Mutant p53 Protein Overexpression ls
Associated with Poor Outcome in
Patients with Well or Moderately
Differentiated Ovarian Carcinoma

Michael A. Levesque, M.Sc.,* Dionyssios Katsaros, M.D.,t He Yu, M.D.,*

Paolo Zola, M.D., Piero Sismondi, M.D.,} Giorgio Giardina, M.D.,t
and Eleftherios P. Diamandis, M.D., Ph.D*

Background. It has been shown that the p53 gene is
mutated in 30-80% of ovarian carcinomas and that the
genetic alterations most often manifest as an accumula-
tion of mutant p53 protein in tumor tissue. The prognos-
tic significance of these findings for patients with ovarian
cancer, however, must be established clearly.

Methods. Mutant p53 protein in 90 consecutive epi-
thelial ovarian carcinomas was quantitatively analyzed
using a time-resolved immunofluorometric procedure. In
contrast to immunohistochemical techniques, this
method uses two anti-p53 antibodies. The Cox model was
used to evaluate the strength of the associations between
the prognostic markers and disease relapse or death at
univariate and multivariate levels. Kaplan-Meier sur-
vival curves were calculated for patients who were p53-
positive or negative and for subgroups with a different
clinical stage, histologic grade, or residual postsurgical
tumor.

Results. The positivity rates for p53 included 1/21
(5%) with Stage I disease, 1/6 (17%) with Stage I1, 29/51
(57%) with Stage III, and 8/12 (67%) with Stage IV (total
= 39/90, 43%). Patients with p53-negative tumors had a
significantly longer disease free survival than did pa-
tients with p53-positive tumors (P = 0.03); these results
were similar for overall survival (P = 0.06). Multivariate
analysis revealed that the presence of postsurgical resid-
ual tumor was the only predictor significantly associated
with poor patient outcome. However, when patients were

From the *Department of Clinical Biochemistry, The Toronto
Hospital, Toronto Western Division and Department of Clinical Bio-
chemistry, University of Toronto; and the tDepartment of Gyneco-
logic Oncology, Institute of Obstetrics and Gynecology, University of
Turin, Italy.

Supported by a grant from the Cancer Research Society Inc.,
Montreal, Canada (E.P.D.) and an Associazione Italiana per la Ricerca
sul Cancro fellowship (D.K.).

Address for reprints: Eleftherios P. Diamandis, M.D., Ph.D., De-
partments of Pathology and Clinical Biochemistry, Mount Sinai Hos-
pital, 600 University Avenue, Toronto, Ontario, M5G 1X5, Canada.

Received August 22, 1994; revision received Noverber 7, 1994;
accepted November 23, 1994.

divided into groups based on histologic grade, patients
with well (G1) and moderately (G2) differentiated tumors
had a significantly higher risk of cancer relapse and death
if mutant p53 protein was present in their tumors com-
pared with patients who were negative for mutant p53
protein (<0.01).

Conclusions. The immunofluorometric measure-
ment of mutant p53 protein accumulation in epithelial
ovarian carcinomas of a low histologic grade was associ-
ated significantly with an increased risk for cancer re-
lapse and death. A similar trend also was suggested for
early stage disease and in the absence of residual tumor
after surgery. These increased risks, however, were not
found for patients with high grade or advanced stage can-
cer or for those with residual tumor. To the authors’
knowledge, this is the first report suggesting that p53 tu-
mor protein accumulation is a marker of poor prognosis
in a subset of patients with ovarian cancer. Cancer
1995;75:1327-38.
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The p53 gene is classified as a tumor suppressor because
it encodes a 393-amino acid nuclear phosphoprotein,
which acts to restrain inappropriate cellular prolifera-
tion."” The p53 protein is a transcription factor that
binds to specific regions of DNA and regulates the ex-
pression of other genes.>* Loss of functional p53 pro-
tein due to point mutation and allelic deletion contrib-
utes to unrestrained cellular proliferation associated
with cancer. Mutant p53 proteins have a prolonged
half-life, accumulate in the nucleus, and can be de-
tected by immunohistochemistry or other immunologic
techniques.>® Mutation of the p53 gene is the most com-
mon genetic alteration yet revealed in human cancers.>”

Mutations in the p53 gene have been identified in
a wide range of malignancies, including those of the
colon, lung, breast, esophagus, endometrium, pros-
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tate, the hematopoietic system, and head and neck, as
well as soft tissue sarcomas.">*'? This suggests that
alteration of the p53 gene is a critical step in human
carcinogenesis and that restoration of normal p53
gene function might become an integral component
of generalized cancer treatment. These considera-
tions explain why, over the last 3 years, the study of
the p53 gene has become one of the most active fields
in cancer research.

Epithelial ovarian cancer is the most lethal gyneco-
logic malignancy.'® The high mortality rate associated
with this tumor is due in large part to the absence of
symptoms in the majority of women with early stages
of the disease. Seventy percent of women present with
advanced disease in which the tumor has spread to the
peritoneal surface of the upper abdomen. Extensive in-
traabdominal disease is difficult to eradicate surgically,
and many patients have only a partial response to post-
operative chemotherapy. Although the molecular
mechanisms of ovarian carcinogenesis still remain un-
known, deletions of the region of chromosome 17p that
encompasses the p53 gene are frequent.'*'* Previous
studies have shown that the p53 gene is mutated in 30~
80% of ovarian carcinomas and that the genetic
changes correlate with mutant p53 protein accumula-
tion in tumor tissue.'*%¢

Although a consistent picture now is emerging to
indicate that the loss of p53 function is associated with
shortened survival in patients with breast, lung, gastric,
endometrial, prostate, and cervical cancer,'*'"?’7 the
data on the prognostic relevance of p53 gene mutation
and protein accumulation in ovarian cancer are less
abundant and also inconclusive.'*"** Only one study in
the literature was able to clarify partially the relation-
ship among p53 expression, clinical outcome, and clini-
copathologic features in human epithelial cancer of the
ovary.’’ Recently, the accumulation of p53 protein
clearly has been shown to be an independent marker of
reduced survival, flagging breast cancer cases for which
more aggressive adjuvant therapy may be war-
ranted.’*** In the present study, the accumulation of
p53 protein was considered an indicator of p53 gene
mutation. Using a quantitative, highly sensitive time-
resolved immunofluorometric procedure previously de-
scribed by us,® we evaluated the p53 protein accumula-
tion in relation to patient survival and other prognosis-
related clinicopathologic variables in 90 consecutive
cases of epithelial ovarian carcinoma.

Patients and Methods

Study Population

Ninety-five consecutive patients with primary epithe-
lial ovarian cancer were included in this study. All pa-

tients were treated and followed-up at the Department
of Gynecologic Oncology of the University of Turin
(Turin, Italy) between 1989 and 1993. Five patients (one
with lymphoma of the ovary, two with primary breast
cancer, one with primary colon cancer metastatic to the
ovary, and one who was lost to follow-up) were ex-
cluded from this study. The age range of these patients
was 20-78 years, with a median of 54 years. Follow-up
time ranged from 1.3 months to 55.2 months, with a
median of 22.2 months. All patients were staged ac-
cording to the criteria of the International Federation
of Gynecologists and Obstetricians.’® The Federation’s
staging system assumes that an adequate staging oper-
ation has been performed.” Staging operations in-
cluded collection of ascites or peritoneal washings from
the pelvis, gutters, and diaphragms for cytologic stud-
ies; total abdominal hysterectomy plus bilateral sal-
pingo-oophorectomy; infracolic omentectomy and ap-
pendectomy; selective pelvic and paraaortic lymphade-
nectomy; and debulking of all gross disease. If obvious
macroscopic tumor was not present, the following pro-
cedures were performed: biopsy of any lesion suspected
of being a tumor metastasis or any adhesion adjacent to
the primary tumor; blind biopsies of bladder perito-
neum and cul-de-sac, right and left paracolic gutter, and
pelvic side walls; and biopsy or smear of right hemidi-
aphragm.

All patients were treated with cisplatin-containing
chemotherapeutic regimens unless otherwise indicated
by the protocol used. Patients with Stage IA/IB and
Grade 1 disease did not receive any further treatment.
Twenty-one patients had Stage I disease, 6 patients had
Stage II disease, 51 patients had Stage III disease, and
12 patients had Stage IV disease. Each tumor also had
been histologically typed and graded based on World
Health Organization® criteria and reviewed by a single
pathologist. Sixteen tumors were Grade 1, 25 were
Grade 2, and 49 were Grade 3. With respect to histo-
logic type, 7 tumors were clear cell, 21 were endometri-
oid, 8 were mucinous, 36 were serous, 10 were un-
differentiated, and 8 were unclassified. In the data anal-
ysis, according to histologic type, only endometrioid
and serous cell carcinomas were considered. Because
the number of samples of the other histolgic types were
too small to be analyzed reliably, they were combined
together as one category called “others.”

Tumor Extraction

Tumor specimens obtained during surgery were snap-
frozen in liquid nitrogen and stored at —80°C until the
time of analysis. About 200 mg of tumor tissue, which
contained more than 70% tumor cells as determined by
histologic examination, was pulverized to a fine powder
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at —80°C, and the cells were lysed for 30 minutes on ice
with 2 ml of lysis buffer (50 mmol /1 Tris buffer [pH 8.0]
containing 150 mmol sodium chloride, 5 mmol ethyl-
enediaminetetra-acetic acid (EDTA), 10 g Nonidet NP-
40 surfactant, and 1 mmol phenylmethylsulfonyl fluo-
ride per liter). The lysate was centrifuged at 15,000 g at
4°C for 30 minutes, after which the supernatant was
collected and immediately assayed for p53 protein, as
well as for total protein with a commercial kit (Pierce
Chemical Co., Rockford, IL) based on the bicinchoninic
acid method.

Immunofluorometric Assay of Mutant p53 Protein

Mutant p53 in the tumor extracts was analyzed quanti-
tatively with a time-resolved immunofluorometric pro-
cedure previously described elsewhere.® Briefly, the tu-
mor extracts were incubated with a mouse monoclonal
anti-p53 antibody (PAb240, mutant-specific) in goat
anti-mouse—coated polystyrene microtitre wells. After
the wells were washed, a rabbit polyclonal anti-p53 an-
tibody (CM-1, mutant- and wild-type specific) was
added. After incubation and washing of the wells again,
a goat anti-rabbit antibody conjugated to alkaline phos-
phatase was added. The activity of alkaline phospha-
tase was detected by the substrate diflunisal phosphate,
which, when hydrolyzed and combined with a Tb>*-
EDTA solution, forms a fluorescent complex that can
be measured with a time-resolved fluorometer.***” For
quantitation, we used an arbitrary p53 standard solu-
tion established in our laboratory because no p53 stan-
dard is currently available. All p53 concentrations in the
extracts, in arbitrary units per liter, were transformed to
units of p53 per gram of total protein (U/g) to compen-
sate for the amount of cells extracted per tumor.

Assignment of p53-Positivity Status

Examination of the distribution of p53 levels in all
ovarian tumor extracts revealed two distinct popula-
tions with either relatively very low p53 levels (<2 U/
g; n = 44 samples) or clearly increased p53 levels (=5
U/g; n = 36 samples). Only 10 samples were in the
region between 2-5 U/g. For statistical analysis, we
chose a cutoff level of 3 U/g, which separates the tu-
mors into two groups: p53 negative (n = 51 [57%])
and p53 positive (n = 39 [43%]). This positivity rate is
in close agreement with previously published posi-
tivities in which immunohistochemical or genetic
techniques were used.' 77202226

Statistical Analysis

For survival analysis, two different end points of fol-
low-up—cancer relapse (either local recurrence or dis-
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tant metastasis) and death—were used to calculate dis-
ease free and overall survival, respectively. Disease free
survival was defined as the time interval between the
date of surgery and the date of identification of recur-
rent or metastatic disease. Overall survival was defined
as the time interval between the date of surgery and the
date of death. The associations between p53 and other
prognostic markers and between the prognostic mark-
ers and disease relapse or death were examined initially
with the chi-square test.

The Cox proportional hazard regression mode
was used to evaluate the strength of the associations
(i.e., the hazard ratio and its confidence interval) be-
tween the prognostic markers and disease relapse or
death. This analysis was conducted at both univariate
and multivariate levels. In the multivariate analysis, the
presence of mutant p53 protein, clinical stage (which
was not included in overall survival analysis because
the model did not converge), histologic grade, residual
tumor, and age were included in the model. All of these
variables except age were categorized dichotomously
(i.e., p53-positive vs. p53-negative, clinical Stage 1/1I
vs. Stage III/IV, histologic grade G1/G2 vs. grade G3,
and the presence of residual tumor vs. the absence of
residual tumor).

Kaplan-Meier survival curves® were constructed
for p53-positive and p53-negative patients. Within
each p53 category, Kaplan-Meier curves also were cal-
culated for subgroups with different clinical stage, his-
tologic grade, or residual tumor. The log rank test was
used to examine the differences between the Kaplan—
Meier curves.*” Computer software SAS (SAS Institute,
Cary, NC) and EGRET (Statistics and Epidemiology Re-
search Corp., Seattle, WA) were used for these data
analyses. Differences were considered significant when
the probability values obtained from the statistical tests
were 0.05 or less.
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Results

The frequency distribution of p53 concentrations in the
90 patients studied is shown in Figure 1. Of these 90
patients, 43% overexpressed p53 protein. One tumor
that was highly positive for p53 protein by the immu-
nologic assay and one tumor that was p53 negative
were stained immunohistochemically with the mono-
clonal anti-p53 antibody DO-1, as described by Vojte-
sek et al.*' These data, presented in Figure 2, confirm
the concordance between our immunologic assay and
immunohistochemistry, demonstrated previously by
other investigators.*'** We also extracted DNA from six
tumors, amplified the p53 gene, and performed single-
strand conformation polymorphism analysis of exons
5-8, as described by Mashiyama et al.** DNA from the
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Figure 1. Frequency distribution of p53 concentration in 90 ovarian
tumor extracts. The dotted line indicates the cutoff point used.

colon carcinoma cell line COLO320 HSR (+), which
overproduces mutant p53 and has a point mutation in
exon 7 of the p53 gene also was included as a positive
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Figure 2. Inmunohistochemical staining of an ovarian tumor
determined positive for p53 by the immunologic assay (top) and a
tumor negative for p53 (bottom). Staining was performed with the
DO-1 monoclonal anti-p53 antibody and avidin-biotin-peroxidase
techniques.*!

Table 1. Associations Between p53 and
Clinicopathologic Variables

Clinicopathologic
variable P53 negative P53 positive P value
Age (yr)

<40 8(15.7) 2(5.1)

40-49 14 (27.5) 7 (18.0)

50-59 16 (31.4) 17 (43.6)

60+ 13 (25.4) 13 (33.3) 0.22
Menopause*

Pre 25 (49.0) 11 (29.0)

Post 26 (51.0) 27 (71.0) 0.06
Stage

I-II 25 (49.0) 2(5.1)

HI-1v 26 (51.0) 37 (94.9) <0.01
Grade

1 14 (27.5) 2(5.1)

2 15 (29.4) 10 (25.7)

3 22(43.1) 27 (69.2) 0.01
Residual tumor (cm)t

28 (54.9) 6(15.8)

<5 14 (27.5) 16 (42.1)

>5 9(17.6) 16 (42.1) <0.01
Histotype

Endometrioid 19 (37.3) 2(5.1)

Serous 14 (27.5) 22(56.4)

Others 18(35.2) 15 (38.5) <0.01

Values are no. of patients (%).
* Menopausal status unknown for one patient.
t Residual tumor unknown for one patient.

control. The colon carcinoma cell line and four ovarian
tumors were found to possess p53 gene mutations in
exons 7, 5-6, 8, 8 and 7, respectively, and also to over-
produce p53 protein as measured by the immunologic
assay. Two tumors in which we did not detect any p53
gene mutations in exons 5-8 had levels of p53 protein
below the cutoff level of 3U/g.

Table 1 presents the relationships between p53 and
other clinical or pathologic variables, including age,
menopausal status, clinical stage, histologic grade, re-
sidual tumor after surgery, and histologic type. Patients
with p53-positive tumors tended to be older than pa-
tients with p53-negative tumors, but the difference was
not statistically significant. Of all p53-positive patients,
77% were 50 years of age or older. In the p53-negative
group, only 57% of patients were in the same age cate-
gory. Similar tendency also was observed between p53
and menopausal status, because menopause is an age-
dependent event. The presence of mutant p53 protein
was associated significantly with late clinical stage, high
histologic grade, presence of residual tumor, and serous
histologic type (Table 1).

The positivity rates for p53 per stage were 5% (1 of
21) for Stage I disease, 17% (1 of 6) for Stage II, 57%
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Table 2. Associations Between Clinicopathologic Variables, p53, and Cancer Relapse or Death*
Variable Relapse Relapse-free P value Dead Alive P value
Age (yr)
<40 2(5.7) 8 (14.6) 2(7.4) 8(12.7)
40-49 8(22.9) 13 (23.6) 7(25.9) 14 (22.2)
50-59 13(37.1) 20 (36.4) 7(25.9) 26 (41.3)
60+ 12 (34.3) 14 (25.4) 0.55 11 (40.7) 15 (23.8) 0.30
Menopauset
Pre 10 (28.6) 26 (48.2) 9(33.3) 27 (43.6)
Post 25 (71.4) 28 (51.8) 0.07 18 (66.7) 35 (56.4) 0.37
Stage
I-11 3(8.6) 24 (43.6) 0 27 (42.9)
HI-TV 32(91.4) 31(56.4) <0.01 27 (100) 36 (57.1) <0.01
Grade
1 1(2.9) 15 (27.3) 2(7.4) 14 (22.2)
2 12(34.3) 13 (23.6) 6(22.2) 19 (30.2)
3 22(62.8) 27 (49.1) 0.01 19 (70.4) 30 (47.6) 0.10
Residual tumor (cm)t
0 4(11.8) 30 (54.6) 1(3.9) 33(52.4)
<5 15 (44.1) 15 (27.3) 10 (38.5) 20 (31.8)
>5 15 (44.1) 10 (18.1) <0.01 15 (57.6) 10 (15.8) <0.01
Histotype
Endometrioid 3(8.6) 18(32.7) 2(7.4) 19 (30.2)
Serous 16 (45.7) 20 (36.4) 11 (40.7) 25 (39.6)
Others 16 (45.7) 17(30.9) 0.03 14 (51.9) 19 (30.2) 0.04
53
P Positive 20 (57.1) 19 (34.6) 16 (59.3) 23 (36.5)
Negative 15 (42.9) 36 (65.4) 0.04 11 (40.7) 40 (63.5) 0.05

Values are no. of patients (%).

* In this analysis, the follow-up time for each patient was not taken into consideration.

t Menopausal status unknown for one patient.
1 Residual tumor unknown for one patient.

(29 of 51) for Stage III, and 67% (8 of 12) for Stage IV.
Similarly, the positivity rates for p53 per grade were as
follows: 13% (2 of 16) for G1, 40% (10 of 25) for G2,
and 55% (27 of 49) for G3. The positivity rates for p53
were 18% (6 of 34) in patients with no residual tumor
after surgery, 53% (16 of 30) in patients with a residual
tumor 5 cm or smaller in size, and 64% (16 of 25) in
patients with residual tumor larger than 5 cm. The
positivity rates for p53 were 29% (2 of 7) for clear cell
tumors, 10% (2 of 21) for endometrioid tumors, 38% (3
of 8) for mucinous tumors, 61% (22 of 36) for serous
tumors, 50% (4 of 8) for unclassified tumors, and 60%
(6 of 10) for undifferentiated tumors.

The associations between these prognostic markers
and cancer relapse or death are shown in Table 2. Sta-
tistically significant associations were not seen between
cancer relapse or death and patient age or menopausal
status, although there was a trend for older or post-
menopausal patients to suffer a relapse or die more fre-
quently. Clinical stage, histologic grade, histologic type,
and postsurgical residual tumor all were associated sig-
nificantly with cancer relapse or death. Patients whose
tumors were p53 positive also had higher relapse and

death rates in comparison with patients whose tumors
were p53 negative, and the differences were statistically
significant (Table 2). Patients with p53-negative tumors
had significantly longer disease free survival compared
with patients with p53-positive tumors (Fig. 3). A sim-
ilar tendency also was seen for overall survival, with a
border-line statistical significance (P = 0.06).

The strength of the associations between each indi-
vidual predictor and disease free or overall survival are
demonstrated in the univariate analysis in Table 3. The
presence of residual tumor showed the strongest asso-
ciation with cancer relapse and death, and the hazard
ratio reached maximum values of 8.3 and 27.5, respec-
tively. Patients with late clinical stage (Il or IV) or
poorly differentiated (G3) tumors had a two-to-seven
times higher risk of developing recurrent or metastatic
disease or of dying compared with those with early
stage (I or II) or well or moderately differentiated (G1
or G2) tumors. The hazard ratio for patients with p53-
positive tumors was 2 for both disease free and overall
survival.

When all these predictors were included in the Cox
model (multivariate analysis in Table 3), however, the
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Figure 3. Kaplan—-Meier survival analysis of disease free (top) and
overall survival (bottom) in patients with ovarian cancer who were
either p53 negative (p53—) or p53 positive (p53+). n: number of
patients.

presence of residual tumor was the only predictor sig-
nificantly associated with disease free and overall sur-
vival. Mutant p53 protein, clinical stage, and histologic
grade were shown to have no independent value for
predicting the prognosis of ovarian cancer patients.

We further examined the associations between mu-
tant p53 protein and cancer relapse or death in sub-
groups of patients who were categorized based on ei-
ther their clinical stage (I/1I vs. III/IV), histologic grade
(G1/G2 vs. G3), or postsurgical residual tumor (pres-
ence vs. absence). The results are shown in Table 4. Pa-
tients with well or moderately differentiated cancer had
a significantly higher risk of developing recurrent dis-
ease or dying if mutant p53 protein was present in their
tumor when compared with patients who had tumors
of the same grade but were p53-negative. Patients with
no postsurgical residual tumor also demonstrated in-
creased risk for relapse and death when the tumors

were p53 positive. Although higher risks for relapse and
death also were observed in patients with p53-positive
tumors who had disease of an early clinical stage, the
elevated risk did not reach statistical significance. The
risk for cancer relapse or death was not significantly
different between p53-positive and p53-negative tu-
mors in patients with late clinical stage, poorly differ-
entiated tumors, or postsurgical residual tumor. These
findings also were shown in Kaplan-Meier survival
curves.

Figure 4 shows the disease free and overall survival
curves for cancer patients with histologic grades G1 and
G2. Patients with p53-negative tumors had substan-
tially longer disease free and overall survival than did
patients with p53-positive tumors (P < 0.01). These
differences were not seen in patients with poorly
differentiated cancer (Fig. 5). For patients with residual
tumor after surgery (Fig. 6) or late clinical stage (Fig. 7),
there was no difference in the disease free or overall
survival curves between p53-positive and p53-negative
tumors. Kaplan—Meier survival curves were not calcu-
lated for patients with early clinical stage cancer or with
no residual tumor because of the small number of pa-
tients in each p53-positive group.

Discussion

More than 100 cancer-related genes have been discov-
ered, several of which have been implicated in the nat-
ural history of human cancer because they consistently
are found to be mutated in tumors. The p53 tumor sup-
pressor gene is the most striking example because it is
mutated in approximately half of almost all types of
cancer arising from a wide spectrum of tissues.” A num-
ber of clinical studies have examined the frequency of
p53 mutations in epithelial ovarian carcinoma using im-
munohistochemical or genetic techniques.'**® With the
exception of three reports,?>**?! these studies suffer
from two important limitations: (1) a small number of
patients and (2) study of patients primarily with late
stage disease. Therefore, no conclusive evidence could
be presented on the prognostic significance of p53 in
epithelial ovarian carcinoma. To the authors’ knowl-
edge, the present report is the first to indicate that p53
tumor protein accumulation is a marker of poor prog-
nosis in a subset of ovarian cancer patients.

Previous studies have demonstrated that the posi-
tivity rate of p53 gene mutations or of p53 protein accu-
mulation in ovarian cancers is between 15%7 and
79%,*' but in the majority of studies, the positivity was
approximately 50%.'>'71%2%222¢ The apparent discrep-
ancies can be explained by differences in the methodol-
ogies employed and the patients selected. It is now well
accepted that there generally is a concordance between
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Table 3. Cox Proportional Hazard Regression Analysis
Relapse Death
Variable HR 95% CI P value HR 95% CI P value
Univariate analysis
p53* 2.03 1.06-3.89 0.03 1.95 0.96-3.97 0.06
Age 1.02 0.99-1.05 0.10 1.03 1.00-1.07 0.04
Gradet 2.23 1.11-4.47 0.02 3.22 1.42-7.30 0.01
Staget 7.28 2.20-24.11 <0.01 ol
Residual tumor§ 8.31 2.90-23.83 <0.01 27.481 2.70-204.4 <0.01
Multivariate analysis
p53* 0.84 0.41-1.72 0.63 0.86 0.40-1.87 0.72
Age 1.03 0.99-1.06 0.11 1.04 1.00-1.09 0.05
Gradet 0.79 0.38-1.67 0.54 1.00 0.42-2.34 0.99
Staget 2.69 0.55-13.15 0.22 ol
Residual tumor§ 5.35 1.42-20.14 0.01 30.891 3.83-248.8 <0.01

HR: hazard ratio; CI: confidence interval.

* p53 presence versus p53 absence.

t Grade 1 and Grade 2 versus Grade 3.

t Stage I and II versus Stage Il and IV.

§ Residual tumor presence versus residual tumor absence.

| No death in the group of patients with Stage I-II.

7 Only one death in the group of patients with no residual tumor.

genetic methods that detect p53 gene mutations and
immunologic methods that measure mutant p53 pro-
tein accumulation.?’*> Immunohistochemical methods,
however, do not detect genetic changes that are either
nonsense or frameshift mutations, because the trun-
cated mutant proteins usually are not reactive with the
anti-p53 antibodies used. Conversely, genetic methods
frequently screen only exons 5-8 for p53 gene muta-
tions, but mutations in other exons also may occur, al-

though with low frequency.?' Additionally, there is also
a possibility of that p53 protein is stabilized through
nonmutational mechanisms or p53 protein overex-
pression because of mutations in the promoter re-
gion.*>*¢ Because immunohistochemical techniques are
interpreted by somewhat subjective criteria and differ-
ent antibodies against p53 are often used in these pro-
cedures, the results from different investigators may
vary.

Table 4. Cox Proportional Hazard Regression Analysis for Subgroups of Patients

Relapse Death

Variable HR 95% CI P value HR 95% CI P value
Grade I-11

p53 unadjusted 11.07 3.28-37.34 <0.01 25.03 3.06-204.7 <0.01

p53 age-adjusted 9.43 2.73-32.54 <0.01 20.67 2.52-169.3 0.01
Grade III

p53 unadjusted 0.54 0.24-1.24 0.15 0.48 0.20-1.17 0.11

p53 age-adjusted 0.55 0.24-1.26 0.16 0.46 0.18-1.13 0.09
Stage I-11

p53 unadjusted 5.82 0.51-66.81 0.16 0*

p53 age-adjusted 8.43 0.46-154.2 0.15 0*
Stage III-1V

p53 unadjusted 1.04 0.53-2.05 0.90 0.97 0.47-1.98 0.92

p53 age-adjusted 0.94 0.46-1.90 0.86 0.76 0.35-1.62 0.76
No residual tumor

p53 unadjusted 14.17 1.45-138.3 0.02 ot

p53 age-adjusted 8.49 0.85-85.08 0.07 0t
Residual tumor

p53 unadjusted 0.71 0.36-1.43 0.34 0.91 0.42-1.94 0.80

p53 age-adjusted 0.69 0.34-1.37 0.29 1.04 0.38-1.76 0.60

HR: hazard ratio; Cl: confidence interval.
* No death in the group of patients with Stage I-II.

1 Only one death exists in the group of patients with no residual tumor, and convergency could not be achieved in the calculation of model parameters.
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Figure 4. Kaplan—-Meier survival analysis of disease free (top) and
overall survival (bottom) in patients with Grade 1/1I ovarian cancer
who were either p53 negative (p53—) or p53 positive (p53+). n:
number of patients.

Our immunologic assay for p53 protein quantifica-
tion has been reported recently.® Other groups have de-
veloped similar assays,*'** and one method is commer-
cially available (Oncogene Science Inc., Uniondale,
NY). During the evaluation of this assay, we have
shown that cell lines bearing p53 gene mutations over-
express p53 protein, whereas cell lines with normal p53
gene do not. Using this assay we also were able to con-
firm the negative associations between p53 gene muta-
tions and steroid hormone receptors in breast cancer.®
The advantages of quantitative immunologic assays
over immunohistochemical techniques recently have
been summarized.*” Immunologic assays for p53 mu-
tant protein quantification have been compared with
immunohistochemical and genetic techniques. The data
were highly correlated in all studies.®*'*> Our limited
immunohistochemical and genetic data with single-
strand conformation polymorphism analysis confirm
these correlations.

In regard to patient selection, most published stud-

ies that examined p53 gene mutations in ovarian can-
cer included patients mostly with Stages IIl or IV di-
sease.’>"?* It has been shown that p53 gene mutations
in ovarian cancer appear with lower frequency in early
stages of the disease.'®*’> An extensive study by Marks
et al.”? initially failed to show differences in the p53
gene mutation rate at various disease stages. In a subse-
quent study,” however, the same group found that the
mutation rate in Stage IA /IB disease was 15% and that
the rate increased to 44% and 56% in Stages IC /1l and
III disease, respectively. In our study, we demonstrated
a similar trend in the positivity rate for mutant p53 pro-
tein (i.e. 5%, 17%, 57%, and 67% in Stages I, II, III, and
IV, respectively). Other factors that may affect the p53
positivity rate in ovarian cancer include histologic
grade, histologic type, and the presence of postsurgical
residual tumor.

The increase in p53 positivity rate with disease
stage may indicate either that aberrant p53 expression
may be a relatively late event in ovarian carcinogenesis
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Figure 5. Kaplan-Meier survival analysis of disease free (top) and
overall survival (bottom) in patients with Grade III ovarian cancer
who were either p53 negative (p53—) or p53 positive (p53+). n:
number of patients.
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In this study, we used a cutoff level of 3 U/g to
divide the patients into two groups, p53 positive and
p53 negative. Based on the frequency distribution of the
p53 values among all the patients (Fig. 1), we found that
only 10% of the patients had a p53 value close to the
cutoff level. The majority of the p53-positive patients
had values much higher than 3 U/g.

The highest percentage of p53-positive tumors
were associated with serous histologic type (61%), fol-
lowed by undifferentiated (60%), unclassified (50%),
mucinous (38%), clear cell (29%), and endometrioid
(10%) tumors. This finding is in agreement with previ-
ous reports that also demonstrated that the highest p53
positivity was associated with serous tumors, whereas
endometrioid tumors had a relatively low p53 posi-
tiVity.20'21'23

Initial univariate analysis revealed that the detec-

0

10

20

Survival time (months)

Figure 6. Kaplan-Meier survival analysis of disease free (top) and
overall survival (bottom) in patients with residual tumor after
cytoreductive surgery who were either p53 negative (p53—) or p53
positive (p53+). n: number of patients.

that occurs during tumor progression and metastasis, or
that ovarian cancer without p53 gene mutations repre-
sents a different and perhaps less aggressive subset of
ovarian cancers that have decreased ability to metasta-
size.

It is thought that mutations observed in ovarian
cancer are due to errors in DNA synthesis that occur at a
low frequency during DNA replication associated with
normal cellular proliferation.*® Therefore, the longer
one is alive, the higher the probability of accumulating
cells that have acquired the multiple activated cancer-
causing genes required for the development of a clini-
cally recognizable tumor. Data from other tumors ap-
pear to indicate that activation of p53 may occur at
different stages of tumorigenesis (early or late event) in
different tumor types.**>' The accumulation of
multiple activated genes may be more important than
the order in which they occur.
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Figure 7. Kaplan-Meier survival analysis of disease free (top) and
overall survival (bottom) in patients with Stage I1I/IV ovarian cancer
who were either p53 negative (p53—) or p53 positive (p53+). n:
number of patients.
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tion of mutant p53 in ovarian cancer was significantly
associated with increased frequency of relapse and
death. Patients with late disease stage, poorly differen-
tiated tumors, or residual cancer diagnosed after sur-
gery also had significantly higher risk for relapse and
death. In multivariate analysis, however, only the pres-
ence of postsurgical residual tumor was associated sig-
nificantly with survival, whereas none of the other
markers showed any independent predictive value for
patient prognosis. Such predictive value may be estab-
lished at least for some parameters if longer follow-up
periods are evaluated.*!

Because postsurgical residual tumor, clinical stage,
and histologic grade all were associated significantly
with the presence of p53 and survival outcome, we con-
sidered the possible existence of interactions (or effect
modifications) of these predictors on patient survival,
because such interactions may lead to improper obser-
vation of the associations of these markers with the sur-
vival. To avoid the interaction between the predictors
on the survival and simultaneously to control for the
confounding effect of other predictors when the predic-
tive value of p53 was examined, we evaluated the rela-
tionship between mutant p53 protein and survival in
patients who were subclassified into groups based on
their clinical stage, histologic grade, and presence of
postsurgical residual tumor. In this analysis, we found
a strong and highly significant association between the
presence of mutant p53 protein and increased cancer
relapse or death rates in well or moderately differenti-
ated tumors (G1 or G2), but not in poorly differentiated
tumors (G3). This association also was observed in the
subgroup of patients who had no postsurgical residual
tumor, but not in the subgroup of patients who had re-
sidual tumor. Similar predictive value of p53 also
seemed to be present in patients with early clinical stage
disease (I or II) but not in those with late stage disease
(III or IV). The above observations also were well dem-
onstrated by the Kaplan-Meier survival curves.

With respect to the Kaplan-Meier survival curves
plotted for the p53-positive and p53-negative tumors
without subclassification, it is evident that the curves
begin to diverge after 20 months of follow-up, which
may suggest that the differences are contributed by tu-
mors with better prognosis (Fig. 3). This observation
provides support to the finding that patients with well
or moderately differentiated cancer had better progno-
sis if mutant p53 protein was absent.

Kaplan-Meier survival plots could not be con-
structed for the subgroups of patients with Stage I-1I
disease or with no residual tumor postcytoreductive
therapy because of the small number of patients in each
p53-positive group who developed cancer relapse or
died. The data shown in Table 4, however, indicate that

p53 also may be a predictor of poor outcome in early
clinical stage tumors or in patients without residual tu-
mor after surgery, confirming recently published re-
sults.’’ These suggestions need to be confirmed with
more patients or with longer follow-up periods.

To our knowledge, this study is the first to demon-
strate a statistically significant association between the
presence of mutant p53 protein and poor outcome in a
subset of ovarian cancer patients who have either well
or moderately differentiated ovarian carcinoma (P <
0.01). All but one®' previous study that examined the
association of p53 gene mutations and clinical outcome
enrolled a small number of patients with late stage dis-
ease. In the only study that examined p53 gene muta-
tions in early ovarian cancer,”” no association was found
between p53 presence and overall survival, but the pa-
tients were not subclassified according to histologic
grade. We suspect that the disagreement between our
results and those previously published”® may be due
largely to patient selection and methodologic differ-
ences. This previously published study® reported the
highest prevalence of p53-positive tumors in the mu-
cinous histologic type (57%) and lower prevalence in
the serous histologic type (30%), in contrast to our find-
ings and those of others.?**"*’ Hartmann et al.>' found
immunoreactivity for p53 in 62% of patients with early
and advanced stage epithelial ovarian cancer and a sta-
tistically significant association between p53 staining,
higher grade disease, and overall survival in univariate
analysis. Our study confirms the trend found in this
other study for a correlation of p53 positivity in early
stage tumors with reduced patient survival.

Our findings prompt us to speculate that in tumors
that are not well differentiated (G3), in addition to or
independent of the presence of p53, other genes may
confer an aggressive phenotype to the ovarian tumor
that becomes lethal to the patient. These unknown
genes apparently are not expressed in G1 or G2 tumors,
and in this case, the unfavorable function of p53 be-
comes manifest. Alternatively, it is possible that ovarian
neoplasms that are well or moderately differentiated
and nonmetastatic at the time of diagnosis represent a
different, less aggressive subset of ovarian tumors that
is simply less likely to have acquired p53 gene muta-
tions. The lack of an easily identifiable premalignant le-
sion in the ovarian epithelium, in comparison with co-
lon and breast cancers, is a major obstacle in determin-
ing whether aberrant p53 expression is an early or late
event in ovarian carcinogenesis. The molecular mecha-
nisms by which mutant p53 contributes to the malig-
nant phenotype remain under investigation.

It is recognized that most patients with ovarian can-
cer have advanced disease at the time of diagnosis and
will receive postsurgical chemotherapy regardless of tu-
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mor grade or other features. Our findings would be use-
ful in guiding treatment decisions in the small number
of patients who present with early stage /grade disease.
In these patients, assessment of p53 gene alterations or
p53 protein overexpression would allow physicians to
treat those who are at higher risk for relapse and spare
treatment for those with good prognosis.

In conclusion, we found that the presence of p53

in well or moderately differentiated ovarian cancer is a
strong indicator of poor prognosis. In poorly differen-
tiated or late stage ovarian carcinoma, however, other
genes that remain to be identified may be responsible
for the unfavorable prognosis.
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