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Original Article

Decreased expression of KAIT metastasis suppressor
gene is a recurrence predictor in primary pTa and pT1
urothelial bladder carcinoma

Abstract
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Objective: To examine the expression of the K4/ metastasis suppressor gene and to evaluate its
relationship with tumor recurrence in primary pTa and pT1 urothelial bladder carcinoma.
Methods: Samples were obtained from 87 patients after transurethral resection (TUR). Tumor stage
and grade were reviewed in 33 patients with pTa and in 54 patients with pT1, with a mean follow-
up time of 474+ 30.1 months. The K4// protein immunohistochemical assay was performed.
Prognosis was analyzed using the Kaplan—-Meier method and Cox’s proportional hazards model.
Correlation between KAJ! expression and recurrence according to each clinicopathological factor
was comparatively evaluated using the chi-squared test.

Results: Decreased expression of KA4// protein failed to reach statistical significance for stage
(£ =0.25) or morphology of tumor stem (P =0.19), but it was significantly related to tumor size
(P = 0.016). The recurrence-free 5-year survival rates of the group with decreased KA4/! expression
was 69.7%, which was significantly higher than the 22.2% for the KA/I-positive group (P < 0.0001).
[n univariate and multivariate analyses, decreased expression of KA/ protein, stage pTl, tumor size
>3 cm and sessile tumors were independent prognosis factors of recurrence. Despite the lower
recurrence rate expected by considering only the climcopathological factors, decreased KAfT expres-
sion was able to identify the group with a high risk of recurrence.

Conclusions: Downregulated K4/ expression in bladder tumors tends to relate to stage and mor-
phology of the tumor stem and was significantly correlated to tumor size. Decreased expression of
KA1l was associated with the degree of invasiveness and progression of the cancer and was an
independent prognostic factor of recurrence in primary pTa and pT1 urothelial bladder carcinoma.

clinicopathological factors, K4/ expression, pTa and pT1 urothelial bladder carcinoma, recurrence.

Introduction

Bladder carcinoma is the second most common malig-
nancy encountered by urologists; approximately 70—
80% of patients with bladder carcinoma present with
pTa and pT1 urothelial bladder carcinomas,' which can
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be managed with transurethral resection (TUR) alone or
with intravesical therapy. However, recurrence occurs in
more than half of all cases of pTa and pT1 urothelial
bladder carcinoma within 5 years after TUR, and the
majority of patients who progress eventuaily succumb
to their disease.” Tumor recurrence is the most important
problem in the treatment of pTa and pT1 urothelial
bladder carcinoma. Different causes have been proposed
to explain why tumor recurrence may appear, inciuding
the persistence of residual tumor due to incomplete
resection, tumor may be present but not visible at the
time of TUR, cancer cells from the primary tumor may



have transplanted to other parts of the urothelium and/
or it can be attributable to the continual insult of the
carcinogenic process.” Several recurrence risk factors
have been reported, such as grade, stage, tumor mor-
phology, tumor size and tumor number.*® Among these
risk factors, the number of tumors and tumor size are
considered the most important prognostic factors related
to recurrence.”® Access to molecular biology analysis
has permitted as to understand those factors involved in
bladder cancer, such as chromosome 9,” the p353 sup-
pressor gene'® and Ki-67 antigen.!' Also, the detection
of abnormal genes has become possible using clinico-
pathology. Recent studies have shown that multifocal
bladder cancer and tumor recurrence have a monoclonal
origin and suggest that tumor cells have either an
intraepithelial spread or are transplanted directly to the
bladder mucosa after TUR.'*""

The KA1 metastasis suppressor gene has been exam-
ined in many cancers, including bladder carcinoma
specimens and cell lines,'*™” and its expression has been
related to tumor invasiveness, metastases, growth of
metastatic tumors,”' cell motility and adhesion.”** [t
has been reported that decreased KAJ/7 expression
appears at an eatly phase of tumor progression®* and
is a predictor of recurrence in breast cancer and small
cell lung cancer.®” Thus, whether examination of
KAl gene expression could contribute to predicting the
recurrence of cancer in primary pTa and pT1 bladder
urothelial carcinoma is unknown. Using immunohis-
tochemical staining, we examined KA/ gene expres-
sion, evaluated the correlation between K471 expression
and clinicopathological factors and also studied its
effect on tumor recurrence.

Methods
Clinical characteristics of patients

Tumor specimens were obtained from 87 patients (72
males and 15 females) with primary pTa and pT1 blad-
der urothelial (transitional cell) carcinoma who were
treated by TUR of the bladder tumor at Mie University
Hospital. The mean age of patients was 64 13 vears
(range 34-91 years). Patients were followed up for a
mean of 47.4 = 30.1 months (range 4-78 months). After
TUR, five patients underwent intravesical Bacillus
Calmette—Guérin (BCQG) instillation treatment and 77
patients received intravesical anticancer drug (mitomy-
cin C and cytosine arabinoside or adriamycin) treat-
ment. Tumor stage and grade were reviewed and
determined according to the General Rule for Clinical
and Pathologic Studies on Bladder Cancer of the Japa-
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nese Urological Association and the Japanese Society
of Pathology, which is based on the TNM
classification®' and World Health Organization criteria.*
Recurrent time was calculated from the time of the
initial TUR-bladder tumor (Bt) until the first tumor
recurrence had been confirmed by cystoscopy. These
patients did not show progress defined as the presence
of muscle invasion, metastasis.” The clinicopathologi-
cal characteristics of the patients are given in Table 1.

Immunohistochemical assays

Immunohistochemical staining was performed using
the streptavidin—biotin (SAB) method. Tissue sections
were obtained from formalin-fixed, paraffin-embedded
samples and mounted on aminopropyltriethoxysilane-
coated glass slides (DAKO, Kyoto, Japan). Tissue sec-
tions (3 um) were deparaffinized and rehydrated.
Endogenous peroxide was blocked by exposure to 0.3%
hydrogen peroxide for 15 min and washed twice with
phosphate-buffered saline (PBS). Subsequently, sec-
tions were placed in citric acid buffer (10 mmel/L,
pH 6.0), followed by heating in a microwave oven
(500 W) for five successive periods of 3 min, necessary
for antigen activation. After heating, sections were
allowed to cool in citrate buffer for 20 min at room
temperature and were washed four times with PBS. To
prevent pon-specific binding, sections were blocked
with a super-block (ScyTek stain kit; ScyTek Laborato-
ries, West Logan, UT, USA} for 8 min at room temper-
ature and washed with PBS. Sections were incubated
overnight at 4°C with polyclonal serum to KA/ (C-16)
from Santa Cruz Biotechnology (Santa Cruz, CA, USA;
dilution 1 : 100), as described previously,'” and washed
four times with PBS. Subsequently, samples were incu-
bated with biotinylated link antibody (SeyTek stain kit;
ScyTek Laboratories) for 20 min at room temperature
and washed four times with PBS. Sections were incu-
bated with streptavidin/horseradish peroxidase (HRP)
label (ScyTek stain kit; ScyTek Laboratories) for 20 min
at room temperature and washed four times with PBS.
After the above reaction ended, the peroxidase reaction
was performed using a solution of 3,3’-diaminobenzi-
dine (ScyTek stain kit; ScyTek Laboratories) as the
chromogen substrate for 5 min. Finally, slides were
lightly counterstained with hematoxylin and then
observed.

In each specimen, endothelial and lymphocyte cells
in tumor stroma were used as internal positive controls?’
and a normal serum at the same concentration of the
primary antibody was used as a negative control. When
staining intensity on the cell membrane and cytoplasm
appeared to be similar to that of endothelial and
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Table 1

Clinical characteristics of patients and association between decreased KA/] cxpression and clinicopathological
factors in primary pTa and pT! urothelial bladder carcinomas

Prognostic factors Total (%o} Expression of KAIT (%) P-value
Positive Decreased

Histology
Crade 1 23 (26.4) 16 (70) 7 (30} 0.78
Grade 2 56 {64.4) 33 (59) 23 (41)
Grade 3 8(9.2) 5 (62) 3 (38)

Pathology
Stage pTa 33(37.9) 23 (70} 10 (30) 0.25
Stage pT1 54 (62.1) 31 (57) 23 (43)

Morphology
Papillary 75 (86.2) 48 (64) 27 (36) 0.35
Non-Papillary 12 (13.8) 6 (50} 6 (50)
Pedunculated 60 (69.0) 40 (67) 20 (33) 0.19
Sessile 27 (3L.0) 14 (52) 13 (48)

Size (cm}
<l 21 (24.1) 15 (71) 6 (29) 0.016
1-3 49 (56.3) 33(67) 16 (33)
>3 12 (13.8) 6 (50 6 (50)
Unidentified 5(5.8) 0 5(100)

No. tumors
1 46 (52.9) 29 (63) 17 (37) 0.12
24 25(28.7) 14 (56) 11 (44)
>3 10 (11.5) 9 (90) 1 (1))
Unidentified 6 (6.9) 233 4 (67)

lymphocyte cells, it was estimated to be strong positive
{2+) or moderately positive (1+). When staining inten-
sity appeared to be similar to the negative control, it was
estimated to be negative {(-), if staining intensity
appeared to be between positive (1+) and negative {-),
it was estimated to have a weaker staining (+/-).

The staining pattern of KA/! expression was classi-
fied as: (i) moderate (or positive) when tumor cell mem-
branes and cytoplasm showed uniform and moderate
staining or when tumor tissue staining was not uniform
in intensity but more than 50% of tumor cells were
stained; (ii) decreased if 5-50% of tumor cells were
stained; and (iii) negative if less than 3% of tumor cells
were stained for K4// within the tumor tissue. As a
staining contrast for the expression of K477 protein in
pTa and pT! urothelial bladder carcinoma, tissue sec-
tions from 17 cases with non-malignant ‘normal’ adja-
cent urothelial and from 32 patients who underwent
cystectomy with muscle-invasive bladder cancers (stage
pT2-4) were evaluated at the same time.

Statistical analysis

Correlation between KAf] expression and clinicopatho-
logical factors (grade, stage, morphology, tumor size
and number of tumors) and an association between
decreased expression of KA// protein and tumor recur-

rence according to each clinicopathological factor were
evaluated comparatively by the chi-squared test. The
recurrence rate for decreased K477 expression and each
clinicopathological factor was calculated based on the
Kaplan—Meier method and log-rank test. To identify the
risk factors for recurrence, we performed a multivariate
analysis using Cox’s proportion hazard model. These
calculations were performed using StatView 5.0 soft-
ware (SAS Institute, Cary, NC, USA) and P < 0.05 was
considered statistically significant.

Results

Expression of KAIT protein and
clinicopathological factors

Staining was moderate or strong and uniformly spread
in all 17 cases of ‘normal’ adjacent urothelial tissue of
the bladder (Fig. 1a). In pTa and pT1 bladder urothelial
carcinoma, the staining intensity was lower than for
normal epithelial cells and ranged from uniform intense
to negative staining or exhibited a heterogeneous
staining pattern that has been described previously.'”
Fifty-four cases {62.1%) were classified as moderate
expression (or positive; Fig. 1b} and 33 cases (37.9%)
had decreased expression (Fig. le,d), including 29 cases
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Fig. 1. (a) The ‘normal’ adjacent urothelial tissue of bladder carcinoma exhibited a uniform, moderate to strong staining
of cell membranes and cytoplasm (original magnification x400}. (by Moderate (or positive) KAII expression. Tumor cells
showed a uniform and moderately stained membrane and cytoplasm (original magnification x400.) (c,d) Decreased {or
negative) K4/ expression. Cells exhibited a non-uniform or heterogeneous staining (original magnification x400.)

with [ess than 50% of stained tumor cells and four cases
with no staining within the tumor tissue. In multiple
tumeors, a total of 116 tumors were investigated and 41
tumers (35.3%) were recorded as having the poorest
staining pattern, exhibiting most staining at the surface
of the tumor, secondly at fragments or heterogeneously
in fragments (Fig. 1¢) and at the base of tumors; these
different staining patterns were also seen in large tumors
(size >3 cm). In invasive bladder cancers, only three
cases (9.4%) were classified as moderately stained and
expression of KA[l protein was significantly lower
(P < 0.0001) compared with the 62.1% found in pTa and
pT! tumors.

The correlation between the expression of K411 pro-
tein and clinicopathological factors in pTa and pTI
urothelial bladder carcinoma is summarized in Table 1.
There was no significant difference in the expression of
KAII protein in relation to tumor grade; seven of 23
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grade 1 tumors (30%), 23 of 56 grade 2 tumors (41%)
and three of eight grade 3 tumors (38%) showed
decreased expression of KA4I! protein. Decreased
expression of KA// protein was more common in stage
pT}1 tumors (43%) compared with stage pTa (30%).
However, this difference failed to reach statistical sig-
nificance (P =0.25). Decreased expression of KAI!
protein also showed a weak relationship with the mor-
phology and number of tumors, but this correlation was
not statistically significant (P> 0.05). Decreased ex-
pression of KAIIl protein was significantly related to
tumor size {£ = 0.016).

Decreased KAI1 expression and
tumor recurrence

in the present study, the recurrence rate after TUR was
25.3,36.8 and 40.2% for 1, 3 and 5 years, respectively.
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When recurrence factors were analyzed with K477 and
clinicopathological factors, the recurrence-free survival
rates at 5 years were significantly related to the expres-
sion of KA/l protein (Fig. 2; P <0.0001), stage, mor-
phology of the tumor stem and tumor size (Table 2;
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Fig.2. Kaplan—Meier method for determining twmor

recurrence-free survival rates of pTa and pT1 urothelial
bladder carcinoma patients with either decreased or posi-
tive KA4JI1 expression. (), decreased KA/l expression
{(n=33), ( ), positive KAI! expression (n=>54;
P <0.0001).

£=0.0158, P=0.007 and P=0.0001, respectively).
Although there was a trend towards a higher recurrence
rate in multiple tumors (two to four tumors), the dif-
ference was not statistically significant (P =0.3234).
Furthermore, in cases of more than five tumors, the
recurrence-free survival rate at 5 years was lower
{31.4%) than for cases with single tumors and, although
the cause for this is uncertain, patients with multiple
turnors also had lower KA/! expression (10%; Table 1).
The results of multivariate analysis concur with those of
univariate analysis, namely that decreased KA/ expres-
sion, stage pT1, sessile tumors and tumor size >3 cm
are independent prognostic factors of tumor recurrence
(Table 3; P=0.0013, P=0.031, P=0.0026 and
P =0.014, respectively). Clinical material with a homo-
geneous tumor phenotype and consistent management
are more relevant for testing new markers. We compar-
atively evaluated differences in expression of K417 pro-
tein between the recurrence and non-recurrence groups
according to each clinicopathological factor. Despite the
low recurrence risk in univariate analysis for low grade,
stage pTa, papillary tumors, tumor diameter <3 cm and
single tumors (Table 2), when decreased K4/! expres-
sion was used, these factors also indicated an increased
risk of recurrence (Table 4). These results show that
decreased KAIl expression can identify patients with a

Table 2 Five-year recurrence-free survival rates according to each clinicopathologic factors in primary pTa and pT 1 urothelial

bladder carcinomas

Prognostic factors Probability of recurrence (%) P-value
1 year 3 years 5 years Log-rank test
Histology
Grade | 5(2L.7) 9(39.1) 9(39.1) NS
Grade 2 15 (26.8) 20 (35.7) 22 (39.6)
Grade 3 2 (25.0} 3(37.5) 4 (68.8)
Pathology
Stage pTa 5(15.2) 8 (24.2) 8(24.2) 0.0158
Stage pT1 17 (31.5} 24 (44.4) 27 (51.3}
Morphology
Papillary 21 (28.0) 28 (37.3) 30 (40.3) NS
Non-Papillary 1(8.3) 4(33.3) 5(42.9)
Pedunculated 14 {23.3) 16 (26.7) 18 (30.4) 0.007
Sessile 8 (29.6) 16 (59.3) 17 (63.3)
Size (cm)
<l 3(14.3) 6 (28.6) 6 (28.6) 0.0001
1-3 11 (22.4) 13 (26.5) 15 (31.0)
>3 7 (58.3) 9 (75.0) 10 (87.5)
Unidentified 1{20.0) 4 (80.0) 4 (80.0)
No. tumors
1 10 (21.7) 14 (30.4) 16 (35.2) NS
2-4 7 (28.0) 13 (52.0) 13 (52.0}
>5 2 (20.0) 2 (20.0) 3314
Unidentified 3 (50.0) 3 (50.0) 3 (50.0)
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Table 3
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Independent prognostic indicators for recurrence selected by multivariate analysis with Cox’s proportional hazards

regression test in primary pTa and pT1 urothelial bladder carcinomas

Prognostic factors Hazard rate 95% CI P
Stage (pTl vs pTa) 2.51 1.09-5.79 0.031
Size (>3 vs <l cm) 3.82 1.31-11.14 0.0143
Morphology (sessile vs pedunculate) 353 1.55-8.04 0.0026
KAII expression (decreased vs positive) 392 1.70-9.01 0.0013

C1, confidence interval.

Tabled Association between KAI! expression and recurrence in subgroup according to each clinicopathologic factor and
intravesical treatment in primary pTa and pT1 urothelial bladder carcinomas

Prognostic Expression of KA (—/+) ¥ test
factors Recurrence Non-recurrence RR {95% CI) P
Histology
Grade 1 5/4 2/12 7.5 (1.0~-55.0) 0.036
CGrade 2 16/6 7/27 10.3 (2.9-36.0) 0.0001
Grade 3 2/2 /3 3.0 (0.2-59.9) 0.47
Pathology
Stage pTa 6/2 4/21 15.8 {2.3-107.9) 0.0016
Stage pT1 17/10 6/21 6.0 {1.8-19.7) 0.0025
Morphology
Papillary 20/10 7/38 10.9 (3.6-32.9) <0.0001
Non-Papillary 3/2 34 2.0 (0.2-20.6) 0.56
Pedunculated 11/7 9/33 5.8 (1.7-19.1) 0.0028
Sessile 12/5 1/9 21.6 (2.1-218.6) 0.0023
Size (cm)
<l 3/3 312 4.0 (0.5-30.8) 0.17
-3 10/5 5129 11.6 (2.8-48.6) 0.0003
>3 6/4 02 ~ 0.12
Unidentified 4/0 1/0 - -
No. tumors
1 11/5 6/24 8.8 (2.2-35.2) 0.001
24 8/5 3/9 8 (0.9-26.8) 0.07
>5 12 0/7 - 0.11
Unidentified 3/0 172 - 0.08
Intravesical
MAC 18/10 9/40 8.0 (2.8-23.1) <0.0001
BCG 2/1 171 2.0 (0.1-78.3) 0.71
Non-treatment 3/1 0/1 - 0.17

BCG, Bacillus Calmette—Guérin; MAC, mitomycin C, adriamycin and cytosine arabinoside; (—/+), decreased/positive
expression of KAl protein; RR, relative risl; CI, confidence interval.

higher chance of recurrence among those considered
phenotypically at a low risk of recurrence.

Discussion

The KAIl gene encodes a protein consisting of 267
amino acids and belonging to a structurally distinct fam-
ily of leukocyte surface glycoproteins, being a member
of the transmembrane 4 superfamily (TM4SF). The
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KA4Il gene was isolated from human chromosome
11p11.2 and was shown to suppress metastasis when
introduced into rat AT6.1 prostate cancer cells.'
Decreased expression of this gene may be involved in
the malignant progression of prostate and other can-
cers.'® Downregulation of the K4// gene during pro-
gression of cancer does not commonly involve either
mutation or allelic foss of the K4/ gene' and is not
assoctated with methylation of the promoter or p33 reg-
ulation.** Although the mechanisms of action of the
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KAII protein have not been fully elucidated, some ¢lues
are emerging and it seems that, like cell surface glyco-
proteins, the KAl protein may play an important role
in signal transduction.™

In the present study, K47/ expression was examined
using immunohistochemistry.”*® Because in the present
study patients in both the recurrence and non-recurrence
groups had the same type of urothelial carcinoma (tran-
sitional cell) and treatment was consistent with the stage
of the disease, we were able to analyze the data compar-
atively. Because KA/l is a member of the TMA4SF,
positive staining for the protein should be observed
essentially at the cell membrane. However, in formalin-
fixed, paraffin-embedded samples, the modification of
which appears to be substantially altered in the presence
of the human T-cell leukemia virus type 1 (HTLV-1)
genome, immunoreactivity for K4{I that could have
prognostic value is observed, exhibiting specific cyto-
plasmic localization of the protein in the cells.’” In the
notmal papilla of Vater, esophageal tissue or primary
tumor,'™*® KA/l immunoreactivity was also demon-
strated in the cytoplasm and at the cell membranes. in
the present study, we used a rabbit polyclonal antibody,
with epitope mapping at the C-terminus of metastasis
suppressor protein (KAJ1) of human origin, and found
that K4/] was expressed abundantly in normal urothe-
lial tissue, but was downregulated in pTa and pTl
urothelial bladder carcinoma and further downregulated
in muscle-invasive bladder cancers (stage pT2-4).
Staining of carcinoma cells was weaker than of normal
epithelial cells. We considered decreased K47/ protein
expression to occur when a non-uniform staining pat-
tern was observed and the proportion of stained cells
was less than 50% within the tumor tissue. The non-
uniform staining pattern correlates with loss of KA//
expression.”™ In advanced bladder carcinoma, an
abnormal or heterogeneous immunostaining pattern was
defined as negative staining and was significantly
related to tumor stage and grade." In the present study,
these poorest staining patterns were exhibited most at
the tumor surface, second at fragments or heteroge-
neously in fragments and at the base of the tumors.
These different staining patterns were also seen at the
top more than at base of large tumors, suggesting that
cell desquamation maybe more pronounced in pTa and
pTl urothelial bladder carcinoma. Although the malig-
nant activity of pTa and pT1 urothelial bladder carci-
noma was lower than the muscle-invasive bladder
cancers, decreased expression of KA/ also showed a
tendency to relate to clinicopathological factors, includ-
ing grade and stage, and was significantly related to
tumor size. This level of K4I{ expression has been
described previously.™ Our results suggest that this eval-

uation is a reasonable approach for examining the
expression of the K4// metastasis suppressor gene in
pTa and pT1 urothelial bladder carcinoma.
Identification of gene expression patterns in superfi-
cial and invasive bladder cancer gives us a better under-
standing of those genes related to encoding proteins
involved in cell proliferation, oncogenes and growth
factors, cell adhesion, immunology, transcription, pro-
teinases and ribosomes.* Recurrence of pTa and pT1
urothelial bladder carcinoma is a complex process in
which many genes and steps participate and is related
to invasjveness, spread, transplant, adhesion and the pro-
liferation ability of neoplastic cells. The function of the
KA1l gene is closely correlated to the invasive and reim-
plantation characteristics of tumor cells in the bladder
wall and/or the spreading of tumor cells via expansion
within the urothelium, which was thought to be the main
cause of the recurrence of pTa and pT1 urothelial blad-
der carcinoma."*"'* Univariate and multivariate analysis
of results of the present study demonstrated that
decreased KAl expression is significantly related to the
recurrence of tumors and that it is also an independent
prognostic factor of recurrence in pTa and pT| urothe-
lial bladder carcinoma, ‘
Recurrent tumors have a similar biological potential
as the original tumor and behave in a similar manner.'*
To prevent tumor recurrence, it is important to recognize
various biological factors and clinicopathological char-
acteristics in each individual case, Previously, we exam-
ined the correlation between the tumor repressor gene
p33, Ki-67 antigen, c-erbB-2 oncoprotein and tumor
recutrence in pTa and pT1 urothelial bladder carcinoma.
When all these factors became negative, the tumor
recurrence rate was significantly low, combinational
analysis of two factors resulting in a larger significance
than analysis of a single factor, but there was no signif-
icant correlation between decreased expression of KA4//
protein and each of these factors. In the present study,
subgroup analysis according to each clinicopathological
factor showed that patients with decreased K411 expres-
sion have a high relative risk of recurrence, even for
patients with a low grade, stage pTa, papillae, tumor
diameter 1-3 cm and single tumor, which are supposed
to indicate a lower recurrence rate. Intravesical treat-
ment, especially BCG instillation, is able to prevent the
recurrence of some tumors, but when decreased expres-
sion of KAZI protein is detected, the follow-up regimen
should be evaluated. Although the clinical material
available for subgroup analysis is small, tumors were
phenotypicaltly similar and the treatment consistent with
the characteristics of the tumors, which makes the
results more relevant for testing new markers. Thus,
analysis of the KA/! protein can be useful for medical
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practice, because decreased KA7! expression occurs
during the progression of cancer, when the biological
behavior of the tumor changes from low risk to high
risk, permitting the identification of those patients in
whom the cancer 1s likely to recur.

In conclusion, decreased expression of K4// pro-
tein was related to stage and morphology of the
tumor stem and was significantly correlated with
tumor size. Decreased KA/l expression was associ-
ated with the degree of invasiveness and progression
of cancer and was an independent prognostic factor
for tumor recurrence in primary pTz and pT1 urothe-
lial bladder carcinoma. Additional larger studies are
needed to corroborate the validity of these observa-
tions and the role of this metastasis suppress gene in
the evaluation of primary pTa and pT1 urothelial
bladder carcinoma.
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ABSTRACT

Purpose: Degradation of the extracellular matrix by malignant tumor cells has an essential role
in the process of tumor invasion and metastasis. The 2 gelatinolytic matrix metalloproteinases
(MMPs) MMP-2 and MMP-9 are believed to be key enzymes in this process. We investigated the
possible relationship between in situ gelatinolytic activity of MMPs and clinicopathological
factors in patients with bladder cancer to clarify whether these proteins would be critical for
tumor advancement in this disease.

Materials and Methods: We evaluated the intensity of gelatinolytic activity in 25 bladder
cancer tissues by film in situ zymography (FIZ). To clarify the MMP(s) responsible for gelatino-
lytic activity in bladder cancer tissues we examined MMP-2 and MMP-9 expression in bladder
tissues by gelatin zymography. MMP expression was also confirmed by reverse transcriptase-
polymerase chain reaction and Western blotting. We then investigated the association between
MMP expression detected by gelatin zymography and the intensity of gelatinolytic activity
determined by FIZ.

Results: FIZ demonstrated that all tumor tissues had in situ gelatinolytic activities. There was
a statistically significant correlation between the intensity of gelatinolytic activity, and tumor
grade, stage, vessel invasion and cause specific survival (p <0.05). Stronger in situ gelatinolytic

patterns were documented in cases with higher pro and active MMP-2 expression.

Conclusions: FIZ enables the direct assessment of in situ gelatinolytic activity in bladder
cancer tissues. The intensity of activity appears to affect the biology of carcinoma tissues. Our
results indicate a major role for MMP-2 in in situ gelatinolysis in bladder cancer.

KEY Worbps: bladder, bladder neoplasms, matrix metalloproteinases, gelatinases

Bladder cancer is the second common malignant disease in
the urogenital organs and its incidence is still increasing.
There are several therapeutic options for bladder cancer,
such as transurethral resection, radical cystectomy, instilla-
tion of some chemoagents or bacillus Calmette-Guerin, che-
motherapy and combinations of these therapeutic modalities.
Tumor stage is a strong prognostic factor and it provides
information when selecting therapeutic modalities. However,
there seems to be some discrepancy between tumor stage and
malignant potential in this disease. Therefore, the establish-
ment of adequate biological parameter is mandatory to add
useful information on stage.

Tumor cell invasion and metastasis biologically depend on
the proteolytic destruction of surrounding matrix components.
Matrix metalloproteinases (MMPs) are a family of enzymes
that are capable of degrading the basement membrane and
extracellular matrix. To date about 20 MMPs have been recog-
nized. MMP-2 (gelatinase A) and MMP-9 (gelatinase B) are
believed to have an important role in destruction of the base-
ment membrane. These enzymes are considered to contribute to
tumor invasion and metastasis. There have been several re-
ports regarding the prognostic significance of increased MMP
expression in cancers in several human organs.1-12
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Film in situ zymography (FIZ)3-17 can directly show in
situ gelatinolytic activity in tissue sections. We have already
reported that gelatinolytic activity on FIZ correlates with the
size, grade and vessel invasion of renal cell carcinomas, and
MMP-2 activity correlates with gelatinolytic activity on
FIZ.14 In this study we investigated the possible relationship
between FIZ findings and various clinicopathological factors
in patients with bladder carcinoma. We also investigated the
correlation between MMP expression detected by gelatin zy-
mography (GZG) and the intensity of in situ gelatinolytic
activity.

MATERIALS AND METHQDS

Patients and tissue specimens. A total of 25 patients with
bladder carcinoma treated at the department of urclogy at
our institution between 1995 and 2002 were included in the
current study. Mean age was 66.7 years (range 41 to 88). The
study group comprised 24 men and 1 woman. All samples
were obtained with informed consent, All patients had un-
dergone total cystectomy or transurethral bladder tumor re-
section. Tumor samples were snap frozen in liquid nitrogen,
embedded in Tissue-Tek OCT compound (Sakura Finetech-
nical Co., Ltd., Tokyo, Japan), and stored at —80C. All he-
matoxylin and eosin stained slides from each case were re-
viewed and all tumors were histologically classified as
transitional cell carcinoma (TCC). All Victoria blue stained
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slides were also reviewed to confirm vessel invasion (positive
or negative).

FIZ. Frozen sections were cut 4 pm thick using a cryotome
and mounted on polyethylenetelephthalate film coated with 7%
gelatin (FIZ-GN) (Fuji Photo Film Co., Ltd., Tokyo, Japan). As
a control, these sections were mounted on polyethyleneteleph-
thalate film coated with 7% gelatin including MMP inhibitor
(FIZ-GI, 1,10-phenanthroline, Sigma Chemieal Co., St. Louis,
Missouri). At the same time hematoxylin and eosin staining
wag performed. They were incubated in a moist chamber at 37C
for 12 hours and the films were stained with 0.5% Amido Black
10B (Wako Co., Ltd., Osaka, Japan) for 15 minutes. The films
were then destained for 15 minutes with a solution containing
70% methanol and 10% acetic acid. Gelatinolytic activity was
determined as a clearly visible area after unstaining by Amido
Black 10B. The intensity of in situ gelatinolysis was classified
inio 4 patterns according to visualized degradation on FIZ-GN
films, namely pattern A—no gelatinolytic activity, pattern
B—weak activity with gelatin films scarcely dissolved, pattern
C—focal complete degradation and pattern D—diffuse com-
plete degradation (fig. 1).

GZG. The GZG method was described in the previous re-
port. Enzymatic activities of MMP-2, proMMP-2, MMP-9 and
proMMP-9 were determined by sodium dodecyl sulfate
(SDS)-polyacrylamide gel electrophoresis gelatin zymogra-
phy. Normal and malignant frozen bladder tissues were ho-
mogenized. Supernatants were extracted and adjusted to a
protein concentration of 1 pg/ml. We used supernatants of
HT1680 (fibrosarcoma) cells as a positive control and an
MMP sample (Yagai Laboratories, Yamagata, Japan) as a
marker. All samples were subjected to nonreduced SDS-
polyacrylamide gel electrophoresis using 10% polyacrylamide
gels containing 7.5% gelatin. Subsequently SDS was re-
moved by seaking gels in 2.5% Triton X-100 solution for 1
hour at room temperature. The gels were re-incubated at 37C
for 24 hours in reaction buffer containing 50 mumol/ml tris-
HCl (pH 7.6), 100 mmol/l NaCl, 10 mmol/ml CaCl,, 0.05%
Brij-35 and 0.02% NalN,, stained with Coomassie brilliant
blue and destained. Gels were then dried for use with Gel Dry
Solution (Tefeo, Tokyo, Japan).

The gelatinolytic activities of proMMP-2, MMP-2, proMMP-9
and MMP-9, as detected by GZG were quantified using a den-
sitometer (Model GS-700 Imaging Densitometer, BioRad Lab-
oratories, Hercules, California). The ratio of band density of
each sample to that of the standard marker was determined.

RNA extraction and reverse transcriptase (RT)-polymerase
chain reaction (PCR). Total RNA was isolated from 2 tissue

F1g. 1. Intensity patterns of in situ gelatinolytic activity exerted
by bladder cancer tissues. a, pattern A—no activity. b, pattern
B—weak activity. ¢, pattern C—focal complete gelatinolysis. d, pat-
tern D—diffuse complete gelatinolysis. Reduced from *x100.
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samples of each FIZ pattern group using Trizol reagent (Invitro-
gen, Carlsbad, California). RNA (1 ug) was reverse transcribed
to ¢DNA in a final volume of 20 pl containing oligo deoxythy-
midine primers, 25 mmol]l MgCl,, tris-HCl, 10 mmol/]l de-
oxynucleoside triphosphate mix and SuperSeript IT RT (Invitro-
gen). PCR primers for human MMP-2 were forward 5'-AAG
GCC AAG TGG TCC GTG TGA A-3' and reverse 5'-AAC AGT
GGA CAT GGC GGT CIC AG-3', amplifying a 371 bp frag-
ment, and for MMP-9 they were forward 5-GGC GCT CAT
GTA CCC TAT GT-3' and reverse 5'-TCA AAG ACC GAG TCC
AGC TT-3', amplifying a 468 bp fragment.

PCR was done in a 20 ul volume containing first strand
¢DNA, forward primer, reverse primer, buffer, MgCl, and
Taq polymerase (Amersham Pharmacia Biotech, Little Chal-
font, United Kingdom). For amplification 35 cycles of a 3-step
temperature profile was performed, including denaturation
at 94C for 60 seconds, annealing at 54C for 30 seconds and
extension for 60 seconds with a final extension for 5 minutes
at 72C. As a control, the internal standard B-actin was used
according to manufacturer instructions (Invitrogen). A 6 ul
volume of PCR mixture was electrophoresed on 1.5% agarose
gel and stained with ethidium bromide.

Western blot analysis. Two tissue samples from each FIZ
pattern group were used to prepare protein extracts. After ex-
traction tumorcus and normal samples were adjusted to include
100 pg protein, electrophoresed in 10% SDS-polyacrylamide gel
and transferred to polyvinylidine difluoride (PVDF) mem-
branes by electroblotting. PVDF membranes were incubated
with primary antibodies at 1:1,000 dilution overnight at 4C.
Two primary antibodies against human MMP-2 and MMP-9
(Sigma Chemical Co.) were used. After extensive washing of
PVDF membranes antibodies were incubated with peroxidase
conjugated horseradish antirabbit IgG {Awmersham Pharmacia
Biotech) at 1:1,000 dilution for 1 hour at 4C. MMP bands were
detected using echoluminescence Western blotting detection
systems (Amersham Pharmacia Biotech).

Statistical analysis. Statistical significance was calculated
using the Mann-Whitney U-test, Kruskal-Wallis test, 1-way
ANOVA or simple regression. Survival curves were computed
using the Kaplan-Meier method with the log rank test with
p <0.05 considered significant.

RESULTS

Gelatinase activity was observed in all cancerous tissues by
FiZ. Gelatinolytic activity was decreased on FIZ-GI films in all
tissues compared to FIZ-GN films (fig. 2), indicating that MMPs
have a major role in the in sifu gelatinolytic activity of tumorous
tissue in bladder cancer. Table 1 shows the correlation between
gelatinolytic activity patterns and clinicopathological factors.
There was a statistically significant correlation between in situ
gelatinolytic activity patterns and prognostic factors such as
tumor grade, stage and vessel invasion (p <0.05, table 1). How-
ever, no relationship was observed between the patterns and
intraluminal recurrence (p 20.05).

We divided in situ gelatinolytic activity patterns into 2
groups, that is nondiffuse—patterns A to C and diffuse—
pattern D. When the patterns were grouped in this manner,
cause specific survival was significant in the diffuse activity
group {p <0.05, fig. 3).

The pro and active forms of MMP-2, and pro-MMP-9 were
detected in all tissues by GZG. However, the active form of
MMP-9 was not detected in all bladder samples examined
(fig. 4). The intensity of MMP-2 and pro-MMP-2 expression
on GZG clearly corresponded to that of the in situ gelatino-
Iytic activity pattern. On the contrary, proMMP-9 or the
MMP-2-to-proMMP-2 ratio did not correlate to in sifu gela-
tinolytic activity patterns (table 2).

RT-PCR and Western blot analysis confirmed the expres-
sion of MMP-2 and MMP-9 mRNA and protein in all tumor-
ous and normal bladder tissues examined (figs. 5 and 6).
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Fig. 2. In situ gelatinolytic activity in bladder cancer tissue. a, frozen section stained with hematoxylin and eosin. b, in situ gelatinolytic
activity. e, suppression of in situ gelatinolytic activity by MMP inhibitor 1,10-phenanthroline. Most activity in cancer tissue was suppressed.

Reduced from x40.

TABLE 1. FIZ patiterns and clinicopathological factors in bladder cancer

No. FIZ Pattern

Total Ne, Pts p Value
A B C D
Ne. pts 0 11 5 9
Tumor stage:
pTa 5 - 4 1 - 0.0284
pT1 10 - 6 2 2
pT2a 4 - 2 2 -
pT2b 1 - - - 1
pT32 3 - - 3
pT4d 2 — - - 2
Local recurrence:
Neg 15 [} 6 4 0.563
Pos 10 - 6 8 8
Grade:
Gl 3 - 2 - 1 0.029
G2 13 - 8 3 2
G3 9 - 1 2 6
Vessel invasion:
Neg 14 - b} 3 2 0.006
Pos 11 - 2 2 T
Pattern A-C grade, FIZ may be a new prognostic marker with which to
17 identify patients at risk for future progression.
" MMP-2 and MMP-9 have the ability to degrade type IV
8 - collagen and they are believed to have an important role in
' e destruction of the basement membrane. MMP activity is regu-
Pattern D lated by 2 mechanisms. 1) The secreted latent proenzynie forms
67 of MMPs must undergo proteolytic activasion. 2) Ubiquitous
tissue inhibitor of metalloproteinase (TIMP) can interfere with
4 1 MMP proteolytic activation and enzymatie activity.
Davies et al measured levels of MMP-2 and MMP-9 in 42
] P=00284 TCC tissues and 7 normal bladder tissues using quantita-
2 ’ tive GZG.29 The levels of MMP-9 and active MMP-2 corre-
lated with higher tumor grade and invasion, suggesting
07 the prognostic value of MMPs for carcinoma of the bladder.
' ' ' ' ) ' ' ! ' j Kanayama et al investigated the expression of MMP-2,
0 10 20 30 40 50 60 70 8 90 (Mo) TPIMP-2 and MT1-MMP by RT-PCR in 41 TCC tissues.t1

Fic. 3. Kaplan-Meier cause specific survival curves according to
FIZ pattern. Diffuse groups (pattern D) showed worse cause specific
survival than nondiffuse groups (patterns A to C).

DISCUSSION

Bladder cancer can be dichotomized according to distinet
biological activity and prognosis as low grade noninvasive tu-
mors and high grade invasive tumors. Briefly, bladder cancer
consists of noninvasive tumors (less than T1) in 756% to 85% of
patients and invasive (T2 or greater) or metastatic tumors in
15% to 25%. More than 70% of patients with noninvasive cancer
have 1 or more recurrences after initial treatment. Primary
therapy is based on clinical staging and morphological assess-
ment. However, tumors may behave differently despite mor-
phological similarity. It is of great importance to identify pa-
tients who are likely to have recurrent or progressive disease. In
addition to conventional prognostic factors such as stage and
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They found that MMP-2 and TIMP-2 expression was sig-
nificantly higher in muscle invasive than in superficial
tumors and high MMP-2, TIMP-2 and MT1-MMP expres-
sion was significantly associated with decreased survival.
In addition, Gerhards et al used GZG to measure MMP-2
and MMP-9 excretion in the urine of patients with bladder
cancer to evaluate their diagnostic clinical walidity.12
They found that urinary excretion of MMP-2 and MMP-9
was associated with a high stage and grade of bladder
cancer.

These studies resulted in the detection of MMP/TIMP pro-
teins or mRNA in bladder carcinoma tissues. However, GZG
and RT-PCR cannot directly detect in sifu gelatinolytic ac-
tivity. In contrast, FIZ enables us to detect in situ gelatino-
lytic activity. To our knowledge the current study is the first
to examine in situ gelatinolytic activity in relation to clinico-
pathologic factors in bladder carcinoma.

Our results show that MMP-2 activity but not MMP-2
activity correlates with the gelatinolytic activity of bladder
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FiG. 4. MMP profiles of representative bladder cancer cases with different in situ gelatinolysis patterns on GMZ. ProMMP-2, MMP-2 and
proMMP-9 were detected in all cases, while MMP-9 expression was not seen.

TaBLE 2. FIZ patterns, and expression of pro and activated MMPs forms by GZG

Mean FIZ Pattern * SE

Value
B C D P
No. pts 11 5 g
proMMP-9 0.90 = 0.20 0.97 = 0.09 1,12 + 0.46 .40
proMMP-2 0.24 x 0.12 0.31 0,15 0.74 *+ 0.23 0.0004
MMP-2 0.15 = 0.07 0.20 = 0,08 0.45 = 0.16 02.0008
MMP-2/proMMP-2 0.65 = 0.14 0.67 = 0.07 0.62 £ 0.19 0.73
MMPs amounts are expressed as a relative value, as quantified by a densitometer.
lane
495bp - |..-
MMP-9  302bp — | § < 468 bp
MMP-2 - 37 bp
S-actin

aNSS1) FOPPEI] [EULION

TCC tissue

- = =3 .
= N N
- " -]

& = »

2 g g

& =

= 8 =

= ! =

Fia. 5. MMP mRNA production by bladder cancer tissues. Virtually all tissues expressed MMP-2 and MMP-9 mRNA

carcinoma in vive. Gelatinolytic activity correlates with tu-
mor grade, stage, vessel invasion and cause specific survival.
These results suggest that MMP-2 activity is an important
factor in the in vive biology of bladder carcinomas.

Using FIZ, Tkeda et al examined gelatinolytic activity in
implanted tumor tissues, finding that activated MMP-2 but
not pro-MMP-2 shows gelatinolytic activity in FIZ.15 They
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also noted that gelatinolytic activity in their experimental
system was derived primarily from MMPs. They suggested
that FiZ can detect net MMP activity in tumor tissues. Our
previous study also demonstrated that activated MMP-2
shows gelatinolytic activity in FIZ and gelatinolytic activity
examined by FIZ correlates with tumor size, grade and vessel
invasion of renal cell carcinomas,14 37
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Fig. 8. Production of 72 kDa MMP-2 and 92 kDa MMP-9 by bladder cancer tissues. Virtually all tissues expressed antigens

CONCLUSIONS

Qur results indicate fundamental biochemical differences
between low and high grade bladder tumors. Different FIZ
patterns may explain differences in invasive and metastatic
behavior among tumors. FIZ may be a useful prognostic
indicater in patients with bladder carcinoma and it may be
helpful for designing treatment protocols. For example, the
clinical point is the timing of radical cystectomy for G3 pT1
bladder carcinomas because delayed eystectomy is directly
related to a serious threat to patient survival. FIZ may assist
in choosing treatment for G3 pT1 bladder carcinomas.
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Abstract

Background. The aim of this study was to evaluate the
efficacy and safety of two combined chemotherapy regi-
mens in the treatment of previously treated metastatic
urothelial carcinoma: gemcitabine plus carboplatin (GC),
and gemcitabine, docetaxel, and carboplatin (GDC).
Methods. Sixteen patients with metastatic urothelial cancer,
previously treated with a platinum-based regimen, were
studied. GC {gemcitabine 750 mg/m’, on days 1, 8, and 15;
carboplatin 200mg/m’, on day 2) was administered every 28
days to 15 patients. GDC (gemcitabine 750 mg/m’, on days 1
and 8; docetaxel 50mg/m?, on day 1; carboplatin 200 mg/m’
on day 1) was administered every 21 days lo 9 patients.
Eight of the 9 GDC-treated patients had earlier been
treated with GC and had become refractory.

Results. With the GC therapy, 7 of the 15 treated patients
(47%; 95% confidence interval, 21%-73%) showed an ob-
jective response, with 3 achieving a clinical complete re-
sponse (CR) and 4 a partial response (PR). With the GDC
therapy, 6 of the 9 treated patients (67%; 95% confidence
interval, 29%-92%) showed an objective response, with |
achieving CR and 5, PR. Five of the 8 (63%) GC-refractory
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patients responded to GDC therapy. The median duration
of response was 4 months (range, 2-10+ months) on GC
therapy, and 3 months (range, 3-5 months) on GDC
therapy. Toxicities associated with GC were less than those
with GDC.

Conclusion. GC was effective for refractory meiastatic
urothelial cancer, and GDC was effective for GC-refractory
cancer,

Key words Gemcitabine - Docetaxel - Metastatic urothelial
cancer

Introduction

Gemcitabine, a cell-cycle-specific pyrimidine nucleoside
analog, is converted within the cell to triphosphate metabo-
lites. The incorporation of gemcitabine triphosphate into
actively replicating DNA and masked-chain termination
results in the inhibition of DNA synthesis."

Gemcitabine exhibits significant activity in metastatic
transitional cell cancer {TCC), with minimal toxicity, but it
has little effect on increasing patient survival. Trials of
gemcitabine in combination with other active agents have
thus been suggested.” Paclitaxel was originally a natural
product derived from the bark of the North American yew
tree, Taxus brevifola. Clinical studies using paclitaxel com-
menced in the mid-1980s. French researchers produced an
extract of the European yew, Taxus baccata, and modified
it with a chemically synthesized side chain. Docetaxel
emerged as a result of these efforts and entered clinical
trials in 1990.* Docetaxel is capable of inducing bel2 phos-
phoryiation and apoptotic cell death at 100-fold lower con-
centrations than paclitaxel.’

At present, the combination of cisplatin, methotrexate,
doxorubicin, and vinblastine (M-VAC)"® is most widely used
for advanced TCC and has shown overall response rates of
40%-72% in phase I studies and 35%—45% in phase IIE
studies, with a median survival of approximately 12 months.
These modest results and unsuccessful attempts to increase
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Table 1. Characteristics of patients receiving GC andior GDC chemotherapy

Patient  Age Sex Disease site Previous Response  Response  Response  Response  Survival after
110, (years) chemotherapy to GC duration to GDC duration GC and/or GDC
{months) (months) chemotherapy
(months}

1 52 M LN, lung MEC, M-VAC PD 3

2 72 M LN M-VAC, ITP CR 5 8

3 68 M Bone MEC, ITP NC 24+

4 56 M Bone MEC, M-VAC  PD 8+

3 68 M LN MEC, ITP CR 5 8+

6 71 M LN MEC, ITP CR 10+ H+

7 61 M LN, Lung, liver  ITP PD 3

8 46 M Lung MEC PD PR 3 12+

9 68 M Lung MEC PR 3 CR 3 6

10 73 M Liver M-VAC PR 8 PR 5 13
Il 66 M Lung MEC PR 2 PR 3 4+
12 68 M LN MEC, {TP PD PD 10+

13 51 M LN, lung, liver MEC, (TP PD rPD 12

14 69 M LN, lung, liver M-VAC PD PD 5+
15 55 M Liver M-VAC PR 3 PR 3 10+

16 73 M LN, liver MEC PR 5 6+

M-VAC, methotrexate, vinblastine, doxorubicin, cisplatin; MEC, methotrexate, epirubicin, cisplatin; ITP, ifosfamide, paclitaxel, cisplatin: GC,
gemcitabine, carboplatin; GDC, gemcitabine, docetaxel, carboplatin; LN, lymph node; PD, progressive disease; CR, complete response; PR,

partial response; NC, no change

the efficacy with dose-intensive M-VAC schedules have
prompted the identification of new agents aclive against
TCC, such as the taxanes and gemcitabine. The overall
response rates for two-drug regimens consisting of cisplatin-
paclitaxel, carboplatin-paclitaxel, and cisplatin-gemcitabine
range from 63% to 72%, 14% to 65% and 42% to 66%,
respectively. The overall response rates for platinum-
paclitaxel-gemcitabine three-drug regimens range from
58% to 80%.]

We administered two-drug and three-drug combinations
of these new drugs as a pilot study in patients with meta-
static urothelial carcinoma whose tumors were refractory to
or had shown no response to platinum-based regimens.

Patients and methods

From August 1998 to May 2003, we treated 16 patients with
metastatic urothelial cancer who had previously received
one or more platinum-based regimens. The previous che-
motherapies had been MEC' (methotrexate, epirubicin,
cisplatin) in 11 patients, M-VAC®in 6, and ITP’ (ifostamide,
paclitaxel, cisplatin} in 7 patients. Informed consent was
obtained from all patients, and this clinical study was done
with the Institutional Review Board’s approval.

The patients were all men, with a mean age of 64 years
(range, 46 to 73 years). Thirteen patients had bladder can-
cer and 3 had pelvic or ureteral cancer. The pathological
diagnoses of the primary tumors were all grade 11 to III
TCC. Two patients had already undergone radical cystec-
tomy and 2 patients, nephroureterectomy. Metastases were
limited to the lymph nodes in 4 patients; to the lymph node
and lung in 1 patient; to the lymph nodes, lung, and bone in
1 patient; and to the lymph nodes, lung, and liver in 3
patients. Metastases were restricted to only the lung in 3

71

patients, to only the bone in 2, and to only the liver in 2
(Table 1).

Treatment

The treatment schedule for the combination of gemcitabine
and carboplatin (GC) was gemcitabine 750 mg/m” over 30 to
60min on days 1, 8, and 15; and carboplatin 200 mg/m® on
day 2. Cycles were repeated every 28 days."” The treatment
schedule for the comination of gemcitabine, docetaxel, and
carboplatin (GDC) was gemcitabine 750mg/m’® on days 1
and 8, docetaxel 50mg/m® on day 1, and carboplatin 200 mg/
m’ on day 1. Cycles were repeated every 21 days.!"'"” These
treatments were carried out for a maximum of eight cycles
of GC and six cycles of GDC in responding patients or
patients with stable disease, but they were discontinued in
the presence of disease progression. A detailed medical
interview, clinical examination, and laboratory studies were
obtained before each drug administration. Dose adjustment
was based on assessment of the hematological and
nonhematological toxicitics. In particular, only 75% of the
gemcitabine dose was administered when granulocytes
measured 1.0-1.4 x 10/ and/or platelets were 75-99.9 X
10%/L If granulocytes were 0.5-0.9 X 10%1 and/or platelets
were 50-74.9 X L0°A, 50% of the full dose was administered.
If the cell counts fell below the lower level of either range,
further treatment was delayed until recovery.

GC was administered to 15 patients and GDC to 9 pa-
tients. Eight of the 9 GDC-treated patients had previously
been treated with GC and had become refractory (Table 1).
The median time from discontinuation of GC to the start of
GDC in these 8 patients was 1 month. The median number
and range of cycles of GC therapy were 3 and 2 to 8. The
median number and range of cycles of GDC therapy were 3
and 1 to 6.



Evaluation of response and toxicity

All patients who completed at least one therapy cycle {three
injections of gemcitabine and tumor reassessment after a 1-
week interval) were analyzed for chemotherapeutic effi-
cacy. All enrolled patients were analyzed for toxicity and
survival and were reviewed every month to assess efficacy
and toxicity. After discontinuation of treatment, patients
were evaluated every month to assess the survival and
disease-free status. The evaluation of the tumor response
was based on the standard WHO criteria for measurable
disease.”

For the evaluations of the tumor response and survival,
the following definitions were used: time to response, the
time from first injection Lo first objective response; time to
progression, the time from first injection to the date of
evidence of progression; time to treatment [aifure, the time
from first injection to date of withdrawal from the study for
any reason (progression, toxicity, refusal); duration of par-
tial response (PR), the time from first evidence of PR to the
time of disease progression; duration of complete response
(CR), the time from first evidence of CR to the time of
disease progression; and survival, the time from first injec-
tion to death.

Kaplan-Meier analysis was used for analysis of the sur-
vival and time (o progression, and the 95% confidence in-
terval {CI) was also calculated.

Results
Response

Fifteen patients received at least two courses of GC and 9
patients received at least one course of GDC, so only these
patients were evaluated for response and toxicily. With the
GC therapy, 7 of the 15 patients (47%; 95% CI, 21%-73%)
showed an objective response, with 3 achieving a CR and 4,
a2 PR. The time to response in all responders was within 2
months. With the GDC therapy, 6 of the 9 treated patients
{67%; 95% CI, 29%-92%) showed an objective response,
with 1 achieving CR and 5, PR. Five of the 6 responders
were refractory to GC therapy, and in all 6 patients the time
to response was 1 month. The median duration of response
was 4 months (range, 2-10+ months) with GC and 3 months
{range, 3-5 months) with GDC (Table 1). The median times
to progression with the GC and GDC therapies were 4.5
months and 4 months, respectively. The median survival for
all patients was 8 months.

All three CRs in patients on GC therapy occurred in the
Iymph nodes, while the one CR in the patient on GDC
therapy occurred in the lung. The four PRs in patients on
GC therapy occurred in the liver and lungs, while the PRs in
patients on GDC therapy occurred in lungs in two patients
and the liver in three patients.

Three of the six patients with liver metastasis achieved a
PR. Paticnt 10 (patient number in Table 1) had multiple
liver metastases, jaundice, and total bilirubin of 10mg/d}
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when he was referred to our hospital. GC therapy was per-
formed by hepatic arterial infusion by inserting an arterial
infusion catheter into the femoral artery through a port set
in the femoral subcutaneous area. PR was obtained within
two cycles. After eight cycles; however, new liver metastasis
appeared, and so we switched to GDC therapy. The new
liver metastasis decreased, and PR was obtained again and
continued for 5 months. His bilirubin level dropped to the
normal range, and tumor markers" (carcinaembryonic
antigen [CEA], carbohydrate [CA] 19-9, and CA125) also
decreased to almost normal ranges. However, with these
chemotherapies {eight cycles of GC and five cycles of GDC)
computed tomography (CT) showed atrophy of liver with-
out elevation of aspartate aminotransferase (AST)/alanine
aminotransferase (ALT), or alkaline phosphatase (ALP),
but endoscopy showed esophageal varices. We diagnosed
the occurrence of liver cirrhosis caused by fibrotic change
of massive metastatic liver tumor necrosis after chemo-
therapy. Accordingly, we terminated the chemotherapy,
and the patient died 2 months later, with multiple liver
metastases and ascites. In patient 15, the liver lesion re-
sponded to GC and GDC therapies and PRs were obtained
and continued for 3 and 3 months, respectively. In patient
16, a 1.5-cm liver metastasis had appeared during the previ-
ous MEC therapy [or pelvic lymph node metastases. The
liver lesion responded to GDC therapy, and PR was ob-
tained and continued for 5 months.

En patient 9, lung metastasis occurred during GC therapy
but responded to GDC therapy; CR was obtained, but the
duration was only 3 months. GDC therapy resulted in a PR
of 3 months’ duration in patients 8 and 11 with lung me-
tastasis which had become refractory to GC therapy.

Toxicity

The treatments were generally well tolerated (Tables 2, 3).
Grade 3 pancytopenia was observed in two patients treated
with GC and in seven patients treated with GDC. The inci-
dence of infection related to neutropenia was 11% (1/9) in
patients on GDC therapy, with no WHO grade 3-4 infec-
tions. There were no cases of WHO grade 34 biochemical
toxicity of AST/ALT, ALP, or bilirubin, and no transient
elevation of AST, ALT, or ALP. No patients had WHO
grade 3—4 elevation of the serum creatinine level or blood

Table 2. Toxicity of GC according to WHO toxicity scale(n = 15)

Toxicity Grade
1(%) 2 (%) 3 (%) 4(%)

Neutropenia 0 0 7 i
Anemia 0 0 7 7
Thrombocytopenia 0 0 13 0
Neuropathy 0 0 0 0
Myalgia 0 0 ) 0
Alopecia 0 0 0 0
Diarrhea 13 0 0 0

GC, gemgcitabine, carboplatiny WHO, World Health Organization
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Table 3. Toxicity of GDC according to WHO toxicity scale (n = 9)

Toxicity Grade
1 (%) 2 (%) 3 (%) 4{%)

Neutropenia 0 0 22 55
Anemiz 0 0 55 22
Thrombocytopenia 0 0 33 33
Neuropathy ) 0 0 0
Myalgia 0 0 0 0
Alopecia 0 50 50 0
Diarrhea 22 n 0 0

GDC, gemcitabine, docetaxel, carboplatiny WHO, World Health
Organization

utea nitrogen (BUN). With regard to symptomatic toxicity,
nausea and vomiting were generally modest. Alopecia oc-
curred in all GDC-treated patients.

Discussion

Transitional cell carcinoma (T'CC) of the urothelium is a
chemosensitive tumor, as demonstrated by its overall re-
sponse rate of 33%—-70% with the M-VAC drug combina-
tion." The toxicity of this regimen, however, is significant,
and the median survival of all treated patients does not
greatly exceed 12 months.'*'* These results have prompted a
search for new active agents which could be incorporated
into more effective and less toxic regimens.

Gemcitabine has been studied as a single agent for the
treatment of metastatic bladder cancer,*” and, based on
its mechanism of action, it was thought to have potential
for synergism with cisplatin. This synergism was later
confirmed."

Liver metastases generally do not respond well (o M-
VAC. On the other hand, liver metastases have a chance to
respond to gemcitabine, as noted by Pollera et al.” They
reported that three of seven patients with liver meiastasis
responded well to gemcitabine. Stadler et al.” also stated
that three of nine patients with liver metastasis achieved a
CR on gemcitabine monotherapy. One of our patients with
multiple liver metastases survived for 15 months. When he
was referred to our hospital, his total bilirubin was 10mg/dl
and jaundice was seen. Arterial infusion chemotherapy with
GC was dramatically effective, and his bilirubin value
dropped after two courses of GC. Almost the same effect
was observed in patient 16. In another patient, a 1.5-cm liver
metastasis had been found during MEC therapy for pelvic
lymph node metastasis, but GEC therapy was effective, and
a PR was obtained.

GC provides a survival advantage similar to thal seen
with M-VAC, while having a better safety profile and toler-
ability. " This better risk ratio should lead to a change in the
standard of care for patients with metastatic TCC, with
chemotherapy changed from M-VAC to GC.

Our results showed that some tumors which had become
refractory to GC were still sensitive to GDC. Among our
eight patients refractory to GC treatment, five (63%) re-
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sponded to GDC. The responding organ was the lung in two
patients and the liver in three patients. Therefore, we think
GC is suitable as a first-line chemotherapy, and GDC is
useable as a second-line chemotherapy. However, the dura-
tions of the response to GC and GDC therapies were short,
so a new combination chemotherapy showing a longer re-
sponse is desired. The metastatic urothelial tumors which
became refractory to GC had a chance to respond to GC
plus docetaxel (GDC chemotherapy). To our knowledge,
this is the first published report showing that GDC is
elfective for GC-refractory metastatic urothelial tumors.
It remains unclear whether, in order to prolong the chemo-
therapy effect, GC should be used as first-line chemo-
therapy, with GDC as second-line therapy; or whether
GDC should be used as first-line chemotherapy. Accord-
ingly, a double-blind randomized study of two arms, GC to
GDC and GDC, is now in progress.

All of our patients had previously received cisplatin-
based chemotherapy and radiotherapy. GC showed mild
toxicity (patients experienced little WHO grade 3 toxicity),
which was easily manageable. GC is usually well tolerated
and is suitable for ouipatient use. Neither unexpected nor
cumulative toxic effects were found. Furthermore, the
absence of significant renal and cardiac toxicities makes
this promising combination especially aitractive for
urothelial cancer, allowing GC to be used in patients who
may not be able 1o tolerate more toxic chemotherapeutic
regimens.

We showed that metastatic urothelial tumors refractory
to GC therapy still responded to GDC therapy. However,
GDC therapy had the disadvantage of a short duration of
response. Accordingly, another combination chemotherapy
of gemcitabine with an epidermal growth factor receptor
inhibitor is now being investigated.”
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Abstract

Objective: We conducted a multi-institutional analysis to establish the contemporary clinical outcome of invasive
bladder cancer treated with radical cystectomy in Japan.

Methods: A total of 1131 consecutive patients who underwent radical cystectomy for invasive bladder cancer
between January 1990 and December 2000 at 32 hospitals were retrospectively analyzed.

Results: Histopathological analysis demonstrated that 1042 patients (92.1%) harbored transitionai cell carcinomas
(TCCs), whereas 89 patients (7.9%) presented non-TCCs, inciuding squamous cell carcinoma and adenocarcinoma.
Pelvic lymphadenectomy was performed in 1013 patients in total, and pathologically confirmed lymph node
metastases were found in 162 (16.0%). The overall survival at 5 years was 68.0% and most deaths (79.0%) occurred
within 3 years. Multivariate analysis demonstrated that gender, clinical stage, pathological stage, lymph node
involvement and lymph node dissection were the independent predictive factors for survival, whereas histological
type, sex and grade had no siginificant impact on survival.

Conclusions: These clinical results demonstrate that radical cystectomy with Iymph node dissection results in good
survival for invasive bladder cancer, providing standard data with which other forms of therapy can be compared.
© 2003 Elsevier B.V. All rights reserved.

Keywords: Bladder cancer; Radical cystectomy

1. Introduction cal subtypes and represent nearly 90% of all bladder
cancers in Western countries, and 20% to 40% of

Bladder cancer is the second most common geni- bladder cancers present with or develop invasive dis-
tourinary malignancy, which comprises a broad spec- ease. Invasive bladder cancers are very aggressive and
tram of tumors, including transitional cell carcinomas have poor prognosis with fewer than 15% of TCC
(TCCs), squamous cell carcinomas (SCCs), adenocar- patients surviving 2 years if untreated [3]. During the
cinomas, small cell carcinomas, and miscellaneous last two decades, radical cystectomy with lymph node
subtypes [1,2]. TCCs are the most common histologi- (LN) dissection has emerged as one of the standard
forms of therapy for patients with invasive bladder
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