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Median 73 73 76

Range 55~86 51~94 49~85
Differentiation 0.003

Well 6(1196) 10(13%) 4(16%6)

Moderate 31(56%) 27(35%) 8(32%)
Poor 18(3396) 40(52%) 13(529%6)

Gleason score 0.448
2~6 3(30%) 4(17%) 4(219%)
7 4(40%) 4(179%) 4(219%)
8~10 3(3096) 15(66%) 11(58%)
T stage 0.407
T1 0( 09%6) 2( 39%) 1( 3%)
T2 8(1596) 19(259%) 6(209%)
T3 27(49%) 38(49%) 15(50%)
T4 20(3696) 18(239%) 8(27%)
N stage 0.304
NO 32(6896) 61(819%6) 27(87%)
N1 15(3296) 14(199%) 4(139%)
Pretreatment PSA (ng/ml) 0.814
<10 4(119%) 10(159%) 2( 69%)

10~20 5(1596) 8(119%) 4(139%)
20< 26(7496) 51(74%) 26(819%)
PSA before RT (ng/ml) 0.014
<10 16(35%) 46(529%) 26(72%)
10~20  12(27%) 19(21%) 7(19%)
20< 17(38%) 24(279%) 3( 9%)
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#£3 AFBICEAR
19962100 4E 10995001 45 4 120082005 4

Orchiectomy 19(3396) 22(239%) 4(1196)
Estrogen agent 12(219%) 33(349%6) 5(1496) 0.018
LH-RH analogue 42(72%) 80(839%) 29(819%) 0.215
Androgen blocker 36(629%) 73(769) 31(86%) <0.0001
Chemotherapy 19(3396) 19(209%) 9(25%) 0.302
Interval between HT & RT (months) 0.055

Median 22.7 27.7 38.6

Range 0.4~103.4 0.4~168.4 5.3~145.4

(%)
60

M 96-98

89-01 H 03-05

50~65 55~60

o

60~6

(Gy)

708

65~70

E1 BHags

B B EEID PSA filc o\ THE, 1996~
1998 £ CH3, PSA AR < %2> THHEBHTH
AEMWMICH - /B, —7, 2003~2005 i
PSA (£ 5 b ICRA B S h T\ 556
OWMABMMLTWS. AFBIER - BRBRDE
BUSZERAS 53 GUICH T 3 BRI IRELSR DA ©
i, HAHBTAERBIMABED PSA (AT & OTH
FERRATH->ALASERTHIO, HIY
IR L 72 > ABAICH, PSA {fAMEW >
LI HHRRRERTTXE TS5 .

PSRRI - FHATISERIC N 3 5 B E

BEBRIZOWTII X Do TWiW. $E@D
R Cit, BB L DIZ55Gy ks, 60Gy LL
LD 250BILG LI, BRAE N GIEN
MEBRBFAD 40~50 Gy RBEORH T+o%HR
¥*EFBLENTWAEN, £k, EROBZH
FWERIRHT - HANGSZERMICH LTI, 27~38
Gy oBRT, 11 DAL ELED+ZERFaV
D—BRGhALENTWED, —F, kit
ZAFBFETH->Th, 3ERBFa/Fa—)
Ri2 60Gy LEDBRT IO TH- LT 54
Hbd0Y, ERPHANICTHEMBRELTS L



160(80)

OB WS6%-MH28 2010421

4 RYEAHE

Energy of X-ray (local)

<10MV 8(199%)

=>10MV 34(81%)
All fields treated each day

Yes 19(499%)
Pelvic irradiation

Yes 39(67%)
Conformal therapy

Yes 13(229)
Technique for local fields

AP/PA 7(17%)

LR/RL 2( 5%)

2 3 fields 16(38%)

Moving/Dynamic/Pendulum/Others 17(40%6)

0.616
21(249%) 5(16%)
67(76%) 26(849)
0.070
67(70%) 23(649)
0.005
41(43%) 14(39%)
<0.0001
30(329%) 19(53%)
0.003
4( 5%) 0( 0%)
4( 5%) 3( 99%)
50(57%) 19(60%)
30(33%) 10(31%)

Zicid, BHBRIIMMERERETHSD.

AL WHREIER - TN OB R TE R
L, ~L2BRRETH-> TL—RICFRLE
hTW3. BEPLOREFIIPEVWHOD, FARK
AICRR LAASBEREIES - BRI EREICH
L, ®Rffl 66 Gy DARHLT- A#METI, 4
ELEFRILAFARTH-TL LTWAY, ¥
7=, 9ROFAROWETH, HHEHRBEICLY
BFZBRHavFo—LiB6ha, REES
REHETDHD, SFELEFRIZIBHLTFRT
Dol LENTWEY,

PCS CTRTFHL[EDTO d00D, BHMRAEL
WOBROER E, ¥ LTHEAREMMSE
{BEBTERBEV. FOREMKLADRT, b
hbhid, 1996~1998 45, 1999~2001 I ¥4
##xh, PCSTFHEF—2DIit-EDLTWS
PSR - BRI 140 SlIcOoWT
B L2, dhR{il 66 Gy BBHh, 50%ic
L£FRBHBEAShTWE. BEMRORR
12207 BB LRV, SELEFRIT 481
9%, 5EERMRTREFRILI6.7%LTRTD
-7, LdL, BRADD DL, 46 AIRRER
TN, RHBERIX6ADATH > 7. Grade 3
BEDBRBEFNEFRII6ADOAICBHLN
= SREDHLNDONORITRKR TS, BEHHD
#45 L ARERESBONATWS.

bBETIE, HEHREHTH-> THLEBZ LS

BhHT, ATWERERBERETINICLLS
V. BYIZER PCS I TR = Bz Rss 1,431
Flos T, AFREREER - BRI 190 6
(13.3%) THH, EWICHETHTF—FIETW
DD, COWMEREKEDIEAIDICSEWLDE
Bbh3s. LRTCARALIIK, ATBEREEK
- TROSIERARIL, BUSZERRBHCEI L it
BRBICEV+Fa v FO— TR ETEELND
58, BEEBRXEALLT(, FERRRTS
3. Tixbb, AFRERICEREICZAMICHK
SHATARE L ORFHBRBERN T ILETHS

LBbhsb.

TR, REETWIBRMICWT, #RTH
SWMEER LD b, #EOTASWREICEN
BRBRELHETAC LT, £FERIUBETIEK
RBORELBRWTRES N, REETH
B & 875 &) ¥, MAB ( Maximum androgen
blockade) 2k 3 A AKIC I Z I F 2 fBMIC
#5358 L, AREICHBRY 70Gy ¥RH
TARIKS VLA LABKRER T, 1046T
DLTECRIZALSWMER T 39.4%, HBRH
BB T 20.6% LARICET LA, %72, B
FETHIEMS 1,205 A2 xS A1k LHRH
analog ¥ #EGEMVICIETT T AR L, RAHRIC 65~
69Gy AT ARICT VH AL LAERRRT
b, BHBBRESARSARICRCOY A7 ¥l
BLTWAY, ChoDEKRRROBES,D,



RO 5648 -29 201042 A

2ix < LS RFETHZBRBIC ISV TIR, AFY
BRERBTII 2, AZBEREICENB LB
BT 2HREBBSEERIEEZ>TW D LED
h, COBRBRAHBBERTHIZ, DREIEWVWT
SAFWEEIESL - RSO MM R LHHE
FOMARRDT B L.

TLH

PCSREDVBONLCDOAEOAS RREIE
i - BN R OERERBIC OV TR,

W
FARBAEFBEBATRYRESF A (14-
6), XHEHE (18~4) 2 LOBBIEB[TTOAL. B
FRZEICCBAVWARWEALEO KM R BERERD
EERXLPSEBOB R LET.

X

1) Viani GA, Stefano EJ, Afonso SL: Higher-than-con-
ventional radiation doses in localized prostate can-
cer treatment: a meta-analysis of randomized, con-
trolled trials. In¢ J Radiat Oncol Biol Phys 74; 1405~
1418, 2009

2) PRE : R BARBERICH T 5 58S
BrUSKEHBBRBOEL). B2ZOBWA
227: 800-804, 2008 .

3) Nakamura K, Ogawa K, Sasaldi T, Onishi H, et al:
Patterns of Radiation Treatment Planning for
Localized Prostate Cancer in Japan: 2003-2005
Patterns of Care Study Report. Jpn J Clin Oncol 39:
820-824, 2009

4) Van Hemelrijck M, Garmo H, Holmberg L, et al:
Absolute and relative risk of cardiovascular disease
in men with prostate cancer: results from the
Population-Based PCBaSe Sweden. J Clin Oncol 28:
3448-3456, 2010

5) Cancer Registration Committee of the Japanese
Urological Association: Clinicopathological statis-
tics on registered prostate cancer patients in Japan:
2000 report from the Japanese Urological Associa-
tion. Int J Urol 12: 46-61, 2005

6) Hinotsu S, Akaza H, Usami M, et al: Current status
of endocrine therapy for prostate cancer in Japan
analysis of primary androgen deprivation therapy
on the basis of data collected by J-CaP. Jpn J Clin

161(81)

Oncol 87: 775-781, 2007
7) FHMIE, RELSHE : WUBSCH T S BR0E
RELTOHRMBBROBTHN. BWRBHH 2L
1039-1042, 2008
8) Lankford SP, Pollack A, Zagars GK: Radiotherapy
for regionally localized hormone refractory prostate
cancer. Int J Rediat Oncol Biol Phys 38: 907-912,
1995
9) Sanguineti G, Marcenaro M, Franzone P, et al: Is
there a “'curative” role of radiotherapy for clinically
localized hormone refractory prostate cancer? Am J
Clin Oncol 27: 264~268, 2004
10) Akimoto T, Kitamoto Y, Saito ], et al: External
beam radiotherapy for clinically node-negative,
localized hormone-refractory prostate cancer: im-
pact of pretreatment PSA value on radiotherapeu-
tic outcomes. Int J Radiat Oncol Biol Phys 69: 372~
379, 2004
11) Nakamura K, Teshima T, Takahashi Y, et al:
Radiotherapy for localized hormone-refractory pro-
state cancer in Japan. Anficancer Res 24(5B): 3141
~3145, 2004
12) Sasaki T, Nakamura K, Ogawa K, et al: Radiother-
apy for patients with localized hormone-refractory
prostate cancer: results of the Patterns of Care
Study in Japan. BJU Int 104: 1462-1466, 2009

13) Ogawa K, Nakamura K, Sasald T, et al: External

beam radiotherapy for clinically localized hormone-
refractory prostate cancer: clinical significance of
Nadir prostate-specific antigen value within 12
months. Int J Radiat Oncol Biol Phys 74: 759-765,
2009

14) Kraus PA, Lytton B, Weiss RM et al: Radiation
therapy for local palliative treatment of prostatic
cancer. J Urol 108: 612-614, 1972

15) Mkt !B, HAER, KEF=-&: KLEVE
Hitk stage D2 BIIL B3RO R HRIC T 2 3HER
JRagER:. A&tk 84: 1681-1684, 1993

16) Widmark A, Kiepp O, Solberg A, et al: Endocrine
treatment, with or without radiotherapy, in locally
advanced prostate cancer (SPCG-7/SFUQ-3): an
open randomised phase III trial. LZancet 373 (9660):
301-308, 2009

17) Warde PR, Mason MD, Sydes MR. et al: Inter-
group randomized phase III study of androgen
deprivation therapy (ADT) plus radiation therapy
(RT) in locally advanced prostate cancer (CaP)
(NCIC-CTG, SWOG, MRC-UK, INT: T94-0110;
NCT00002633). J Clin Oncol 28: 18s, 2010 (suppl)



INTERNATIONAL JOURNAL OF
The Japanese Urclagical Association
et wth Uoborgcal Awpociation at Asa

International Journal of Urology (2010) 17, 905-913 doi: 10.1111/.1442-2042.2010.02633.x, 10.1111/.1442-2042.2010.02640.x

Original Article: Clinical Investigation

Cancer death from non-muscle invasive bladder cancer:
Report of the Japanese Urological Association of data from
the 1999-2001 registry in Japan
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Objectives: Our aim was to clarify the risk factors of cancer death in order to reduce mortality from T1 bladder cancer.
Methods: The Japan registration database (1999-2001) was used for the analysis. Data were collected at least 3 years
after the initial diagnosis. Cause-specific survival using a Kaplan—-Meier survival estimation with the log-rank method was
evaluated. Univariate and multivariate analysis using the Cox proportional hazard model was also carried out. The 1997
TNM classification was used for pathological staging, and the 1973 WHO classification was used for pathological grading.
Results: There were 76 cancer deaths among a total of 1919 clinical T1 cases. Regardless of the subsequent treatment
strategies, non-papillary tumor appearance, non-peduncular tumor stalk, multiple turnors, a tumor size greater than 3 cm,
positive urinary cytology and pathological grade 3 were found to be statistically significant in cancer death by univariate
analysis. By multivariate analysis, non-papillary tumor appearance, positive urinary cytology and a tumor size greater than
3 cm were confirmed as significant risk factors. Cancer death cases were found in 47.4% of worst-grade 2 tumors, and in

67.1% of predominantly grade 1 or 2 tumors.

Conclusion: Non-papillary tumor appearance, positive urinary cytology and a tumor size greater than 3 ¢m should be
included to enable the assessment of risk criteria in cancer death from T1 bladder cancer.
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Introduction

Bladder cancer can be classified roughly into the following
three major categories: (i) non-muscle-invasive low malig-
nant potential; (ii) invasive high malignant potential; and
(iii) carcinoma in situ. The first category is characterized by
its non-muscle-invasive nature; it can be cured by transure-
thral intervention and is not life-threatening, but the recur-
rence rate is greater than 50%. This category includes Ta (no
invasion) and T1 (invasion limited to the submucosa). The
second category is considered muscle-invasive (staged as T2
or more), and has a high risk of development into a systemic
disease; that is, it is life-threatening. The third category
(staged as Tis) is completely different from the carcinoma in
situ of other organs. In the urinary bladder, it has a highly
malignant cell morphology and is recognized as a malignant
cancer cell, but often remains undetected by cystoscopy or
radiographic examination. Accordingly, it can be diagnosed
only pathologically by urinary cytology or biopsy of the
urothelial cells.
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Although most cases of bladder cancer are classified
into the aforementioned three categories, some superficial
non-muscle-invasive T1 tumors present with the pathologi-
cal, clinical and biological characteristics of invasive
tumors.”? Cancer death after bladder-sparing treatment
within 5 years is reported in 16-23% of cases involving T1
high-grade tumors.*® Because the gold standard in the
treatment of organ-confined bladder cancer at high risk of
proceeding into a systemic disease is radical cystectomy,
superior disease control can be achieved by using cystec-
tomy or other invasive procedures for all T1 diseases.”®
However, cystectomy itself constitutes invasive treatment
and requires urinary diversion, which reduces the quality
of life thereafter.’

An urgent and important issue to be addressed in the
treatment of urinary bladder cancer is the inability to prop-
erly identify life-threatening disease in T1 cases.

To improve the progress of bladder cancer treatment, the
Japanese Urological Association (JUA) carried out the reg-
istration of bladder tumor cases, including 5959 patients
initially diagnosed between 1999 and 2001, from institu-
tions all over Japan.'® The aim of this registration was to
pinpoint trends in treatment strategies and evaluate the out-
comes of these trends.

In the present study, we analyzed 1919 T1 bladder cancer
cases in the registry database, with a special focus on cancer
death (CD) within the short period surveyed, with the aim of
finding risk factors to enable the identification of life-
threatening T1 bladder cancer cases.

Methods
Registration of bladder cancer

Through annual meetings and publications sent to all
members of JUA, we informed of and requested the regis-
tration of all new patients with bladder tumors in 1999, 2000
and 2001, and distributed CD-ROMs with the General
Rules for Clinical and Pathological Studies on Bladder
Cancer.!1?

These CD-ROMs contained a program developed by
National Cancer Center staff. The patient’s age, sex, occu-
pation, race, concomitant malignancy, family history, past
history, symptoms and the imaging studies carried out were
registered as background factors in each case. Also recorded
were the findings of cystoscopy and urinary cytology, the
purpose and pathological results of the initial transurethral
resection (TUR), the TNM classification based on both
pathological and clinical evaluation after TUR, and the
initial planned treatment after TUR. The 1997 TNM classi-
fication was used for pathological staging, and the 1973
WHO classification was used for pathological grading. We
then collected data at a point 3 years after the initial patho-
logical diagnosis (e.g. in 2002 for cases initially diagnosed
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in 1999). In other words, registration included the 3-year
outcome of the cases after initial diagnosis.

Patients

In the present study, we analyzed T1 cases without lymph
node metastasis or distant metastasis. The inclusion criteria
allowed pathologically proven T1 bladder cancer cases,
whereas the exclusion criteria barred cases with a diagnosis
higher than T1 or those with metastatic evidence from other
examination types, such as cystoscopic, surgical, computed
tomography, magnetic resonance imaging examination and
so on. Among the total of 5959 registered bladder cancer
cases, there were 1919 cases of T1 bladder cancer without
lymph node metastasis or distant metastasis.

Plans after the initial TUR are summarized in
Table 4. Intravesical instillation included the following
chemotherapeutic agents: adriamycin, pirarubicin (THP),
THP-ADM, mitomycin C, pharmorubicin and peplomycin.
The “Others” category included palliative therapy
methods, such as oral anti-cancer agents and laparotomy,
simple or partial cystectomy, and any type of combination
therapy. Because the number of events (i.e. cancer deaths)
was less than 80, there was too much variation among
plans to allow plan-based assessment of risk factors
using the Cox proportional hazard model in multivariate
analysis.

The distribution of cases according to factors (papillary
or otherwise, stalk status, multiplicity, size, urinary cytol-
ogy, worst and predominant grade by pathological examina-
tion, and infiltration type) is shown in Table 2. Negative
urine cytology corresponds to class I and II, suspicious urine
cytology corresponds to class III, and positive urine cytol-
ogy corresponds to class IV and V. There were some cases
with incomplete registration. It should be noted that
“unknown/blank” was found for “infiltration type” in 71.7%
of all 1919 cases.

Analysis

To clarify risk factors related to survival, we carried out
univariate analysis on the factors involved in CD and/or
cause-specific survival (CSS; such as age, gender, smoking
habits, cystoscopic findings and pathological factors of TUR
specimens) regardless of treatment after the initial TUR. We
excluded non-informative (“unknown/blank”) cases from
the analysis. CSS was examined using the Kaplan-Meier
survival estimation with the log-rank method and univariate
analysis with the Cox proportional hazard model. We also
carried out testing to ascertain whether factors with statisti-
cal significance in univariate analysis fitted in multivariate
analysis using the Cox proportional hazard model. Because
CD was not found with worst-grade 1 tumors, we calculated
the hazard ratio of grade 1 and 2 tumors compared with
grade 3 tumors.

© 2010 The Japanese Urological Association
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Table 1 Distribution of cases according to age and sex

AllcT1 (n=1919) CD (n=76) Survivors (n = 1843)
Age (years)
-49 107 (5.6%) 2 (2.6%) 105 (5.7%)
50-59 277 (14.4%) 12 (15.8%) 265 (14.4%)
60-69 534 (27.8%) 13 (17.1%) 521 (28.3%)
70-79 651 (33.9%) 29 (38.2%) 622 (33.7%)
80— 350 (18.2%) 20 (26.3%) 330 (17.9%)
Sex
Male 1524 (79.4%) 55 (72.4%) 1469 (79.7%)
Female 395 (20.6%) 21 (27.6%) 374 (20.3%)

No statistical significant difference was found between the categories of each factor by log-rank testing. CD, cancer death.

Results

Univariate analysis of factors in CSS
regardless of treatment strategies

A total of 1919 T1 cases were analyzed, all involving TUR.
CD occurred in 76 (3.96%) of these within the relatively
short survey period, and CSS 3 years after the initial diag-
nosis was 95.5% according to Kaplan—Meier’s survival esti-
mation curve.

Association of age and smoking habits with CD

Distribution of age and sex in relation to CSS is shown in
Table 1. The Kaplan—Meier survival estimation shows no
statistical difference (P > 0.05) between age or smoking
habits and CSS under the log-rank method. Note that
37.8% of cases were non-informative in terms of smoking
habits.

Correlation of each cystoscopic finding with
CD and CSS

Of the 1919 cases, 35 patients did not undergo cystoscopy.
Based on this informative data, non-papillary tumors
(Fig. 1a), non-peduncular tumors (showing a 3-year survival
rate of 96.7 for cases with peduncular tumors and 93.1% for
non-peduncular; the log—rank probability was 0.002), mul-
tiplicity (showing a 3-year survival rate of 93.6 for cases
with multiple tumors and 97.5% for solitary; the log-rank
probability was 0.001) and larger-sized tumors (Fig. 1b)
were assessed as risk factors in CD by log-rank testing.

Correlation of pathological findings with CSS

Results of urinary cytology: Urinary cytology was carried
out in 80.8% of the 1919 cases before TUR. A positive result
in urinary cytology was assessed as a risk factor with CSS
by log-rank testing (Fig. 1c).
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Predominant histological type: Pathological examination
of TUR samples showed that the predominant histological
type in 98.7% of cases was urothelial carcinoma. Adenocar-
cinoma and squamous cell carcinoma were found predomi-
nantly in 0.6% and 0.3% of cases, respectively. The
difference in histological type could not be assessed,
because very few cases showed pathology other than
urothelial carcinoma.

Concomitant CIS was found in 74 of the 1919 T1 bladder

cancer cases. Cancer death was found in three cases (4.1%).
No statistically significant association of concomitant CIS
with CD was found using the log-rank method (P = 0.421)
or by univariate analysis with the Cox proportional hazard
model (P =0.798).
Histological grade: Worst-grade 3 tumors were assessed
as risk factors in CD by log—rank testing. The 3-year survival
rate was 100.0% for cases with histological worst-grade 1,
95.9% for grade 2, and 93.2% for grade 3. The log-rank
probability was 0.017 for grade 1 versus grade 2, 0.022 for
grade 2 versus grade 3, and 0.001 for grade 1 vs grade 3.
There were 10 Gx excluded cases.

Predominant grade 3 tumors were assessed as risk factors
in CD by log-rank testing. The 3-year survival rate was
99.0% for cases with histological predominant grade I,
95.2% for grade 2, and 92.0% for grade 3. The log-rank
probability was 0.002 for grade 1 versus grade 2, 0.044
for grade 2 versus grade 3, and <0.001 for grade 1 versus
grade 3.

It should also be noted that 47.4% of CD cases involved
worst-grade 2 tumors and 67.1% were predominant grade 1
or 2 (Table 2).

Infiltration type: Of the 1919 cases, 71.7% were
non-informative.

Based on the informative cases, infiltration types § and y
were assessed as risk factors in CD as compared with type o
by log-rank testing. The 3-year survival rate was 99.0% for
cases with o-type infiltration, 92.9% for B-type, and 89.9%
for y-type. The log—rank probability was 0.003 for a-type
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Fig. 1 Cause-specific survival (CSS) according to cystoscopic
findings before transurethral resection. (a) CSS according to
tumor appearance. Kaplan—Meier’s survival estimation curve is
shown here. Of the 1919 cases, 52 (2.7%) non-informative
cases were excluded. (b) CSS according to tumor size. Kaplan—
Meier’s survival estimation curve is shown here. Of the 1919
cases, 142 (7.4%) non-informative cases were excluded. (c) CSS
according to urinary cytology. Kaplan—-Meier’s survival estima-
tion curve is shown here. Of the 1919 cases, 369 (19.2%) non-
informative cases were excluded.
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versus B-type, 0.596 for B-type versus y-type, and 0.001 for
o-type versus y-type.

Multivariate analysis of factors in CSS
regardless of treatment strategies (Table 3)

All factors analyzed by log-rank testing also showed statis-
tical significance by univariate analysis using the Cox pro-
portional hazard model.

Although infiltration types B and y were found to be
statistically significant risk factors by univariate analysis,
they were excluded in multivariate analysis because the
number of cases with data on infiltration type was too small
to allow model analysis.

As shown in Table2, each factor lacks data to
some extent. Overall, even without data on infiltration
type, multivariate analysis includes 1354 (70.6%)
of all 1919 cases and 51 (67.1%) of all 76 cancer death
cases.

As a result, non-papillary tumor appearance, a tumor size
greater than 3 cm and suspicious/positive urinary cytology
were found to be independent risk factors, with the strongest
risk factor being tumor size greater than 3 cm.

Discussion

Here, we have presented data on registered T1 bladder
cancer cases in Japan with a particular focus on CD.
Although this is not a cohort study, it is the first investigation
regarding the 3-year outcome of nearly 2000 T1 bladder
cancer cases in Japan.

Stage T1 bladder cancer is a non-muscle-invasive condi-
tion that reportedly shows a favorable clinical outcome
without invasive treatment, such as systemic chemotherapy
or radical cystectomy requiring urinary diversion. An overall
view of 5959 registered bladder cancer cases shows'® that
clinical T1 cases represent 38% of all bladder cancer
patients, and that their 3-year survival rate was more than
90%. As opposed to non-invasive Ta, T1 is a non-muscle but
invasive type of bladder cancer, and this population is
known to be heterogeneous in terms of the clinical out-
come.? To avoid treatment failure in clinical T1, we tried to
distinguish CD cases in the database of registered patients in
terms of clinical factors.

We screened the risk factors of age, sex, smoking habits,
cystoscopic findings and pathological findings in TUR
specimens, regardless of treatment after the initial TUR. The
first three factors showed no association with CSS. In con-
trast, known risk factors for an unfavorable clinical
outcome’*~'® were statistically associated with CD, but the
survival difference was found to be less than 10% for each
factor by the Kaplan—Meier survival estimation.

The largest hazard ratio was positive cytology to negative
cytology, followed by infiltration y to o from univariate
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Tables 2 Distribution of cases according to possible risk factors — cystoscopic findings and pathological findings

All cT1 (n=1919) CD (n=76) Survivors (n = 1843)
Tumor appearance
Papillary 1577 (82.2%) 45 (59.2%) 1532 (83.1%)
Non-papillary 299 (15.6%) 27 (35.5%) 263 (14.3%)
Unknown/blank 52 (2.7%) 4 (5.2%) 48 (2.6%)
Tumor stalk
Peduncular 1072 (53.5%) 30 (39.5%) 1042 (56.5%)
Non-peduncular 717 (37.4%) 41 (53.9%) 676 (36.7%)
Unknown/blank 130 (6.8%) 5 (6.6%) 125 (6.8%)
Multiplicity
Solitary 904 (47.1%) 21 (27.6%) 883 (46.3%)
Multiple 913 (47.7%) 47 (61.8%) 866 (47.0%)
Unknown/blank 102 (5.3%) 8 (10.5%) 94 (5.1%)
Tumor size
<3cm 1441 (75.1%) 37 (48.7%) 1404 (76.2%)
3and>3 cm 336 (17.5%) 27 (35.5%) 309 (16.8%)
Unknown/blank 142 (7.4%) 12 (15.8%) 130 (7.1%)
Urinary cytology
Positive 706 (36.8%) 49 (64.5%) 657 (35.6%)
Suspicious 317 (16.5%) 10 (13.2%) 307 (16.7%)
Negative 527 (27.5%) 5 (6.6%) 522 .(28.3%)
Unknown/blank 369 (19.2%) 12 (15.8%) 357 (19.4%)
Histological grade
Worst G1 168 (8.8%) 0 (0.0%) 168 (9.1%)
G2 1026 (53.5%) 36 (47.4%) 990 (53.7%)
G3 715 (37.3%) 40 (52.6%) 675 (36.6%)
GX 10 (0.5%) 0 (0.0%) 10 (0.5%)
Predominant G1 363 (18.9%) 3 (3.9%) 360 (19.5%)
G2 1176 (61.3%) 48 (63.2%) 1128 (61.2%)
G3 372 (19.4%) 24 (31.6%) 338 (18.3%)
GX 18 (0.9%) 1 (1.3%) 17 (0.9%)
Infiltration type
o 286 (14.9%) 3 (3.9%) - 283 (15.4%)
B 205 (10.7%) 12 (15.8%) 193 (26.7%)
Y 52 (2.7%) 4 (5.3%) 48 (2.6%)
Unknown/blank 1376 (71.7%) 57 (75.0%) 1319 (71.6%)

CD, cancer death; TUR, transurethral resection.

analysis using the Cox proportional hazard model. Unfortu-
nately, the infiltration type could not be used for multivariate
analysis with this model as a result of a significant lack of
registered data. By applying the other factors with statistical
significance by univariate analysis to multivariate analysis, it
was found that a tumor size greater than 3 cm was the
strongest independent risk factor, followed by positive
urinary cytology and non-papillary tumor appearance at
diagnosis. In contrast, the predominant histological grades
were not found to be risk factors by multivariate analysis.
Based on these results, it might be appropriate to design
possible risk criteria for T1 bladder cancer death using a
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combination of factors with statistical significance by mul-
tivariate analysis without the inclusion of any histological
grade.

Many investigators have tried to distinguish cases with
poor prognosis,”'”!® and most of these studies have started
from T1G3, which is considered to result in a poor clinical
outcome. It was also confirmed in the present study that
worst- and predominant-grade 3 tumors were associated
with CSS by univariate analysis. Nonetheless, we found that
nearly half of CD cases involved worst-grade 2 tumors, and
that more than two-thirds involved predominant grade 1 or 2
tumors, as shown in Table 2. We may overlook or ignore half
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Table 3 Univariate and multivariate analysis using the Cox proportional hazard model

Parameter Univariate Multivariate (events: 51, n = 1354; 70.6%)
Hazard ratio 95% Cl P-value Hazard ratio 95% Cl P-value

Papillary 3.333 2.068-5.371 <0.001 2.167 1.192-3.937 0.011
Stalk 2.067 1.291-3.310 0.003 NS
Multiplicity

Solitary 1.000

Multiple 2.270 1.357-3.798 0.002 NS
Size

<3and3cm 1.000 1.000

>3cm 3.414 2.079-5.608 <0.001 2.717 1.553-4.753 <0.001
Cytology

Negative 1.000 1.000

Suspicious 3.502 1.197-10.246 0.002 5.803 1.229-27.388 0.026

Positive 7.812 3.113-19.607 <0.001 11.516 2.752-48.190 0.001
Worst grade

1 <0.001 0—1000 0.958

2 0.559 0.362-0.862 0.009

3 1.000
Predominant grade

1 1.000

20 5.249 1.635-16.853 0.005 NS

3 8.622 2.596-28.637 <0.001
Infiltration type

o 1.000

B 5.631 1.589-19.955 0.007 Not analyzed

Y 7.643 1.710-34.159 0.008 :
Age 1.418 0.857-2.344 0.174

Cl, confidence interval; NS, not significant.

Table 4 Distribution of initially planned treatment after transurethral resection

; All (n =1919) CD (n=76) Survivors (n = 1843)
Surveillance . 633 (33.0%) 15 (19.7%) 618 (33.5%)
Intravesical chemotherapy 601 (31.3%) 15 (19.7%) 586 (31.8%)
BCG 301 (15.7%) 13 (17.1%) 288 (15.6%)
TUC or TUR 34 (1.8%) 3 (3.9%) 31 (1.7%)
Radical cystectomy 95 (5.0%) 9 (11.8%) 86 (4.7%)
Intra-arterial chemotherapy 22 (1.1%) 1 (1.3%) 21 (1.1%)
Systemic chemotherapy 16 (0.8%) 2 (2.6%) 14 (0.8%)
Radiation 8 (0.4%) 1 (1.3%) 7 (0.4%)
Others 176 (9.2%) 15 (19.7%) 161 (8.7%)
Unknown/blank 33 (1.7%) 2 (2.6%) 31 (1.7%)

Others include oral anti-cancer agents, laparotomy, simple cystectomy, partial cystectomy, combination of two or more modalities.
BCG, bacillus Calmette-Guerin; TUC, transurethral coagulation; TUR, transurethral resection.

of these CD cases if we start from T1G3. When assessing Here, three significant limitations of this analysis should
risk criteria in T1 bladder cancer, it is necessary to include be noted. First, when assessing risk factors, the very impor-
all histological grades and treatment strategies to distinguish tant confounding factor of plans after the initial TUR was not
the characteristics of CD cases in the data registry. considered. As there were still various strategies for T1
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bladder cancer in the years 1999-2001, as shown in Table 4,
it was difficult to analyze and draw conclusions on the impact
of plans after the initial TUR on CD. When using the Cox
proportional hazard model in particular, the data require
more events (CD cases) for the inclusion of more factors
(plans after TUR) in multivariate analysis. However, when we
look at the mortality rate for each plan, surveillance includes
only CD 2.5%, intravesical instillation of chemotherapeutic
agents 2.8%, intravesical BCG instillation (alone) 4.3%, and
radical cystectomy (alone) 9.2%. These data do not indicate
at all that the choice of cystectomy caused an increase in the
incidence of CD. Clinically, we chose high-risk cases and
used more invasive, but more effective, therapy options to
achieve longer survival. Although the details are not included
here, the background to these cases is different from the plans
for other cases.

The second limitation is related to the high number of
incomplete registrations, especially in terms of the infiltra-
tion type. When carrying out pathological diagnosis of
bladder cancer, the infiltration type should be described in
the report, because it is a well-known risk factor in malig-
nant behavior. With a complete data set, the infiltration type
might have been identified as a risk factor by multivariate
analysis.

The third limitation is a lack of central pathological
review. There were 164 cases registered as T1 with “no
invasion” as the infiltration type in the initial data set. In
addition, as mentioned earlier, the infiltration type was not
properly reported.

Finally, it should be mentioned again that these data were
not produced by a cohort study.

The period of registration in the present study was from
1999 to 2001, although strategies for diagnosis and treat-
ment have recently been modified. Some new chemotherapy
drugs and regimens (such as taxanes and gemcitabine!*?%)
have proved to be effective in survival prolongation and have
become widely used in clinical practice.?’ New molecular
markers”® and diagnostic tools**® have also been devel-
oped. We hope that these recent advances will be applied in
future registrations.

As a further consideration, this registry might not repre-
sent all bladder cancer cases. In Japan, the number of
patients with bladder cancer was estimated at over 14 000 in
1999 and 13 700 in 2000, and the estimated number of
newly diagnosed bladder cancer patients is 8000-9000 a
year (a 6-7 occurrence rate per 100 000 people®). In this
registry, the data covers only a quarter of the estimated
number of new cases. In other words, the registration system
misses three quarters of all bladder cancer cases in Japan.
This could be one of the reasons why the proportion of T1
cases in the registry is higher (38% of all bladder cancer
cases) than previous reports.

Despite the small proportion of CD cases among T1
bladder cancer patients (<5%) and the fact that a 3-year
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survival rate of 95% is a favorable result for a malignant
tumor,’’ 76 of the 1919 T1 cases diagnosed with non-
muscle-invasive bladder cancer died within 3 years of the
initial diagnosis, some of whom underwent immediate cys-
tectomy. Because the data collected covered only a quarter
of the estimated number of new cases, the number of CD
patients with initial diagnosis of T1 bladder cancer per year
in Japan can be estimated to be more than 100 by simple
calculation. A figure of more than 100 deaths a year is not
something that should be ignored.

To prevent treatment failure in T1 bladder cancer treat-
ment, we sought a way to distinguish CD cases within the
registry data. Through multivariate analysis, we determined
that the risk factors associated with CD are non-papillary
tumor appearance, a tumor size greater than 3 cm and posi-
tive urinary cytology, but not worst or predominant histo-
logical grade tumors. If we start from T1G3 to deal with
life-threatening high-risk conditions, we will miss nearly
half of all CD cases. We should include not only T1G3, but
also T1 cases with these two grades of tumor.

The present analysis omitted consideration of a very
important confounding factor (i.e. plans after the initial
TUR), its data lacked a central pathology review and the
proportion of incomplete data was large; accordingly, we
hope it will be possible to achieve better analysis and results
from registered data in the future.
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u Impact of Convenience Void in a Bladder Diary With
Urinary Perception Grade to Assess Overactive
Bladder Symptoms: A Community-Based Study
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Aim: Bladder diaries including bladder perception grade were analyzed to assess convenience void (CV) in
community-dwelling women 40 years of age or older. Methods: A total of 310 women completed a 3-day bladder
diary with a grade for bladder perception. The grade was defined on scores 0—5 as follows: 0 = No bladder sensation,
1 = Sensation of bladder filling without desire to void, 2 = Desire to void, 3 = Strong desire to void, 4 = Urgency
without urge urinary incontinence (UUI), and 5= Urge incontinence episode. CV was defined as void without desire
to void: when the grade was 0, CV in a narrow sense, and when 0 or 1, CV in a broad sense. Results: The incidence
of CV in the broad sense significantly decreased with age. Of the 8310 women, 48 (15.5%) had overactive bladder
(OAB) symptoms on the medical interview, including 37 (11.9%) without UUI (OAB-Dry) and 11 (3.5%) with UUI
(OAB-Wet). Of the remaining 262 women, 111 (35.8%), who had urgency but a urinary frequency of 7 or less, and
another 141 (48.7%) were classified into the Normal with Urgency and Normal without Urgency groups,
respectively. The incidence of CV in a broad sense in the Normal without Urgency group was significantly greater
than that in the Normal with Urgency and OAB-Wet groups. The mean voided volumes of CV in the broad sense in
the OAB-Wet group were significantly smaller than those in the other three groups. Conclusions: The evaluation
of CV may be a new tool in assessing storage condition and voiding dysfunction. Neurourol. Urodynam. 29:1286-

1289, 2010. ©® 2010 Wiley-Liss, Inc.

Key words: bladder diary; bladder sensation; community-based study; convenience void; overactive bladder

INTRODUCTION

A bladder diary can record the important factors of voiding
behavior including frequency of voiding, voided volumes, pad
usage, fluid intake, 24-hr urine production, the grade of
urgency, and the degree of incontinence.! The bladder diary
is becoming a standard assessment tool for overactive bladder
(OAB). The grade of bladder sensation during daily life can
be evaluated by scoring the perception of urinary bladder
fullness in a bladder diary.?~

Recently, as De Wachter and Wyndaele described,® bladder
sensation during daily life can be evaluated by scoring
the grade of perception of fullness on frequency volume
charts (FVCs). They concluded that frequency—volume charts
with evaluation of perception of fullness might provide
an initial non-invasive tool to study bladder sensation.
Moreover, a relatively new term, convenience void (CV), which
describes voiding episodes without a desire to void for
social reasons, has been advocated to be considered for
inclusion in the FVCs used in research.® In healthy volunteers
including 38 women and 15 men with an average age of
38 years, Darling and Neilson® reported that CV was common
in 72% of the participants, and represented 9.2% of the
total number of voids. The numbers of CVs reported by
male and female volunteers were 4.6 and 3.4 times weekly,
respectively.®

At the time of CV, the bladder will be emptied for social
reasons, such as before joining a meeting, before going out on
a long journey, or before retiring to bed at night. We
considered that for men or women with OAB, the frequency
of CV might be an indicator of how they controlled their
voiding behavior in order to avoid urgency.

© 2010 Wiley-Liss, Inc.

The aim of this study was to assess CV by a bladder
diary with bladder perception grades and to evaluate the
relationship between CV and OAB in community-dwelling
women 40 years of age or older examined during a mass-
screening program in Japan.

MATERIALS AND METHODS

In July and August 2004 a total of 548 women (mean
60 years of age, range 40—86 years) was recruited for the
purpose of a mass-screening program for general health in
a community-based study in a rural town in Hokkaido
Prefecture in Japan. 7.3% of all the women 40 years of age or
older in the town participated. In this study, 80 women
(14.6%) refused to fill in the bladder diary and 158 women
(28.8%) failed to fill it in completely. Finally, 310 women
(56.6%, mean 58 years of age, range 40-83 years) who decided
to participate in the present study by self-selection out of
the 548 participants of the mass-screening program com-
pleted a 3-day bladder diary, which included a grade for
bladder perception. The Ethical Committee at our institutions
approved this study, and written informed consent was
obtained from all the participants. The grade of perception
was defined by scores from 0 to 5 as follows; 0 = No bladder
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sensation, 1 = Sensation of bladder filling without desire to
void (voiding can easily be delayed for more than 60 min),
2 = Desire to void (voiding can easily be delayed for more than
30 min), 3 = Strong desire to void (voiding cannot be delayed
for more than 15min), 4 =Urgent desire to void (voiding
cannot be delayed for more than S5min), and 5="Urge
incontinence episode. The perception grades 0-4 have
been previouslg established, as proposed by De Wachter
and Wyndaele.” We have modified the scale by adding a
perception grade 5, in which the void is assessed as being of
urge urinary incontinence (UUI). The grade scored at each void
is entered in the bladder diary. How to complete the bladder
diary with bladder perception was explained to the parti-
cipants by means of both covering letter, and by word of
mouth by nurses. The diaries were returned during the mass-
screening program. The subjects with OAB were abstracted
from the medical interview at the time of the mass-screening
program by a definition of OAB of eight or more voids per day
and one or more urgency episodes per week, as described in a
previous e},)idemiological study in Europe, the United States,
and Japan.”~® In this study, two definitions of CV were used,
CV in the narrow sense and CV in the broad sense. CV in
the narrow sense consisted of voids at perception grade 0,
while CV in the broad sense consisted of voids at percep-
tion grades 0 and 1. Additionally, the incidence of CV was
calculated by the frequency of CV in the narrow sense or the
broad sense per day/24 hr urinary frequencies in each woman.

Statistical analyses used were ANOVA and Student's ¢-test.
Data analyses were performed with statistical software
packages (JMP 6, SAS, NC). A P-value of less than 0.05 was
defined as statistically significant. Data were shown as the
mean + standard deviation.

RESULTS

A total of 5,709 voids were obtained, with complete voided
volumes and bladder perception grades entered in the 3-day
bladder diaries. Of the total of 5,709 voids, 404 (7.1%) were
graded O and 822 (14%) were graded 1, resulting in CV in the
narrow sense of 7.1%, and CV in the broad sense of 21% of all
voids. There were no significant differences between the
incidence of CV in the narrow sense and age groups, while the
incidence of CV in the broad sense significantly decreased
with age groups (P < 0.001) (Table I).

The mean voided volumes of grade 0 and grade 1 were
141 and 185 ml, respectively. The voided volumes in grade 0
were significantly less than those in grade 1 (P < 0.000001).
The mean voided volume of both grades 0 and 1 together (CV
in the broad sense) was 170 ml.

Of the 310 women, 48 (15.5%) had OAB symptoms,
including 37 (11.9%) without urge incontinence (OAB-Dry),
and 11 (3.5%) with urge incontinence (OAB-Wet), according to
the definition of OAB by medical interview, in which the
subjects had both eight or more voids per day and one or more
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urgency episodes per week. The other 262 women were
classified into the Normal group. In the analysis of bladder
perception grades in the Normal group, 111 (35.8%) women
had voids at grades 4 or 5 that indicated urgency (Normal with
Urgency group), while 151 (48.7%) did not {(Normal without
Urgency group).

The mean age of the OAB-Wet group was significantly
(P < 0.01) higher than in any other group (Table II). There were
no significant differences in the incidence of CVs in the narrow
sense among the four groups, while the incidence of CV in the
broad sense in the Normal without Urgency group was
significantly greater than those in the Normal with Urgency
(P =0.0014) and OAB-Wet groups (P = 0.032).

The relationships between the CV and the mean voided
volume from the 3-day bladder diaries were also shown in the
Table IL There were no statistical differences in the mean
voided volume of CV in the narrow sense among the four
groups. On the contrary, in the analysis of CV in the broad
sense, the mean voided volumes in the Normal without
Urgency group were significantly larger than those in the
other three groups, and the volumes in the OAB-Wet group
were significantly smaller than those in the other three
groups, although there were no significant differences in the
volumes between the Normal with Urgency and the OAB-Dry
groups.

DISCUSSION

CV (void without desire to void, or void with lack of
sensation of bladder fullness), is a relatively new term for
research.® In analysis of 1-week FVCs in 53 healthy volunteers,
Darling and Neilson® reported CV occurred at a short interval
and with a small volume. In their study, the participants were
instructed to highlight voids when they did not have the
desire to pass urine but did so out of convenience. Several
healthy volunteers stated that the decision to void was made
when there was absolutely no need to void, but after the cycle
was set in motion the mere act of thinking about it triggered
the sensation of bladder fullness.® Hence, reliable recording
of CV episodes was difficult to assess with the addition of
a simple request to participants regarding the clear deter-
mination of CV on each void in FVC, if the questionnaire
lacked an objectively quantified grade of perception of urinary
bladder fullness at each time of void. In the 3-day bladder
diary with a grade of bladder perception from 0 to 5, which we
used, CV could be determined when the void was made with a
lack of sensation of bladder fullness or without a desire to
void.

In the present study, the incidences of CV were 7.1% in the
narrow and 21.0% in the broad sense, with an average age of
60 years. Darling and Neilson® reported CV occurred in 9.2% of
the total number of voids in healthy volunteers with an
average age of 38 years. The incidence of voids at grade 0 (CV
in the narrow sense) was 18.7%, and at grades 0 and 1 (CV in

TABLE I. Age Groups and Voids With Grades of Perception From 0 to 5

Age group 40-49 (n=57) 50-59 (n=113) 60~69 (n=101) >70 (n=139) P-value
Incidence of CV (%)
Narrow sense 89+134 8.7 +145 5.6+127 45181 0.127
Broad sense 29.8 £286 23.7 +22.3 20.5 £ 26.7 10.2+125 0.001

The grade is defined on scores 0—5 as follows: 0 = No bladder sensation, 1 = Sensation of bladder filling without
desire to void, 2 = Desire to void, 3 = Strong desire to void, 4 = Urgency without urge urinary incontinence, and

5 = Urgency with urge urinary incontinence.

Neurourology and Urodynamics DOI 10.1002/nau
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TABLE II. Distribution of CVs in Comparison Between the Normal and the OAB Groups, Including Normal Without Urgency, Normal With Urgency,

OAB-Dry and OAB-Wet

Normal without Urgency Normal with Urgency OAB-Dry OAB-Wet

Number (%) 151 (48.7) 111 (35.8) 37 (11.9) 11 (3.6
Mean age (years) 58.0 +9.6 58.4+9.2 572+ 9.7 67.9 £ 10.8*"Htt
Incidence of CV {%)

Narrow sense 7.3+145 744127 6691 63+81

Broad sense 273 +29.9 17.6 + 17.7 17.7+17.2 147 +13.7*
Voided volume at CV {ml}

Narrow sense 152.0 + 100.8 133.6+76.8 123.7+76.3 100.0 £ 57.3

Broad sense 182.7 +106.9 155.5 + 88.8** 157.7 + 93.7* 106.7 + 63.8*"!

*P < 0.05, compared with Normal without Urgency.
**P < 0.01, compared with Normal without Urgency.
#P < 0.05, compared with Normal with Urgency.

#*P < 0.01, compared with Normal with Urgency.
1P < 0.01, compared with OAB-Dry.

P < 0.05, compared with OAB-Dry.

the broad sense) was 65% in young female healthy volunteers
with an average age of 21 years.? In this study, the incidence of
CV in a broad sense decreased with age, being 30%, 24%, 21%,
and 10% in women in their 40s, 50s, 60s, and 70s or older,
respectively (P=0.001). These outcomes indicated that the
incidence of CV could correlate with age-related pathogenesis.
One explanation is that CV principally occurred due to social
intention to void by the will of the individual. Accordingly, it
may be probable that the episodes of CV in younger persons
are more frequent than those in older ones due to differences
in social activity. On the other hand, Pfisterer et al.’® reported
that bladder sensation diminished significantly with age. In
this study, the finding of an age-associated decrease in bladder
sensation was observed in spite of increasing volumes at first
desire to void and at strong desire to void in cystometry.
Pfisterer et al. suggested that the larger the volume at which a
person realizes the need to go to the bathroom, the shorter is
the period of warning during which she can void at her
convenience. Additionally, Neoemova et al! reported that
there is no good correlation between data from cystometry
and data on voiding diaries. Further studies are needed to
clarify the relationship between aging and CV in bladder
diaries.

The clinical impact of CV on OAB remained unknown,
although CVs in the healthy volunteers appeared on the FVC
and were analyzed in the previous reports. In the present
study, incidence of CV in a broad sense in the OAB-Wet group
was significantly less than that in the Normal without
Urgency group, while that in the OAB-Dry group was 10%
less compared with the Normal without Urgency group
although the difference was not statistically significant. In
our previous study there were no significant differences in the
incidence of voids at other grades among the four groups. As
for the voided volume, the mean voided volumes of CV in a
broad sense significantly differed between the Normal with-
out Urgency (182.7ml), OAB-Dry (157.7ml), and OAB-Wet
(106.7 ml) groups. These results are thought to be connected to
the characteristics of OAB. Persons with OAB feel urinary
sensation suddenly even when there is only a small storage
volume. Accordingly, the voided volume at CV, which is
defined as voiding with a lack of sensation of bladder fullness,
is smaller than that in normal persons. On the other hand,
they were thought to know their own timing of urinary
sensation and to go to toilet early, but urgency may cause
sudden urinary sensation resulting in voids with urinary
sensation, which led to a decreased incidence of CV.
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Consequently, the incidence of CV in a broad sense in women
with OAB may be less than that in normal women.

The analysis of the Normal with Urgency group, which
included women with urgency and frequency of urination of
seven or less per day, is interesting. In this group, the
incidence and the mean voided volume of CV in a broad sense
were very similar to those in the OAB-Dry group, but different
from those in the Normal without Urgency group. The nature
of the Normal with Urgency group may be similar to that of
the OAB-Dry group but not the Normal without Urgency
group. Although OAB is defined as urgency, with or without
urgency incontinence, usually with frequency and nocturia,’
the condition in the Normal with Urgency group may be
classified as OAB but unusually without frequency. If so, the
incidence of this group of 35.8% is very high and never
“unusual.” In our previous study, the 24 hr voided volume and
voiding frequency in the Normal with Urgency group were
significantly less than those in the OAB-Dry group,'? but
similar to those in the Normal without Urgency group. This
increase of daily urine output may cause frequency in the
OAB-Dry group. Thus, the analysis of CV might clarify the
difference between the Normal with and without Urgency
groups, while the difference between the Normal with
Urgency and OAB-Dry groups might be evaluated by the
analysis of the 24 hr voided volume as well as 24 hr voiding
frequency. Further study is necessary to confirm these
hypotheses.

In the present study, two definitions for CV were used; a
narrow and a broad sense. Neoemova et al'®'* analyzed
voiding patterns between continent and incontinent women
using a 3-day sensation-related bladder diary, which defined
the CV as no desire to void. Their definition of CV is nearly the
same as our definition of CV in the broad sense. In our study,
significant differences were observed in comparisons in age
related frequency, the incidence of CV, and mean voided
volume between classified groups, only when CV in a broad
sense was used. Accordingly, CV in a broad sense is thought to
be suitable for use in the clinical setting.

The usefulness of a 3-day sensation-related bladder diary
has been reported by Neoemova et al'® in continent and
incontinent women. The study revealed, however, that there
were no significant differences in the mean voided volume of
CV between healthy volunteers and the women with UUI,
while the mean voided volume of CV in a broad sense in the
OAB-Wet group was significantly less than that in the other
three groups including the Normal without Urgency group in



the present study. The reasons why the results were different
are unclear. On the other hand, those researchers did not
analyze the incidence of CV, while the incidence of CV in the
Normal without Urgency group was significantly greater than
that in the Normal with Urgency and OAB-Wet groups in our
study. Thus, not only the voided volume of CV but also the
incidence of CV was useful for the assessment of OAB using a
bladder diary with bladder perception grade.

The analysis of voided volume and incidence of CV in the
broad sense from the bladder diary with urinary perception
grade was therefore thoyght to be useful for the evaluation of
OAB. The analysis of CV may be important because it can
change the analysis of “sensation-related voids.”

CONCLUSIONS

The incidence of CV decreased with age. The incidence and
voided volumes of CV in the broad sense were significantly
related to existing urgency or OAB. The evaluation of CV may
be a new tool in assessing the storage condition and voiding
dysfunction. Further studies will be necessary to evaluate
the true efficacy of the bladder diary with bladder perception
grade and CV for assessment of storage and voiding

symptoms.
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Procedure

Technique for a hybrid system of real-time transrectal
ultrasound with preoperative magnetic resonance imaging
in the guidance of targeted prostate biopsy

Osamu Ukimura,"? Naoki Hirahara,' Atsuko Fujihara,' Takeshi Yamada,' Tsuyoshi Iwata,’
Kazumi Kamoi,' Koji Okihara,' Hirotoshi Ito,> Tsunehiko Nishimura* and Tsuneharu Miki'
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Abstract: Diagnostic magnetic resonance imaging {MRI) for prostate has achieved increasingly higher levels of accuracy.
Because real-time MR-guided targeted biopsy is still a complicated and expensive procedure, there is considerable interest
in atechnique of MR/transrectal ultrasound {TRUS) hybridized image-guided biopsy. However, because the 3-D shapes of the
prostate at the time of image-acquisition at preoperative MR| are likely to be different from the intra-operative TRUS images,
the precise registration of each 3-D volume data is critical. To reduce the potential errors in registration of TRUS with MRI, we
introduce new procedural techniques in a rigid image fusion technique. First, preoperative MR images were obtained with
a specifically-made plastic outer-frame, with exactly the same shape as the real TRUS probe, placed in the rectum, in order
to simulate the deformation of the prostate caused by the absence or presence of a TRUS probe during the acquisition of MR
or TRUSimages. Second, instead of using a single plane of longitudinal image, we applied biplane TRUS images to be shown
in parallel on a multiplanar display with corresponding reconstructed MRI, in order to register both horizontal and

longitudinal images of the prostate simultaneously, thereby achieving improved 3-D anatomical matching.

Key words: image registration, magnetic resonance imaging, prostate biopsy, prostate cancer, transrectal ultrasound.

introduction

Although diagnostic magnetic resonance imaging (MRI) is
accurate in the diagnosis of prostate cancer,” it is too
expensive for urologists to use MR-guidance for lesion-
targeted biopsy and intervention, because an interventional
MR-system is costly and requires MRI-compatible non-
metallic instruments and expertise.*” Because the actual
needle placement is regularly visualized by real-time tran-
srectal ultrasound (TRUS), the recently emerging integra-
tion of TRUS with MRI is a highly attractive technology,
especially for targeting the lesions detectable only by
MRL%® The improvement of MR/TRUS hybrid technology
would give us credible information to reclassify a MRI
suspected lesion as a biopsy proven cancer lesion. In the
present study, we proposed new techniques potentially
improving registration in the hybrid system of TRUS with
MRL
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Technique

The present clinical study was authorized by the institutional
review board of the Committee for Clinical Research on
Human Subjects at our institution. After obtaining informed
consent, 10 patients with elevated prostate-specific antigen
and suspicious lesions on 3T-MRI underwent prostate
biopsy. TRUS biopsy was carried out using the transperineal
approach under local anesthesia with the hybrid technology
of real-time virtual sonography (Hitachi Medical, Kashiwa,
Japan), which allows real-time biplane TRUS images and
corresponding multiplanar reconstructed MRI images to be
shown in parallel on a display. Figure 1 shows the configu-
ration of the hybrid system.

All MR images were obtained with a 3.0T clinical
scanner (Gyroscan Achieva 3.0Tesla X-series; Philips, DA
Best, the Netherlands) with a 5-channel phased array body
coil before biopsy. In order to minimize the difference in
deformation of the prostate with and without a TRUS probe,
a specially-made plastic outer-frame for the TRUS probe
was placed in the rectum during MR acquisitioning. The
special plastic outer-frame is shown in Figure 2. Thus, the
shape of the prostate in the preoperative MRI simulated a
deformation similar to the prostate shape with the TRUS
probe inserted in the rectum (Fig. 3).

© 2010 The Japanese Urological Association



Hybrid system of biplane TRUS with MRI

Fig. 1 Configuration of the hybrid
system of real-time transrectal ultra-
sound (TRUS) with magnetic resonance
imaging (MRI), which consists of (i) a
magnetic field generator to be placed
near the patient; (ii) an ultrasound (US)
machine and TRUS-probe with a electro-
magnetic sensor (model 800 sensor;
Ascension,  Burlington, VT, USA)
attached; (i) a magnetic positioning
sensor unit (3-D guidance trakSTAR;
Ascension); and (iv) a computer worksta-
tion with display. The electromagnetic
sensor, which is attached on the han-
dling part of the TRUS probe, can com-
municate the position of the TRUS probe
with the workstation in real-time. Pre-op,
preoperative.

Fig. 2 The plastic outer-frame of the transrectal ultrasound
(TRUS) probe, which consists only of plastic, and contains no
metal, so as to be suitable for a magnetic resonance imaging
(MRI) examination, in order to simulate the possible deforma-
tion of the prostate that might be caused by the presence or
absence of a TRUS probe between TRUS and MRI.

The MRI volume data were transferred to the computer
workstation by CD with Digital Imaging and Communica-
tion in Medicine data. Preoperative MR data sets were
acquired and the data of the most informative functions were
selected. The magnetic positioning sensor unit is connected
to the workstation to obtain information on the spatial posi-
tion and angle of the TRUS probe. The workstation can
display two biplane vertical MR tomograms that are recon-
structed according to the real-time information of the spatial
position and angle of the TRUS probe.

Registration between the real-time biplane TRUS image
and the reconstructed virtual MR images out of the previ-

© 2010 The Japanese Urological Association
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ously acquired MR 3-D volume data was carried out with
biplane image-to-image-registration. First, the midline lon-
gitudinal view, as well as the maximum prostatic horizontal
view of the MR images, was obtained out of the MR 3-D
volume data, using the multiplanar display function. This
can visualize the entire urethra with the urethral orifice
opened at the bladder neck in the midline longitudinal view
and also the maximum horizontal tomogram of the prostate,
respectively. Next, the TRUS probe was manipulated in
order to make both longitudinal and horizontal ultrasound
(US) images match the already obtained, corresponding
longitudinal and horizontal tomograms of MRI, respec-
tively. This combined use of biplane US images to match
simultaneously both longitudinal and horizontal MR tomo-
grams facilitated the 3-D spatial registration, instead of
using a single longitudinal plane for image-to-image regis-
tration, which is likely to cause unsatisfactory matching in
the horizontal direction.

If clinicians still find unsatisfactory matching between
MR and TRUS, a further detailed re-adjustment function is
still available, to match the ultrasonically well-recognized
anatomical landmarks (such as the prostate boundary or
transition zone boundary, calcification and the concerned
lesion) with the corresponding anatomical landmarks in
MRI. In the initial setting of MR volume data, the software
has a function to highlight the targeted lesion by a red circle.
According to the manipulation of the TRUS probe, the size
of the red circle can be changed. Obtaining the exact plane
with the highlighted red circle maximized in diameter shows
the optimal plane for targeting the center of the lesion, and
facilitates precise targeting, which potentially maximizes
sampling of the cancer core length and/or percentage
(Fig. 4).
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Fig. 4 The hybrid system allowed excellent anatomical visu-
alization of biplane transrectal ultrasound and corresponding
magnetic resonance imaging (MRI) image in parallel in the
display, to visualize and navigate targeting to transition zone
cancer foci (highlighted by red circle), which are detectable
only in MRI. A white dotted line in each display of the longitu-
dinal or horizontal MR view shows the line with which another
plane (horizontal or longitudinal plane, respectively) is cur-
rently in accord.

Discussion

Two important techniques for registration of MRI with
TRUS were proposed. One is to register image-to-image
using biplane views, such as longitudinal and horizontal
views of TRUS, with each MRI. Therefore, targeting to
suspected lesions can be confirmed with greater confidence
than in the use of a single longitudinal plane. Another new
original technique is that we specifically made a plastic
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Fig.3 Typical change in prostatic
shape caused by the pressure of the
presence (in the left case) or absence (in
the right case) of the plastic outer frame
of the transrectal ultrasound probe in
the rectum. The top-part of the plastic
outer frame is shown in the middle, as
imaged in the left case, inserted in the
rectum The prostatic deformation
caused by the probe was typically
evident in the posterior rim as well as the
posterior-lateral edges of the prostate,
as shown by the arrows.
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outer-frame for the TRUS probe (containing no metal) in
order to insert it into the rectum at the time of MRI acqui-
sition, to avoid the possible deformation caused with and
without the TRUS probe. There is a critical issue of how to
reduce the difference in the deformation of the targeted
organ, which might happen between the different conditions
at each image acquisition when we need to register the two
imaging modalities.”'? In the present study, we found that
the plastic outer frame of the TRUS probe, inserted at the
MR acquisition, could minimize such possible deformation
by simulating the condition at the TRUS biopsy. The pres-
sure of the probe in the rectum is likely to cause typical
deformation in the posterior-lateral parts of the prostate. It is
conceivable that the achieved simulation of the possible
differences between MRI and TRUS is essential for and
would enhance the precision of the biopsy-targeting and
targeted treatment, because cancer is likely to occur in such
posterior-lateral parts of the prostate.

In conclusion, the study showed new technical procedures
for the hybrid of biplane TRUS with MRI. The use of the
hybrid system is available at a significantly lower cost, using
regular metallic instruments (including the biopsy needle,
automated biopsy equipment and the therapeutic ablative
needle), and a currently clinically available MRI machine.
The MR/TRUS hybrid system could play an essential role as
the guidance tool for precise MR-detected lesion-targeted
biopsy, as well as potentially enhancing the precision of
targeted focal therapy.
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