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Objective: Patients with T1G3 bladder cancer are at high risk of progression to muscle-
invasive cancer, and early cystectomy is considered as a treatment option in this particular
situation. On the other hand, understaging of T1G3 bladder cancer has been gradually
proven as second or repeat transurethral resection (TUR) has been widely applied. To evalu-
ate the real rate of progression, we investigated the prognosis of T1G3 bladder cancer in
which a muscle layer was histologically confirmed in the TUR specimens.

Methods: We retrospectively reviewed 48 patients with primary T1G3 bladder cancer in
which a muscle layer in the TUR specimens was confirmed between 1990 and 2006 in our
institute. We investigated recurrence and progression in 45 patients, excluding 3 who were
immediately treated with radical cystectomy. Fifteen and 12 patients received intravesical
treatment with bacillus Calmette—Guérin (BCG) and anticancer agents just after TUR,
respectively. The remaining 18 did not have any such treatment.

Results: Recurrence and progression were observed in 21 (47%) and 3 patients (6.7%),
respectively, during a median follow-up period of 42.1 months. The 3-year recurrence-free
and progression-free survival rates were 54% and 91%, respectively. No significant differ-
ences were observed in the rates between the patients with and without BCG treatment in the
study.

Conclusions: There is a possibility that the progression rate in patients with T1G3 bladder
cancer is not as high as previously reported when only patients whose muscle layer was his-
tologically confirmed were analyzed. An adequate technique for TUR that unmistakably col-
lects the muscle layer may be important to predict the outcome accurately.

Key words: TIG3 — bladder cancer — progression — understaging — muscle layer

INTRODUCTION

Approximately 70% of bladder tumors are diagnosed as
superficial cancer without invasion to the muscle layer at
initial presentation (1). Although the prognosis of superficial
bladder cancer is generally favorable, it is known that T1G3
bladder cancer is a distinct clinical entity from the remaining
superficial cancer since it has been reported that the disease
eventually progresses in approximately half of the patients
with T1G3 cancer during follow-up (2,3). Because of its
high risk for progression, early radical cystectomy is some-
times considered as an initial treatment, although it is contro-
versial (4).

As second or repeat transurethral resection (TUR) for T1
bladder cancer is becoming widely used, it is known that

understaging of T1 cancer frequently occurs (5). Although
T1 cancer is defined as a tumor with invasion to the lamina
propria but no invasion to the detrusor muscle, it seems to
be clinically composed of two types. One is genuine T1
cancer in which cancer cells really exist up to the lamina
propria. The other is T2 or higher cancer misdiagnosed as
T1 cancer because the detrusor muscle is not included in the
TUR specimens.

As previously noted, it has been believed that patients
with T1G3 cancer have a high progression rate. If there is
contamination by T2 or higher cancer, the prognosis of
T1G3 cancer must be worse than the true one. However,
only a few reports analyzing the prognosis of T1G3 cancer
demonstrate whether the TUR specimens included the

© The Author (2009). Published by Oxford University Press. All rights reserved.
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detrusor muscle (6). In the present study, we retrospectively
evaluated recurrence and progression in patients with T1G3
bladder cancer whose detrusor muscle was histologically
confirmed.

PATIENTS AND METHODS

In our institute, TUR of bladder cancer was done in the stan-
dard manner. Once all visible tumors were resected, the base
of the main tumor was resected again until the perivesical
fat tissue became visible. Care had to be taken not to exten-
sively penetrate the bladder wall. Between 1990 and 2006,
we treated 48 patients with initially diagnosed T1G3 bladder
cancer in our institute. It was histologically confirmed that
TUR specimens derived from all patients included enough of
the muscle layer to adequately determine the T stage. On the
other hand, there were another 11 patients diagnosed with
T1G3 bladder cancer at the same period in our institute who
had no evaluable muscle layer in the TUR specimens.
Patients who had findings suggestive of muscle-invasive
bladder cancer on radiographic studies and a history of upper
urinary tract cancer were excluded. In addition, patients who
did not receive regular cystoscopic examination every
3 months after TUR were excluded.

Of the 48 patients, 3 patients underwent immediate radical
cystectomy because of the patients’ decisions, based on con-
comitant localized prostate cancer, severe hematuria and
storage symptoms caused by bladder cancer. In the remain-
ing 45 patients with T1G3 cancer, the bladder was preserved.
Eighteen patients did not have any bladder instillation
therapy after TUR. Of the remaining 27 patients, 15 and 12
received intravesical treatment with bacillus Calmette—
Guérin (BCG, 80 mg of Tokyo strain for 8 patients and
81 mg of Connaught strain for 7 patients) and an anticancer
agent (anthracyclines for 8 patients and mitomycin C for
4 patients), respectively. BCG was intravesically instillated
every week for 6—8 weeks as one course and every patient
received at least one course of BCG. None received mainten-
ance BCG therapy. Because of the retrospective nature of the
present study, indications for additional therapy and criteria
for drug selection were not uniform. However, patients who
had carcinoma in situ or persistent positive urine cytology
after TUR were exclusively treated with BCG (Table 1).

The patients were followed by cystoscopic examination
and urine cytology every 3 months. If necessary for suspi-
cious symptoms and findings of metastatic development,
radiographic examination using computed tomography and
chest X-rays was conducted. When bladder tumors were
found on cystoscopic examination, TUR was performed to
pathologically confirm recurrence. Invasion of the muscle
layer, as well as development of distant metastasis, was
defined as progression.

The Kaplan—Meier method and log-rank test were used
for statistical analysis of recurrence and progression. A value
of P < 0.05 was defined as statistically significant.
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Table 1. Backgrounds of patients treated with BCG and an anticancer agent

BCG (n=15) Non-BCG (n = 30)
Carcinoma in situ 3 (20.0%) 0 (0%)
Positive cytology” (after TUR) 2 (13.3%) 0 (0%)
Tumor size (mm)
<10 6 (40.0%) 4 (13.3%)
>10 9 (60.0%) 26 (86.7%)
Tumor number
Solitary 3 (20.0%) 9 (30.0%)
Multiple 12 (80.0%) 21 (70.0%)
Repeat TUR 1 (6.7%) 0 (0%)

BCG, bacillus Calmette—Guérin; TUR, transurethral resection.
“Patients who represented positive urine cytology after TUR were different
from patients who had carcinoma in situ.

RESULTS

The median age of the 45 patients (42 men and 3 women) at
initial TUR was 68 years, ranging from 29 to 97. The median
follow-up period was 42.1 months (range, 9.5—131.4).

Recurrence was observed in 21 (47%) patients. The
recurrence-free survival rates at 2 and 3 years were 57% and
54%, respectively (Fig. 1). Most recurrences occurred within
2 years after TUR. The recurrence-free survival rate in the
15 patients treated with BCG was 73% at 2 and 3 years
(Fig. 2). Although the 50% 2-year and 44% 3-year
recurrence-free survival rates in 30 patients without BCG
were lower than those with BCG, there was no significant
difference in recurrence-free survival between them (P =
0.097, log-rank test). The 3-year progression-free survival
rate of the 45 patients was 91% (Fig. 3).

Progression was observed in three patients (6.7%). None
of the three patients received BCG therapy or had distant
metastasis at the initial presentation of progression. After
progression, two patients (4.4%) eventually died of bladder
cancer.

Pathological comparison between the TUR and cystect-
omy specimens in the three patients treated with immediate
radical cystectomy revealed understaging for one patient
(pT3pN0). The patient developed distant metastasis
19 months after surgery and finally died of bladder cancer in
spite of treatment by several courses of systemic
chemotherapy.

Of the 11 patients without a muscle layer in the TUR
specimens, 6 (54.5%) and 3 (27.3%) patients showed recur-
rence and progression, respectively. Eventually, two patients
died of bladder cancer.

DISCUSSION

One of the biggest problems of T1G3 bladder cancer is pro-
gression to muscle-invasive cancer. Since it is obvious that
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Figure 1. Recurrence-free survival in 45 patients with primary T1G3
bladder cancer for which the muscle layer was histologically confirmed.
TUR, transurethral resection.
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Figure 2. Recurrence-free survival in patients with BCG (n = 15) and
without BCG treatment (n = 30). No significant difference was observed
(P = 0.097, log-rank test). BCG, bacillus Calmette—Guérin.

the prognosis of muscle-invasive cancer is not promising, to
accurately predict the probability of progression in patients
with T1G3 cancer is clinically important to make treatment
decisions, especially considering whether immediate radical
cystectomy should be offered as the initial treatment.
Previous studies have demonstrated that the recurrence
and progression rates in patients with T1G3 cancer vary
widely from 27% to 70% and 4% to 33%, respectively
(Table 2) (3,6,13,14). Such variation may indicate that T1G3
cancer is composed of heterogeneous groups. Since it is
known that understaging of T1 cancers frequently occurs (4),
the degree of contamination by muscle-invasive cancer in
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Figure 3. Progression-free survival in 45 patients with primary T1G3
bladder cancer for which the muscle layer was histologically confirmed.

Table 2. Recurrence and progression rates of T1G3 bladder cancer

Author (reference) No.of  Median Recurrence  Progression
patients  follow-up rate (%) rate (%)

period
(months)

Gohiji et al. (6)* 45 63 36 4

Brake et al. (13) 44 43 27 16

Patard et al. (14) 50 65 52 22

Shahin et al. (3) 92 64 70 33

Present study” 45 42 47 6.7

“Studies analyzed patients whose muscle layers were histologically included
in the transurethral specimens.

T1G3 cancer may be related to the differences in progression
rates among the reports.

Dutta et al. (7) performed radical cystectomy for
63 patients who were diagnosed as having T1 bladder
cancer. The muscle layer was confirmed in the TUR speci-
mens from 37 patients, whereas it was not included for 26
patients. Pathological evaluation of cystectomy specimens
indicated that 30% and 62% of the patients with and without
the muscle layer in the TUR specimens showed pT2 or
higher diseases, respectively.

Herr (5) reported a similar result. They performed repeat
TUR for 58 patients who were considered to have T1
bladder cancer in the initial TUR. Repeat TUR found muscle
invasion in 5 patients (14%) with the muscle layer and in 11
patients (49%) without the muscle layer in the initial TUR.
Thus, it is apparent that understaging of T1 cancer is likely
to occur if the muscle layer is not included in the TUR
specimen.

In the present study, the progression rate of T1G3 bladder
cancer during 42 months of follow-up was 6.7% when only
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patients with a histologically confirmed muscle layer in the
TUR specimens were analyzed. The 3-year progression-free
survival rate was 91%. On the other hand, the 27.3% of the
progression rate in the patients without a muscle layer was
much higher, although it is hard to compare the rates of the
two groups because of the small number of the patients.
Gohji et al. (6) reported the lowest progression rate to our
knowledge (Table 2). Their study consisted of 45 patients
with T1G3 cancer whose TUR specimens included a definite
muscle layer. Thus, the progression rate in patients with
T1G3 cancer was not so high if we analyzed only patients
whose muscle layer was histologically confirmed, which
suggests less possibility of contamination by muscle-invasive
bladder cancer. In the present study, of the three patients
treated with immediate radical cystectomy, one was proven
to be understaged because muscle invasion was found in the
cystectomy specimen. If this patient is followed without
immediate radical cystectomy, progression should be
observed. However, even though we assume the patient to be
a subject with progression, the progression rate, 8.7% (4 of
the 46 patients), was still lower than those in the previous
reports, although it is hard to draw a solid conclusion
because of the small sample size in this study.

The second clinical problem of T1G3 cancer is its high
recurrence rate. Similar to the previous reports, recurrence
was observed in 47% in the present study (Table 2).
Recurrence occurred within 2 years in most patients. To
prevent early recurrence in T1G3 cancer, BCG or anticancer
agents are indicated (8,9). Although there was no significant
difference in the recurrence-free survival rate between
patients with and without BCG therapy in our study, the lack
of uniform criteria for intravesical therapy and small sample
size may have influenced the result. There was a 29% differ-
ence at 3 years after TUR between the two groups and no
recurrence was observed after 1 year in the BCG group.
Several large studies have indicated that intravesical BCG
therapy makes a contribution to prevent recurrence for
patients with superficial bladder cancer superior to those of
intravesical anticancer agents (10—12).

As previously discussed, it is likely that understaging is
more frequent in T1G3 bladder cancer in which the muscle
layer is not included. On the other hand, understaging
was sometimes observed even in patients whose muscle
layer was sufficiently collected in the TUR specimens. In the
present study, one of the three patients with
muscle-layer-confirmed T1G3 who underwent immediate
cystectomy had pT3 bladder cancer. Herr (5) reported that
repeat TUR for 35 patients with T1 bladder cancer having a
definite muscle layer in the initial TUR showed residual
cancer in 26 (74%) and muscle-invasive cancer in 5 (14%).
A recent randomized study done by Divrik et al. (15) indi-
cated that T1 patients with repeat TUR plus intravesical
mitomycin C had significantly lower recurrence (26%) than
those with only initial TUR plus intravesical mitomycin C
(63%). In addition, the progression rate was lower in patients
with repeat TUR (4%) than in those without it (12%),
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although the difference did not reach statistical significance
(P = 0.097). Thus, repeat TUR may contribute to not only
more accurate diagnosis and a more precise prognosis but also
an improved outcome for patients with T1G3 cancer whose
muscle layer is confirmed in the initial TUR specimen.

In conclusion, there is a possibility that the progression
rate in patients with T1G3 bladder cancer is not as high as
previously reported when only patients whose muscle layer
was histologically confirmed were analyzed. An adequate
technique for TUR that clearly collects the muscle layer may
be important to predict the outcome accurately.
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To investigate the effectiveness of a
combined treatment of 3-30-methylene-
bis[4-hydroxycoumarin] (dicoumarol) with
doxorubicin for the treatment of urothelial
cancer, as doxorubicin is a common
chemotherapeutic agent but its therapeutic
efficacy is limited.

MATERIALS AND METHODS

The synergistic effect of dicoumarol with
chemotherapeutic agents such as cisplatin,
doxorubicin and paclitaxel was evaluated
in RT112 urothelial cancer cells. Then,
dicoumarol-mediated enhancement of
doxorubicin-induced cytotoxicity was
screened in urothelial cancer cell lines with
different p53 statuses or RT112 stable
transfectants with a dominant-negative
mutant of p53 (p5S3DN). To clarify the
importance of the modification of p53
antion by dicoumarol to enhance

doxorubicin toxicity, the change in the p53-
p21 pathway and mitogen-activated protein
kinase (MAPK)-mitochondria pathway by the
combined treatment were elucidated by
Western blot analysis. Finally, the effect of
p21 knockdown in the susceptibility to
doxorubicin was examined with RT112 stable
transfectants with short hairpin RNA
(shRNA) of p21.

RESULTS

Dicoumarol significantly increased the
susceptibility of RT112 cells to cisplatin and
doxorubicin, but not to paclitaxel in RT112
cells. Dicoumarol (100 uM) also enhanced
the cytotoxicity of doxorubicin in other
bladder cancer cell lines with wild-type p53
(wt-p53; three times in 253J and 13 times in
KK47), but not in those with mutant-type
p53 (TCCsup, J82 and EJ) or in RT112 p53DN.
The combined treatment with dicoumarol
suppressed p53/p21 induction by
doxorubicin and resulted in sequential p38

MAPK activation, myeloid cell leukaemia h
suppression and caspase cleavage. The
synergistic effect of doxorubicin/dicoumarol
was suppressed by the p38 MAPK inhibitor
SB202190 and, furthermore, p21 knockdown
with shRNA transfection made RT112 cells
six times more susceptible to doxorubicin
with p38 MAPK activation.

CONCLUSION

These results suggest that concomitant
use of dicoumarol could enhance the
cytotoxicity of doxorubicin in urothelial
cancer cells with wt-p53 through the
p53/p21/p38 MAPK pathways. This
combined treatment may provide a new
therapeutic option to overcome
chemoresistance in bladder cancer.

KEYWORDS

urothelial cancer, dicoumarol, doxorubicin,

p53, p38 /

INTRODUCTION

More than 70% of bladder cancers present as
moderately-to-well differentiated, superficial
papillary TCC, treated with endoscopic
transurethral resection of the bladder tumour.
Although progression to muscle-invasive
cancer is relatively infrequent, >60% of
patients have metachronous intravesical
recurrence one or more times, and these
have a serious impact on patients' quality of
life [1]. To prevent intravesical recurrence,
prophylactic and therapeutic intravesical
instillation of various chemotherapeutic
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agents has been tried but its efficacy is still
limited [2], thus new molecular targets for
therapy to enhance its efficacy are being
explored.

NADPH: quinone oxidoreductase 1 (NQO1)isa
ubiquitous flavoprotein that functions as an
antioxidant enzyme [3]. The expression levels
of NQO1 are elevated in various cancers
compared with surrounding normal tissue
[4]. NQO1 was reported to protect cancer
cells against anticancer agents through
detoxification of intracellular oxidative stress
[4]. Furthermore, we recently reported that
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NQO1 contributed to inhibition of apoptosis
through maintenance of p53-p21 expression
in urogenital cancer cells with wild-type
p53 (wt-p53), and 3-30-methylene-bis[4-
hydroxycoumarin] (dicoumarol), which
inhibited enzymatic activity of NQO1,
promoted cisplatin-induced apoptosis
through the attenuation of the p53-p21
pathway [5].

In urothelial cancer, most superficial bladder
cancers retain wt-p53 [6], and therefore, we
hypothesized that dicoumarol might be
appropriate as a modulator of anticancer

© 2009 THE AUTHORS
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agents for preventing recurrence of
superficial bladder cancer and for improving
patients' quality of life. In the present study,
to assess the potential of dicoumarol in
treating superficial bladder cancer cells,

we investigated the cytotoxic effects of
dicoumarol combined with doxorubicin (a
commonly instilled intravesical agent).

MATERIALS AND METHODS
ANTIBODIES AND REAGENTS

Antibodies were obtained as follows: anti-p53
(Ab-2) from Calbiochem (San Diego, CA, USA),
p21 and NQO1 from Santa Cruz (Santa
Cruz, CA, USA), anti-B-actin from Abcam
(Cambridge, MA, USA), and antibodies against
cleaved poly(ADP-ribose) polymerase (PARP),
caspase 8, caspase 9, cleaved caspase 3, c-Jun
amino-terminal kinase (JNK), pJNK, pp38, p38,
pERK, ERK, pHsp27, Bax, Bel-2, Bel-xL and
myeloid cell leukaemia 1 (Mcl-1) from Cell
Signalling Technology (Beverly, MA, USA).
SB202190 as a p38 inhibitor, Z-IETD-FMK as
a caspase-8 inhibitor, Z-LEHD-FMK as a
caspase-9 inhibitor and Z-VAD(OMe)-FMK as
a pan-capase inhibitor were obtained from
Calbiochem. Cis-diamminedichloroplatinum
(cisplatin) and doxorubicin (adriamycin) were
from WAKO (Osaka, Japan), and paclitaxel
and dicoumarol were from Sigma (St Louis,
MO, USA).

CELL CULTURE

Six urothelial cancer cell lines (RT112, 253),
KK47, TCCsup, EJ and J82) were used in the
present study. Sequencing analysis and
genotyping of p53 confirmed that RT112,
253J and KK47 had wt-p53 whereas the three
other cell lines harboured mutant p53 (mt-
p53); J82 harboured double missense
mutations (codon 271, CAG—AAG and codon
320, AAG—AAC), TCCsup harboured a
nonsense mutation (codon 349, GAA—TAA),
and EJ contained a missense mutation (codon
175, CGC—CACQ). All six bladder cancer cell
lines were maintained in RPMI 1640 medium
supplemented with 10% fetal bovine serum
and 1% penicillin/streptomycin. Cells were
incubated at 37 °C in a humidified
atmosphere containing 5% CO,.

GENOTYPING OF NQO1

DNA was extracted from bladder cancer cells
using the QlAamp Blood Kit (QIAGEN, Hilden,

© 2009 THE AUTHORS

Germany). To detect Pro187Ser (C to

T at position 609 of the cDNA) NQO1
polymorphism in bladder cancer cell

lines, the PCR primers used were 5'-
TCCTCAGAGTGGCATTCTGC-3' and 5'-
TCTCCTCATCCTGTACCTCT-3'. PCR conditions
were 10 min at 95 °C (one cycle) and 30 s at
95°C, 30s at 58 °C and 45sat 72 °C (35
cycles) and 5 min at 72 °C (one cycle). Each
PCR product was digested with Hinfl for
Pro187Ser NQO1 polymorphism. DNA samples
were concomitantly amplified and digested
together with previously examined DNA
samples serving as quality controls. For the
Pro187Ser NQO1 polymorphism, restriction
fragments were 195 and 35 bp for the Pro

allele, and 151, 44, and 35 bp for the Ser allele.

PLASMIDS AND TRANSFECTION

pCMV-neo was a gift from Dr K. Cho
(University of Michigan Medical School).
Dominant-negative mutant of p53 (p53DN)
containing one missense mutation at codon
135 (TGC—TAC), which were purchased from

BD Bioscience, were ligated into pCMVneo.

psiRNA-h7SKhp21 vectors containing short
hairpin RNA (shRNA) targeting p21 were
purchased from InvivoGen (San Diego, CA,
USA). Cells were transfected with the
indicated vectors using Lipofectamine 2000
(Life Technologies, Inc., Grand Island, NY, USA)
following the manufacturer's instructions.
Stable transfectants were selected by
appropriate selection antibiotics, and

were confirmed by sequencing, reverse
transcription-PCR or Western blot analysis.

CELL VIABILITY ASSAY AND DETECTION
OF APOPTOSIS

Cell viability was assessed by 3-

(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide (MTT) assay as
described previously [5]. Briefly, 1 x 10*
cancer cells with 100 L suspension were
grown in each well of 96-well plates. After
24 h incubation, cells were treated with or
without different concentrations of drugs for
another 24 h. Then, 20 ul of MTT working
solution (5 mg/mL; Sigma) was added to each
culture well, and incubated for 4 h. The
formazan crystal was dissolved with 100 uL
dimethyl sulphoxide. The absorbance (A) of
each well was measured by a microculture
plate reader (Immunoreader; Japan Intermed
Co., Ltd, Tokyo, Japan) at 540 nm. The
percentage of cytotoxicity = [1 - (A of
experimental wells{A of control wells)] x 100.

JOURNAL COMPILATION © 2009 BJU INTERNATIONAL
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To detect the ratio of viable cells or apoptotic
cells to total cells, Trypan blue staining or
Hoechst 33342 nuclear staining was used.
For Trypan blue staining, cells were stained
with 0.3% Trypan blue, and counted on
haemocytometer. The percentage of viable
cells was calculated as the ratio of unstained
cells (not blue) to total cells counted. For
nuclear staining, cells were stained with 1 mm
Hoechst 33342 solution (Wako, Osaka, Japan),
and analysed with a fluorescence microscope.
Apoptotic cells were identified by morphology
and by condensation and fragmentation of
their nuclei. The percentage of apoptotic cells
was calculated as the ratio of apoptotic cells
to total cells counted.

IMMUNOBLOTTING

After drug treatments, cells were washed with
PBS and lysed in an appropriate volume of
ice-cold RIPA buffer composed of 50 mM Tris-
HCl pH 7.4, 150 mm NaCl, 0.5% sodium
deoxycholate, 1% Nonidet P-40, 0.1% SDS
containing 1 mM Na;V0,, 1 mM NaF, 1 mm
phenylmethylsulphonyl fluoride and protease
inhibitor cocktail tablets (Complete Mini,
Roche Diagnostics GmbH, Mannheim,
Germany). Cellular lysates were clarified by
centrifugation at 13 000g for 15 min and the
protein concentrations of the lysates were
determined by a DC protein assay kit (Bio-Rad,
Hercules, CA, USA). Aliguots of 30-50 ug of
the lysates were boiled for 5 min in SDS
sample buffer and separated by SDS-PAGE on
a 10-15% Tris-HCI minigel, and transferred
onto a polyvinylidene difluoride membrane
using standard methods. Membranes were
probed with appropriate dilutions of primary
antibodies followed by incubation with
horseradish peroxidase-conjugated secondary
antibodies. After extensive washing, proteins
were visualized by a chemiluminescent
detection system (GE Healthcare,
Buckinghamshire, UK).

RESULTS

DICOUMAROL ENHANCES DOXORUBICIN- OR
CISPLATIN-INDUCED CYTOTOXICITY BUT NOT
PACLITAXEL-INDUCED CYTOTOXICITY

We have previously reported that dicoumarol
enhanced cisplatin-induced cytotoxicity via
suppression of wt-p53 [5]. In the present
study, we explored the further potential of
dicoumarol to enhance the cytotoxicity of
doxorubicin, which is commonly used for
treating bladder cancer and paclitaxel, which
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