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osteosarcoma involving the left occipital bone. Ten years
earlier, she was diagnosed with cancer of the uterine body
and underwent resection surgery. Two years after that
surgery, she underwent chemotherapy and whole-brain
radiation therapy (WBRT, total 30 Gy with 10 fractions)
including the cerebellum for brain metastasis. Six years
after the WBRT, she was diagnosed with a radiation-
induced osteosarcoma involving the left occipital bone,
and she underwent resection surgery and successive
chemotherapy using methotrexate. One year after that
surgery and chemotherapy, the subcutaneous tumor ap-
peared again in the left occipital region and rapidly
enlarged over a period of only 3 months (Figure 1A).
Magnetic resonance images (MRI) showed the epidural
tumor invasion (Figure 2A and A’). Eventually, the patient
could not walk because of acutely developing cerebellar
ataxia. This tumor was diagnosed as a recurrence of the
radiation-induced osteosarcoma in accord with the above
Cahan'’s criteria [3].

We performed BNCT for the radiation-induced osteo-
sarcoma because the lesion/normal brain (L/N) ratio of
fluoride-labeled boronophenylalanine positron emission
tomography (FBPA-PET) was enough high, as shown in
Figure 3A and B (L/N ratio: 3.8) [12]. For the BNCT,
neutron irradiation was applied at Kyoto University
Reactor.

The patient was administered 500 mg/kg of BPA intra-
venously for 3.2 hours (200 mg/kg for initial 2 hours,
prior to neutron irradiation, 100 mg/kg for 1.2 hours
during neutron irradiation). The boron concentration in
the blood was monitored by sampling every 1 hour after
boron compound administration until neutron irradiation
was completed. The boron concentrations from BPA in
the tumor and normal brain were estimated from the L/N
ratio of 18 F-BPA on PET. The neutron fluence rate was
simulated by the dose-planning system, SERA (Idaho
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National Engineering and Environmental Laboratory,
Idaho Falls, ID) and the total doses to the tumor and
normal brain were simulated. The neutron irradiation
time was determined not to exceed 13 Gy-Eq to the
normal brain in accordance with our recent protocol
of BNCT for high-grade meningiomas [10]. For this case,
irradiation time was 70 minutes and B10 concentration of
the venous blood was judged as 37.2 ppm during the neu-
tron irradiation. Here, Gy-Eq (Gy: Gray) means an X-ray
dose that can give biologically equivalent effects to total
BNCT radiation. The scalp just above the tumor was cov-
ered with the bolus composed of sodium polyacrylate with
1 cm-thickness to gain the superficial neutron flux. After
the treatment, the doses given were re-estimated precisely
and are shown in Table 1. We hypothesized the boron
concentrations of the blood, brain, and skin were equal, as
we did in the previous BNCT. RBE and CBE values
employed here were listed in Table 2.

Absorbed physical dose and X-ray-equivalent dose
(Gy-Eq) are calculated with the following formula;

Etotat = Epio + EThermal + EFast + Ey

Egio = (Cgsn X CBEggy + Cgpa < CBEppa) % 7.43
X 10—14 X (DThermal

EThermal =Nx RBEThermal X 6.78 x 10—14 X cD’I‘hermal
Epast = RBEpast X Drast
E, = RBE, x Dy

D: physical absorbed dose (Gy),
®Thermal: fluence of theraml neutron (cm-2),
N: nitrogen concentration (2%, here)
C: B10 concentration (ppm).

Figure 1 Marked improvement of the subcutaneous tumor at 3 weeks after the application of BNCT. A: just pricr to the BNCT; the tmor
is elastic hard, and painful. B: Seven days after the BNCT; the tumar is soft and no longer painful. € At 2 months after the BNCT, the tumor had
shrunk drastically without radiation damage to the skin.
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and judged as a sectional standard of MRL A Gd-enhanced T1-

had disappeared.

Figure 2 MRI of the patient’s brain before and after the BNCT. White arrows inidicate a venokjs angiorna,
hited MRI of the brain 1-month before the BNCT. There was a subcutaneous
and epidural turnor mass. B: Gd-enhanced Tl-weighted MRl at 4 days after BNCT. The tumcr mass was reduced. C: Gd-enhanced T1-weighted
MR of the brain 3 months after BNCT. The turnor mass was further reduced. A Fluid-atteriuated inversion recovery (FLAIR) MRI of the brain

1 manth before BNCT. B FLAIR MRI of the brain 4 days after BNCT. The tumor mass was reduced, but the edema had worsened. A black arrow
indicates the cerebellar ederna. € FLAIR MR of the brain 3 months after BHNCT. The turnor rnass was further reduced, and the edema

hich was recognized inciderally

For this patient, we estimated that the minimum tumor
and maximum normal brain and skin doses were 67.7,
12.7 and 12.4 Gy-Eq, respectively in the BNCT, simulated
from F-BPA-PET imaging and the blood BPA concentra-
tion (Table 1).

At one day after the BNCT, the patient’s gait disturbance
was aggravated. Computed tomography at that time showed
aggravation of peri-lesional edema (data not shown). Re-
markably, the MRI taken 4 days after the BNCT demon-
strated the definitive shrinkage of the mass, but the left
cerebellar edema was still there (Figure 2B and B'). We
then treated the edema with dehydrators and steroids.
The symptoms gradually improved.

At only 3 weeks after the BNCT, the patient was able to
walk again stably without aid. The subcutaneous tumor
was reduced dramatically without radiation injury of the
scalp, with time after BNCT, as shown in Figure 18 and C.
The only adverse effect was hair loss in neutron-irradiation
field, as shown in Figure 1C. MRI showed the further re-
duction of tumor and the disappearance of the cerebellar
edema (Figure 2C and C), 3 months after BNCT. Also
F-BPA-PET taken 2 months after BNCT showed faint
tracer uptake, indicating some metabolic change at least
by this treatment (Figure 3A" and B, L/N ratio as 1.2).

Discussion

Radiation-induced osteosarcoma is not common. It has
an aggressive nature, high recurrence rate, and poor
prognosis. A standard therapy protocol has not yet been
established for non-resectable tumors, but it was re-
ported that particle radiotherapy (treatment with proton
and carbon beams) had a therapeutic effect on these
tumors [7,13].

In the present case, the tumor was chemo-resistant
and difficult to totally resect because it invaded the left
transverse and sigmoid venous sinuses. In addition, the
subcutaneously extended tumor invaded the surface of
the skin, and we thus suspected that a skin deficit due to
surgerv was inevitable and that particle radiotherapy for
this tumor was likely to cause severe radiation-induced
adverse effects on the scalp. The tumor was radiation-
induced, and the cerebellum and overlying scalp had a
history of X-ray treatment. Moreover, ostecsarcomas
have the characteristic of being radioresistant, ie, X-
ray-resistant. In light of these medical circumstances, we
chose BNCT as the treatment modality for this patient.
In the present case, the patient was successfully treated
by BNCT without skin damage even though her tumor
invaded the superficial scalp.
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Figure 3 Fluoride-labeled boronophenylalanine-PET imaging of the brain before and after BNCT. Fluoride-labeled boronophenylalanine-PET
imaging taken 1 month prior to BNCT (A and B) and 2 months after BNCT (A’ and B'). A and A" axial imaging, B and B" coronal imaging. In A and B,
L/N ratio was calculated as 5.0. This is theoretical proof of tumor selective destruction using BPA in BNCT. Also absorbed doses were simulated with this
L/N ratio. 2 months after BNCT, A" and B show the decreased L/N ratio as 1.2, indicating the marked effectiveness.

We recently reported the effectiveness of BNCT for  may be ascribed to the difference in LET noted above and
radiation-refractory high-grade meningiomas [10]. In that  their fraction size [10].
report, we speculated that the difference in tumor shrink- Other types of particle radiotherapy and some stereo-
age between the alpha and lithium particles provided by tactic radiotherapies which have been tried recently for
BNCT and other particles such as carbon and protons tumors were applied as multi-fraction. The reduction of

Table 1 Estimated dose distribution at the central axis of neutron-irradiation field

Depth Total dose Total dose Total dose Total dose Thermal Fast y-ray Boron dose
(em)  (tumor) (Gy-eq) (skin) (Gy-eq) (mucosa) (Gy-eq) (brain) (Gy-eq) neutron (Gy-eq) neutron (Gy-eq) (Gy-eq) (tumor) (Gy-eq)
0.00 5.28E+01 1.24E +01 2.08E+01 8.37E+00 5.05E-01 2.13E+00 1.00E+00 4.92E+01
0.50 6.79E + 01 261E+01 9.90E + 00 6.56E-01 1.87E+00 1.22E+00 641E+01
1.00 8.06E + 01 e 3.06E+01 112E+01 7.83E-01 1.64E + 00 143E+00 7.67E+01
1.50 847E+01 - = 3.20E +101 1.06E+ 01 8.24E-01 1.35E + 00 163E+00 8.09E+01
200 9.00E+ 01 ek 3.39E+01 121E+01 8.77E-01 1.17E+00 1.80E+00 862E+01
250 938E+01 3.53E+01 1.26E+ 01 9.13E-01 1.11E+ 00 192E+00 898E+01
3.00 9.55E + 01 e 3.58E+4 01 1.27E+01 9.318-01 9.77E-01 202E+00 9.16E+01
350 953E+01 3.57E+01 1.27E+01 9.30E-01 8.63E-01 209E+00 9.14E+01
4.00 9.18E+ 01 P 344E+ 01 1.22E+01 8.94E-01 7.72E-01 211E+00 8.80E+01
50 862E+01 3.24E+01 1.16E + 01 8.38E-01 6.91E-01 210E+00 8.26E+01
5.00 797E+01 e 3.00E + 01 1.08E + 01 7.74E-01 6.18E-01 208E+00 7.62E+01
550 715E+01 2.70E+ 01 9.79E + 00 6.93E-01 5.54E-01 199E+00 6.82E+01

5.80 6.77E+01 e 2.56E+ 01 9.31E+00 6.55E-01 5.12E-01 1.95E+00 645E+01
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Table 2 RBE (relative biclogical effectiveness) factor

Radiation Tumor Brain Skin
Thermal neuton 30 30 30
Epithermal neutron 30 30 30
B ina)” Li: BPA 38 135 25
y-ray dose 1.0 10 1.0

the tumor mass was thus not very prominent, and it
was difficult to improve the patients’ symptoms by means
other than BNCT. BNCT can deliver high dose particles
in a twmor-selective fashion in a single session, and
in some cases the resulting reduction of the tumor was
fast; this rapid shrinkage might contribute to the prompt
elimination of symptoms [10]. Indeed, the present patient,
within a very short time, exhibited improvement of her
gait disturbance due to cerebellar ataxia.

Only a couple of articles were published with regard
to pre-clinical study of BNCT for osteosarcoma in in vitro
cell culture and animal experiments [14-17]. Among
them, Russian research group reported successful treat-
ment of dog osteosarcoma case by BNCT. Also only one
preliminary report was published with regard to a BNCT-
treated osteosarcoma case in head and neck region with
limited description, so far [18]. We are not sure of the
compound biological effectiveness (CBE) of BPA for
osteosarcomas, and we were only able to estimate CBE as
being the same for glioblastoma (i.e., 3.8) [19] as we did
for high-grade meningioma [10]. For the estimation of the
prescribed dose for this case, we adopted the reported
value of CBE and relative biological effectiveness of neu-
tron itself for tumors and normal tissues [20]. Thereafter
the estimated tumor dose was uncertain in this case. How-
ever;, as a result of the BNCT, the tumor shrank rapidly,
the patient’s clinical symptoms improved, metabolically
scarce uptake of the amino-acid tracer was chserved in
the follow-up PET imaging and no serious damage was
observed in the scalp and brain, so far at 6 months after
BNCT, although the observation period was short.

Based on this outcome, we found that BNCT was an
effective treatment for our patient. However, careful
follow-up or the use of bevacizumab may be necessary in
some cases [21], because WBRT that has been already
performed may cause brain radiation necrosis.

We experienced only a case of successful treatment
of BNCT for radiation-induced osteosacoma. Hopefully
these potential therapeutic effects will be applicable for
non-radiation-induced osteosarcomas which are generally
refractory for other treatment modalities.

Conclusions

BNCT is an effective treatment for non-resectable radiation-
induced skull osteosarcoma. We suggest that BNCT is the
only effective therapy for tumors that have invaded the
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skin. Further applications of BNCT for similar cases are
expected.
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Objective: To characterize nocturia in men based on frequency volume chart data and
symptom profiles assessed using the Core Lower Urinary Tract Symptom Score and Athens
Insomnia Scale guestionnaires.

Methods: The Core Lower Urinary Tract Symptom Score and Athens Insomnia Scale
questionnaires were administered to 299 consecutive treatment naive men with nocturia
{one time per night). Frequency volume chart data were recorded for 2days. Correlations
between nocturia and clinical characteristics including symptom scores, clinical diagnosis,
Charlson Comorbidity Index, estimated glomerular filtration rate, uroflowmetry and prostate
volume were analyzed.

Results: Patients were divided into five groups: one time {1 =36}, two times (n=65), three
times (n=85), four times (n="78) and five times (n=34) of nocturia. Age, prevalence or sever-
ity of chronic kidney disease, hyperlipidemia, low bladder capacity, nocturnal polyuria, ur-
gency, bladder pain and sleep disorders were significantly correlated with the severity of
nocturia. The Spearman correlation analysis identified eight possible independent factors
for nocturia: age, estimated glomerular filtration rate, urgency, bladder pain, sleep quality,
sleepiness during the day, average voided volume and nocturnal volume divided by body
weight. Logistic regression analysis showed that nocturnal volume divided by body weight
was the strongest factor of nocturia, and 7, 9 and 9.7 mL/kg were practical cut-off values
of three, four and five times per night of nocturia, respectively.

Conclusions: Nocturia in men is a chaotic condition dominated by nocturnal polyuria, and
related to multiple factors including age, renal function, urgency, bladder pain, insomnia and
bladder volume.

Key words: lower urinary tract symptoms, nocturia, nocturnal polyuria, pain and sleep
disorder.
Introduction

Nocturia is a complaint that the individual has to wake up at night for one or more times to void. '
Nocturia is a highly prevalent LUTS that can cause insomnia, impaired mental and somatic
health, decreased QOL, and increased mortality.”™ Nocturia is a multifactorial condition with
several putative eticlogical factors such as OAB, bladder outlet obstruction. interstitial cystitis,
bladder cancer, sleep problems, diabetes mellitus, NP, excessive fluid/caffeine intake and renal
or cardiac dysfunction.” However, it is difficult to identify the precise etiology of nocturia in in-
dividual patients.

Several large cohort studies have shown numerous factors associated with nocturia.™
However, associations among nocturia, other LUTS, sleep disturbance and FVC data have
not been fully investigated. In the present study, using the CLSS questionnaire, the AIS
and FVC, we attempted to clarify the etiology of nocturia to facilitate appropriate

.
management. '’

Methods

The study was approved by our institutional ethics committee (approval no. 3124). From 2010 to
2012, a cohort of 299 consecutive treatment naive male patients with a complaint of nocturia (=1
voiding episode per night) was enrolled in the present study. Treatments such as advice for water
intake and prescription of u-blocker. anti-cholinergic or beta-3 adrenergic agent were not given
until FVC was recorded.
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Questionnaires and FVC

All patients completed the CLSS and AIS. The 10 core
symptoms evaluated using the CLSS questionnaire were
scored on a scale of 0-3.'" Voiding frequency was scored as
follows: 0 (<7 times), | (89 times), 2 (10-14 times) or 3
(=15 times) during the day and 0 (0 times), 1 (1 time), 2
(2-3 times) and 3 (>4 times) during the night. Other symp-
toms were scored according to the frequency of episodes as
follows: 0, never; 1, rare; 2, occasionally; and 3, often. Symp-
tom concern was scored from 0 (delighted) to 6 (terrible)
according to the TPSS QOL index, and nocturia was also
scored using [PSS questionnaire,'®

The AIS questionnaire comprises eight items.""!? The first
five pertain to sleep induction, awakening during the night, final
awakening, total sleep duration and sleep quality. The remaining
three refer to well-being, functioning capacity and sleepiness
during the day.'"'?

In addition to these questionnaires, patients recorded FVC for
2 days. Total 24-h urine volume, nocturnal urine volume and NPi
were calculated based on FVC data. Nocturnal urine volume was
defined as the sum of voided urine volume during sleeping and at
the first voiding in the morning.' NPi was defined as the ratio of
nocturnal urine volume to total 24-h total urine volume. Single
voided volumes were evaluated in the average, minimum and
maximum values. Urine volume and single voided volume di-
vided by BW (kg) were also calculated to adjust for interindivid-
ual variation in BW."

Statistical analysis

Differences in symptom scores based on clinical characteristics
were analyzed using the Wilcoxon rank sum or x*-tests. Correla-
tions between nocturia and clinical parameters were evaluated by
Spearman’s rank correlation coefficients. A correlation matrix
was constructed among the variables, and if a pair of variables
had moderate to strong correlation (Spearman’s rank correlation
coefficient p=>0.4), one variable of the pair that was less
correlated with nocturia severity was removed to avoid a
multicollinearity problem.'® Logistic regression analysis was
carried out to analyze the correlation between clinical parameters
and the nocturia severity. The AUC of receiver operating char-
acteristics was calculated to determine the cut-offs discriminat-
ing nocturnal severity. JMP software version 11.0.0 (SAS
Institute, Cary, NC, USA) was used for statistical analysis,
and P < 0.05 was considered statistically significant. Multiple
comparisons were allowed as a result of the exploratory nature
of the study.

Results

Table | shows patient demographics and uroflowmetry results.
The mean age was 71 = 8.6years. Their urological conditions
were BPH (n = 140), BPH with OAB wet (1 = 72), prostate can-
cer (n=12), prostatitis (7 =17; typel: 0, typeIl: 0, typelll: 11,
type IV: 6), underactive bladder (n =6) and others (n =52; noc-
turnal polyuria: 31, insomnia: 14, psychosomatic disorder: 5, ad-
renal tumor: 2). We diagnosed patients as BPH when there was
lower urinary tract dysfunction associated with benign prostatic

enlargement. BPH patients with urgency incontinence were
regarded as BPH with OAB wet. Patients with incomplete emp-
tying of the bladder presumably as a result of impaired contrac-
tility were diagnosed as underactive bladder. Men with high
serum PSA levels underwent prostate biopsy to exclude cancer,
and questionnaire data obtained before the biopsy were used
for analysis.

Comorbidities consisted of myocardial infarction (n=51),
heart failure (n =9), cerebral vascular disease (n =35), dementia
(n = 3), chronic obstructive pulmonary disease (n =19), gastro-
intestinal ulcer disease (n=12), mild liver disease (n = 11), dia-
betes mellitus (n=70), hemiplegia (n=4), CKD (rn=93), any
tumor (n=40), hypertension (n=123), and hyperlipidemia
(n=84). The CCI was calculated based on the comorbidity
data.'®

The average episodes of nocturnal voiding were 3.0+1.2. Pa-
tients were divided into cases with nocturia of one time (12 =36),
two times (n =65), three times (n = 85), four times (7 =78) and
five times (n = 34). Individuals with increased nocturia were sig-
nificantly older and were more likely to have comorbidities, such
as CKD and hyperlipidemia. The CCI and eGFR were signifi-
cantly worse in men with nocturia of four times compared with
those with one time or two times. Meanwhile, no significant dif-
ferences were observed in serum PSA levels, prostate volume,
uroflowmetry and residual urine.

Table 2 shows the responses to the CLSS and AIS question-
naires. As expected, individuals with severe nocturia recorded
significantly higher scores of daytime frequency, nocturia and ur-
gency of CLSS. Interestingly, bladder pain had clinical signifi-
cance between patients with nocturia of three times and one
time (P=0.02). [PSS QOL Index was also significantly worse
for men with four and five times of nocturia. Individuals with
nocturia of four or five times also reported higher scores for
awakening during the night, final awakening, total sleep dura-
tion, sleep quality and sleepiness during the day of AIS.

For FVC variables, the total urine volume was not signifi-
cantly different among the five groups (Table 3). The average
and maximum voided volumes were decreased significantly,
whereas nocturnal urine volume and NPi were increased signifi-
cantly in men with nocturia of three, four and five times.

Table 4 show Spearman’s correlation coefficient (6) between
nocturia and clinical parameters, and the practical cut-off value
of each parameter for three, four and five times. For correlation
analysis with nocturia, eight clinical parameters (age, eGFR, ur-
gency, bladder pain, sleep quality, sleepiness during the day, av-
crage voided volume and nocturnal volume divided by BW)
were refined after removing nine potential variables (CCI,
voided times per day, maximum voided volume, maximum
voided volume divided by BW, nocturnal urine volume, NPi,
sleep induction, awakening during the night and final awaken-
ing) because of lower correlation coefficients for the latter. In
particular, nocturnal volume divided by BW was selected as
the representative variable related to nocturnal polyuria, as it
was better correlated with nocturia (#=0.26) than nocturnal
urine volume (#=0.24) or NPi (r=0.24).

Among the clinical parameters, nocturnal urine volume/BW
showed the highest correlation with nocturia (6=0.26), followed
by average voided volume, age. urgency, sleep quality, eGFR and
sleepiness during the day (6=-0.21, 0.20, 0.20, 0.20, -0.17 and
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0.12, respectively). The cut-off values for nocturnal urine
volume/BW and average voided volume were 7-9.7mL/kg
and 170-204mL depending on the threshold of nocturia
severity.

Discussion

Nocturia is an important health issue, and is commonly encoun-
tered during regular clinical practice by urologists and general
physicians. Nocturia leads to decreased health-related QOL, in-
creased risks of bone fractures and/or mortality.''* Multiple
factors contribute to this condition including LUTS, polyuria
and sleep disorders, although studies investigating correlations
among these multiple parameters are rare.'”" In the current
study, we evaluated correlations among LUTS, sleep distur-
bance and FVC variables in treatment-naive male patients with
nocturia.

The CLSS questionnaire was used to evaluate LUTS, be-
cause it is a comprehensive disease non-specific questionnaire
thus applicable to a variety of patients. It evaluates 10 LUTS in-
cluding stress urinary incontinence, urgency incontinence,
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bladder pain and urethral pain, which are the four symptoms
missing in the IPSS, another well-known questionnaire.'*"
Several validated questionnaires are available for sleep disor-
ders, including AIS, Sleep Problems Scale. Pittsburg Sleep
Quality Index and Karolinska Sleep Index. In the present study,
the AIS was used, because it is practical and easy to use.!*!*?!

The present study showed that nocturia is a chaotic condition
related to multiple factors including age, comorbidities, average
voided volume, nocturnal urine volume, urgency, bladder pain
and sleep disorders.

Comorbidities, such as CKD and hyperlipidemia, were
highly common in individuals with three of more times per
night of nocturia. These systemic diseases might cause NP by
increasing urine production during the night. Furthermore, the
patients are apt to excessive fluid intake to prevent cerebral or
coronary infarction, although it is not recommended by current
guidelines.?! Previous studies showed a high prevalence of in-
creased nocturnal urine volume and NPi (74-88%), which is
consistent with current result (70%).'?%** Measuring fluid in-
take is crucial in diagnosis and management of patients with
nocturia; randomized controlled trials have shown that fluid
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manipulation improves the symptoms of OAB.? Patients with
NP are encouraged to decrease nocturnal urine production; ex-
ercises, wearing compression stockings and bathing in the eve-

ning might decrease nocturnal diuresis.?*

Scores for bladder pain were significantly higher in cases
with three times per night of nocturia. Bladder pain could
be attributed to hypersensitivity of the lower urinary tract.
Recent investigations showed that the sensory afferent
nerves, particularly unmyelinated C fibers, played a critical
role in transducing noxious stimuli, such as pain, and that
C fibers are activated in patients with BPH and/or OAB,

4

as well as in experimental bladder outlet obstruction
models.”?" Relieving hypersensitivity might be an impor-
tant strategy in male patients with nocturia. Technically,
CLSS might be more appropriate for screening of LUTS
with nocturia, because pain symptom is included in CLSS,
but not IPSS.

Data obtained from the AIS questionnaire confirmed impair-
ment of sleep quality by nocturia; awakening during the night
(Q2), final awakening (Q3), total sleep duration (Q4), sleep
quality (Q5) and sleepiness during the day (Q8) were signifi-
cantly worse in male patients with nocturia.
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Correlation coefficient analysis showed nocturnal urine
volume/BW, average voided volume, age, urgency and sleep
quality as significant clinical parameters among multiple
potential factors. The cut-off values of nocturnal urine
volume/BW were calculated as 7, 9 and 9.7mL/kg, which
would be compatible with a previous study.'* This is also
compatible with other previous studies, which reported that
nocturnal urine volume and NPi were the strongest factors
for nocturia.**® Bladder pain was significant in men with
three times per night of nocturia, but not in men with nocturia
of four or more times, probably because NP was such a
powerful factor in severe nocturia.
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A limitation of the present study was a sample characteristic that
was 299 Japanese men visiting a university hospital. Obviously, fur-
ther studies using cohorts of different characteristics or of a larger
sample size are warranted. One should be cautious for overestimate
of statistical significance incurred by multiple comparisons that
were allowed because of the exploratory nature of data analysis.

In conclusion, nocturia in men is a chaotic condition related
to multiple factors including low functional bladder capacity,
age, urgency, bladder pain and insomnia, but is dominated by
nocturnal urine volume. Appropriate assessment and targeted
treatment of these factors might improve diagnosis and man-
agement of male patients with nocturia.



