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The aim of this study was to evaluate the association between p53, p21, p27 and Rb expression, alone or in
combination, with pathological features and clinical outcomes of urothelial carcinoma of the bladder.
Immunohistochemical staining for p53, p21, p27 and pRB was performed on tissue microarrays comprising
normal urothelium from nine controls, transurethral resection specimens from 74 patients with Ta, Tis and/or T1
bladder urothelial carcinoma, radical cystectomy specimens from 226 consecutive urothelial carcinoma
patients, and lymph nodes with tumor invasion from 50 of the 226 cystectomy patients. All nine controls had
normal status of biomarkers. The proportion of biomarkers alterations was highest in lymph node metastases.
p53, pRB and p27 were associated with pathologic stage, lymphovascular invasion and lymph node metastases
(P-valuesr0.050). Each biomarker alone, each combination of two biomarkers and the number of altered
biomarkers were all independently associated with disease recurrence and bladder cancer-specific death (P-
valuesr0.046). In patients with organ-confined disease, p53, p21 and p27 were independently associated with
disease recurrence and bladder cancer-specific death (P-valuesr0.046). There was a good but not perfect
concordance in the expression of biomarkers between matched transurethral resection and cystectomy
specimens (n¼ 22; concordance rates: 77–86%) and between matched lymph node and cystectomy specimens
(n¼ 50, 70–92%). In conclusion, p53, p21, p27 and pRB have a cooperative/synergistic role in the biologic
behavior of bladder urothelial carcinoma. In contrast to the use of single biological markers, evaluation of their
combined status may improve prognostic models and help identify patients who might benefit from adjuvant
therapies and in decision-making.
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Elucidation of molecular pathways involved in
urothelial carcinoma of the bladder is essential for
our understanding of carcinogenesis and disease
progression. Mutations of cell cycle regulatory genes
are the genetic alterations most commonly found in
human neoplasia, including bladder cancer.1–4 Al-
terations in the p53 and retinoblastoma (RB) tumor
suppressor genes have been shown to play an
important role in the development of urothelial
carcinoma. However, downstream pathways that
contribute to urothelial transformation are not

completely defined and are key factors too.5,6

Members of the kinase inhibitor protein (KIP)
family, p21WAF1/CIP1 and p27Kip1 are both p53-indu-
cible and p53-independent cyclin-dependent kinase
inhibitors that can arrest the cell by inhibiting DNA
replication. Alteration of p53, pRB, p21 and p27
expression has prognostic significance in patients
treated with radical cystectomy for bladder can-
cer.5,7–14 Combinations of independent, comple-
mentary markers may provide a more accurate
prediction of outcome compared to a single mar-
ker.5,13–16

A problem with the measurement of markers is
the possible discordance between immunohisto-
chemistry and biological function. This is especially
true as multiple redundant pathways might exist to
stimulate downstream effectors. This discrepancy
between expression and function and the demon-
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stration of alternate or redundant pathways might
provide an explanation for the inconsistent results
found in the literature about the use of single
biological markers as prognostic factors in urothelial
carcinoma.

The aims of the present study were to correlate the
expression of p53, p21, p27 and pRB, alone or in
combination, with urothelial carcinoma presence,
clinical and pathologic characteristics. Towards this
end, we assessed the differential expression of p53,
p21, p27 and pRB in (1) normal bladder urothelium;
(2) urothelial carcinoma tissue from patients treated
with transurethral resection for Ta, Tis and/or T1; (3)
urothelial carcinoma tissue from patients treated
with radical cystectomy for invasive disease; (4)
concomitant carcinoma in-situ areas within the
cystectomy specimens; (5) histologically normal
urothelium within the cystectomy specimens; and
(6) malignant lymph node tissue involved with
urothelial carcinoma. In addition, this study aimed
to correlate p53, p21, p27 and pRB expression
between radical cystectomy and matched transure-
thral resection specimens from the same patients
and between radical cystectomy and matched meta-
static lymph node specimens.

Materials and methods

Patient Population

All studies were undertaken with the approval and
institutional oversight of the Institutional Review
Board for the Protection of Human Subjects at
University of Texas Southwestern Medical School.
The study comprised three patient cohorts: 226
patients who underwent radical cystectomy with
bilateral lymphadenectomy, 74 patients who under-
went transurethral resection and nine patients who
underwent cystectomy for other causes than malig-
nancy without evidence of any genitourinary malig-
nancy.

All 383 consecutive patients admitted at our
institution for treatment of urothelial carcinoma
with radical cystectomy and bilateral lymphade-
nectomy during the period from January/1987 to
December/2002 were potential candidates for these
analyses. Our analyses were limited to patients who
had urothelial carcinoma. Adequate archival tissue
was available for 226 of the 383 cystectomy patients.
Histology, grade, stage and presence of carcinoma in
situ were confirmed by blinded review of the
original pathology slides. The indications for radical
cystectomy were tumor invasion into the muscularis
propria or prostastic stroma or T1/carcinoma in-situ
refractory to transurethral resection with intravesi-
cal chemotherapy and/or immunotherapy. No pa-
tient had distant metastatic disease at the time of
cystectomy. For each patient, comprehensive clin-
ical and pathologic data elements were collected
and entered into an institutional review board-
approved database. Multiple data reviews and

quality checks were performed to assure the accu-
racy and completeness of data elements. Chemother-
apy regimens consisted of methotrexate, vinblastine,
doxorubicin and cisplatin. Sixty of the 226 patients
(26.5%) underwent adjuvant chemotherapy for
positive lymph node status and/or extra-vesical
extension.

Our study also comprised a convenience sample
of 74 patients, who underwent transurethral resec-
tion at our institution for treatment of Ta, Tis and/or
T1 during the period from 2/1995 to 12/2003. Sixty-
three patients (85%) underwent previous transure-
thral resection. Fifty-four patients (73%) were
treated with intravesical therapy including Bacillus
Calmette-Guerin and Mitomycin C. Twenty-two
patients (30%) ultimately underwent radical cy-
stectomy for persistent disease, cancer progression
or intolerance of intravesical therapy. Median age at
transurethral resection was 63 years (range: 41–89).

Immunohistochemistry and Scoring

We performed p53, p21, pRB and p27 immunohis-
tochemical staining using serial sections from the
same paraffin-embedded tissue microarray blocks
(see Appendix A for tissue microarray construc-
tion).13 Staining and scoring protocols for p53
(monoclonal mouse anti-human antibody DO-7;
Dako, Carpinteria, CA; dilution 1:4000),17 p21
(monoclonal mouse anti-human, SX118, Dako; dilu-
tion 1:200),16 pRB (monoclonal mouse anti-human;
RB1, Dako; dilution 1:75)13 and p27 (monoclonal
mouse anti-human, SX53G8; Dako; dilution 1:400)18

have been described elsewhere (see Appendix B for
detailed protocols). Immunostaining was performed
on the Dako Autostainer (Carpinteria, CA). Opti-
mum primary antibody dilutions were predeter-
mined using known positive control tissues.
Multiple known, established positive control sec-
tions were included in each run. Tumor sections
with the primary antibodies substituted with rabbit
immunoglobulin fraction (Normal) and/or IgG 1
monoclonal were used as negative controls.

We used bright-field microscopy imaging coupled
with advanced color detection software (Automated
Cellular Imaging System, ChromaVision Medical
Systems Inc., San Juan Capistrano, CA) to detect,
classify, and counter stain cellular objects based on
predetermined color morphology. We obtained the
mean, maximum, range and standard deviation of
staining intensity and percent positive nuclei/area
measurements by using 10 random hot spots within
each specimen. The mean of the triplicate cores was
calculated for data analysis.

All markers were placed in one of two categories,
altered or normal.4,11,13,18,19 Nuclear p53 immunor-
eactivity was considered altered when samples
demonstrated at least 10% nuclear reactivity.4,19

p21 immunoreactivity was considered altered when
samples demonstrated no detectable or only very
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low levels of p21 nuclear staining. Tumors with no
pRB expression and those with a strong homoge-
neous staining pattern (more than 50%) were
categorized as having altered pRB status.11,13 Nucle-
ar p27 immunoreactivity was considered altered
when samples demonstrated less than 30% nuclear
reactivity.18

Pathology

Staff pathologists with expertise in genitourinary
pathology examined all specimens according to
previously published protocols.20 The 2002 TNM
classification was used for pathologic staging, and
the 1973 WHO classification for pathologic grading.
To ensure validity of the data extraction, two
clinicians read pathology reports of 162 consecutive
cystectomy patients, whereas blinded to patient
clinical parameters and the finding of the other
reviewer. Inter-reader reliability measured using the
intra-class correlation coefficient was greater than
0.95 for all pathologic parameters.

Follow-up

Patients generally were seen post-operatively at
least every 3–4 months for the first year, semiannu-
ally for the second year, and annually thereafter.
Follow-up visits generally consisted of a physical
examination, serum chemistry evaluation, along
with liver function tests and alkaline phosphatase
when clinically indicated. Diagnostic imaging of the
upper tracts such as ultrasonography and/or intra-
venous pyelography and chest radiography were
performed at least annually or when clinically
indicated. Bone scan and/or computerized tomogra-
phy were performed at the discretion of the treating
physician. Detection of cancer in the ureter and/or
urethra was coded as second primaries and not as
local or distant recurrence. When patients died, the
cause of death was determined by the treating
physicians, by chart review corroborated by death
certificates or by death certificates alone. Most
patients who were identified as having died of
bladder cancer had progressive, widely dissemi-
nated and often highly symptomatic metastases at
the time of death. Peri-operative mortality (death
within 30 days of surgery) was censored at time of
death for bladder cancer-specific survival analyses.

Statistical Analysis

The Fisher’s exact test and the w2 test were used to
evaluate the association between molecular markers
and clinico-pathologic parameters. Differences in
variables with a continuous distribution across
dichotomous or ranked categories were assessed
using the Mann–Whitney U-test or the Kruskal–
Wallis nonparametric analysis of variance, respec-

tively. The Kaplan–Meier method was used to
calculate survival functions, and differences were
assessed with the log rank statistic. Univariable and
multivariable survival analyses were performed
using the Cox proportional hazard regression model.
The lowest category was used as the referent
category when calculating the hazards ratios. Statis-
tical significance in this study was set as Pr0.050.
All reported P-values are two-sided. All analyses
were performed with SPSS (version 13.0).

Results

Expression of p53, pRB, p21 and p27

The differential expression of the four biomarkers in
different tissues at various stages of bladder cancer
is shown in Table 1. For all four biomarkers, the
prevalence of alteration incrementally increased
from normal urothelium to metastatic lymph nodes.
Normal bladder urothelium from all nine control
patients showed normal status of pRB (hetero-
geneous), p53 (absent), p21 (positive) and p27
(positive). p53 and pRB staining patterns were
exclusively nuclear. Strong expression of p27 was
consistently noted in nuclei of normal urothelium,
and there was a consistent but variable reduction in
the number of p27-stained nuclei in tumor tissue.
Although normal cases showed homogeneous im-
munostaining, cancer cases exhibited a hetero-
geneous pattern of significantly reduced p27
immunoreactivity. In most cases, staining was
confined to the nucleus.

Association of p53, pRB, p21 and p27 as Individual
Variables with Pathologic Characteristics

Molecular and pathologic characteristics of the 226
radical cystectomy patients and association with
p53, pRB, p21 and p27 expression are shown in
Table 2. The expression of p53, pRB and p27 were
significantly associated with pathologic tumor stage,
lymphovascular invasion, lymph node metastases
and stage grouping (opT3 N0 vs ZT3 N0 vs pTany
Npositive). p53 was also significantly associated
with pathologic tumor grade and presence of
concomitant carcinoma in situ.

Median age at radical cystectomy was 66 years
(range: 34–88). Patients with altered p53, altered
pRB or altered p27 had significantly higher numbers
of metastatic lymph nodes and percent metastatic
lymph nodes compared with patients with normal
status of these markers.

There was a statistically significant concordance
(both markers altered or normal) between p53 and
pRB (concordance rate¼ 61%, P¼ 0.001), p53 and
p27 (concordance rate¼ 59%, P¼ 0.010) and pRB
and p27 (concordance rate¼ 61%, P¼ 0.001). The
concordance between p53 and p21 (concordance
rate¼ 52%, P¼ 0.326), between pRB and p21 (con-
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cordance rate¼ 55%, P¼ 0.159) and between p21
and p27 (concordance rate¼ 50%, P¼ 0.251) were
not statistically significant.

Association of p53, pRB, p21 and p27 as Individual
Variables with Clinical Outcomes

Disease recurred in 101/226 patients (45%) and 100/
226 (44%) patients were dead at the time of analysis.
Of these 100 patients, 82 patients died of metastatic
bladder cancer (82%) and 18 patients died of other
causes without evidence of disease progression
(18%). The mean follow-up was 51 months (median
37, range 2–183) for those patients alive at the time
of analysis. Kaplan–Meier analyses (Table 3) showed
that altered expression of p53, pRB, p21 and p27
were each significantly associated with an increased
probability of disease recurrence and bladder can-
cer-specific mortality.

In multivariable Cox proportional hazards regres-
sion analyses that adjusted for the effects of
pathologic stage, tumor grade, lymphovascular
invasion, adjuvant chemotherapy, lymph node sta-
tus and one of the four biomarkers, each biomarker
was independently associated with disease recur-
rence (P-valuesr0.039) and bladder cancer-specific
mortality (P-valuesr0.041).

In the subgroup of patients with organ-confined
disease (opT3; n¼ 97, 43%), p53, p21 and p27,
but not pRB, were independently associated with
disease recurrence (P-valuesr0.042) and bladder
cancer-specific mortality (P-valuesr0.046) after

adjusting for the effects of pathologic stage (non-
muscle invasive versus muscle invasive stage),
pathologic grade, adjuvant chemotherapy, lympho-
vascular invasion and lymph node status.

Association of p53, pRB, p21 and p27 as Combined
Variables with Pathologic Characteristics and Clinical
Outcomes

We repeated the analyses using six possible combi-
nations of biomarkers: p53 and pRB, p53 and p21,
p53 and p27, pRB and p21, pRB and p27 and p21
and p27. We created three categories within each
combination: both normal, one altered and one
normal and both altered. The association of the
combined biomarkers with clinical and pathologic
characteristics is shown in Table 4.

Kaplan–Meier analysis demonstrated that patients
could be stratified into statistically significantly
different risk groups for disease recurrence and
bladder cancer-specific mortality based on the
combined status of each combination (Table 3;
Figures 1 and 2).

The combined biomarkers were then analyzed in
separate multivariable Cox proportional hazards
regression analyses that adjusted for effects of
standard variables. Each combination was indepen-
dently associated with disease recurrence (P-va-
luesr0.031) and bladder cancer-specific mortality
(P-valuesr0.038). A representative multivariable
model is shown in Table 5 (Model 1). The statistical
significance of these analyses was retained when

Table 1 Differential expression of p53, pRB, p21, p27, and number of altered biomarkers in subjects with and without urothelial cell
carcinoma of the bladder

Individual biomarkers Number of altered biomarkers

No. of
patients

Altered
p53

Altered
pRB

Altered
p21

Altered
p27

None One Two Three Four

Normal urothelium
from subjects without
bladder TCC

9 0 0 0 0 9 0 0 0

TURBT specimens from
subjects with Ta, Tis,
and/or T1 TCC

74 25 (34%) 29 (39%) 26 (35%) 35 (47%) 16 (21.6) 23 (31%) 15 (20%) 17 (23%) 3 (4%)

Cystectomy specimens from subjects treated with radical cystectomy
Primary, index TCC 226 120 (53%) 112 (50%) 76 (34%) 136 (60%) 28 (12%) 56 (25%) 59 (26%) 62 (27%) 21 (9%)
Histologically normal
urothelium adjacent to
primary TCC

72 11 (15%) 16 (22%) 16 (22%) 19 (26%) 25 (35%) 34 (47%) 11 (15%) 2 (3%) 0 (0%)

Concomitant carcinoma
in situ areas

40 18 (45%) 17 (43%) 14 (35%) 21 (53%) 4 (10%) 14 (35%) 14 (35%) 6 (15%) 2 (5%)

Metastatic lymphoid
tissue from subjects
treated with radical
cystectomy

50 38 (76%) 34 (68%) 23 (46%) 32 (64%) 1 (2%) 8 (16%) 12 (24%) 21 (42%) 8 (16%)

Abbreviations: TCC, transitional cell carcinoma; TURBT, transurethral resection of bladder tumor.
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performed in patients with organ-confined disease
(data not shown).

Association of the Number of Altered Markers as
Ranked Variable with Pathologic Characteristics and
Clinical Outcomes

Twenty-eight of the 226 patients (12%) exhibited
normal status of all markers; 56/226 tumors (25%)
exhibited alteration of one biomarker; 59/226 tu-
mors (26%) exhibited alteration of two biomarkers,
62/226 tumors (27%) exhibited alterations of three

biomarkers and 21/226 tumors (9%) exhibited
alterations of all four biomarkers.

The association of the number of altered biomar-
kers with clinical and pathologic characteristics of
the 226 radical cystectomy patients is shown in
Table 6. The number of altered biomarkers increased
with advancing pathologic tumor stage (Po0.001),
higher rate of lymphovascular invasion (Po0.001),
higher rate of lymph node metastases (Po0.001) and
more adverse stage grouping (Po0.001) (Figures 1
and 2).

Kaplan–Meier analyses (Table 3, Figure 3)
showed that the risk of disease recurrence (P-for

Table 2 Associations of molecular markers as individual variables with clinical and pathologic characteristics in 226 consecutive
patients treated with radical cystectomy for urothelial cell carcinoma of the bladder

p53 expression pRB expression p21 expression p27 expression

No. of patients (%) Altered P Altered P Altered P Altered P

Total (%) 226 (100) 120 (53) 112 (50) 76 (34) 136 (60)

Gender (%)
Female 46 (20) 25 (54) 26 (57) 15 (33) 34 (74)
Male 180 (80) 95 (53) 0.870 86 (48) 0.324 61 (34) 1.000 102 (57) 0.042

Pathologic stage (%)
pTa, pTis or pT1 42 (19) 14 (33) 15 (36) 12 (29) 19 (45)
pT2 65 (29) 27 (42) 26 (40) 17 (26) 32 (49)
pT3 83 (37) 54 (65) 48 (58) 29 (35) 60 (72)
pT4 36 (16) 25 (69) o0.001 23 (64) 0.013 18 (50) 0.090 25 (69) 0.004

Pathological grade (%)
Grade 1 or 2 17 (8) 2 (12) 7 (41) 5 (29) 8 (47)
Grade 3 209 (92) 118 (57) 0.001 105 (50) 0.615 71 (34) 0.795 128 (61) 0.305

Lymph node status (%)a

N0 160 (71) 67 (42) 72 (45) 51 (32) 85 (53)
N1, N2 65 (29) 52 (80) o0.001 39 (60) 0.050 25 (39) 0.355 50 (77) 0.001

Lymphovascular invasion (%)a

Negative 124 (55) 49 (40) 52 (42) 38 (31) 65 (52)
Positive 101 (45) 70 (69) o0.001 59 (58) 0.016 38 (38) 0.321 70 (69) 0.014

Concomitant CIS (%)a

Negative 132 (59) 61 (46) 65 (49) 45 (34) 75 (57)
Positive 93 (42) 58 (62) 0.021 46 (50) 1.000 31 (33) 1.000 60 (65) 0.271

Stage groupinga

Organ confined (opT3 N0) 97 (43) 32 (33) 36 (37) 25 (25) 45 (46)
Extravesical extension (pT3 N0) 64 (28) 36 (56) 37 (58) 26 (41) 41 (64)
Lymph node metastases
(pTany N positive)

65 (29) 52 (80) o0.001 39 (60) 0.005 25 (39) 0.092 50 (77) o0.001

P53 expression (%)
Wild type 106 (47) — 40 (38) 32 (30) 54 (51)
Altered 120 (53) — — 72 (60) 0.001 44 (37) 0.326 82 (68) 0.010

pRB expression (%)
Wild type 114 (50) 48 (42) — 33 (29) 56 (49)
Altered 112 (50) 72 (64) 0.001 — — 43 (38) 0.159 80 (71) 0.001

P21 expression (%)
Wild type 150 (66) 76 (51) 69 (46) — 86 (57)
Altered 76 (34) 44 (58) 0.326 43 (57) 0.159 — — 50 (66) 0.251

Abbreviation: CIS¼ carcinoma in situ.
a
Lymph node status, lymphovascular invasion, and concomitant carcinoma in situ were not available in one patient.
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trendo0.001) and bladder cancer-specific mortality
(P-for trendo0.001) increased with the number of
altered biomarkers. In a multivariable Cox propor-
tional hazards regression analysis (Table 5, model 2)
that adjusted for the effects of standard variables,
increasing number of altered biomarkers was in-

dependently associated with higher risk of disease
recurrence (P-for trend¼ 0.042) and bladder cancer-
specific mortality (P-for trend¼ 0.046). The statis-
tical significance of these analyses was retained
when performed in patients with organ-confined
disease (data not shown).

Table 3 Univariate associations of molecular markers as individual and combined variables with recurrence-free survival and bladder
cancer-specific survival in 226 consecutive patients treated with radical cystectomy for urothelial cell carcinoma of the bladder

Recurrence-free survival estimates (%) Bladder cancer-specific survival estimates (%)

5-year7s.e. 10-year7s.e. Pa 5-year7s.e. 10-year7s.e. Pa

p53
Wt 75.074.6 63.076.5 77.974.7 70.176.1
Alt 42.575.4 36.175.8 o0.001 42.575.3 29.176.9 o0.001

p21
Wt 64.074.7 57.075.7 70.374.3 55.977.7
Alt 35.876.6 35.876.6 o0.001 37.276.5 32.677.1 o0.001

p27
Wt 75.675.4 75.675.4 68.975.6 64.077.0
Alt 41.675.2 34.175.8 o0.001 51.675.1 35.878.1 0.019

pRB
Wt 64.075.1 60.675.8 71.574.9 61.3710.3
Alt 43.675.9 38.376.3 0.020 45.475.5 31.876.6 o0.001

p53 and p21
Wt 80.675.1 65.778.2 87.174.8 78.777.2
Any one alt 53.175.7 50.376.1 55.175.4 41.777.8
Both alt 19.677.5 19.677.5 o0.001 25.177.8 16.878.6 o0.001

p53 and p27
Wt 81.275.7 81.275.7 77.276.5 77.276.5
Any one alt 56.176.9 45.678.9 66.476.3 49.6710.3
Both alt 30.676.1 27.276.3 o0.001 37.176.1 24.977.6 o0.001

p53 and pRB
Wt 78.075.8 73.177.2 84.575.4 84.575.4
Any one alt 48.376.5 44.377.1 56.476.2 32.376.3
Both alt 41.977.3 32.877.5 o0.001 36.276.5 25.677.0 o0.001

pRB and p21
Wt 76.175.1 68.377.2 86.1714.2 68.9715.8
Any one alt 46.776.1 41.676.4 48.375.8 39.676.2
Both alt 32.978.9 32.978.9 o0.001 35.078.4 17.5713.1 o0.001

p21 and p27
Wt 82.875.3 82.875.3 76.476.2 76.476.2
Any one alt 49.375.8 41.476.4 62.075.2 38.9710.3
Both alt 29.077.7 29.077.7 o0.001 29.877.7 29.877.7 o0.001

pRB and p27
Wt 81.375.4 81.375.4 82.375.4 82.375.4
Any one alt 48.476.4 43.577.3 58.375.9 38.2712.3
Both alt 39.476.9 32.277.3 o0.001 44.676.6 30.977.4 o0.001

Number of alterations
None 96.373.6 96.373.6 96.373.6 96.373.6
One 80.376.1 80.376.1 67.977.3 61.179.2
Two 51.777.8 30.5713.0 51.178.2 45.479.0
Three 44.677.0 29.878.6 33.577.2 28.777.6
Four 17.0710.0 17.0710.0 o0.001 22.9711.3 22.9711.3 o0.001

Abbreviations: alt, altered; wt, wild type.
a
Log rank statistics.
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Table 4 Associations of combined biomarkers with clinical and pathologic characteristics in 226 consecutive patients treated with
radical cystectomy for urothelial cell carcinoma of the bladder

p53 and pRB expression p53 and p21 expression p53 and p27 expression

One altered Both altered P One altered Both altered P One altered Both altered P

Total (%) 88 (39) 72 (32) 108 (48) 44 (20) 92 (41) 82 (36)

Gender (%)
Female 19 (41) 16 (35) 24 (52) 8 (17) 19 (41) 20 (43)
Male 69 (38) 56 (31) 0.673 84 (47) 36 (20) 0.797 73 (41) 62 (34) 0.308

Pathologic tumor stage (%)
pTa, pTis, or pT1 17 (40) 6 (14) 14 (33) 6 (14) 17 (41) 8 (19)
pT2 25 (38) 14 (22) 30 (46) 7 (11) 27 (42) 16 (25)
pT3 32 (39) 35 (42) 45 (54) 19 (23) 34 (41) 40 (48)
pT4 14 (39) 17 (47) o0.001 19 (53) 12 (33) o0.001 14 (39) 18 (50) o0.001

Pathological grade (%)
Grade 1 or 2 9 (53) 0 7 (41) 0 8 (47) 1 (6)
Grade 3 79 (38) 72 (34) 0.012 101 (48) 44 (21) 0.023 84 (40) 81 (39) 0.009

Lymph node status (%)a

N0 61 (38) 39 (24) 72 (45) 23 (14) 68 (43) 42 (26)
N1, N2 27 (42) 32 (49) o0.001 35 (54) 21 (32) o0.001 24 (37) 39 (60) o0.001

Lymphovascular invasion (%)a

Negative 47 (38) 27 (22) 53 (43) 17 (14) 50 (40) 32 (26)
Positive 41 (41) 44 (44) o0.001 54 (53) 27 (27) o0.001 42 (42) 49 (49) o0.001

Concomitant CIS (%)a

Negative 48 (36) 39 (30) 66 (50) 20 (15) 48 (36) 44 (33)
Positive 40 (43) 32 (34) 0.175 41 (44) 24 (26) 0.139 44 (47) 37 (40) 0.009

Stage groupinga

Organ confined 36 (37) 16 (17) 39 (40) 9 (9) 39 (40) 19 (20)
Extra-vesical extension 25 (39) 24 (38) 34 (53) 14 (22) 29 (45) 24 (38)
Lymph node metastases 27 (42) 32 (49) o0.001 35 (54) 21 (32) o0.001 24 (37) 39 (60) o0.001

pRB and p21 expression pRB and p27 expression p21 and p27 expression

Total (%) 102 (45) 43 (19) 88 (39) 80 (35) 112 (50) 50 (22)

Gender (%)
Female 29 (63) 6 (13) 18 (39) 21 (46) 27 (59) 11 (24)
Male 73 (41) 37 (21) 0.054 70 (39) 59 (33) 0.124 85 (47) 39 (22) 0.174

Pathologic tumor stage (%)
pTa, pTis, or pT1 15 (36) 6 (14) 14 (33) 10 (24) 13 (31) 9 (21)
pT2 25 (39) 9 (14) 22 (34) 18 (28) 33 (51) 8 (12)
pT3 43 (52) 17 (21) 38 (46) 35 (42) 47 (57) 21 (25)
pT4 19 (53) 11 (31) 0.010 14 (39) 17 (47) o0.001 19 (53) 12 (33) o0.001

Pathological grade (%)
Grade 1 or 2 6 (35) 3 (18) 7 (41) 4 (24) 7 (41) 3 (18)
Grade 3 96 (46) 40 (19) 0.589 81 (39) 76 (36) 0.492 105 (50) 47 (23) 0.472

Lymph node status (%)a

N0 65 (41) 29 (18) 59 (37) 49 (31) 76 (48) 30 (19)
N1, N2 36 (55) 14 (22) 0.034 29 (45) 30 (46) 0.001 35 (54) 20 (31) 0.012

Lymphovascular invasion (%)a

Negative 48 (38) 21 (17) 39 (32) 39 (32) 51 (41) 26 (21)
Positive 53 (53) 22 (22) 0.015 49 (49) 40 (40) o0.001 60 (59) 24 (24) 0.002

Concomitant CIS (%)a

Negative 54 (41) 28 (21) 42 (32) 49 (37) 64 (49) 28 (21)
Positive 47 (51) 15 (16) 0.337 46 (50) 30 (32) 0.017 47 (51) 22 (24) 0.748

Stage groupinga

Organ-confined 35 (36) 13 (13) 31 (32) 25 (26) 42 (43) 14 (14)
Extra-vesical extension 31 (48) 16 (25) 28 (44) 25 (39) 35 (55) 16 (25)
Lymph node metastases 36 (55) 14 (22) 0.002 29 (45) 30 (46) 0.001 35 (54) 20 (31) 0.001

a
Lymph node status, lymphovascular invasion, and concomitant carcinoma in situ were not available in one patient.
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Correlation of p53, pRB, p21, and p27 Expression
between Matched Transurethral Resection and
Radical Cystectomy Specimens

Twenty-two patients with non-muscle invasive
disease underwent early radical cystectomy for
grade III T1 disease and/or non-muscle invasive
disease refractory to intra-vesical chemotherapy/
immunotherapy. Concordance between marker ex-
pression in transurethral resection and cystectomy
specimens was 82, 86, 82 and 77% for p53, pRB, p21
and p27, respectively. These rates were statistically
significant in all cases (all P-valuesr0.030).

Correlation of p53, pRB, p21 and p27 Expression
between Matched Radical Cystectomy and Metastatic
Lymph Node Specimens

We also stained the lymph nodes with urothelial
carcinoma from 50 of the 65 patients who had
metastases to lymph nodes for p53, pRB, p21 and
p27. Concordance between marker expression in the

lymph nodes and matched radical cystectomy
specimens was 92, 82, 70 and 86% for p53, pRB,
p21 and p27, respectively. These rates were statis-
tically significant in all cases (P-valuesr0.009).

Discussion

The clinical usefulness of biomarkers in bladder
cancer in addition to the well-known pathological
parameters such as tumor grade and stage has been a
subject of controversy given the discrepancy be-
tween various studies. The failure to detect muta-
tions or aberrant expression at one point of a
biological pathway does not necessarily rule out
defects further downstream. Our study highlights
the need to investigate multiple steps of a pathway
or multiple different pathways before determining if
the pathway may or may not be involved in cancer
progression. It also stresses that multiple biomarkers
determination rather than single markers are way
more useful as prognostic factors.

Table 5 Multivariable Cox regression analyses of pathologic features and molecular markers for the prediction of disease recurrence and
disease-specific mortality in 226 consecutive patients treated with radical cystectomy for urothelial cell carcinoma of the bladder

Recurrence Bladder cancer-specific mortality

Risk ratio 95% CI P Risk ratio 95% CI P

Model 1
Pathologic tumor grade 1.219 0.366–4.050 0.746 2.873 0.384–21.518 0.304

Pathologic tumor stage
Organ confined (rpT3 N0) 1.000 Referent — 1.000 Referent —
Extravesical extension (ZpT3 N0) 3.536 1.840–6.794 o0.001 4.094 1.942–8.629 o0.001
Lymph node metastases (pTany Npositive) 5.791 2.777–12.073 o0.001 7.517 3.270–17.278 o0.001
Test for trend o0.001 o0.001

Lymphovascular invasion 1.461 0.915–2.331 0.113 1.374 0.825–2.290 0.222
Adjuvant chemotherapy 1.065 0.664–1.700 0.794 0.576 0.340–0.976 0.040

Combined p53 and p21 status
Both wild 1.000 Referent — 1.000 Referent —
One altered 1.548 1.008–2.703 0.046 2.726 1.308–5.683 0.002
Both altered 2.094 1.116–3.929 0.021 3.488 1.566–7.766 0.007
Test for trend 0.028 0.009

Model 2
Pathologic tumor grade 1.157 0.346–3.869 0.813 2.439 0.322–18.479 0.388

Pathologic tumor stage
Organ confined (rpT3 N0) 1.000 Referent — 1.000 Referent —
Extravesical extension (ZpT3 N0) 3.088 1.612–5.915 o0.001 3.984 1.887–8.415 o0.001
Lymph node metastases (pTany Npositive) 5.137 2.510–10.516 o0.001 6.968 3.089–15.719 o0.001
Test for trend o0.001 o0.001

Lymphovascular invasion 1.391 0.880–2.198 0.158 1.367 0.831–2.248 0.218
Adjuvant chemotherapy 1.019 0.632–1.643 0.937 0.538 0.317–0.912 0.021

Number of altered markers
None 1.000 Referent — 1.000 Referent —
One 4.970 0.643–38.382 0.100 2.363 0.288–19.350 0.423
Two 7.426 0.973–56.683 0.053 5.873 0.758–45.521 0.090
Three 8.926 1.167–68.261 0.035 6.566 1.043–51.134 0.041
Four 9.597 1.189–77.480 0.034 9.370 1.142–76.898 0.033
Test for trend 0.042 0.046
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First, we confirmed that altered expression of p53,
pRB, p21 and p27 is associated with established
features of aggressive primary bladder cancer, lymph
node metastases and eventual disease progression
and death of bladder cancer.4,5,7–10,12–14 Although all
four biomarkers were independently associated with
bladder cancer outcomes when evaluated separately,
we identified definite distinctions in the associa-
tions of p53, pRB, p21 and p27 with pathologic
features of the local tumor and disease prognosis.
For example, the percent specimens with altered
status of p53, pRB or p27 was lowest in normal
urothelium areas within cystectomy specimens, and
increased gradually from non-muscle invasive uro-
thelial carcinoma obtained by transurethral resec-
tion, to concomitant carcinoma in situ areas within
cystectomy specimens, to primary cancer within
cystectomy specimens, and was highest in meta-
static lymph node specimens. Conversely, p21
expression, a downstream effector of p53, was not
different between non-muscle invasive urothelial
carcinoma, concomitant carcinoma in situ areas
within cystectomy specimens, and primary cancer
within cystectomy specimens. Similarly, whereas

p53, pRB and p27 were all three associated with
advanced pathologic stage, lymphovascular inva-
sion and lymph node metastases, p21 was not. A
characteristic specific to p53 was that it was the sole
biomarker associated with features of cellular
dedifferentiation (ie, tumor grade) and concomitant
carcinoma in situ, which is an aggressive precursor
lesion of invasive tumors.16,19,21–23 These differences
in the proportion of alterations along the progres-
sion model may reflect the role of each cell-cycle
regulator and their cumulative effect in carcino-
genesis.

We found that p53, p21 and p27, but not pRB,
were independently associated with disease recur-
rence and bladder cancer-specific survival in the
subgroup of patients with organ-confined disease.
These findings suggest that molecular staging of
human bladder cancer by p53, p21 and/or p27
immunohistochemistry could be potentially useful
in selecting appropriate treatment strategy and
timing for patients with high probability of devel-
oping disease progression despite apparent effective
local therapy. The evaluation of several biomarkers
by immunohistochemistry may help overcome some

Table 6 Associations of number of altered biomarkers status in the primary cancer with clinical and pathologic characteristics of 226
consecutive patients treated with radical cystectomy for urothelial cell carcinoma of the bladder

Number of altered biomarkers in primary cancer (n¼ 226)

None altered One altered Two altered Three altered Four altered P

Total (%) 28 (12) 56 (25) 59 (26) 62 (27) 21 (9)

Gender (%)
Female 2 (4) 11 (24) 13 (28) 17 (37) 3 (7)
Male 26 (14) 45 (25) 46 (26) 45 (25) 18 (10) 0.238

Pathologic tumor stage (%)
pTa, pTis, or pT1 12 (29) 13 (31) 6 (14) 9 (21) 2 (5)
pT2 14 (22) 18 (28) 18 (28) 12 (19) 3 (5)
pT3 2 (2) 18 (22) 26 (31) 27 (33) 10 (12)
pT4 0 7 (19) 9 (25) 14 (39) 6 (17) o0.001

Pathological grade (%)
Grade 1 or 2 4 (24) 6 (35) 5 (29) 2 (12) 0
Grade 3 24 (12) 50 (24) 54 (26) 60 (29) 21 (10) 0.192

Lymph node status (%)a

N0 28 (18) 47 (29) 38 (24) 36 (23) 11 (7)
N1, N2 0 9 (14) 21 (32.3) 25 (39) 10 (15) o0.001

Lymphovascular invasion (%)a

Negative 26 (21) 38 (31) 24 (19) 26 (21) 10 (8)
Positive 2 (2) 18 (18) 35 (35) 35 (35) 11 (11) o0.001

Concomitant carcinoma in situ (%)a

Negative 21 (16) 35 (27) 31 (24) 31 (24) 14 (11)
Positive 7 (8) 21 (23) 28 (30) 30 (32) 7 (8) 0.169

Stage grouping (%)a

Organ-confined (opT3 N0) 26 (27) 29 (30) 21 (22) 17 (18) 4 (4)
Extra-vesical extension (ZpT3 N0) 2 (3) 18 (28) 17 (27) 20 (31) 7 (11)
Lymph node metastases (pTany N positive) 0 9 (14) 21 (32) 25 (39) 10 (15) o0.001

a
Lymph node status, lymphovascular invasion, and concomitant carcinoma in situ were not available in one patient.
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of the limitations found when analyzing single
markers with this technique as there may be
significant discrepancy between tissue expression
and biological activity.

We found that p27 expression was strongly
associated with bladder cancer presence, progres-
sion, metastasis and mortality. p27 is a key regulator
of progression from G1 to S phase, where it can
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Figure 2 Probability of bladder cancer-specific survival in 226 patients treated with radical cystectomy for urothelial cell carcinoma of
the bladder according to (a) the combined p53 and pRB status; (b) the combined p53 and p21 status; (c) the combined p53 and p27 status;
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induce a block in the cell cycle. Therefore, defective
regulation at the p27 checkpoint can result in
uncontrolled cellular proliferation. In the present
study, as one would have expected it, p27 expres-
sion was normal in all patients with normal
urothelium and altered in 47% of patients with
non-muscle invasive tumor stage suggesting that it
contributes to the early stages of bladder carcino-
genesis. Alteration of p27 expression increased with
more advanced stage and was an independent
predictor of disease recurrence and bladder cancer-
specific mortality in patients with treated with

radical cystectomy. To our knowledge, only one
study has evaluated the association of p27 expres-
sion with outcomes of patients treated with radical
cystectomy to date. When evaluated in 26 patients
treated with radical cystectomy and 23 patients
treated with transurethral resection, Del Pizzo
et al 24 reported that p27 expression progressively
decreased with increasing tumor stage and was
associated with increased all cause mortality in
univariate analysis.

This study demonstrates that analysis of p53,
pRB, p21 and p27 in combination provide addi-

100

90

80

70

60

50

40

R
ec

u
rr

en
ce

-F
re

e 
S

u
rv

iv
al

 P
ro

b
ab

ili
ty

Log rank test
pooled over strata
p = 0.0011 

0 50 100

Months after Surgery

30

20

10

0
150 200

5 yr. ± SE 
One altered 96 ± 4 %

Any one altered 68 ± 7 %
Any two altered 51 ± 8 %
Any three altered 34 ± 7 %

All four altered 23 ± 9 %

None altered

Any one altered

Any two altered

Any three altered

All four altered

100

90

80

70

60

50

40

B
la

d
d

er
 C

an
ce

r 
S

p
ec

if
ic

 S
u

rv
iv

al
 P

ro
b

ab
ili

ty

Log rank test
pooled over strata
p = 0.0011 

5 yr. ± SE 

One altered 96 ± 4%
Any one altered 80 ± 6 %
Any two altered 52 ± 8 %

Any three altered 45 ± 7 %
All four altered 17 ± 9 %

0 50 100

Months after Surgery

30

20

10

0

None altered

Any one altered

150 200

Any two altered

Any three altered

All four altered

a

b
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radical cystectomy for urothelial cell carcinoma of the bladder according to the number of altered markers.
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tional prognostic information beyond that obtained
from any single biomarker or combination of two
biomarkers. This makes sense because it investigates
multiple pathways including downstream effector
pathways rather than a single crossroad in a path-
way. Higher total number of altered biomarkers was
associated with a progressive, proportional increase
in the risk of advanced pathologic tumor stage,
lymphovascular invasion, lymph node metastases,
disease recurrence and death of bladder cancer. The
expression of cell-cycle regulators in urothelial
carcinoma was commonly altered in the present
study suggesting a role in carcinogenesis. However,
the rate of altered expression of at least one
biomarker and, more importantly, the number of
altered biomarkers both increased progressively
with advancing pathologic stages and presence of
features of biologically aggressive disease such as
lymphovascular invasion and metastases to lymph
nodes. Furthermore, the higher the number of
biomarkers with altered expression, the higher the
risk of recurrence and bladder cancer-related death,
after adjusting for the effects of standard pathologic
features. The majority of patients with bladder
cancer showing alterations in all four biomarkers
will suffer from tumor recurrence and eventually die
of their disease, no matter what the stage of disease
at presentation (ie, pathologic stage and lymph node
status). Moreover, patients with bladder cancers that
show no evidence of alterations in any of the four
cell-cycle regulators harbor very low risks of
recurrence, regardless of disease stage. Thus, knowl-
edge of the status of all four cell-cycle regulators
may provide more specific information about likely
disease outcome. Because tumorigenesis and pro-
gression is a process involving multiple genetic
defects, it is likely that alterations in other pathways
will also affect bladder cancer progression and
metastasis. These data, together with the current
paradigm that bladder cancer develops along multi-
ple molecular pathways, suggest that including
multiple biomarkers in models designed to predict
outcomes following cystectomy could enhance the
predictive power.

We found that transurethral resection specimens
accurately reflect staining patterns of p53, pRB, p21
and p27 in matched cystectomy specimens with
concordance rates ranging from 77 to 86%. This
together with the finding that altered expression of
these four biomarkers are independently associated
with an increased risk of bladder cancer progression
in patients with non-muscle invasive urothelial
carcinoma18 suggests that risk assessment based on
molecular marker status can be performed on biopsy
specimens before definitive therapy. This informa-
tion is of interest as assessment of disease aggres-
siveness could prove useful before embarking on a
defined therapy. This assessment could be poten-
tially useful in prospective studies of neo-adjuvant
chemotherapy or bladder sparing protocols.
Although this is an improvement over current

clinical prediction, assessment of biological markers
on transurethral resection specimens carries the risk
of being fraught with a close to 20% inaccurate
estimation. Clinicians have to be aware of this
discrepancy before decision-making.

This study has several limitations. First and
foremost are the limitations inherent to any retro-
spective data collection and the reliability of
immunohistochemical techniques. The sample size
and relatively short follow-up may have limited our
ability to detect small differences attributed to other
variables. Immunohistochemistry is semi-quantita-
tive and highly dependent on a range of poorly
controlled variables such as choice of antibody,
antibody concentration, fixation techniques, varia-
bility in the interpretation and stratification criteria,
and inconsistency in specimen handling and tech-
nical procedures. To reduce the number of variables
in immunohistochemistry analysis, we have chosen
to use tissue microarrays, automated autostainer and
automated scoring system based on bright field
microscopy imaging coupled with advanced color
detection software.25–27

In conclusion, p53, p21, p27 and pRB have a
cooperative/synergistic role in the biologic behavior
of urothelial carcinoma. An increasing number of
altered molecular markers improve prediction of
disease recurrence and survival in patients treated
with radical cystectomy. Therefore, multiple mole-
cular markers should be used in risk stratification,
and may help identify patients who will benefit
from adjuvant therapies. Predictive tools such as
nomograms or artificial neuronal networks combin-
ing various biomarker based on large series of
patients may help improve our ability to prognos-
ticate disease outcomes and counsel patients with
more accuracy.
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Appendix A

Tissue Microarray

The tissue microarrays comprised (1) tumor tissue
from the primary, index cancer from 74 patients
treated with TUR; (2) tumor tissue from the primary,
index cancer from 226 patients who were treated
with radical cystectomy; (3) histologically tumor-
free tissue from areas adjacent to primary TCC from
72 of the 226 patients who were treated with radical
cystectomy; (4) CIS tissue from areas adjacent to the
primary, index cancer from 40 patients who were
treated with radical cystectomy; (5) lymph node
tissue involved with cancer from 50 of the 226
patients who were treated with radical cystectomy;
and (6) non-cancer tissue from nine patients who
were treated with cystectomy for other causes than
malignancy without evidence of any cancer.

Tissue blocks were stored under ambient condi-
tions, at approximately 241C. H&E-stained sections
were reviewed to select representative areas of the
index tumor from which to acquire cores for
microarray analysis. The index tumor was defined
as the largest and/or highest tumor stage and grade.
Tissue microarray blocks were constructed by taking
core samples from morphologically representative
areas of paraffin-embedded tumor tissues and
assembling them on a recipient paraffin block. This
was performed with a precision instrument (Beecher
Instruments, Silver Spring, MD, USA) that uses two
separate core needles for punching the donor and
recipient blocks and a micrometer-precise coordi-
nate system for assembling tissue samples on a
block. For each case, three replicate 0.6mm core
diameter samples were collected and placed on
separate recipient blocks. All samples were spaced
0.5mm apart. Multiple sausage internal controls
were also placed with the standard controls. Five-
micrometer sections were obtained from the micro-
array and stained with H&E to confirm the presence
of tumor and to assess the tumor histology. Tumor
samples were randomly arranged on the blocks.

Sample tracking was based on coordinate posi-
tions for each tissue spot in the tissue microarray
block; the spots were transferred onto tissue micro-
array slides for staining. This sample tracking
system was linked to a Microsoft Excel database

Combined expression of p53, p21, pRB and p27 in bladder cancer
SF Shariat et al

458

Modern Pathology (2007) 20, 445–459



containing demographic, clinical, pathologic, and
survival data on each patient. The array was read
according to the given tissue microarray map, each
core was scored individually, and the results were
presented as the mean of the three replicate core
samples.

Appendix B

Immunohistochemical Scoring

Nuclear p53 immunoreactivity was considered
altered when samples demonstrated at least 10%
nuclear reactivity, because it has been shown that
accumulation of p53 protein in 10% or more of
the tumor-cell nuclei strongly correlates with
mutations in the p53 gene.6, 21 Tumors were classi-
fied as p21-altered consisting of those tumors
with no detectable or only very low levels of

p21 nuclear immunoreactivity (0–9.9% of tumor
cells showing p21 expression, p21 altered status)
or p21 normal consisting of those tumors with
moderate to high levels of p21 nuclear immunor-
eactivity (10% of tumor cells showing p21
expression). pRB immunoreactivity was assigned
to one of three categories of nuclear staining in
the tumor cells: no nuclear reactivity; normal
heterogeneous; and strong homogeneous (more than
50%). Tumors with no pRB expression and those
with a strong homogeneous staining pattern were
categorized as having altered pRB status, as it has
been shown that an overexpression of pRB in
bladder cancer is also indicative of dysfunctional
pRB status.13, 15 Nuclear p27 immunoreactivity
was considered altered when samples demonstrated
less than 30% nuclear reactivity, because this
level was previously determined to be clinically
relevant.20
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