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Effect of p2tVA7YC'P1 Expression on Tumor
Progression in Bladder Cancer

John P. Stein, David A. Ginsberg, Gary D. Grossfeld, Sunanda J. Chatterjee,
David Esrig, Ming G. Dickinson, Susan Groshen, Clive R. Taylor,
Peter A. Jones, Donald G. Skinner, Richard J. Cote*

therapy as well as identification of patients requiring less ag-
Background: Altered expression of p53 protein is an impor- gressive treatment strategies. Recent efforts to improve the bio
tant predictor of progression in bladder cancer. The action of |ogic assessment of bladder cancer have explored the role o
pS3 on cell cycle regulation is mediated, in part, through ex- tumor suppressor genes in tumor progression. We and other
pression of the cyclin-dependent kinase inhibitor p24/AF/c1P (1,2) have demonstrated that p53 nuclear accumulation is highly
(p21). Loss of p21 expression may, therefore, contribute to associated with tumor recurrence and overall survival in patients
tumor progression. We sought to determine the relationship with bladder cancer.
between p21 expression in bladder cancer and disease pro- One of the primary functions of p53 is as a cell cycle regu-
gression. Methods: Tumor specimens were obtained from latory protein(3—7). p53 mediates its effects on the cell cycle (in
242 patients who underwent cystectomy for bladder cancer. part) through regulation of the expression of B2T/C'P* (p21)
Median follow-up was 8.5 years (range, 0.1-11.8 years).(5,7-9).p21 binds to, and universally inhibits, the cyclin/cyclin-
Nuclear p21 status was determined by immunohistochemis- dependent protein kinase complexes, thereby preventing phos
try and was then analyzed in relationship to the probability ~phorylation of the retinoblastoma protein (pRB) and, thus, in-
of tumor recurrence, overall survival, and tumor p53 status. hibiting cell cycle progressior{7). The regulation of pRB
Reported P values are two-sided.Results: Nuclear p21 ex- phosphorylation by the cyclin/cyclin-dependent kinase com-
pression was detected in the tumors of 156 (64%) of the 242 plexes is a key event in the control of the cell cy€l®). Re-
patients. Patients with p21-positive tumors had a decreased cently, loss of expression of another cyclin-dependent protein
probability of tumor recurrence ( P<.00001) and an increased Kinase inhibitor, p27°* (p27), was shown to be associated with
probability of overall survival ( P<.00001) in comparison disease progression in patients with colorectal and breast cance
with patients with p21-negative tumors. In a multivariable ~(11-13).
analysis, p21 expression was an independent predictor of Alterations in p53 function can res_ult in loss qf p21 expres-
tumor recurrence (P = .0017) and of survival P = .006) when SiON and may be one of th_e mechanisms by Wh_lch altered p5:
assessed with tumor grade, tumor stage, lymph node status,nfluences tumor progressiofy—9,14). However, it has been
and p53 status. p21 expression was associated with p53 stadeémonstrated that p21 expression can also be mediated throug
tus (P<.001); 56% of tumors with p53 alterations showed loss P23-independent pathways5-18).This important finding sug-
of p21 expression, whereas 79% of tumors expressing wild- g_ests that, despite the presence of a p53 alteratlpn, .p21 expre:
type p53 were p21 positive. Patients with p53-altered/p21- sion (a|_qd therefore cell cycle contro_l) can be maintained. _
negative tumors demonstrated a higher rate of recurrence . In t.h's study, we soyght to.dt'atermlne yvhether p21 expressior
and worse survival compared with those with p53-altered/ is an important factor in predicting the clinical outcome of blad-

p21l-positive tumors P<.0001). Patients with p53-altered/ der cancer.
p21-positive tumors demonstrated a similar rate of recur-
rence and survival as those with p53-wild type tumors.
Conclusion: Loss of p21 expression is a statistically signifi-
cant and independent predictor of bladder cancer progres- *Affiliations of authors:J. P. Stein, R. J. Cote (Departments of Pathology and
. . . Urology), D. A. Ginsberg, G.D. Grossfeld, S.J. Chatterjee, D. Esrig, C. R.
sion. Maintenance of p21 expression appears to abrogate the o
. . Taylor (Department of Pathology), M. G. Dickinson, S. Groshen (Department of
deleterious effects of pS53 alterations on bladder cancer Pro- preventive Medicine), P. A. Jones, D. G. Skinner (Department of Urology), Uni-
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Patlents, Materlals, and Methods of tumor cells sh(_)wmg p21 expre_ssmn] or high Ievel_s [(2+), gener_al_ly >50% of
tumor cells showing p21 expression] of p21 nuclear immunoreactivity. Optimal
Patient Population cutoff levels for p21 expression will depend on the specific antibody and tech-
nigue employed as well as the method for evaluating immunoreactivity. All
This study encompasses 242 patients who underwent radical cystectomy (toégles were independently read by two investigators (J. P. Stein, R. J. Cote). Al
removal of the bladder), pelvic lymphadenectomy, and urinary diversion fegadings were performed blinded to clinical outcome and to the results obtainec
primary transitional cell carcinoma of the bladder at the Kenneth Norris Hy the co-reader. To assess the reproducibility of the immunohistochemical tes
Comprehensive Cancer Center from April 1983 through December 1988. Tiaep21 expression, 32 cases were randomly chosen for retesting. Only one tumo
median age of all patients was 63 years (range, 49-83 years), with 186 (7#%fduced a discordant result, which was resolved with further testing. On the
men and 56 (23%) women. Patients with pure adenocarcinoma, squamous [ggdis of a 95% exact two-sided confidence interval (for a binomial proportion)
carcinoma, or small cell carcinoma were excluded. A comprehensive comp@3), we conclude that agreement will occur 89% of the time or more between
erized database provided clinical information and follow-up data for all patientgsts run on two different occasions.
The median follow-up was 8.5 years (range, 0.1-11.8 years), with 90% of livingThe technique, the extent and classification, and the results of p53 immuno-
patients having at least 5 years follow-up. Patient follow-up consisted of evahistochemical staining of these specimens have been described preibusly
ations every 3 months for the first year, every 4 months during the second y&amor samples demonstrating greater than 10% p53 nuclear reactivity were
postoperatively, and annually thereafter. Follow-up in all cases included a sergonsidered to be p53 positive (p53-altered phenotype), whereas tumor sample
biochemical profile (serum electrolyte and complete blood cell count), chefémonstrating 10% or less p53 nuclear reactivity were considered to be p5:
radiography, and a physical examination. Further radiographic studies, wifgative (p53 wild-type phenotype). Of the 242 tumors tested, 141 (58%) were
computerized tomography or bone scan, were performed in suspected casgs8fnegative and 101 (42%) were p53 positive, as reported previglisly
recurrent disease. Clinical follow-up data, including disease recurrence, survival,
and cause of death, were entered into the database. Tumor samples fromStatistical Analysis
cystectomy specimens were preserved as archival paraffin-embedded tissue
blocks and were available in all cases. This study was approved by the USCThe clinical outcomes analyzed in this study were the time to first recurrence

Norris Comprehensive Cancer Center Institutional Review Board. of bladder cancer and overall survival. Time to recurrence was calculated from
. . the time of cystectomy to the date of the first documented clinical recurrence or
Pathological Evaluation the date of the last follow-up visit; patients who died free of disease before any

All tumor specimens were primary transitional cell carcinoma. with arninoritrecurrence were censored at the time of death for the analysis of recurrence
p P y ' Hverall survival was calculated from the time of cystectomy to the date of death

qf §pecim_ens d(_emonstrating some glandular (3%) or squamous (2%)_ diﬁerﬁpihe date of the last follow-up visit. Deaths from any cause were considered
tlatlon._HlstoIo_glc grading (grades 1-4) was performed on th? basis Of_trgatment (surgical) failures. For the purpose of statistical analysis, nuclear ac-
Bergkvist grading syster19),and the pathologic stage was classified accordmgumulation of p21 was classified as either positive or negative.

o th? tumor—node—metastass (TNM) system Sh"?”” n Talﬁm)). Al tumor' Siontingency tables, Pearson’s chi-squared test, and logistic regré2dipn
specimens were evaluated independently by two investigators (J. P. Stein, R. J. d to evaluate the association between p21 nuclear accumulation wit
Cote) without knowledge of patient survival, tumor recurrence, or tumor p cre use . . . - np ;
status Clinical prognostic variables—primary hlstolqglc grade, pathologic stage, and
' lymph node status of the tumor. Kaplan—Meier pl28§) and the logrank test
Monoclonal Antibodies and Immunohistochemistry (26) were used to evaluate the relationship between these three standard clinice
prognostic variables as well as the relationship between the expression of p2:
Five-micron sections from archival formalin-fixed, paraffin-embedded tissuad overall survival; to evaluate time to recurrence, the logrank test and cumu-
were placed on positively charged slides (Probe-On Plus, Fisher Scientific Gative incidence curves were usél7). Greenwood’s formulg26) was used to
Pittsburgh, PA). Deparaffinization was accomplished with iodine-xylene (7.5egtimate the standard errors of the Kaplan—Meier estimates, and the delta methc
iodine in 750 mL xylene), and tissue was rehydrated with 95% ethanol. Enddg7)was used to estimate the standard errors of the cumulative incidence curves
enous peroxidase activity was quenched with 3% hydrogen peroxide/methaholdetermine whether nuclear accumulation of p21 provided any prognostic
(1 : 4 [volume : volume]). Antigen retrieval was performed with a citrate buffeinformation beyond the standard clinical parameters for the patients with this
(0.1 M, pH 6.0) for a total of 10 minutes (two separate 5-minute intervals) in group of bladder tumors, both a stratified logrank test and the Cox proportional
standard microwave un{21l). Tissue was then cooled and incubated with 5%azards model were us€26). Estimates of relative risk and the associated 95%
horse serum in phosphate-buffered saline (PBS; NaCl 1BB NaH,PO, 19 confidence intervals were based on regression coefficient estimates and thei
mM, K,HPQO, 43 mM, pH 7.2-7.4) for blocking purposes. All further incubationsassociated standard err@26).p21 status was also used to stratify the p53 status
were performed at room temperature. The anti-p21 monoclonal antibody (clafehe bladder tumors. All reporteld values are two-sided.
designation-Waf1(Ab1), dilution 1:20, Oncogene Research Products, Cam-
bridge, MA) was applied to the tissue in an overnight incubation. We confirmdResults
by western blot analysis that this antibody recognizes and is specific for the p21
protein (data not shown). PBS was used to wash the tissue for two 5-minggsociation of p21 Nuclear Reactivity With Tumor Grade,

intervals followed by incubation with a biotinylated horse anti-mouse second%thobgic Stage and Lymph Node Status
antibody (dilution 1:200 in PBS) Visualization of immunoreactivity with an ’

elite avidin—biotin complex immunoperoxidase system (Vector Laboratories, Normal urothelium consistently demonstrated no p21 immu-
Inc., Burlingame, CA) was performed according to the manufacturer’s recom-

mendations. Aminoethyl carbazol was used as the chromogen, and hemato@ﬁ)r{eacnvny’ pro}"d'”g . neggtlve internal Cc_)erI for each Sp?Cl-
was used as the counterstain. men. The nuclei of endothelial cells, especially those associate

The human breast carcinoma cell lines MCF-7 and MDA-MB-453 served &¢ith granulation tissue, were occasionally p21 positive. Of the
p21-positive and p21-negative controls, respectively. MCF-7, a cell line expreg42 bladder tumors, 86 (36%) were p21 negative and 156 (64%

ing a wild type p53, has been shown to express substantially higher levels of R’ﬁére p21-positive (Fig. 1). There was no significant association
messenger RNA than MDA-MB-453, a cell line that expresses a mutant p53

(22). In addition, normal bladder urothelium served as an internal negati ee'[Ween p21 expression and tumor graBe=( '3) (Table l)'

control in the specimens and did not demonstrate immunoreactivity, althougtPWever, p21 expression was significantly associated with
occasional endothelial cell nuclei showed p21 immunoreactivity, particularyathologic tumor stage/lymph node statbs= .001) (Table 1);
those associated with granulation tissue. The extent of p21 nuclear reactivity \wa&/er stage disease was associated with higher p21 expressiol

ultimately classified as p21-negative or p21-positive (Fig. 1). The le'negaﬁM%tereStingly in tumors with detectable p21 immunoreactivity
group consisted of those tumors with no detectable [(-) or no tumor cells sh 21 (1+ ’ 241 the highest | | f . 21 (2+
ing p21 expression] or only very low levels of p21 nuclear immunoreactivi?é ( ) or ( )]’ € highest levels or expression [p ( )]

[(+), generally <10% of tumor cells showing p21 expression]. The p21-positii€nded to be associated with more a(jvanceq stage diseas_e [p:
group consisted of those tumors with moderate levels [(1+), generally 10%-5@%+) versus p21 (2+) comparing patients with organ-confined
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Fig. 1. Immunohistochemical detection of nuclear p21 protein in transitional cell carcinoma of the bladder by use of an anti-p21 monoclonal antibody [Waf(/
dilution 1:20; (Oncogene Research Products)]. The hematoxylin counterstain is intentionally faint to better contrast nuclear imnmunofgaistividgtectable
nuclear reactivity [p21 (-)]B) low-level nuclear reactivity [p21 ()]; single tumor cell nucleus shows p21 immunoreactivity (ar@wipderate nuclear reactivity
[p21 (1+)]; andD) high-level nuclear reactivity [p21 (2+)]. All photomicrographs were taken at 200x magnific&esPatients, Materials, and Methods” for more
extensive definitions of p21 expression. Tumors with p21 (=) or (+) immunoreactivity were considered p21 negative. Tumors with p21 (1+) or (2+) immunoreac
were considered p21 positive.

(tumor stages—P P, P,, P3)/lymph node-negative diseaseassociated with increased recurrence and decreased surviv
versus patients with extra-vesicle (tumor staggs P,) and/or across all pathologic stages (Table 2).

lymph node-positive diseask; = .075] (Table 1). As shown in Table 3, in addition to p21 status, tumor stage
and grade and tumor p53 status were significantly associate
with recurrence and survival in a univariate analysis. p21 re-
mained strongly associated with outcome after controlling for

. . . stage, grade, and p53 status.
A lof 14 ients died. A [ of 1 ien vel L .
total of 145 patients died. A total of 105 patients deve opeot A multivariable analysis demonstrated that p21 status was

a documented recurrence, while 44 patients died before a doicu-e endent of tumor arade. tumor stage. lvmph node status. an
mented recurrence. Loss of p21 expression was signiﬁcan{l1 P 9 ' ge, lymp '

associated with an increased probability of recurrené E)n107r p53dstatus|:n pre_dlctlng_ bléa(;jgler cancer recurreRce (
(P<.00001) and decreased probability of overall survival at’ ) and overall survival = .006).

years P<.00001) (Table 2, Figs. 2 and 3). When level of p2Association of p21 Nuclear Reactivity and p53 Status
expression was taken into account, patients with p21 (1+) and o o o

(2+) tumors had significantly longer recurrence-free intervals A statistically significant association was found between p21
than did patients with p21 (-) and (+) tumoR<00001) (Fig. €xpression and p53 status; among the p53 wild-type tumors
4). However, patients with tumors showing the highest levels 9% (112 of 141) were p21 positive compared with 44% (44 of
p21 expression [p21 (2+)] had a slightly worse outcome thd@1) of the p53-altered tumor§<.001).

patients with tumors showing moderate levels of p21 [p21 (1*+}lggqciation of p21 Nuclear Reactivity and p53 Status With
ThIS difference was statlst|cal!y S|_gn|f|cant by univariate analyyacyrrence and Survival

sis (P = .034), but not by multivariate analysiB (= .069), and

was largely reduced when stage and grade of disease were takeRatients with p53-altered tumors that maintained p21 expres-
into account, as higher p21 expression was asssociated gittn showed similar rates of tumor recurrence and overall sur-
higher disease stage. Loss of p21 expression was significantlyal compared with patients with p53 wild-type tumors (Fig. 5).

Association of p21 Nuclear Reactivity With Tumor
Recurrence and Overall Survival
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Table 1. Association of p21 immunoreactivity with histologic tumor grade, pathologic stage, and lymph node status in patients with bladder cancer

No. of patients with p21 nuclear reactivity (%)

p21 positive*

No. of patients All 1+ 2+ p21 negative, all Two-sideR

All patients 242 156 (64) 94 62 86 (36)
Tumor gradet

2 13 10 (77) 7 3 3(23)

3 153 102 (67) 59 43 51 (33)

4 76 44 (58) 28 16 32 (42) .38
Tumor staget
Lymph node negative

—-Pa, Pis, P1, P2, P3a (confined to bladder) 115 89 (77) I 59 30| 26 (23)

—-P3b, P4 (not confined to bladder) 61 38 (62) 119 19 23 (38)
Lymph node positive 66 29 (44) 6 13| 37 (56) .0011

*Any p21 positive (p21 1+ and 24see"Patients, Materials, and Methods”) and p21 1+ versus 2+ (moderate vs high p21 expregstBatients, Materials,

and Methods”).

tAccording to the method of Bergkvist9).

fPerformed according to the tumor—node—metastasis sy2@m (

§Based on Pearson’s chi-squared ted).(

[lin cases with detectable p21 immunoreactivity, [p21 (1+) or (2+)] high level (2+) p21 expression was associated with more advanced disease comparing |
with organ-confined (tumor stages—Pa, Pis, P1, P2, P3a)/lymph node-negative disease versus patients with extra-vesicle (tumor stages—P3b, P4) and/c
node-positive diseas® (= .075).

fBased on the likelihood-ratio test for logistic regressia).(

In contrast, patients with p53-altered tumors that lost p21 exival in comparison with those whose tumors had lost expres-
pression showed significantly higher rates of tumor recurrens®n of p21. A statistically significant association between p21
(P<.00001) and worse overall survivd<.00001); only 12% of expression and tumor progression was observed at all pathologi
patients with p53-altered/p21-negative tumors remained recatages, including organ-confined disease. Finally, p21 appears t
rence free at 5 years compared with 64% of patients with p53ay a critical role in the p53 pathway of bladder cancer pro-
altered/p21-positive tumors. In patients with p53 wild-type tugression; patients with p53-altered tumors that maintained p21
mors, differences in p21 status did not result in significamixpression had similar rates of recurrence and overall survival a:

differences in recurrence and overall survival (Fig. 5). patients with p53 wild-type tumors. In contrast, patients with
p53 altered tumors that had lost p21 expression had significantly
Discussion higher rates of recurrence and worse overall survival, with most

patients experiencing a tumor recurrence and dying of their dis-
In this study, we demonstrate that expression of the cycligase in 5 years. Thus, p21 is an independent and highly signifi
dependent kinase inhibitor p21 provides important prognostiant predictor of disease progression.
information in patients with transitional cell carcinoma of the One of the primary functions of p53 is regulation of cell
bladder. Patients with tumors that maintained p21 expressioycle events at the (pohase to S phase transiti¢®,6,7). This
demonstrated a statistically significant decreased rate of tunpwocess is mediated through transcriptional activation of the p21
recurrence and a statistically significant increased overall sgene by wild-type p53 protei(b,7-9,13,14)p21 regulates cell

Table 2.Estimated probability of tumor recurrence and overall survival at 5 years in patients with bladder cancer according to p21 status and pathologic s

% probability of tumor % probability of overall
recurrence at 5 years survival at 5 years
No. of p21 positive p21 negative Logrank p21 positive p21 negative Logrank

Group and staget patients (n = 156) (n = 86) Pt (n = 156) (n = 86) Pt
All patients 242 30 (¢4) 76 (£5) <.00001 63 (+4) 25 (45) <.00001
Lymph node negative

-Pa, Pis, P1, P2, P3a (confined to bladder) 115 13 (x4) 49 (+11) .001 81 (+4) 50 (+10) .002

—P3b, P4 (not confined to bladder) 61 48 (+9) 79 (x9) .006 48 (+8) 26 (+9) .03
Lymph node positive 66 63 (x10) 94 (+4) .02 28 (+8) 8 (x4) .02

*Probability of overall survival based on Kaplan—Meier estimgs), probability of recurrence estimates are based on cumulative incidence curve estimate
Plus-minus values in parentheses are estimates of the standard error calculated with Greenwood’s formula for overg2@&)amdalith a delta method for tumor
recurrencg27).

tStaging performed according to the tumor—node—metastasis s{a®m

$Two-sided.
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cycle events by binding directly to cyclin-dependent kinaseability to transcriptionally activate the p21 gene). Thus, some
inhibiting their action, resulting in phase-specific cell cycle ap53 mutations may be silent, at least in regard to control of p21
rest. In this regard, the role of p21 is analogous to that ekpression.
p27P-1 (p27), another cyclin-dependent kinase inhibitor; loss Although we have demonstrated that p53 alteration is a sig-
(or decreased) p27 expression is associated with progressionifitant predictor of bladder cancer progress{dp, not all pa-
a number of tumor systen(81-13). tients with altered p53 will show recurrence of their bladder
The transcriptional activation of the p21 gene was initiallgancers. We reasoned that some patients with altered p53 migt
thought to be mediated entirely through p53-dependent pathaintain p21 expression through p53-independent mechanisms
ways. Our results indicate that, in bladder tumors with a p%@e found that more than 40% of p53-altered tumors maintain
wild-type phenotype, p21 expression is generally seen. Hop21 expression. We further reasoned that in patients in which
ever, it is now known that there are also p53-independent pagi2l expression is maintained, cell cycle control might also be
ways that mediate p21 expression; certain growth factors, maintained, despite alterations in p53. If loss of cell cycle con-
cluding platelet-derived growth factor, fibroblast growth factotyol is important in tumor progression, then p21 expression in
and epidermal growth factor, have been shown to increase g#B8B altered tumors might be clinically relevant. Our findings
expressior(15-18).In fact, it has been shown that p53-null celsupport this hypothesis; p21 expression is a highly significant
lines can maintain p21 expressi(?8). In addition, p21 expres- predictor of recurrence and survival, even in patients with p53-
sion may be maintained in cells with altered p53 if the p5&ltered tumors; p53-altered tumors that maintain p21 expressiol
product has some functional activity (in this case the continubehave similarly to tumors with no detectable p53 alterations.

S 100 j\
% 0.90 o ™
@
3 0.80
g 0.70 - T
— _ p21-Positive (n=156)
o) 0.80 i
£ 050 :
Fig. 3. Probability of overall survival in 242 patients with % 0.40 -
bladder tumors that were evaluated for p21 expressiop. § T
95% Confi . . . = 0.30 B, T !
% Confidence intervals and number of patients at risk G I p21-Negative (n=86)
are provided at 3, 5, and 8 years. E 0.20 Jrvomo b, i
.g o040 4 <0000 l
I I o e o o e o o o S L e e s e e |
o 1 2 3 4 5 6 7 8 9 10 1 12 13 14
Years since cystectomy
No. at risk: p21++: 156 106 91 48
No. at risk: p21 - : 86 28 21 12
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Fig. 4. Probability of remaining recurrence free in 242 patient p21 (2+) (n=62)
with bladder tumor stratified by p21 status; p21 (-), (¥), (1+) '
(2+) (se€e"Patients, Materials, and Methods” for more extensive f T T ) T
definitions of p21 expression levels). 95% Confidence intervals p21 () (n=65)

and number of patients at risk are provided at 5 years.

L p21(+/) (n=21)

—r 1t rr 1 1t rrr 11
5 6 7 8 9 10 11 12 13 14

Estimated probability of recurrence free survival

Years since cystectomy

No. at risk at five years
P21 (14):58 p21 (2+): 27 p21 () :13 p21 (+/):2

This provides further evidence that maintenance of p21 expreler cancer progression, approximately 50% of tumors that me-
sion in p53 altered tumors may abrogate the deleterious effetzstasize and kill the patient will show no evidence of p53 al-
of p53 alterations. terations; these tumors progressed despite an intact p53/p2
One interesting finding of this study was that patients witpathway. Support for the notion that multiple pathways may be
tumors showing the highest levels of p21 expression [p21 (24)lvolved in tumor progression comes from our increasing un-
had a slightly worse prognosis in comparison with patiengferstanding that cancer is a multistep genetic pro(23s Fur-
whose tumors showed moderate levels of expression [p21 (1thlermore, we and othe(80,31)have recently shown that alter-
This appears to be due, at least in part, to the fact that, when pgibns in two different tumor suppressor genes (p53 and Rb)
is expressed, the highest levels are associated with higher st@g&wv cooperative and synergistic effects in promoting bladder
tumors. While the p53/p21 pathway is clearly important in blagancer progression. We postulate that in bladder cancers with a
intact p53/p21 pathway, disease progression (most likely due tc
Table 3.Relative risk (95% confidence interval) of recurrence and death in @lterations in the Rb pathway) may be associated with increase
242 patients with bladder cancer according to tumor stage, grade, p53 p21 expression. This increased expression may be, in effect, th
status, and p21 status attempt of the tumor cell to apply a “brake” at thg @hase to
S phase checkpoint. A similar finding has been observed in the
case of the Rb pathway; tumors showing loss of Rb demonstrate
high levels of expression of the cyclin-kinase inhibitor p16 (INK

Recurrence Overall survival

Unadjusted* Adjustedt Unadjusted* Adjustedt

Variable relative risk relative risk relative risk relative risk ) .
4A) (32,33).Thus, increased expression of the tumor suppressot
Stage:t 3.90 3.19 251 2.10 ; ; ; ;
P3b-P4 LN-  (2.30-6.64) (181-5.63) (164-3.83) (1.32-3.34)9€N€ product p16 is actually associated with tumor progressior
LN+ 7.34 4.78 5.11 3.74 in these cases, because the increased expression is the result
(4.42-12.18) (2.75-8.30) (3.42-7.62) (2.42-5.79) downstream dysregulation in cell cycle control. We further pos-
Grade§ 1.83 1.05 1.77 111 tulate that, in tumors for which p53 alterations are not an im-
4 (1.24-271)  (0.69-1.59) (1.26-2.47)  (0.77-1.61) portant pathway of tumor progression, increased levels of p21
ps3|| 3.26 191 247 1.60 expression may be associated with disease progression; p21 e
Altered (2.19-4.85)  (1.24-2.94) (1.77-3.44) (1.11-2.31) N ) . .
210 383 901 » 67 pression in these cases may be a manifestation of dysregulatio
p21: : : - - :
Negative (258-5.68) (1.44-339) (1.92-373) (1.20-2.49)in other pathways.

While p21 expression appears to be an important predic-

*Based on Cox proportional hazards mod@b) in a univariate analysis. tor of bladder cancer behavior, evidence to date suggests the

Confidence interval that does not include the value of 1.00 indicates a signifig|terations in (i.e., loss of) p21 protein expression are not due

Ca?é:zzgcgi“gg)‘(’mh °”t°.°mei st the= .05 level (two'sliqed.)' o anahves [0 Mutations or deletions in the p21 gene, which appear to be
proportional hazards mod) in a multivariable analysis I)are in human cancerg4,35). Thus determination of p21

with all four variables included (tumor stage, grade, p53 status, and p21 statug. . . . .
Confidence interval that does not include the value of 1.00 indicates a signififunctional status will depend on analysis of p21 protein expres-

cant association with outcome at tRe= .05 level (two-sided). sion.
tCompares the risk of failure to that of patients with organ confined, lymph-  This study may influence the selection of patients for adju-
node negative (LN-) diseas8ee (20for information on tumor staging. vant treatment of bladder cancer. Patients with bladder tumors

Compares the risk of failure to that of patients with grade 2 or 3 turSers. . . .
(19§) for iﬁformaﬂon on tumor grading P 9 that are p21 negative are at high risk of recurrence and death an

[Compares the risk of failure to that of patients with p53 wild-type tumors. May benefit from adjuvant treatment. Ip_contrast, those P?-tients
fiCompares the risk of failure to that of patients with p21-positive tumors.whose bladder cancers are p21 positive have a significantly
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Fig. 5. Probability ofA) remaining recurrence free and 0.40 -

B) overall survival in 242 patients with bladder tumors| 0.30 -

stratified by p53 and p21 status: p53 wild-type, no de| '

tectable p53 nuclear reactivity (p53 wild-type pheno 020 ps3-alieredip2i-negative (1=57)

type); p53 altered, nuclear p53 reactivity detected (p53- 0.10 < 00001

altered phenotype); p21l-positive, p21 nuclea 0.00 ——F——Fr——T—"+—T1T"—"—"T1T""T"T"T""T"—TT T

expression detected; p21-negative, no detectable pPl
nuclear expressionSge‘Patients, Materials, and Meth-
ods” for more details on immunohistochemical staining
classifications.) The patients were stratified into fou
groups on the basis of p53 status and p21 status of thei
tumors. Patients with p53-altered/p21-negative tumo
had a significantly higher rate of recurrence (two-side
P<.00001) and worse overall survival (two-sided
P<.00001) in comparison with other patients. 95% Con
fidence intervals and number of patients at risk are prd
vided at 5 years. Each tick mark represents a patient wijo
had no evidence of tumor recurrence or who was alive
the time of last follow-up. The logrank test was used tg
compare the time to tumor recurrence and survivgl
among the patient grougg5).

Estimated probability of recurrence free survival B
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No. at risk at five years
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=

[
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—
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P< 00001

Estimated probability of overall survival &
(=)
3
1

Years since cystectomy

No. at risk at five years
p53w/p21+: 73 p53a/p2t+: 18 p53w/p21-: 13 p53a/p21-: 5
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