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Abstract
Objective—The Gynecologic Oncology Group (GOG) performed a detailed analysis of p53
overexpression in previously-untreated women with invasive early or advanced stage epithelial
ovarian cancer (EOC).

Methods—Women were eligible for the study if they provided a tumor block for translational
research and participated in either GOG-157, a randomized phase III trial of three versus (vs.) six
cycles of paclitaxel+carboplatin in high-risk, early stage EOC, or GOG-111, a randomized phase III
trial of cyclophosphamide+cisplatin vs. paclitaxel+cisplatin in suboptimally-resected, advanced
stage EOC. The N-terminal DO-7 p53 antibody was used to examine the expression of the major
normal and mutant p53-isoforms. p53 overexpression was defined as ≥10% tumor cells exhibiting
nuclear staining.
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Results—p53 was overexpressed in 51% (73/143) and 66% (90/136) of cases in the GOG-157 and
GOG-111 cohorts, respectively. In the GOG-157 cohort, p53 overexpression was not associated with
any clinical characteristics or overall survival (OS) but was associated with worse progression-free
survival (PFS) (logrank test: p=0.013; unadjusted Cox modeling: p=0.015). In the GOG-111 cohort,
p53 overexpression was associated with GOG performance status (p=0.018) and grade (p=0.003),
but not with age, stage, cell type or with tumor response and disease status after primary
chemotherapy, PFS or OS. Adjusted Cox regression modeling demonstrated that p53 overexpression
was not an independent prognostic factor for PFS or OS in either cohort.

Conclusions—p53 overexpression assessed by DO-7 immunostaining is common in early and
advanced stage EOC, but has limited prognostic value in women treated with surgical staging and
platinum-based combination chemotherapy.
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INTRODUCTION
Ovarian cancer is the leading cause of cancer-related death among the gynecologic
malignancies (1). It is estimated that 21,650 new cases of ovarian cancer will be diagnosed in
the United States in 2008 and that 15,520 women will die from disease (1). Currently, surgical
staging followed by platinum- and taxane-based chemotherapy is the standard of care. Despite
impressive initial response rates, the five-year survival rate is 92%, 71%, and 30% for women
with localized, regional, and distant disease (1). Unfortunately, 68% of ovarian cancers are
diagnosed with distant disease (1). Investigators continue to study biomarkers implicated in
cancer, malignant progression, metastasis and drug sensitivity with the goal of identifying
women with refractory or resistant vs. sensitive disease for whom alternative therapies may be
useful.

p53, or TP53, is a multifunctional tumor suppressor that is often altered in ovarian and other
cancers (2–11). The p53 gene regulates transcription, DNA repair, cell cycle arrest,
differentiation, senescence, genomic instability, apoptosis and survival as well as glucose
metabolism, oxidative stress and angiogenesis (3–7). Normal cells generally have low levels
of p53 protein due to its short half-life. Mutations in p53 often encode proteins that are resistant
to degradation, and mutant p53 protein often accumulates in the nucleus of cancer cells.
Overexpression of p53 can occur by mutation, altered transcription and translation or post-
translational modifications (3–7), and can be detected using an immunohistochemical method.
Currently, alterations in p53 are the most common defects identified in women with epithelial
ovarian cancer (EOC). Despite the prevalence of these alterations, overexpression of p53
protein has been inconsistently associated with tumor stage, cell type, grade, progression-free
survival (PFS), overall survival (OS), and tumor response, and the value of p53 as an
independent prognostic factor for disease progression (DP) and death in women with invasive
EOC remains unclear (8–42).

Given the inconsistencies in the literature, the Gynecologic Oncology Group (GOG) sought to
evaluate the prognostic relevance of p53 overexpression in women with EOC who participated
in one of two randomized phase III treatment protocols (43,44). Our results using the DO-7
antibody (7,45,46) will be discussed in context with the other immunohistochemical studies
of p53 overexpression in invasive EOC and the current understanding of the p53 family with
its distinct family members and isoforms that exhibit diverse and at times, opposing functions.
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MATERIALS AND METHODS
Patients

To participate in this study, the women must have provided a formalin-fixed and paraffin-
embedded (FFPE) tumor block and participated in GOG-157 or GOG-111. Women on
GOG-157 had to have previously-untreated, histologically-confirmed, optimally-resected
EOC with stage IA or IB disease that was either clear cell histology or grade 3 disease, or stage
IC or II disease independent of histologic subtype and grade, and a GOG performance status
below 4 (43). Women on GOG-111 had to have previously-untreated, histologically-confirmed
EOC with stage III disease that was suboptimally-resected (>1 cm residual disease) or stage
IV disease, and a GOG performance status below 3 (44). Women on both protocols were
required to have adequate borrow marrow cell counts, renal function, and hepatic function as
previously described (43,44) but could not have a borderline tumor with low malignant
potential. All women provided written informed consent and participating institutions were
required to obtain annual Institutional Review Board approval for GOG-157 or GOG-111
consistent with federal, state, and local requirements.

Post-Operative Cancer Treatment
Women on GOG-157 were randomized to receive intravenous (IV) carboplatin (AUC 7.5) and
a 3-hour continuous IV infusion of 175 mg/m2 paclitaxel on day 1 every 3 weeks for 3 vs. 6
cycles (43). Women on GOG-111 were randomized to receive either 75 mg/m2 cisplatin IV
and 750 mg/m2 cyclophosphamide IV on day 1 every 3 weeks for a total of 6 cycles, or a 24-
hour continuous IV infusion of 135 mg/m2 paclitaxel and 75 mg/m2 cisplatin IV on day 2 every
3 weeks for a total of 6 cycles (44). Treatment at the time of DP was left to the discretion of
the treating physician and patient.

Clinical End-Points
All women were followed quarterly for 2 years, semi-annually for the next 3 years, and then
annually until death from completion of primary chemotherapy. PFS was calculated as the
time in months from study enrollment to DP or death (failure), or to the date of last contact for
women who were alive with no evidence of DP (censored). OS was calculated as the time from
enrollment to death or to the date of last contact for those who were still alive. Tumor
response was evaluated after every two cycles of treatment in women on GOG-111 with
measurable disease and cases categorized as a complete response, partial response, progressive
disease or stable disease as previously defined (44). Women on GOG-111 who were clinically-
free of disease after primary chemotherapy or who had CA125 <100 U/ml and were entered
with non-measurable disease were required to undergo a reassessment laparotomy. Disease
status was classified as negative when reassessment laparotomy showed no evidence of
disease, or positive when DP was documented during primary chemotherapy or the
reassessment laparotomy.

Tumor Specimens and Immunohistochemical Detection of p53 Overexpression
Tumor was excised during the primary cytoreductive surgery and prior to initiation of primary
chemotherapy. p53 overexpression was evaluated without knowledge of the clinical data using
5 micrometer thick unstained sections and an immunohistochemistry procedure with the DO-7
mouse monoclonal antibody (DAKO, Carpinteria, CA) and an ABC Vectastain detection kit
(Vector Laboratories, Burlingame, CA) in archival FFPE primary tumor according to the
manufacturer’s instructions. Stained slides were independently evaluated by three reviewers
using light microscopy to determine the percentage of p53-positive tumor cells with nuclear
staining and staining intensity. Background staining was evaluated using an isotype control
antibody in place of the DO-7 antibody and was found to be negligible. Stromal cells were
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used as an internal negative control within each tumor specimen. Breast cancer tissues of known
p53 status were used as external positive and negative controls for p53 staining using the DO-7
antibody (42). The percentage of p53-positive tumor cells was categorized as 1 = <10%, 2 =
10–49%, 3 = 50–74%, or 4 = ≥75% p53-positive tumor cells. The intensity of p53 staining was
scored as negative (no brown staining), 1+ (light brown staining), 2+ (moderate brown
staining), or 3+ (dark brown staining). Majority determinations were calculated for the
percentage of p53-positive tumor cells and staining intensity. p53 overexpression was defined
as ≥ 10% of tumor cells exhibited nuclear p53 staining as previously reported (21,22,24,28,
33,34,37,40,41).

Statistical Methods
Biomarker and clinical data were analyzed using SAS® version 9.1 software (SAS Institute,
Inc. Cary, NC). All tests were two-sided and the level of significance was set at 0.05.
Associations between p53 overexpression and clinical characteristics, tumor response or
disease status were evaluated using Fisher’s exact test. Kaplan-Meier method with the logrank
test were used to estimate survival probabilities and compare survival distributions categorized
by p53 overexpression. Cox modeling was used to examine the association between p53
overexpression and PFS or OS. Multivariate models adjusted for patient age at enrollment and
were stratified by tumor stage, tumor grade, and treatment regimen (43,44); additionally the
GOG-111 cohort (44) was stratified by histologic subtype (clear cell vs. mucinous vs. other
histologic subtypes) and gross residual disease (measurable vs. non-measurable).

RESULTS
High-Risk, Early Stage, Epithelial Ovarian Cancer

Of the 457 women enrolled on GOG-157, 143 (31%) provided archival FFPE primary tumor
tissue for translational research. The patient characteristics for the 143 women in this cohort
are summarized in Table 1 and are representative of that observed in the entire GOG-157 cohort
(43). At the time of the final analyses, 92 women were alive with no evidence of disease, 13
were alive with DP, 25 had died due to DP, two had died due to treatment, 8 had died due to
a reason other than DP or treatment, and three had died of unknown cause. Median follow-up
for the 105 women in GOG-157 who were still alive at the time of the final analysis was 105
(range 14 to 137) months. Of the 70 cases (49%) with normal p53 expression; 31 were p53
negative and 39 exhibited p53 staining in <10% of the tumor cells. Of the 73 (51%) of women
with p53 overexpression, 28 had limited overexpression (10–49% p53-positive tumor cells),
16 had moderate overexpression (50–74% p53-positive tumor cells) and 29 had extensive
overexpression (≥75% p53-positive tumor cells) (Figure 1A). In terms of the intensity of p53
staining in the GOG-157 cohort, 12 displayed 1+ staining, 64 exhibited 2+ staining, and 36
stained 3+ (Figure 1B). Staining intensity was associated with percentage of p53-positive cells
(p<0.001). The intracellular localization of the p53 staining was nuclear.

p53 overexpression (≥10% p53-positive tumor cells) was not associated with patient age at
enrollment, race/ethnicity, performance status, tumor stage, grade or cell type (Table 2) but
was associated with worse PFS (Figure 2A; p=0.013). Unadjusted Cox modeling demonstrated
that women with p53 overexpression had a 2-fold higher risk of DP (95% confidence interval
[CI]=1.15–3.63; p=0.015) compared with those expressing normal p53 expression (Table 3).
A trend suggesting worse OS (Figure 2B, p=0.060) and an elevated risk of death (hazard ratio
[HR]=1.86; 95% CI=0.96–3.61; p=0.064) was observed for women with relative to those
without p53 overexpression but these associations did not achieve statistical significance. After
adjusting for patient age and stratifying by FIGO stage, tumor grade, and primary treatment
regimen, p53 overexpression was not an independent prognostic factor for PFS (HR=1.81,
95% CI=0.99–3.30; p=0.052) or OS (HR=1.79, 95% CI=0.90–3.59; p=0.100) in women with
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high-risk, early stage EOC treated with three or six cycles of carboplatin and paclitaxel (Table
3). There was no evidence of an association between p53 staining intensity and PFS or OS
(data not shown).

Suboptimally-Resected, Advanced Stage, Epithelial Ovarian Cancer
Of the 410 women enrolled on GOG-111, 136 (33%) provided FFPE tumor tissue for this
research study. The patient characteristics for the 136 women in this cohort are summarized
in Table 1 and are representative of that observed in the entire GOG-111 cohort (44). At the
time of the final analyses, seven women were alive with no evidence of disease; five were alive
with DP, 120 had died due to DP, one had died due to treatment, two had died due to a reason
other than DP or treatment, and the cause of death was unknown for one woman. Median
follow-up for the 12 women in GOG-111 who were still alive at the time of the final analysis
was 127 (range 15–194) months. Forty-six (34%) women displayed normal p53 expression
(<10% positive tumor cells). Of the 90 (66%) women with p53 overexpression, seven had
limited overexpression (10–49% p53-positive tumor cells), 16 had moderate overexpression
(50–74% p53-postive tumor cells), and 67 had extensive overexpression (≥75% p53-positive
tumor cells) (Figure 1C). The intensity of p53 staining in the advanced stage cases was always
3+ (Figure 1D) and the localization was nuclear.

Significant associations were observed between p53 overexpression and GOG performance
status (p=0.018) and tumor grade (p=0.003), but not with patient age, race/ethnicity, tumor
stage, histologic cell type or residual disease status after primary surgery (Table 2). Table 2
demonstrates that p53 overexpression was not associated with tumor response in the 82 women
with measurable disease (p=0.621) or with disease status in the 125 women who either
underwent reassessment laparotomy after completion (N=85) or experienced disease
progression (N=40) during primary chemotherapy (p=1.000).

There was also no difference in the PFS (p=0.504) or OS (p=0.517) distributions for women
categorized by p53 overexpression (Figures 2C and 2D, respectively). Unadjusted Cox
regression analyses demonstrated that women with p53 overexpression did not have an
increased risk of DP (HR=1.13; 95% CI=0.78–1.64; p=0.505) or death (HR=1.13; 95%
CI=0.78–1.64; p=0.517) compared with those with normal p53 expression (Table 3). After
adjusting for patient age and stratifying by FIGO stage, histologic subtype, tumor grade, gross
residual disease, and primary treatment regimen, p53 overexpression was not an independent
prognostic factor for PFS (HR=1.54, 95% CI=0.96–2.47; p=0.076) or OS (HR=1.34, 95%
CI=0.83–2.18; p=0.231) in women with suboptimally-resected, advanced stage EOC treated
with either cyclophosphamide+cisplatin or paclitaxel+cisplatin (Table 3).

DISCUSSION
Mutations in p53 are a common event in ovarian cancer (8–11,17,18,24,26,29,30,33,35,36,
41) and have been shown to either be associated with OS (24,29,33) or response to platinum/
paclitaxel based chemotherapy (26,30,33) or to not associated with OS (35,41). A strong
correlation has been observed between a p53 mutation most notably a missense mutation and
DO-7 expression of p53 protein (14,18,24,26,29,33). In the study reported herein, p53
overexpression was evaluated using the N-terminal DO-7 antibody in well-annotated FFPE
tumor from 143 women with high-risk, early stage EOC and 136 women with suboptimally-
resected, advanced stage EOC participated in a phase III treatment protocol and were treated
in GOG institutions throughout the US (43,44). The fact that these specimens were from women
recruited from multiple institutions who were uniformly-staged, treated, and managed, and
were linked to detailed clinical data, including treatment information and long-term follow-
up, is a major strength of this study. This study, however, did not included women with low-
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risk, early stage disease or women with optimally-resected, stage III disease, and did not
examine p53 mutation status which are weaknesses.

The DO-7 antibody recognizes an epitope within the first 40 amino acids of p53 and reacts
with wild type p53, p53-beta and p53-gamma, but not with the p53-isoforms which are missing
the first 40 or 133 amino acids of full length p53 (7,45,46). Righetti and co-workers
demonstrated that the DO-7 antibody was more reliable that the CM-1, DO-7, PAb1801, and
PAb240 antibodies for detection of wild-type and mutant p53 in FFPE EOC (18). Given that
a number of p53 cut-points have been reported in EOC but none have been validated, we defined
p53 overexpression using the most commonly utilized cut-point (≥10%) in EOC (21,22,24,
28,33,34,37,40,41) and demonstrated that p53 overexpression was observed in 51% of high-
risk, early stage EOC and 66% of suboptimally-resected, advanced stage EOC. This is
consistent with studies reporting a 40 to 75% prevalence rates in EOC (8,9,11–15,17–19,21,
23–35,37–42) but is higher than the 16 to 35% levels reported by some groups (10,16,22,36).
Using the 10% cut-point, p53 overexpression was associated with PFS but not OS and was not
an independent prognostic factor for PFS or OS in the GOG-157 cohort. In the GOG-111
cohort, p53 overexpression was associated with performance status and tumor grade but not
with tumor response, disease status assessment, risk of DP or risk of death, and was not an
independent prognostic factor for PFS or OS.

Our findings are consistent with studies showing an association between p53 overexpression
and PFS (16,22) or tumor grade (12,13,15,16,17,19,22–24,26,32,33,35,37,40,42) and with
studies demonstrating that p53 overexpression was not associated with PFS (10,17,30,33,35,
38,41,42), OS (8,10,11,17,24,25,29,30,32–39,41,42), tumor response (16,23,25,26,30,37,39–
42), or disease status (12,27), and that p53 was not an independent prognostic factor for PFS
(16,17,34,35,42) or OS (12,14,16,17,19,22,24,29,32,33,35,39,40,42) in invasive EOC.
However, these results contradict studies demonstrating that p53 overexpression was
associated with OS (12,13,15,16,19,20,22,23,27,28,40), and/or tumor response (18,22), and
that p53 was an independent prognostic factor for PFS (22) or OS (15,20,23,27,28,31) in
invasive EOC. These inconsistencies can be explained at least in part by differences in sample
size, stage of disease, type of primary chemotherapy, follow-up time and assessments, study
design, type of tumor tissue, p53 antibody and/or the cut-point that was used to define p53
overexpression. For example, the different p53 antibodies (DO-7, DO-1, PAb1801, PAb240,
Bp53-11, Bp53-12, CM-1) recognize distinct regions in p53 (45,46) and therefore bind to
specific p53 isoforms (7) and selectively work in FFPE and/or frozen tumor (7,45).

Among the studies that examined OS as an end-point and used the N-terminal DO-7 antibody
with different cut-points in FFPE or frozen tumor, most including ours showed that p53
overexpression was not associated with OS (14,24,30,32,33,34,39,42). In contrast, Ozalp and
colleagues demonstrated that p53 overexpression categorized as negative or positive was
associated with OS (27). Shahin and coworkers used a 5% cut point and reported that p53
overexpression was not associated with OS in women with early and advanced stage disease
but was association with OS in a subset analysis in stage III or IV disease (29). The studies
reported herein and by de Graeff (42) recruited women from multiple institutions and did not
show an association between p53 overexpression and OS.

Since this study was initiated, our understanding of the p53 gene family has evolved. The nine
p53 isoforms result from differential promoter utilization and alternative splicing, and contain
distinct functional domains (7). In addition, p53 is a member of a family of transcriptional
regulators that includes six p63-isoforms and 28 p73-isoforms, each with distinct domains for
transcriptional regulation, protein-protein interactions, sequence-specific DNA binding, zinc-
binding, nuclear localization, oligomerization and/or DNA repair (47). Some p63- and p73-
isoforms are transcriptional activators while others are dominant negative transcriptional
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factors (47). p53 forms tetramers with itself and can bind to p63- and p73-isoforms. Alterations
in p53 either by mutation, overexpression or indirect mechanisms can exert a diverse array of
effects on cancer development and therapeutic responsiveness attributable to differential
expression and oligomerization between normal and altered p53-, p63- and p73-isoforms, loss
of normal p53 functions and/or gain of oncogenic p53 functions (3–7,47). Thus, given our
current understanding of the p53 family, it is not surprising that studies evaluating p53
overexpression using immunohistochemical methods and the current p53 antibodies have
yielded contradictory data. As a result, investigators are now proposing that high through-put
platforms be used to provide a more accurate measure of p53 status and functional activity
including the specific p53-dependent genes that exist in individual human cancers (48).

In conclusion, p53 overexpression, assessed by DO-7 immunostaining, was common in early
and advanced stage EOC and was associated with PFS in high-risk early stage disease using
the 10% cut-point, but this measure of p53 has limited independent clinical value in women
with EOC treated with surgical staging and platinum-based combination chemotherapy.
Alternative techniques for evaluating p53 status and functional activity (e.g., mass-
spectroscopy, multiplex and gene expression array platforms) have yet to be fully evaluated in
EOC and may have prognostic/predictive value in this disease setting.
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Figure 1.
Immunohistochemical expression of p53 in high-risk, early stage EOC (A, B) and
suboptimally-resected, advanced stage EOC (C, D) categorized as the percentage of p53
positive tumor cells (A, C) or p53 staining intensity (B, D).
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Figure 2.
Kaplan-Meier estimate of PFS (A, C) and OS (B, D) for women with normal p53 (<10% p53
positive tumor cells) or p53 overexpression (≥10% p53 positive tumor cells) in the GOG-157
cohort (A, B) or the GOG-111 cohort (C, D). Median PFS and OS provided in months from
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study enrollment. Logrank test was used to compare PFS and OS distributions by p53
overexpression.
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