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determination, and second-look laparotomy. Statistically
significant associations between concentrations of p53 and
p21 were not found, nor were relationships demonstrated
between concentrations of p21 and other clinicopathological
variables or treatment response. Univariate analysis showed
that p53 concentrations above the median indicated signifi-
cantly higher risks for relapse (P = 0.04) and death P <
0.01) and showed trends for increasing risks for relapseR =
0.04) and death P < 0.01) when p53 was considered as a
four-level categorical variable. Multivariate analyses ad-
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ABSTRACT

The prognostic values of p53 and of its downstream
mediator p21WAFYCiPL in patients receiving adjuvant chem-
otherapy for epithelial ovarian cancer have not been clearly
established. Tumor extracts from a series of 120 patients
treated postsurgically with cisplatin or carboplatin alone or
together with other chemotherapeutics for primary ovarian
carcinoma were assayed both for p53 protein by an immun-
ofluorometric assay developed by us and for p21 protein by
a commercially available immunoassay. Relative risks (RRs)
for cancer relapse and death after 24 months of follow-up
were determined by multivariate Cox regression analysis.
Disease-free (DFS) and overall survival (OS) probabilities
were also examined by the Kaplan-Meier method and log-
rank tests. All other procedures were similarly nonparamet-
ric and based on two-sided tests of significance. Concentra-
tions of p53 were elevated in patients with advanced stage
disease P = 0.02) or poorly differentiated (P = 0.03), sub-
optimally debulked tumors (P = 0.02), as well as in patients

firmed these observations (RR= 1.50;P = 0.05 for DFS and
RR = 1.92;P = 0.03 for OS) for median-dichotomized p53,
but the trends were of borderline significance P = 0.09 for
DFS and P = 0.07 for OS). In contrast, p21 positivity was
not a significant predictor of favorable outcome in univari-
ate survival analysis, and use of a three-level variable com-
bining positivity or negativity status for both p53 and p21
did not yield greater separation of patients into risk groups
(P = 0.07 for DFS andP = 0.06 for OS) than the use of p53
alone. Assessment of p53 expression may be an independent
indicator of poor prognosis in ovarian cancer patients
treated with adjuvant chemotherapy. The prognostic value
of p21 expression, however, could not be demonstrated in
our series of ovarian cancer patients.

INTRODUCTION
Epithelial ovarian cancer is the most lethal gynecological
malignancy in Western countries (1). Approximately 80% of

patients are diagnosed with advanced stage disease (2), associ-

ated with a 5-year survival rate of only 30% despite improve-
ments in long-term survival gained by the use of combination
chemotherapy, principally with cisplatin and more recently with
paclitaxel (3). A number of factors contribute to the poor prog-

who failed to respond to chemotherapy P = 0.03), as as-
sessed by computed tomography scanning, serum CA125

nosis of patients with advanced stage ovarian carcinoma, includ-
ing the failure of aggressive cytoreductive surgery to completely
eradicate metastatic disease 3v5% of cases, the intrinsic
resistance to adjuvant chemotherapy in over half of these pa-
tients, as well as the development of chemoresistance in nearly
Received 4/15/99; revised 4/6/00; accepted 4/26/00. half of the initially responsive patients during the course of their
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reflecting the apoptotic potential of ovarian neoplasms mayods, however, have been used for the detection of p21 protein in
offer more accurate prognostic information for patients treatecclinical specimens (20-22, 29-31), despite the possible advan-
with chemotherapy. tages of commercially available immunoassays.

Among the determinants for the induction of some forms of In this study, we report the use of simple yet sensitive
apoptosis is the status of thEb3 tumor suppressor gene, the immunoassays of p53 and p21 proteins, rather than immuno-
translated product of which has been shown to transcriptionallystaining, to determine their respective concentrations in extracts
up-regulate and down-regulate bax (7) and bcl-2 (8), respecef 120 epithelial ovarian carcinomas obtained from chemother-
tively, two key components of the triggering mechanism for apy-treated patients residing in the Piedmont region of Northern
programmed cell death. Functional loss of p53 by mutations thattaly. The expression levels of p53 and p21 were related to each
interfere with its ability to induce apoptosis has been shown toother, to other prognostic features, to patient response to admin-
facilitate the development of neoplastic clones resistant to difistered chemotherapy, and to DF&nd OS.
ferent chemotherapeutic drugs (9). These mutations, which are
mostly missense and occur within conserved sequences of theATIENTS AND METHODS
p53 gene, are the most common genetic alterations in human  oyarian Cancer Patients. This study had been ap-
malignancy (10) and have been detected-B0% of epithelial  proved by the Ethics and Research Committees at the University
ovarian cancers (11). Rather than impeding p53 protein expresst Toronto and the University of Turin that assured patient
sion, missense mutations usually confer an altered conformatiogonfidentiality at every stage of the investigation. One hundred
to the mutant p53 protein and are associated with its predomizng twenty consecutive patients with primary epithelial ovarian
nantly nuclear accumulation (12), in contrast to normal Ce”carcinoma, operated at the Department of Gynecology, Gyne-
nuclei in which p53 protein is expressed at very low levels. cojogical Oncology Service of the University of Turin, Turin,
Besides its diminished capacity to trigger apoptosis, mutant pS$qjy hetween April 1988 and January 1997, were included in
protein is typically also deficient in its ability to induce cell s study. Excluded from this consecutive series had been
cycle arrest by the transactivation of other target genes. The firsiatients with benignr( = 4) or germ-line ¢ = 4) ovarian
identified of these was p2#*™*/“"", a protein that binds and peoplasms, patients with other primary malignancies metastatic
inhibits several cyclin/cyclin-dependent kinase complexes (13;q the ovary i = 19), and patients with cancer of the ovarian
14) as well as components of the DNA replication machinerygpithelium who had tumor specimens that were either of bor-
(15). Despite observations that expression of p21, like p53, cageriine histological graden(= 16) or of insufficient quantity for
cause growth suppression of a variety of cell typesitro (13, 53 protein analysisx(= 6). Three patients were lost to follow-
16) andin vivo (17), p21 mutations rarely occur in human ,, and four who did not receive adjuvant chemotherapy were
cancers (18, 19), suggesting that derangement of p21 functiogjso excluded. The patients studied were of ages ranging from
does not contribute to clinical disease. However, p21 proteirng o 77 years; the median and mean ages were both 55 years.
expression has been shown to be highly variable in severgbatients were followed up at the same institution for periods
tumor types (20-22) and to be subject to both pS3-dependertynging from 3 to 119 months (median and mean were 24 and 30
and p53-independent transcriptional regulation (23). Unlike themonths, respectively), during which 66 (55%) were diagnosed
large number of studies investigating the relationship betweeRyith gvarian cancer relapse and 44 (37%) died of their disease.
pS3 alteration in diverse malignancies, including ovarian canceprsg time, defined as the number of complete months elapsed
(24-28), and unfavorable prognostic outcome, there have beefiom the date of tumor resection to that of the first evidence of
fewer studies examining p21 expression in relation to patienfecyrrent disease or distant metastasis in each case, was distrib-
prognosis (21, 22, 29-31). Moreover, to our knowledge, theyteq from 1 to 67 months with a mean and median of 15 and 11
prognostic and predictive implications of p53, considered to-months, respectively. Of the 66 patients who relapsed, 12 un-
gether with its downstream mediator p21, in epithelial ovariangenwent remission, followed by subsequent relapse. Three pa-
cancer have not yet been reported. - tients had a third relapse. The time interval between primary

Conventional tools to identify p53 abnormalities have con- g rgical treatment and patient death confirmed to be attributable
sisted of DNA sequencing methods, indirect screening methodg, complications of ovarian carcinoma-the overall survival
for determining DNA sequence changes, and immunohistoime_ranged from 3 to 79 months and had a mean and a median
chemical staining techniques using monoclonal or polyclonalyf 23 and 20 months, respectively. Patient deaths attributable to
antibodies to detect pS3 protein overexpression. The latter apsther causes were considered censored events. Of the patients
proach, although lacking sensitivity and specificity for demon- remaining alive at the termination of the study in April 1998,
strating p53 changes at the genetic level (32), nonetheless hagcyrrent disease or metastasis was identified in 22 patients
been shown to provide useful information regarding the Prog-299%) but was undetectable in 54 patients (71%).
nosis of patients with ovarian carcinoma (25, 27, 28) at a  patients were characterized for a number of clinicopatho-
fraction of the technical costs. Use of the same antibodies aRygical variables at the time of surgery (Table 1). These included

reagents in immunoassays of p53 constitutes an alternative tgiage classified according to the FIGO (36), which required that
p53 immunostaining that may offer advantages in terms of more

objective results interpretation and relative ease of quantitation.
Such immunoassays have been applied to the measurement of
p53 concentrations in extracts prepared from a variety of tissue§The abbreviations used are: DFS, disease-free survival; OS, overall

and have yielded results highly concordant with those obtainedyryival: FIGO, International Federation of Gynecology and Obstetrics;
by immunostaining (33—35). Only immunohistochemical meth-RR, relative risk; Cl, confidence interval.
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Table 1 Patient characteristics resolution of all evidence of disease for at least 1 month was
Number (%) considered a complete response; a decrease5if% in the
product of the diameters (maximal and minimal) of all measur-
Stage (FIGO) . . .
| 17 (14) able lesions lasting at least 1 month without the development of
M 7 (6) new lesions was considered a partial response; a decrease of
1 88 (73) <50% or an increase 6£25% in the product of the diameters
G 'Vd WHO 8(7) of all measurable lesions was considered stable disease; and an
rf e ) 13 (11) increase 0=25% in the measurable lesions as described above
2 31 (26) or the identification of new lesions was considered progressive
3 76 (63) disease. The majority of patients initially responded completely
Histologic type (n = 36) or partially 6 = 22) to first-line chemotherapy,
Eﬁg%“rﬁeft’ﬁgi‘gary 2407 ((1379)) whereas others experienced no chanye=(7) or progressive
Clear cell 18 (15) disease1f = 7). Second-line chemotherapy after initial treat-
Mucinous 8(7) ment failure was given to 67 patients and included cisplatin (
Mullerian 6 (5) 6), carboplatinif = 12), cyclophosphamiden(= 9), paclitaxel
5 Lénﬁlfferent'ated 21(17) (n = 25), epirubicin o = 11), and doxorubicinr( = 4). Twelve
eo;tirlr?;l success 50 (42) patients required third-line chemotherapy, consisting of cisplatin
Suboptimal 70 (58) (n = 3), carboplatinif = 1), cyclophosphamiden(= 1), and
Residual tumor (cm) paclitaxel 6 = 7).
=1 48 (40) Tumor Extraction. Tumor tissues were snap-frozen in
411:2 22 gg liquid nitrogen immediately after surgery according to a stand-
=9 13 (11) ard protocol for the preparation of frozen sections, histological

examination of which allowed representative portions of each
tumor containing>70% tumor cells to be selected for storage at
—80°C until analysis. A subset of randomly selected tumors
extensive surgical and cytological assessment of the diseaga = 27) were sampled at two different surfaces to yield por-
extent was performed in all cases. These procedures includeibns that were separately pulverized, extracted, and assayed as
collection of ascites or peritoneal washings from the pelvis,described below. Approximately 200—300 mg of each specimen
gutters, and diaphragms for cytological studies; total abdominalvas pulverized to a fine powder on dry ice and combined with
hysterectomy and bilateral salpingo-oophorectomy; infracolicl ml of a cell lysis buffer (50 m Tris, 150 mm NaCl, 5 nm
omentectomy and appendectomy; selective pelvic and paraaoEDTA, 10 ml/l NP40 surfactant, 10 mg/l phenylmethylsulfonyl
tic lymphadenectomy; and debulking of all gross tissues. Iffluoride, and 1 mg/l each of aprotinin and leupeptin) for 30 min
obvious macroscopic tumor was not present, the following pro-on ice before centrifugation at 14,0009 for 30 min at 4°C to
cedures were performed: biopsy of any lesion suspected ofollect the supernatants. The crude lysates were assayed imme-
being a tumor metastasis or any adhesion adjacent to the prdiately and concurrently for p53 protein by immunofluorometry,
mary tumor; blind biopsies of bladder peritoneum and cul-p21 protein by colorometric immunoassay, and total protein
de-sac, right and left paracolic gutter, and pelvic side walls; anccontent by a kit based on the bicinchoninic acid method (Pierce
biopsy or smear of right hemidiaphragm. Histological grade andChemical, Rockford, IL).
type based on WHO criteria (37), as well as other clinicopath- Immunoassay of p53 Protein. Concentrations of soluble
ological variables, are also summarized in Table 1. p53 protein in the ovarian tumor extracts were determined
All patients had been previously untreated for ovarianwithout knowledge of the corresponding patient clinicopatho-
cancer. According to standard practice (38), administered afogical or survival information by a quantitative, sandwich-type
first-line chemotherapy to the majority of patients were combi-immunoassay described in detail elsewhere (40). This method
nations of chemotherapeutic agents including cisplatin togetheused the ability of p53 protein to react simultaneously with two
with cyclophosphamide alon& & 32) or in addition to either different immunoreagents, mouse monoclonal DO-1 antibody
doxorubicin o = 10) or epirubicin § = 12). Cisplatin was also  (gift of Dr. David Lane, University of Dundee, Dundee, United
administered together with either paclitaxel= 6), epirubicin ~ Kingdom) immobilized onto microtiter wells before sample
(n = 2), or epirubicin plus methotrexate & 1). Carboplatin  addition, and subsequently added rabbit polyclonal CM-1 anti-
was given together with either cyclophosphamide=( 8), or serum (Novocastra, Newcastle upon Tyne, United Kingdom).
paclitaxel aloner{ = 14) or in addition to epirubicinn(= 4) or Bound p53-antibody complexes were detected after sequential
doxorubicin o = 1). Cisplatin and carboplatin alone were given additions of alkaline phosphatase-conjugated goat antirabbit im-
to 13 and 17 patients, respectively. All patients had receivednunoglobulin (Jackson ImmunoResearch, West Grove, PA), the
either cisplatin or carboplatin. Three patients additionally re-enzyme substrate diflunisal phosphate, and finally & Fb
ceived radiotherapy, and another two were given hormonoEDTA chelate with which the dephosphorylated reaction prod-
therapy. Assessment of treatment response, by computed taict can complex at alkaline pH. In a dedicated instrument
mography scanning, serum CA125 determination and, in somgCyberfluor-615 Immunoanalyzer (Cyberfluor, Toronto, On-
cases, by second-look laparotonitythe 72 patients with resid- tario, Canada)], the fluorescence emitted from the final solution
ual tumor size>1 cm was performed after the last cycle of at 615 nm after excitation at 336 nm was measured, both in the
chemotherapy and was based on the following criteria (39)wells corresponding to the unknown samples and in those to
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Table 2 p53 concentratiorisin relation to other clinicopathological

12

i A variables
10 n | Factor Number  Median Range P
| } p21 (units/mg)
.. 87 i ! <median 61 0.42 0-102.51
§ h I =median 57 0.30 0-66.61 0.54
3 6- H I Age (yr)
9] H } <55 57 0.41 0-102.51
w 4 - =55 63 0.23 0-34.34 0.36
Stage
Il 24 0.21 0-12.16
27 (=Y} 926 060  0-102.51  0.02
M H H Grade
0 | 1 \ J 1 1 13 0.20 0-1.73
3 2 1 0 1 2 3 2 31 0.33 0-102.51
. 3 76 0.60 0-66.61 0.03
Log p53 Concentration (ng/mg) Histological type
Serous 47 0.68 0-102.51
20 T ‘ Others 73 0.31 0-34.34 0.14
nmt | B Residual tumor (cm)
! } <1 48 0.25 0-66.61
15 | I } ;1 72 0.60 0-102.51 0.02
i i Patient relapse
z Hpl } No 54 0.23 0-66.61
S I \ Yes 66 0.63 0-102.51 0.04
3 10 ! Patient death
Lilj No 76 0.19 0-102.51
Yes 44 1.20 0-29.07 <0.01
57 2 p53 concentrations expressed in ng/mg.
PP determined from Wilcoxon rank sum tests with continuity
H_H correction or Kruskal-Wallis tests, where appropriate.
0 \ 1 \
-2 -1 0 1 2

Log p21 Concentration (Units/mg)
absorbances at 450 and 540 nm were determined using a mi-

Fig. 1 Frequency distributions of logarithmically transformed pB3 ( P
and p21 B) concentratio_ns in the 118 (of 120) and 118 (of 118) ov_arian erplats j.pe(t:trdoph?ttvt\)lmeter (Lab?ystt.ems, fHezlimkl’ F.Inland).
tumor extracts, respectively, that had p53 and p21 levels exceeding the/SINg dedicated software, concentrations of p21 were interpo-

assay detection limits. Froteft to right, the dashed linesndicate the  lated from calibration curves constructed from the assay of
25th, 50th, and 75th percentiles of each distribution. lyophilized p21 standards ranging in concentration from 0 to 20
units/ml. Calibrators and ovarian tumor extracts were assayed in
duplicate and in parallel. Concentrations of p21 greater than the
reported lower limit of detection of 0.1 unit/ml were expressed
which the assay calibrators, assayed in parallel, had been addeas units/mg, adjusting for the variable protein contents of the
Both unknowns and calibrators were assayed in duplicate. Thextracts. Extracts prepared from breast carcinoma cells (MCF-7
calibrator solutions, ranging in concentration from 0.15 to 75and T-47D), obtained from the American Type Culture Collec-
ng/ml, were prepared by dilutions of a lysate of Sf9 cells tion, cultured as described elsewhere (40), and for which the p21
infected with a p53-expressing recombinant baculovirus (gift ofexpression status had been characterized previously (41), were
Dr. Thierry Soussi, Institut Curie, Paris, France), as describe@ssayed in parallel as qualitative positive and negative controls,
previously (41). Concentrations of p53 protein exceeding therespectively.
detection limit of~0.04 ng/ml were divided by the total protein Statistical Analysis. The statistical analysis, performed
contents of the extracts to adjust for differences in tissue massassing SAS version 6.12 software (SAS Institute, Cary, NC),
and extraction efficiencies. examined associations between the total protein-adjusted p53
Immunoassay of p21 Protein. The WAF1 Quantitative and p21 immunoassay results and DFS and OS, as well as
ELISA Assay (Oncogene Research, Cambridge, MA) was usetbetween the p53 and p21 concentrations and other measure-
to measure p21 concentrations in the ovarian tumor extractsnents or characteristics of the sample of ovarian cancer patients.
following the manufacturer’'s instructions. All necessary re- All procedures were nonparametric and based on two-tailed
agents were provided in the kits. Features of this sandwich-typéests of significance. Monotonic relationships between p53 and
immunoassay include a rabbit polyclonal anti-p21 antibody im-p21 as continuous variables were shown by the calculation of
mobilized onto microtiter plates, a biotinylated mouse mono-the Spearman correlation coefficient. Continuity-corrected Wil-
clonal antibody specific for human p21 protein added aftercoxon rank sum tests or Kruskal-Wallis tests were used to
sample addition, and detection by streptavidin conjugated ta@ompare the distributions of p53 and p21 concentrations, one at
horseradish peroxidase, which catalyzes the conversion of tet time, between patient subgroups defined by their status for the
ramethylbenzidine into a colored product. Dual wavelengthother protein marker (p21 or p53, each classified as negative or
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Table 3 p21 concentratiorisin relation to other clinicopathological ~p53 and p21 assessed in combination, a three-level ordinal

variables variable was created and evaluated in Cox models of DFS and
Factor Number  Median Range PP OS. The first level of this new variable included patients whose
p53 (ng/mg) tumor extracts were concurrently p53 negative and p21 positive.
<median 58 1.14 0.09-24.54 The second level consisted of patients whose tumors were either
=median 60 0.94 0.11-17.10 0.68 positive for both markers or negative for both markers. Patients
Ag<eé!35/r) o1 117 0.09-24.54 in the third level had tumors that were p53 positive and p21
=55 57 0.82 0.07-13.25 017 hegative. Kaplan-Meier survival curves were also constructed to
Stage demonstrate the effects of p53 concentrations exceeding the
=l 24 1.65 0.09-24.54 median percentile on DFS and OS probabilities, differences over
Gr;”d_elv 94 083 007-1049 013 time that were evaluated using log-rank tests. The same Kaplan-
1 13 1.84 0.09-24.54 Meier analyses were performed to reveal differences in survival
2 30 0.77 0.09-17.10 between p21-negative and p21-positive patients.
3 75 0.88 0.07-8.78 0.22
Histological type
Serous 46 0.82 0.16-13.26 RESULTS
Reositgﬁgsl tumor (cm) 2 111 0.09-24.54 042 Distributions of p53 and p21 Concentrations. Of the
<1 47 1.23 0.09-24.54 120 ovarian tumor extracts, all except 2 had detectable p53
=1 71 0.81 0.07-8.78 0.13 protein concentrations. When adjusted for the total protein con-
Patient relapse tents of the extracts, these concentrations ranged from 0.005 to
No o4 0.96 0.09-24.54 102.51 ng/mg and were bimodally distributed with a mean of
Yes 64 0.78 0.07-15.62 0.21
patient death 5.24 ng/mg, an SD of 12.76 ng/mg, and 25th, 50th, and 75th
No 74 1.17 0.09-24.54 percentiles of 0.10, 0.42, and 5.05 ng/mg, respectively (Ay. 1
Yes 44 0.76 0.07-15.62 0.05 The high degree of concordance, (= 0.87; P = 0.0001)
ap21 concentrations expressed in units/mg. between p53 concentrations measured in 27 pairs of extracts
PP determined from Wilcoxon rank sum tests with continuity prepared from two different portions of the same tumors sug-
correction or Kruskal-Wallis tests, where appropriate. gested that p53 accumulation throughout each tumor specimen

used for analysis was roughly homogeneous. p21 concentrations

in the 27 pairs of extracts were also correlateg=(0.63;P =

0.006), but indicated that p21 exhibited greater intratumor var-
positive using cutoff points equal to the 50th percentiles of theiability. In the extracts of all 118 tumors assayed for p21, the
respective distributions) and for each of the clinicopathologicalconcentrations of this analyte exceeded the lower detection limit
variables: age<(55 yearsversus>55 years), FIGO stage (stag- of the assay in all cases. Adjustment of these values for the total
es | or Il versusstages Il or IV), histological grade (grade 1 protein contents of the extracts yielded a distribution that ranged
versusgrade 2versusgrade 3), histological type (serous papil- from 0.07 to 24.54 units/mg and had a mean, SD, and median of
lary versusall other histotypes), and residual tumor sizel(cm 1.93 units/mg, 3.08 units/mg, and 0.82 units/mg, respectively
versus>1 cm). Differences in p53 and p21 expression status, agFig. 1B). The 25th and 75th percentiles of the p21 distribution
well as differences in patient age, tumor grade, and histologicalere 0.52 units/mg and 2.08 units/mg, respectively.
type classified as above, between patients with assessable post- Relationships between p53, p21, and Other Clinico-
operative disease who exhibited either complete response tpathological Variables. Given the ability of functional, non-
first-line chemotherapy, partial response to such treatment, stanutant p53 to induce p21 expression and to identify possible
ble disease, or progressive disease despite having received firstiteraction between the two proteins in survival analysis, it was
line chemotherapy were determined by two-tailed Fisher exacof interest to determine whether the bulk tumor tissue concen-
tests. Wilcoxon rank sum tests were also used to examine th&ations of p53 and p21 were associated with each other. Con-
occurrences, during follow-up, of ovarian cancer relapse andaentrations of p53 and p21 were not correlated< 0.07;P =
patient death in relation to p53 and p21 concentrations. 0.46). Moreover, neither the difference in p53 concentrations

The relationships of p53, p21, and other clinicopathologi- between median-dichotomized p21-negative and p21-positive

cal variables to DFS and OS were evaluated by the RRs fospecimens (Table 2), nor the difference in p21 concentrations
relapse and death and their 95% Cls, which were calculatetbetween tumor extracts classified as p53 negative and p53
from fitted Cox proportional hazards regression models. In thepositive using the median p53 value (Table 3), were statistically
multivariate analysis, the models were adjusted for age, stagesignificant by Wilcoxon rank sum tests. Using the same analy-
grade, and residual tumor size, all of which were consideredsis, associations between each of these proteins and the status of
dichotomous or three-level variables defined by the classificathe other clinicopathological features for which the ovarian
tion criteria given above. In both univariate and multivariate tumors were characterized were also examined because of pos-
models, p53 was examined separately as a dichotomous variab$#ble confounding influences of these other variables upon the
categorized by the median percentile cutoff point and as aelationships between patient survival times and p53 or p21
quartile-divided, four-level ordinal variable. The prognostic concentrations. Table 2 shows that although p53 concentrations
value of median-dichotomized p21 was determined by fitting adid not differ significantly between the two groups of patients
univariate Cox model. To determine the prognostic impact ofwho were younger and older, respectively, than the median age,
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Table 4 Associations between clinicopathological variables and response to adjuvant chemotherapy

Number responding (%)

Factor Complete response Partial response Stable disease Progressive disease P?

p53 status

<median 20 (63) 10 (31) 2 (6) 0(0)

=median 16 (40) 12 (30) 5 (13) 7(17) 0.03
p21 status

<median 19 (54) 11 (31) 3(9) 2 (6)

=median 17 (46) 11 (30) 4(11) 5 (13) 0.76
Age (years)

<55 16 (52) 11 (35) 3(10) 1(3)

=55 20 (49) 11 (27) 4 (10) 6 (14) 0.48
Grade

1 2 (100) 0 (0) 0(0) 0(0)

2 12 (80) 2 (13) 1(7) 0 (0)

3 22 (40) 20 (36) 6 (11) 7(13) 0.11
Histological type

Serous 13 (38) 15 (44) 3(9) 3(9)

Others 23 (61) 7 (19) 4 (10) 4 (10) 0.12

2P determined from two-tailed Fisher exact tests.

concentrations of p53 were higher in extracts prepared fronConsistent with these preliminary results with respect to p53
ovarian cancers that were more advanced (stages IlI-1V), leswere the findings of regression analysis, by which the RRs for
well-differentiated (grade 3), and suboptimally debulked (resid-both relapse and death were shown to be significantly increased
ual tumor diameter>1 cm). A trend suggesting that serous for p53-positive patients when p53 was classified into two
ovarian carcinomas may have had higher p53 concentrationgroups based on the median (Table 5). The use of the median
than all other histological types was also revealed. As shown ircutoff for p53 also indicated 50% are90% increased risks for
Table 3, none of these other clinicopathological variables waselapse and death, respectively, of p53-positive patients in mul-
significantly associated with p21 concentrations by Wilcoxontivariate analysis adjusted for all of the other variables except
rank sum analysis. histological type. Furthermore, by classifying patients into four
Relationships between Each Clinicopathological Vari-  groups based on the quartiles of the p53 distribution, statistically
able and Patient Response to Treatment. The assessment of significant trends were demonstrated, possibly implying that
clinical response to platinum-based adjuvant treatment of 7Zuccessively increasing levels of p53 were associated with suc-
patients with measurable-(L cm) postoperative lesions enabled cessively increasing risks for both relapse and death. However,
comparison of the distributions of p53-negative and p53-posi-comparisons of risks for relapse and death between patients in
tive specimens between patients who exhibited complete rethe first quartile to those in the second, third, and fourth quar-
sponse to chemotherapy, partial response, stable disease, tides did not reveal significant differences, as shown by the
progressive disease. Table 4 presents this comparison, whiabverlapping confidence intervals. In the corresponding multiva-
demonstrated that tumor extracts containing p53 protein at levriate models, the dose-response relationships suggested by the
els exceeding the median concentration were more frequentlynivariate analyses for trends did not reach statistical signifi-
obtained from patients who did not respond to treatment. Incance. The differences in the survival rates over time between
contrast, p21 positivity status, patient age group, histologicap53-negative and p53-positive patients are shown in Fig. 2.
grade, and histological type were statistically unrelated to théNVhereas these results established p53 to be an independent
classification of patients into treatment response groups. Th@rognostic factor in our series of ovarian cancer patients, both
relationship between disease stage and response could not haivariate Cox regression (Table 5) and Kaplan-Meier analysis
statistically evaluated because all patients in stages | or Il hadFig. 3) revealed that p21 negativity based on a median cutoff
complete response to adjuvant chemotherapy (data not shownjalue was not associated with relapse and death rates. Use of
p53 and p21 as Indicators of Ovarian Cancer Survival.  either the 25th or 75th percentiles as cutoff points for defining
Several approaches, including comparisons of Kaplan-Meiep21 positivity similarly did not lead to significant differences in
survival plots and fitting of Cox proportional hazards regressionDFS or OS between p21-negative and p2l-positive patients
models, were used to show associations between patient pog@ata not shown). On the other hand, because there was evidence
operative prognosis and concentrations of p53 and p21, considf a trend for median-dichotomized p21-negative patients to
ered individually, in combination with each other, and jointly have increased risk for death, and given the prognostic value of
with the other prognostic factors. A relationship between p53median-dichotomized p53, a composite three-level variable was
and patient survival had already been suggested by findings thatreated and evaluated in the Cox regression analysis. Patients in
p53 concentrations were higher in tumor extracts from patientshe first category, expected to have the best prognosis, were
who relapsed or died during their follow-up periods (Table 2).defined as having tumors that were p53 negative and p21
The similar analysis for p21, shown in Table 3, revealed reducegbositive. Patients who had either p53-positive, p21-positive tu-
levels of p21 in tumors of patients who died of ovarian cancer.mors or p53-negative, p21-negative tumors were members of
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Table 5 Associations between p53 and p21 concentrations and DFS and OS

Disease-free survival

Overall survival

p53 or p21 status RR? 95% CP P RR? 95% CP P
Univariate analysis of p521(= 120)
Based on median cutoff point
Negative 1.00 1.00
Positive 1.64 1.01-2.67 0.04 2.75 1.41-5.32 <0.01
Based on quartilés
First quartile 1.00 1.00
Second quartile 0.66 0.31-1.41 0.77 0.25-2.45
Third quartile 1.10 0.72-1.44 1.43 0.89-2.30
Fourth quartile 1.28 0.96-1.47 151 1.06-1.97
P for trend 0.04 <0.01
Univariate analysis of p2In(= 118)
Based on median cutoff point
Positive 1.00 1.00
Negative 1.14 0.68-1.78 0.56 1.35 0.75-2.44 0.17
Univariate analysis of p53-p2h (= 118y
p53(=), p21(+) 1.00 1.00
p53(+), p21(+) or p53(), p21(-) 1.35 0.76-1.93 1.16 0.52-2.57
p53(+), p21() 1.44 0.96-2.73 1.38 0.92-2.08
P for trend 0.07 0.06
Multivariate analysis of p53n(= 120¥f
Based on median cutoff point
Negative 1.00 1.00
Positive 1.50 0.63-2.17 0.05 1.92 0.93-3.96 0.03
Based on quartilés
First quartile 1.00 1.00
Second quartile 0.73 0.31-1.72 0.69 0.11-4.30
Third quartile 1.12 0.76-1.46 152 0.94-3.16
Fourth quartile 1.31 0.98-2.75 1.77 0.99-3.35
P for trend 0.09 0.07

#RR estimated by the Cox proportional hazards regression model.

P 95% CI of the estimated RR.

¢ Estimated RR for second, third, and fourth quartiles compared with the first quartile are Bsvare based on 1 degree of freedom tests of
monotonic association.

9 p53 positivity and p21 positivity based on median cutoff points. Estimated RR for second and third groups compared with first group are given.
Ps are based on 1 degree of freedom tests of monotonic association.

¢ Multivariate analysis adjusted for age, stage, grade, and residual tumor size.

the second group. Having the anticipated worst prognosis weréhough paclitaxel, cyclophosphamide, or other agents are also
patients in the third group, whose tumor extracts were p53-used individually or as polychemotherapy. Resistance to these
positive and p21-negative. As shown in Table 5, althougPthe drugs may be reflected, in part, by higher rates of relapse and
for trends were of borderline significance, this analysis sug-death and is thought to be multifactorial in origin (42). Several
gested that the combination of increasing p53 concentrationgnolecular factors likely contributing to loss of chemosensitivity
and decreasing p21 concentrations was associated with high@i ovarian carcinoma have been identified, including proteins
risks for relapse and death. In addition to p53 positivity, othermediating the transport and cellular turnover of drugs as well as
clinicopathological features indicative of poor prognosis in mul- those involved in DNA repair and other nonspecific defense
tivariate Cox models were late-stage (II-IV) malignancy, assomechanisms. It has become apparent that conventional chemo-
ciated with a RR for relapse of 9.08 (95% CI, 3.89-21R6;  therapeutic agents exert their function ultimately via the cellular
0.01) and a RR for death of 33.44 (95% ClI, 4.59-243R3;  machinery governing cell cycle progression and programmed
0.01), poorly differentiated (grade 3) tumors, associated withze|| death, and that the pathways regulating these processes are
RRs for relapse and death of 9.14 (95% ClI, 2.87-29F1X,  fyndamentally perturbed in cancer cells (43). Playing a central
0.01) and 16.01 (95% Cl, 2.21-116.38:< 0.01), respectively, ole in both processes is p53, alterations of which are strongly
and residual tumor size-1 cm, associated with RRs of 11.25 a550ciated with chemoresistance and radioresistance in hemato-
(95% CI, 5.89-21.51P < 0.01) and 23.30 (95% CI, 7.20— |ggical malignancies (44). In the majority of solid tumors,
75.38;P < 0.01) for relapse and death, respectively. however, a correlation between p53 mutation and prognosis or
chemotherapy response has not been consistently demonstrated.
DISCUSSION For instance, although a number of studies have shown an
The majority of patients treated surgically for epithelial association between p53 alteration and poor prognosis of ovar-
ovarian cancer subsequently receive systemic therapy, mogn cancer patients (24, 25), other studies have contradicted
often with platinum-containing antineoplastic regimens al-these findings (26, 27). Similarly, evidence implicating the
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Fig. 2 Kaplan-Meier analysis of DFSAj and OS B) of the 120
ovarian cancer patients treated with first-line chemotherapy, using th
median p53 concentration as the cutoff point for p53 positiR/were
determined by log-rank tests.

é:ig. 3 Kaplan-Meier analysis of DFSA] and OS B) of the 118
Ovarian cancer patients treated with first-line chemotherapy, using the
median p21 concentration as the cutoff point for p21 positiRy/were
determined by log-rank tests.

involvement of p53 in resistance of ovarian neoplasms to chem-

otherapy, provided primarily by the detection of mutations or p53 expression. Considering this possibility, we studied the
deletions in thep53 gene in chemoresistant human ovarian prognostic and predictive implications of both p53 and p21
cancer cell lines (45—-47), has been accompanied by other reexpression levels in epithelial ovarian cancer.

ports showing that chemotherapy-induced apoptosis may occur  Quantitative immunoassays were used to determine the
in the absence of functional p53 (48, 49) and that cisplatinexpression levels of p53 and p21 in 120 tumors from patients
resistance may develop independently of p53 alterations (5Q0reated with platinum-based adjuvant chemotherapy. For each
51). Clinical studies of the effect gh53 gene status on the protein studied, a continuous distribution of concentrations was
response of ovarian cancer patients to cisplatin-based adjuvanévealed to be present in the tumor extracts. The concentrations
chemotherapy have also emerged and have yielded findingsf p53 and p21 in extracts of the matched normal ovarian
suggestive of a role for p53 as a determinant of chemosensitivityissues, however, were unknown, thus precluding the categori-
(52, 53). The effect of cisplatin-paclitaxel combination treat- zation of patients as p53-positive or p21-positive in cases where
ment for advanced ovarian cancer, on the other hand, was showavels of these markers exceeded upper limits of the normal
not to be influenced by p53 mutation in another study (54). Toranges of values. Alternative, objective cutoff points for defin-
the best of our knowledge, none of these clinical studies haing p53 and p21 positivity were the medians of the respective
additionally assessed the expression of the p21 protein, higldistributions. The immunofluorometric procedure used to assay
levels of which have paradoxically been associated with chep53 levels in these extracts was developed in our laboratory (40)
moresistance in acute myelogenous leukemia patients (55). Beénd has been validated by comparison of its findings to p53
cause p21 has been shown to be induced by cisplatin in bottmmunostaining of matched formalin-fixed, paraffin-embedded
chemosensitive and chemoresistant human ovarian carcinomang tumors (35) and to sequencing of exons 5 to 9 ofgb@

cell lines (56) and to be not absolutely correlated with p53gene in a series of 55 ovarian carcinomas (58). In the latter
expression levels in normal and malignant ovarian epithelialstudy, 10 of the 12 identified missense mutations were accom-
cells (57), it remained possible that p21 expression in ovariarpanied by p53 concentrations exceeding the 75th percentile, and
tumors might predict cisplatin responsiveness independently ofumors with nonsense and frameshift mutations were invariably
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p53 negative based on this cutpoint. However, 5 of 39 tumorgrovided from the assay of extracts prepared from cell lines for
without mutations were also considered p53 positive, furthemwhich the expression status of p21 was already known.
indicating the imperfect concordance between the two methods  The relationship between the p53 overexpression status of
for the detection of p53 abnormalities. Despite the differencesprimary ovarian carcinoma specimens obtained at surgery and
both the results of p53 immunoassay and of mutational analysithe subsequent designation of response to first-line chemother-
demonstrated significant associations between p53 and adypy was examined in a subset of patients. Although our results
vanced disease (58). Although our assay procedure has not besnggest that patients with elevated p53, arbitrarily defined as
directly compared with immunohistochemistry performed onhaving p53 concentrations exceeding the median value, were
ovarian carcinomas, it might possess several advantages. more likely to exhibit treatment failure, they must be interpreted
principle, because of the rigorous washing steps, effective imcautiously. Because the majority of patients received cytotoxic
munopurification of antigen from background signal-eliciting agents in addition to cisplatin or carboplatin, it remains possible
tissues and the use of two p53-specific antibodies rather than thiat the effects of these other drugs may have modulated the
single primary antibody used for immunostaining, a sandwich-treatment responses independently of p53 status. Moreover, our
type immunoassay for p53 would be expected to have greatedlemonstration in multivariate regression analysis adjusted for
analytical specificity than conventional immunohistochemical stage, residual tumor presence, age, and histotype that p53 was
methods of p53 detection. Moreover, the results of a quantitativen independent prognostic factor in our sample of chemothera-
immunoassay are inherently more objective because they can ly-treated patients does not necessarily lead to the conclusion
evaluated by numerical decision thresholds, simplifying thethat p53 is predictive of treatment response. Over half of the
statistical analysis and quality control. The chief disadvantagepatients in our series received second-line chemotherapy with
of a p53 immunoassay relative to immunostaining, however, arezarious agents that might have contributed to relapse-free sur-
the requirement for fresh frozen tissues and the loss of inforvival and OS. For these reasons, the results of our investigation
mation relating p53 expression to cellular or histological fea-must be confirmed by other studies of epithelial ovarian cancer
tures. Relative to the analysis of p53 mutation at the genetigatients receiving single-agent therapy.

level, an immunoassay for p53 protein suffers from the same  In summary, the quantitative analysis of p53 and p21
major disadvantage as immunostaining methodsthe imper-  proteins in extracts of ovarian carcinomas confirmed the prog-
fect concordance between p53 mutation and p53 protein accuiostic value of p53 and provided evidence that p53 protein
mulation. Notwithstanding these limitations, in this study, com- accumulation may predict responsiveness to postoperative
parisons of p53 concentrations between patients with differenthemotherapy. The assessment of p21 expression in ovarian
pathological features, treatment responses as defined by standancer, however, was shown to be of questionable clinical value.
ard criteria, and risks for relapse and death estimated by CoPespite these latter observations, future studies of larger num-
regression analysis demonstrated significantly increased p5Bers of ovarian carcinoma patients with more restricted treat-
concentrations in tissues from patients with more aggressivement regimens might clarify the prognostic and predictive val-
treatment-refractory ovarian cancers. Comparisons of p21 cordes of p21 and p53 in combination.
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