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A b s t r a c t

We studied 159 cases of superficial (stage Ta or
T1) bladder tumors to determine the significance on
survival of a subset of regulators of transition from
G1 to S phase of the cell cycle (p53, p21Waf1,
p27Kip1, cyclin D1, cyclin D3) and tumor
proliferation (Ki-67 [MIB-1]). Clinical findings
(patient age, sex, tumor size, grade, stage [Ta or T1])
were included in the analysis. Univariate analysis
revealed association of tumor size (P = .0353), grade
in stage Ta tumors (P = .0074), cyclin D1 expression
(P = .0182), and Ki-67 index (P = .0033) with
disease-free survival and of tumor size (P = .0005),
stage (P = .0494), cyclin D3 expression (P = .0105),
and Ki-67 index (P = .0272) with overall survival.
Cox multivariate analysis revealed cyclin D1
expression and high proliferation index (disease-free)
and tumor size, cyclin D3 expression, and high
proliferation index (overall survival) as independent
predictors. Results suggest that alterations of the
progression from the G1 to S phase of the cell cycle
are common in papillary urothelial bladder tumors.
High tumor proliferation, expression of cyclins D1
and D3, and tumor size at diagnosis might be
relevant predictors of survival in patients with stage
Ta and T1 bladder urothelial tumors.

At diagnosis, most bladder tumors are superficial (stage
Ta or T1); 70% of them are papillary noninvasive (stage Ta),
and the remaining 30% manifest with early stromal invasion
(stage T1).1,2 Following initial transurethral resection of the
bladder tumor, patients at risk for recurrence or progression
can be identified by a variety of prognostic factors, including
tumor grade, the depth of bladder wall invasion, the presence
of vascular or lymphatic invasion and early recurrence, the
number and size of tumors, and the finding of concomitant
dysplasia or carcinoma in situ.1,3-6 However, it has been
recognized that these prognostic factors are not sufficiently
accurate to predict true biologic behavior1; therefore, more
reliable indicators of biologic aggressiveness are needed in
stage Ta and T1 bladder tumors.7

In these tumors, although studies on prognostic biologic
markers are limited, a number of cell cycle aberrations have
been studied in an attempt to identify tumors prone to
progress, but most reports show variable and somewhat
contradictory results.7-10 Tumor proliferation is considered a
powerful prognostic indicator of tumor recurrence, and p53
nuclear accumulation is viewed as a marker of progression in
superficial bladder tumors11-15; but some studies failed to
demonstrate any independent prognostic significance in
patients with superficial bladder tumors.16-21 Data concerning
other G1-S modulators such as p21Waf1, p27Kip1, and cyclin
D1 are limited,8,9,18,21-28 and alterations of cyclin D3, another
upstream regulator of the cell cycle, have not been reported in
bladder cancer.29,30 Nevertheless, it has been suggested that
alterations of cell cycle regulatory proteins involved in the
progression from G1 to S phase are among the most
promising markers,29 and their role in the prognosis of super-
ficial bladder tumors needs to be established.
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The purpose of our study was to determine the predictive
value of the expression of the G1-S modulators p53, p21Waf1,
p27Kip1, cyclin D1, and cyclin D3 and of cell proliferation as
measured by the Ki-67 (MIB-1) labeling index in the survival
of patients with primary Ta and T1 bladder cancer. Patient age
and sex, tumor size, pathologic stage, and grade also entered
the analysis as clinical and pathologic variables.

Materials and Methods

Patients and Clinical Follow-up

A sequential cohort series of 159 patients with primary
bladder tumors who underwent complete transurethral resec-
tion of bladder and random bladder biopsies was the study
group. Resection of primary tumors was performed by 6 staff
urologists, and the patients were seen at Reina Sofia Univer-
sity Hospital, Cordoba, Spain, between January 1990 and
December 1995. Patients diagnosed as having high-grade
bladder carcinoma additionally received intravesical instilla-
tion of bacille Calmette-Guérin (Organon, West Orange, NJ;
Tice strain, 2-5 × 108 colony-forming units weekly for 6
consecutive weeks, starting 10-15 days after transurethral
resection of bladder) with no maintenance as the current
protocol in clinical practice.

Patient follow-up, calculated as the number of months
from the date of the diagnostic surgical procedure to the date
of the most recent cystoscopy (or to the date of the last visit
or death), was 5 to 12 years (mean ± SD, 74.8 ± 28.1
months; range, 6-120 months).

Tumor recurrence was defined as reappearance of tumor
after the initial treatment, with at least 1 tumor-free cystoscopy
in the interval. Survival time was defined as the period between
the time of diagnosis and the time of death. Cancer-related
death was defined as that caused by bladder carcinoma. The end
point of the study was disease-free and overall cancer-specific
survival. Preoperative excretory urography was performed to
exclude cases with evidence of upper urinary tract disease, and
tumor size was defined as the largest tumor measured with the

resection loop that is 1 cm long; thus, patients were stratified as
having tumors of less than 3 cm, 3 to 5 cm, and more than 5 cm.

All available H&E-stained slides, including primary
tumors and recurrences, were reevaluated by 3 dedicated
pathologists (A.L.B., R.J.L., and A.Q.) without knowledge
of the clinical status and were graded in accordance with the
2004 World Health Organization (WHO) classification
(former WHO/International Society of Urological Pathology,
1998).5,6 Clinical and pathologic staging was determined in
accordance with the 2002 TNM revision.31

Immunohistochemical Analysis

A representative paraffin-embedded specimen was selected
from each tumor based on the amount of neoplastic tissue
present. Then, blocks were cut serially at 4 µm thick, deparaf-
finized in xylene, rehydrated in graded ethanol, and washed for 5
minutes with phosphate-buffered saline. For antigen retrieval, the
sections were boiled immersed in a 10-mmol/L concentration of
citrate buffer (pH 6.0). Endogenous peroxidase was blocked by
incubation of the slides for 30 minutes with 3% hydrogen
peroxide in methanol. Sections then were incubated with
primary mouse monoclonal antibodies at room temperature
❚Table 1❚. Immunohistochemical stains were performed using a
highly sensitive, polymer-based detection system (EnVision,
DAKO, Glostrup, Denmark) for 30 minutes at room tempera-
ture. Diaminobenzidine substrate solution (0.6 mg/mL in
tris(hydroxymethyl)aminomethane-buffered saline, pH 7.6 with
12 mL of 30% hydrogen peroxide) was used as a chromogen.
Sections were counterstained with Mayer hematoxylin, dehy-
drated, and mounted using a standard procedure. Appropriate
controls, positive and negative (replacing the primary antibody
with distilled water), were included (Table 1).

Evaluation

The quantitative and qualitative assessment of the
immunohistochemical study was conducted using a Nikon
Labophot optical microscope (Tokyo, Japan). Three dedicated
pathologists (A.L.B., R.J.L., and A.Q.) independently evaluated
all immunohistochemical slides in a blinded manner without
knowledge of clinical information. The same area on each slide

❚Table 1❚
Characteristics of Immunohistochemical Markers

Working Incubation
Marker Clone* Source Dilution Positive Control Sample Time (min)

Cyclin D1 DCS-6 DAKO, Glostrup, Denmark 1:25 Mantle cell lymphoma 60
Cyclin D3 DCS-22 DAKO 1:25 Breast carcinoma 60
Ki-67 MIB-1 Conepta Biosystems, Barcelona, Spain Prediluted Tonsil 60
p21WAF1/Cip1 SX118 DAKO 1:25 Breast carcinoma 45
p27Kip1 SX53G8 DAKO 1:25 Colon adenocarcinoma 45
p53 PAb1801 Novocastra, Newcastle upon Tyne, England 1:40 Breast carcinoma 60

* All were mouse monoclonal antibodies.
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was examined. All markers were quantitated by using random
fields measuring 62,500 µm2 delineated by using a 1-cm2

graded ocular grid attached to the eyepiece of the microscope.
The regions were chosen inside areas of tumor with high
immunoreactivity and were examined under high-power (×400)
view, counting a mean of 1,000 cells per case. A labeling index
expressed as the percentage of positive nuclei was established
for each marker, and the cases were stratified according to a low
vs high expression scheme (cyclins D1 and D3, <15% vs
≥15%; p21Waf1, <10% vs ≥10%; p27Kip1, <30% vs ≥30%;
Ki-67, < 13% vs ≥13%; p53, <6% vs ≥6%) ❚Table 2❚.

Statistical Analysis

Univariate survival analysis was conducted using the
Kaplan-Meier method, and differences among groups were

tested for significance using the log-rank test. In addition,
significant variables in the univariate analysis were entered
in a multivariate analysis of probable prognostic factors for
survival using Cox proportional hazards regression analysis,
and the relative risk with 95% confidence interval was calcu-
lated. All statistical analyses were performed using SPSS for
Windows (SPSS, Chicago, IL). A P value of .05 or less was
considered indicative of a statistically significant difference.
All tests were 2-sided.

Results

Demographic and clinical data for the 159 patients
(18 women) are shown in Table 2. The mean age was 61

❚Table 2❚
Univariate Analysis of Survival in 159 Patients* With Stage Ta and T1 Bladder Urothelial Tumors According to the Kaplan-Meier
Method and the Log-Rank Test†

Survival

Variable Overall Disease-Free Log-Rank Test P Alive Log-Rank Test P

Age (y) 0.95 .3305 2.09 .1483
<65 66 (41.5) 28 (42) 59 (89)
≥65 93 (58.5) 50 (54) 77 (83)

Sex 1.05 .3058 2.84 .0921
F 18 (11.3) 8 (44) 18 (100)
M 141 (88.7) 70 (49.6) 118 (83.7)

Tumor size (cm) 6.69 .0353 15.13 .0005
<3 104 (65.4) 55 (52.9) 95 (91.3)
3-5 44 (27.7) 20 (45) 34 (77)
>5 11 (6.9) 3 (27) 7 (64)

Stage 1.82 .1768 3.86 .0494
Ta 75 (47.2) 41 (55) 68 (91)
T1 84 (52.8) 37 (44) 68 (81)

Ta/grade (n = 75) 9.80 .0074 2.79 .0950
PUNLMP 26 (35) 14 (54) 24 (92)
Low 34 (45) 23 (68) 31 (91)
High 15 (20) 4 (27) 11 (73)

T1/grade (n = 84) 0.15 .7031 1.35 .3748
Low 58 (69) 24 (41) 49 (84)
High 26 (31) 13 (50) 21 (81)

Cyclin D3 (%) 0.22 .6368 6.55 .0105
<15 138 (86.8) 65 (47.1) 121 (87.7)
≥15 21 (13.2) 13 (62) 15 (71)

Cyclin D1 (%) 5.58 .0182 1.99 .1581
<15 106 (66.7) 60 (56.6) 94 (88.7)
≥15 53 (33.3) 18 (34) 42 (79)

p21Waf1 (%) 0.53 .4662 0.01 .9216
<10 72 (45.3) 38 (53) 62 (86)
≥10 87 (54.7) 40 (46) 74 (85)

p27Kip1 (%) 0.01 .9081 2.61 .1065
<30 86 (54.1) 42 (49) 77 (90)
≥30 73 (45.9) 36 (49) 59 (81)

Ki-67 (MIB-1) (%) 8.64 .0033 4.88 .0272
<13 142 (89.3) 74 (52.1) 124 (87.3)
≥13 17 (10.7) 4 (24) 12 (71)

p53 (%) 0.42 .5178 1.50 .2211
<6 105 (66.0) 49 (47) 92 (87.6)
≥6 54 (34.0) 29 (54) 44 (81)

PUNLMP, papillary urothelial neoplasia of low malignant potential.
* Unless otherwise indicated.
† Marker categories are percentages of expression. Data are given as number (percentage). Percentages for disease-free survival and alive are based on the number of patients

listed in the “Overall Survival” column.
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years (range, 29-93 years). The mean ± SD age for the
group of patients older than 65 years was 75.2 ± 27.4
years. Most patients (65.4%) had tumors smaller than 3
cm. Almost half of the patients had stage Ta noninvasive
tumors; of those 75 tumors, 26 (35%), 34 (45%), and 15
(20%) were classified as papillary urothelial neoplasia of
low malignant potential (PUNLMP), low-grade carci-
noma, and high-grade carcinoma, respectively. Most stage
T1 tumors (58/84 [69%]) were classified as low-grade
carcinoma. High nuclear expression (≥15%) of cyclins D3
and D1 was observed in 13.2% and 33.3% of cases,
respectively. Low expression of p21Waf1 (<10%) and
p27Kip1 (<30%) was present in 45.3% and 54.1% of
tumors. Tumor proliferation of 13% or more was present
in 10.7% and high p53 accumulation (≥6%) in 34.0% of
tumors ❚Image 1❚.

Disease-Free Survival

During the follow-up period, 78 patients (49.1%)
patients remained free of disease. Univariate analysis

showed tumor size, grade in stage Ta tumors (according
to the 2004 WHO classification), cyclin D1 overexpres-
sion, and proliferation index to be associated with
survival; age, sex, stage, grade in stage T1, and expres-
sion of cyclin D3, p21Waf1, p27Kip1, and p53 were not
related to disease-free survival (Table 2). The tumor
proliferation index and cyclin D1 expression were the
only independent predictors of disease-free survival
❚Table 3❚ and ❚Figure 1❚.

Overall Cancer-Specific Survival

At last follow-up, 136 patients (85.5%) remained alive.
Tumor size and stage, cyclin D3 expression, and prolifera-
tion index were associated with overall survival in univariate
analysis; age, sex, tumor grade in stage Ta and T1 tumors,
and cyclin D1, p21Waf1, p27Kip1, and p53 nuclear accumu-
lation were not related to survival (Table 2). Cyclin D3
expression, proliferation index, and tumor size were indepen-
dent predictors of overall cancer-specific survival (Table 3)
❚Figure 2❚.

❚Table 3❚
Cox Multivariate Analysis Showing Significant Variables Independently Related to Disease-Free and Cancer-Specific Overall
Survival in 159 Patients With Stage Ta and T1 Bladder Urothelial Tumors

Variable Relative Risk 95% Confidence Interval P

Disease-free survival
Cyclin D1 (%), <15 vs ≥15 3.2623 1.4192-7.4988 .0054
Ki-67 (%), <13 vs ≥13 5.0793 1.8009-14.3258 .0021

Overall survival
Cyclin D3 (%), <15 vs ≥15 3.8154 1.2404-11.7360 .0195
Ki-67 (%), <13 vs ≥13 3.6645 1.0744-12.4986 .0380
Tumor size (cm), <3, 3-5, >5 2.7948 1.0245-7.6242 .0447
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❚Figure 1❚ Kaplan-Meier plots illustrating the association between cyclin D1 (A) and Ki-67 (MIB-1) proliferative index (B) and
disease-free survival. These markers were selected as independent predictors in the Cox multivariate analysis (see text). 
A, P = .0182. B, P = .0033.
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❚Image 1❚ Immunohistochemical nuclear expression of cell cycle–related proteins and tumor proliferative activity in stage Ta and
T1 bladder urothelial tumors. A, p53 (×250). B, p21Waf1 (×250). C, p27Kip1 (×250). D, Cyclin D1 (×250). E, Cyclin D3 (×250).
F, Ki-67 (MIB-1) (×250).
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Discussion

Following the introduction of the WHO/International
Society of Urological Pathology grading scheme for bladder
urothelial tumors (recently recognized as the 2004 WHO
grading system of noninvasive urothelial tumors),5,6 a limited
number of studies have addressed the issue of immunohisto-
chemical markers in predicting outcome of superficial
(stages Ta and T1) bladder tumors.13,14,20 Most available
studies included a small number of cases with variable stage
selection.8-12,16-24,32,33 Thus, we decided to restrict our study
to stage Ta and T1 urothelial tumors, a common group of
tumors in which prognostic parameters are particularly
needed, incorporating a series of 159 patients with long-term
follow-up.

Most of the more recent studies have addressed mainly
the use of p53 and the Ki-67 proliferation index as prog-
nostic tools, suggesting that they might be related to tumor
progression or recurrence, respectively.10,12-14 Limited and

somewhat controversial prognostic information regarding
G1-S modulators is available,1,8,9,18,22,23,25-28,33 making our
study design of particular relevance. Indeed, it seems like
aberrations of cell cycle regulators in different pathways are
common in bladder tumors classified according to former
grading systems.11 Markers such as the cyclin-dependent
kinase (CDK) inhibitors, p21Waf1 and p27Kip1, well-
known downstream regulators; cyclins D1 and D3, known
upstream regulators; p53, a protein with a central role in cell
cycle regulation; and tumor proliferation frequently are
altered in bladder cancer,9,18,25,28 and, therefore, the prog-
nostic role of these aberrations in the prognosis of superficial
bladder tumors needs to be substantiated. Besides, a study of
cell cycle regulatory proteins involved in the progression
from G1 to S phase using an expanded panel of markers,
including tumor proliferation and conventional clinicopatho-
logic parameters in a multivariate analysis, as performed in
the present study, would provide superior clinically useful
information for future prospective studies.
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C ❚Figure 2❚ Kaplan-Meier plots illustrating the association
between tumor size (A), Ki-67 (MIB-1) proliferative index (B),
and cyclin D3 with cancer-specific overall survival (C). These
markers were selected as independent predictors in the Cox
multivariate analysis (see text). A, P = .0005. B, P = .0272. C,
P = .0105.
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In our study, tumor size, grading of stage Ta tumors
according to the WHO 2004 classification system, cyclin D1
expression, and tumor proliferation index were predictors of
disease-free survival in univariate analysis, but only cyclin D1
(relative risk [RR], 3.2623) and the proliferative index (RR,
5.0793) were independent predictors of disease-free survival
in Cox multivariate analysis. This result agrees with findings
of Sgambato et al,22 who, in a similar study including stage
Ta and T1 tumors, reported a significant correlation between
shorter disease-free survival and cyclin D1 expression and
high tumor proliferation by Ki-67 labeling index, with both
acting as independent predictors. In addition, Pich et al13

found the Ki-67 labeling index to be the best predictor of
recurrence in noninvasive, stage Ta bladder tumors
(PUNLMP and low-grade carcinoma), although these authors
included a remarkably small number of cases in their study.
Yan et al12 found that Ki-67 can be used to identify patients at
high risk for a first recurrence. But this is not an unexpected
finding because it well known that the tumor proliferation
index increases with grade in bladder tumors.14,34,35 Our study
suggests additional prognostic value for tumor size and the
2004 WHO grading scheme for noninvasive tumors: patients
with PUNLMP or low-grade bladder carcinoma and tumors
smaller than 3 cm have longer disease-free survival, a previ-
ously unreported finding in superficial bladder tumors classi-
fied according to the 2004 WHO grading scheme.

Other cell cycle–related proteins such as p21Waf1,
p27Kip1, p53, and cyclin D3 did not have significant associ-
ation with disease-free survival, as reported by others who
found that low p27Kip1 and p21Waf1 expression are more
common in poorly differentiated, muscle-invasive bladder
carcinomas with low cancer-specific overall survival but are
not independent predictors.8,9,15,23-28 Similarly, Zlotta et al16

did not indicate independent prognostic significance of
p21Waf1, p53, and tumor proliferation in a cohort of patients
with superficial bladder tumors treated with bacille
Calmette-Guérin.

Our study also tested the role of G1-S modulators,
tumor proliferation, and clinicopathologic parameters as
markers of cancer-specific overall survival. We found that
increased tumor size, stages Ta and T1, cyclin D3 overex-
pression, and increased tumor proliferation were markers
of reduced cancer-specific survival in univariate analysis;
cyclin D3 overexpression, high tumor proliferation index,
and increased tumor size were independent predictors of
overall cancer-specific survival in our study group of 159
patients with superficial bladder tumors. This is an impor-
tant and original finding because, to our knowledge, cyclin
D3 expression has not been reported in Ta and T1 tumors
as a prognostic marker.

The cyclin D family, mainly cyclins D1 and D3, form
complexes with CDKs 4 and 6, which promote phosphorylation

and inactivation of the retinoblastoma protein, thus releasing
the promoter factor E2F-1.7,29,30 This, in turn activates genes
involved in DNA synthesis, thereby mediating the progres-
sion of cells from G1 to the S phase of the cell cycle.29

Expression of cyclin D3, a 34-kd protein that shares 53%
sequence homology with cyclin D1 but is induced later in
the G1 phase of the cell cycle, was the main independent
predictor of overall cancer-specific survival in our study
(RR, 3.8154) of superficial bladder tumors, a finding that, to
our knowledge, has not been reported. This is a potentially
relevant finding because the use of cell cycle regulatory
proteins as therapeutic targets of their modulators represents
an active field of research.29,30,36

In addition, overexpression of cyclin D3, as a specific
G1-S aberration, was associated with increased prolifera-
tion and low expression of p27Kip1 in renal cell carci-
noma, suggesting that different aberrations of G1-S regula-
tory proteins are linked.37,38 Similarly, our study showed
that Ta and T1 bladder urothelial tumors have important
alterations of the cell cycle regulatory pathways of transi-
tion from G1 to S phase of the cell cycle (the so-called pRb
pathway), mainly characterized by overexpression of the
upstream regulators cyclin D3 and cyclin D1, high tumor
cell proliferation, and down-regulation of the CDK
inhibitors p21Waf1 and p27Kip1. This, together with tumor
size, might represent a finding of potential clinical rele-
vance because these markers could be used for stratifying
patients into risk categories.

The alteration of cell cycle regulatory proteins found
in Ta and T1 bladder tumors warrants further prospective
study on the prognostic significance of these markers and
the development of modulators of these regulatory
proteins as therapeutic agents. Available modulators of
expression of the cyclin D family such as interferon-α and
flavopiridol,36 which can induce cell cycle arrest by
directly inhibiting CDK inhibitors and by down-regula-
tion of cyclin D1 and cyclin D3, might represent an alter-
native to conventional therapeutic approaches in a subset
of patients with Ta and T1 bladder tumors at higher risk
of aggressive behavior.
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