3 (intermittency) 0.0982 484 Q4 (urgency) 22413 0.9+ 0.9 <001
Qéjlurgency) 569 328 Q5 (weak stream) 24+16 14+13 <001
Q5 (weak stream) 0.3845 005 Q6 (straining) 15£14 09+13 005
Q6 (straining) 00210 881 Q7 (nocturia) 27+13  16+11 <001
Q7 (nocturia) 0.1363 967 Storage symptoms 73+28 38+24 <001
Storage symptoms (Q2+Q4+Q7) 0.0606 667 (Q2+Q4+Q7)
Voiding symptoms (Q1+Q3+Q5+Q6) 0.1770 204 Voiding symptoms 7.1+48 40+29 <.001
Total score 0.1199 393 lerseaasmas)
QOL score 0.1044 457 Total score 144 £ 5.7 77 £34 <.001
Objective symptoms QOL score 42+10 2309 <.001
\AY 0.381 .005 Abbreviations: IPSS, international prostate symptom score; OABSS,
Quoon 0.336 014 overactive bladder symptom score; QOL, quality of life.
PVR 0.261 .060

Abbreviations: 8-OHdG, 8-hydroxy-2'-deoxyguanosine; CR, creatinine;
IPSS, international prostate symptom score; OABSS, overactive bladder
symptom score; PVR, postvoid residual; Qnax, maximum flow rate; QOL,
quality of life; VV, voided volume.

+ 1.9 (P <.001), and Q3 (urgency) also was decreased from 2.7 + 0.9
to 0.9 £ 1.1 (P < .001) during the 12-week study period. In 44 (83.0%)
patients, OAB manifestations, as outlined in the Methods section,
diminished with improvements in urinary symptoms after 12 weeks of
tadalafil administration. In addition, the total IPSS, IPSS storage symp-
toms, IPSS voiding symptoms, and QOL score also improved after
tadalafil treatment. All individual IPSS, except Q3 (intermittency), were

significantly decreased after tadalafil treatment (Table 3).

3.4 | Changes in urodynamic parameters and urinary
8-OHdG level

Objective symptoms in the patients were assessed from the changes
in urodynamic parameters (Table 4). VV and Q..x improved signifi-
cantly after 12 weeks of tadalafil administration (VV: from 116.3
+78.3 mL to 168.4 + 102.6 mL, P = .002; Qax: from 7.9 £ 3.5 mL/s
to 10.8+5.7 mL/s, P <.001). However, no statistically significant
change in PVR volume was observed (from 42.3 + 31.7 mL to 37.3
+27.1 mL, P = .266). The absolute concentration of urinary 8-OHdG,
a urinary oxidative stress biomarker, decreased significantly from
11.1 £ 13.4 ng/mL to 6.0 + 7.6 ng/mL after the 12-week treatment

TABLE 4 Changes in the objective symptoms

Baseline 12 wk P value
VV (mL) 116.3+78.3 168.4 + 102.6 0.002
Qmax (ML/s) 7.9 +£35 10.8 + 5.7 < 0.001
PVR (mL) 423 +31.7 37.3+27.1 0.266

Abbreviations: PVR, postvoid residual; Qmax maximum flow rate; VV,
voided volume.

period (P = .006). In addition, the level of 8-OHdG corrected by that
of urinary CR also significantly improved from 12.4 + 9.7 ng/mg CR to
7.6 £ 11.6 ng/mg CR (P < .001; Figure 2).

3.5 | Relationship between the improvement of OAB
symptoms and 8-OHdG level

In the responder group, which comprised 44 (83.0%) patients with
improved OAB symptoms according to the OABSS, the normalized
urinary 8-OHdG level was significantly decreased from 11.6
+ 8.4 ng/mg CR to 6.4 + 10.3 ng/mg CR post treatment (P < 0.001).
However, in the nonresponder group of nine patients, (17.0%) whose
OAB symptoms persisted after tadalafil treatment, the change of the
urinary 8-OHdG/CR value from 16.3 + 14.4 to 13.6 + 16.3 ng/mL CR

was not statistically significant (Figure 3).
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FIGURE 2 Changes in the oxidative (A) (B)

stress marker 8-hydroxy-2'- (ng/mL) (ng/mg CR)

deoxyguanosine (8-OHdG) level following 30 - 30 4

tadalafil treatment. Absolute (A) and P=0.006 25 | P<0.001

normalized (by creatine [CR] level)
8-OHdG concentrations (B) before and
after 12-week treatment. Both

20

parameters were significantly decreased 15
by tadalafil administration 10
5
0 ,
0wk 12 wk 0wk 12 wk
Mean 1.1 6.0 Mean 124 7.6
SD 134 7.6 SD 9.7 11.6
(A) (B)
(ng/mg CR) (ng/mg CR)
25 - N=44 40 - N=9
P<0.001 P=0.281
20 30 |
15
20
FIGURE 3 Changes in the oxidative 10
stress marker 8-hydroxy-2'- 5 10 4
deoxyguanosine (8-OHdG) in responders
and nonresponders. Urinary 8-OHdG 0 0
level was significantly decreased after 0 wk 12 wk 0 wk 12 wk
12‘“’93" tada'af"(/t_\r)est:“e”: in :Ee Mean 116 6.4 Mean 16.3 13.6
responcier grotip 1Ay Bt not in the sD 8.4 10.3 sD 14.4 16.3

nonresponder group (B)

3.6 | Adverse events

Two (3.8%) patients had epigastric distress, and one (1.9%) patient
suffered from headache after taking tadalafil orally. However, all
adverse events were very mild, and all participants continued their
participation in this clinical study for the complete 12-week treatment

period.

4 | DISCUSSION

The present study demonstrates that oral administration of tadalafil
improves subjective symptoms, as assessed by the OABSS, total IPSS,
and IPSS QOL, in mLUTS patients with OAB. In addition, we also found
that this therapy improves urodynamic parameters such as VV and
Qmax in these patients. With regard to the efficacy of tadalafil in rela-
tion to the subjective and objective symptoms, an earlier pressure flow
study showed that 12-week tadalafil treatment improved not only sub-
jective symptoms but also the parameters such as the Q. detrusor
overactivity, and bladder outlet obstruction index.'®> However, it has
also been proposed that tadalafil treatment signficantly improves symp-
tom scores without signficantly affecting uroflowmetric measures such

as Qmax PVR volume, maximum detrusor pressure, and bladder outlet

obstruction index in mLUTS patients.2**> Unfortunately, in our study,
detailed investigations of urodynamic parameters, including the evalua-
tion of the presence of bladder outlet obstruction and detrusor overac-
tivity, have not been performed. Therefore, our study design cannot
clarify the reasons for the apparent differences in uroflowmetric results.
However, we speculate that patient background and treatment proto-
col, including variables such as age, prostate volume, as well as dosage
and duration of tadalafil administration, may affect the objective effi-
cacy of tadalafil in these patients. As described above, we did not find
the mechanism of Q. improvement after tadalafil treatment. How-
ever, randomized, double-blind placebo control studies™>*® did not
report similar results, and our results should be carefully considered.
One of the most interesting results of this study is that urinary
8-OHdG concentration, normalized by urinary CR level is inversely
associated with the efficacy of tadalafil in mLUTS patients with OAB.
With regard to the pathological significance of 8-OHdG, there is a
general agreement that it is one of the useful markers of oxidative
stress under various pathological conditions.r”*8 It should be noted
that urinary levels of 8-OHdG were increased in a rat model of
atherosclerosis-induced chronic bladder ischemia, which relates to
oxidative stress.'? In addition, it has been reported that the severity

of total OABSS, nocturia, and urge incontinence positively correlated
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with the urinary level of 8-OHdG.2 These observations justify the use
of the urinary 8-OhdG level for the evaluation of oxidataive stress in
our study. Although the objective findings such as VV and Qax posi-
tively related to the urinary 8-OHdG level, we could not find any rela-
tionship between the severity of OAB symptoms and urinary 8-OHdG
level prior to the administration of tadalafil in this study. The reason
why the severity of subjective symptoms does not correlate with
8-OHdG values remains unclear. However, compared to the study of
Matsumoto et al,® in which 8-OHdG levels positively correlated with
OAB symptoms, this study included more patients with relatively mild
OAB symptoms and older patients than the prior study. In addition, in
this study, compared with the data from the prior study,® compara-
tively many patients with lifestyle-related diseases, such as hyperten-
sion, diabetes, and renal dysfunction that would affect urinary
8-OHdG levels were included. These might be the reasons why the
urinary 8-OHdG level did not correlate with the severity of OAB
symptoms.

Tadalafil is commonly used for the treatment of mLUTS patients.
Tadalafil improves LUTS by relaxing smooth muscle via its effect on
the NO/cGMP/PDE5 pathway and by improving the regulation of
bladder fusion, nerve activity, and smooth muscle proliferation.>™ In
addtion to such mechanisms, tadalafil also suppresses oxidative stress
under a variety of pathological conditions.”*! Furthermore, several
reports showed that bladder ischemia, increased bladder nerve activ-
ity, intravesical pressure, and bladder aging that are prominent in sev-
eral kinds of LUTS, including OAB, were accompanied by oxidative
stress.'??2 In addition, it has been previously shown that tadalafil
decreased immunohistological staining for 8-OHdG in the urothelial
layer in a diabetic rat model.?® These findings suggest that tadalafil
may reduce the level of oxidative stress in patients with urinary symp-
toms, including LUTS. However, the relationship between tadalafil
treatment and urinary 8-OHdG level in these patients has not been
investigated previously. Thus, the present study for the first time
reports that oxidative stress, as evaluated by urinary 8-OHdG levels,
is signficantly decreased by tadalafil treatment, and its change is asso-
ciated with the efficacy of tadalafil treatment in mLUTS patients
with OAB.

The major limitations of the present study are the open label
rather than the placebo-controlled design and a relatively small num-
ber of the patients. In addition, the observation period was relatively
short. Therefore, a more detailed investigation, including multivariate
analysis with a larger study population, is necessary to confirm our
results. Furthermore, it should be noted that besides 8-OHdG, other
urinary markers, such as 8-iso-prostaglandin F,, or 4-hydroxy-2-non-
enal-mercapturic acid, may be useful for the evaluation of oxidative
stress.2* Further studies that will utilize other urinary markers are nec-
essary to confirm our results. In addition, more detailed investigations
of the molecular mechanisms of pharmacological effects of tadalafil
are also important. For example, it has been reported that antifibrotic
effects of green tea catechins improved the objective urinary symp-

,2° and tadalafil has been shown to have

toms in an OAB rat mode
antifibrotic effects on urinary bladder remodeling in rats with spinal

cord injury.2® Thus, our results hint at just some of the complex

mechanisms of tadalafil pharmacological effects. On the other hand,
we also think that the data on the outcome and changes in the urinary
8-OHdG level following a 4-week treatment with tadalafil are impor-
tant based on previous reports.'®?” However, despite these limita-
tions, the relationship between the changes in urinary symptoms and
urinary levels of an oxidative stress biomarker as a result of tadalafil
treatment has been evaluated in the present study for the first time in
mLUTS patients with OAB. Our findings are important for the under-
standing of mLUTS pathological characteristics at the molecular level
and for the planning of treatment of these patients.

In conclusion, tadalafil administration improved urinary symptoms
and increased VV and Quax in mLUTS patients. Furthermore, urinary
8-OHdG concentration normalized by the CR level was inversely pro-
portional to the efficacy of the treatment. Our data suggest that
tadalafil improved urinary symptoms by the downregulation of oxida-
tive stress in mLUTS patients with OAB.
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