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This case-control study was designed to identify fac-
tors associated with long-term survival. We examined
two groups of patients with epithelial ovarian cancer,
one group of long-term survivors (>5 years) and one
group of short-term survivors (<2 years), for levels of
expression of p53 and p27°™! proteins (as both pro-
teins have been shown to be independent prognostic
markers in tumors other than ovary) and the relation-
ship with patient survival. Our findings show that
p27%™! expression, in contrast to p53 expression, is
positively associated with long-term survival in uni-
variate analysis (P = 0.001), in analyses stratified by
residual disease (P = 0.02) or performance status (P =
0.02), the two strongest prognostic factors for ovarian
cancer, as well as multivariate analysis (P = 0.002)
adjusting simultaneously for age, tumor stage, resid-
ual disease, performance status, and grade of differ-
entiation. Therefore, immunostaining for levels of
p27%™"! expression may have potential as a new prog-
nostic factor in the management of ovarian cancer.
(Am J Pathol 1999, 154:119—-125)

Epithelial ovarian cancer is the fifth leading cause of
cancer deaths among women in the United States.” The
long-term prognosis for women with advanced epithelial
ovarian cancer remains poor, with only a minority of
women surviving more than 5 years. The efficacy of can-
cer chemotherapy for ovarian cancer is limited by the
development of resistance to chemotherapy.? Advanced
epithelial ovarian cancer (stages IIC, Ill, and 1V) shows
greater than 70% initial response rates to combination
chemotherapy with platinum-based compounds, but the
tumors often recur, becoming resistant to chemotherapy.

Platinum-based chemotherapy induces apoptosis in
tumor cells, and reduced susceptibility to apoptosis has
been proposed as a major mechanism responsible for
resistance to chemotherapy.®>® One study found that
ovarian cell lines transfected with a p53-expressing plas-

mid showed increased resistance to cisplatinum, sug-
gesting that p53 expression may decrease the sensitivity
of ovarian cell lines to chemotherapy.* The p53 tumor
suppressor gene is one of the most frequently mutated
genes in human cancer, including approximately 50% of
ovarian carcinomas.®” As mutant p53 protein is relatively
stable compared with wild-type p53 protein and accumu-
lates within the cell nucleus, immunohistochemistry is
frequently used to screen for the presence of p53 gene
mutations. Studies have shown contradictory results as to
the prognostic significance of p53 protein accumulation
as a marker of poor prognosis in ovarian cancer.6=°

Several recent studies have shown that the cell-cycle-
dependent kinase inhibitor p27'7" is a promising molec-
ular marker of poor prognosis in several cancers.'®~'®
The p27X'"" gene is a member of the cip/kip family of
cyclin-dependent kinase inhibitors (CKIs), which in-
cludes p21, p27%"F' and p57."° CKls bind to cyclin/
cyclin-dependent kinase (CDK) complexes, conse-
quently blocking progression through the cell cycle. The
cip/kip family member p27<'"" regulates progression
from G1 into S phase by binding and inhibiting the cyclin
E/CDK2 complex necessary for entry into S phase. Levels
of p27K'P* are elevated in the quiescent cell but decrease
in the cell re-entering the cell cycle, allowing progression
into the S phase. Levels of p27K'P" protein are regulated
at the post-transcriptional level through degradation by
the ubiquitin pathway.?® A decrease or absence of
p27"'""1 protein expression in breast, colorectal, gastric,
small-cell lung, and prostate carcinomas has shown a
strong association with poor prognosis.’®~'7 In ovarian
cancer, however, p27F' protein expression has not
been examined for clinical significance in predicting pa-
tient survival.

The objective of our study was to identify factors as-
sociated with long-term survival. We investigated whether
levels of expression of p53 or p27"'F* proteins in ovarian
tumors (as both proteins have been shown to be inde-
pendent prognostic markers in tumors other than ovary)
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were associated with patient survival. We examined two
groups of patients with ovarian cancer: one group of
long-term survivors (>5 years) and one group of short-
term survivors (<2 years). Our findings show that p27<'""
expression, in contrast to p53 expression, is a new prog-
nostic marker, in addition to tumor stage, grade, residual
disease, and performance status, for assessing survival
outcomes among women with ovarian cancer.

Materials and Methods
Study Design

Because our objective was to identify factors associated
with long-term survival among women with ovarian can-
cer, we designed a study to compare long-term survivors
(>5 years) with short-term survivors (<2 years), using a
case-control design. The cutoff points were chosen be-
fore the start of the study. We decided a priori to exclude
stage | tumors because of the high long-term survival
rates associated with these tumors. To increase compa-
rability of the two groups with respect to known prognos-
tic factors, we restricted eligibility to age <80 years at
date of surgery, tumor stage Il or Il (tumor stage | with
predictable long-term survival status was excluded) ac-
cording to the International Federation of Gynecologists
and Obstetricians, a pathological diagnosis of Mullerian
epithelial carcinoma, and a Karnofsky performance sta-
tus of 2 or less. Patients who had undergone surgery at
the Tisch Hospital Center of New York University Medical
Center (NYUMC) in the years 1981 to 1990 were retro-
spectively evaluated for eligibility using the Gynecologic
Tumor Registry maintained at NYUMC. A total of 66 eli-
gible patients (33 long-term and 33 short-term survivors)
were identified. Archival paraffin blocks were retrieved for
54 of 66 (82%) of the cases: 30 long-term survivors and
24 short-term survivors. Classification of ovarian tumors
among long-term survivors consisted of 20 papillary se-
rous, 6 adenocarcinomas, 3 mucinous, and 1 clear cell,
whereas those tumors among short-term survivors were
classified as 15 papillary serous, 4 adenocarcinomas, 3
mucinous, 2 clear cell, and 1 endometrioid. None of the
patients had received chemotherapy or radiation therapy
before surgical resection. All of the patients were treated
with a platinum-based chemotherapeutic regimen ac-
cording to current treatment protocols at the time. Blocks
selected by the pathologist showed greater than 75%
malignant epithelium with minimal necrosis by evaluation
of hematoxylin and eosin (H&E)-stained slides. The pa-
tient survival data were unknown to the pathologist.

Immunohistochemistry

Six-micron sections were cut from formalin-fixed paraffin-
embedded tissue blocks and mounted on Superfrost/
Plus glass slides. The sections were deparaffinized in
xylene and rehydrated. For antigen retrieval and detec-
tion of p53 and p27'F1, the sections were heated in a
microwave oven for a total of 30 minutes (three cycles of
10 minutes each) in 10 mmol/L sodium citrate buffer at

pH 6.0. Endogenous peroxidase activity was eliminated
by preincubation in 2% H,O, in methanol for 30 minutes
followed by three washes in phosphate-buffered saline
(PBS). The sections were stained using standard strepta-
vidin-biotin complex immunoperoxidase methods (His-
tostain-SP kit, Zymed Laboratories, South San Francisco,
CA) on a Ventana ES machine (Ventana Medical Sys-
tems, Tucson, AZ). The primary antibodies used were as
follows: for p53 (BP53-12, BioGenex, San Ramon, CA), a
mouse monoclonal antibody used at 1:100, and for
p27"'P1 (K25020, Transduction Laboratories, Lexington,
KY), a mouse monoclonal antibody used at 1:400. All
antibodies were diluted in PBS containing 1% normal
rabbit serum. Peroxidase activity was localized with chro-
mogen 3,3'-diaminobenzidine tetrachloride in 0.5 mmol/L
Tris buffer. The slides were counterstained with
Delafield’s hematoxylin. Normal ovarian tissue served as
a negative control for p53 and as a positive control for
p27XP1 immunostaining.

Assessment of Immunostains

Samples were coded, the immunostaining was assessed
at a multihead microscope, and the percentage of immu-
nostained cells was determined by a minimum of three
viewers. For both p53 and p27X'"" immunostaining, only
a distinct brown nuclear staining was scored as positive.
A cutoff value of <5% immunopositive tumors cells was
considered as negative, and greater than 5% was con-
sidered as positive. For p27KF1, positive samples were
scored according to the frequency of immunopositive
cells as 5% to 25%, 26% to 50%, 51% to 75%, and >75%
cells immunopositive. Samples from patients with <50%
p27'"F1_positive tumor cells were considered low expres-
sors, whereas those with >50% p27X'F'-positive tumor
cells were considered high expressors according to the
published convention. '3

Statistical Analysis

The associations between categorical prognostic factors
(including p27"'"" and p53 expression) and survival sta-
tus were assessed using the x? test or Fisher’s exact test.
Ordered categorical variables were assessed using x°
test for trend, and continuous variables were assessed
using the Mann-Whitney test. Similar methods were used
to assess the associations of p27<'"" or p53 expression
with known prognostic factors for ovarian cancer. To
evaluate whether p27¢'P1 expression was an indepen-
dent prognostic factor of survival status, we conducted
analyses stratified by residual disease and performance
status, the two strongest prognostic factors for ovarian
cancer. Finally, multivariate analysis using a logistic re-
gression model was used to assess the prognostic value
of p27"'P" expression, adjusting simultaneously for age,
stage, residual disease, performance status, and grade
of differentiation.
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Table 1.  Univariate Analysis of Patient Characteristics of Long-Term and Short-Term Survivors
Long-term Short-term
Variable survivors (n = 30) survivors (n = 24) P value
Median age (years) 52.6 (37.5-78.0) 60.8 (31.8-77.7) NS
Race
Caucasian 27 (90%) 21 (88%) NS
Other 3(10%) 3(13%)
Tumor stage
lIC 6 (20%) 1(4%) NS
1 24 (80%) 23 (96%)
Residual disease
Microscopic 13 (46%) 3 (13%) 0.001
<2cm 10 (36%) 5(22%)
>2 cm 5 (18%) 15 (65%)
Performance status
0 13 (43%) 1(4%) 0.001
1 17 (57%) 20 (83%)
2 0 3(13%)
Differentiation
Well/moderate 12 (43%) 7 (19%) NS
Poor 18 (60%) 17 (71%)

NS, not significant.

Results

Clinical Data

The univariate analysis of clinical parameters of the two
groups of ovarian cancer patients is summarized in Table
1. As expected, short-term survivors tended to be older
and to have more advanced stage at diagnosis, more
residual disease at surgery, a performance status of 1 or
more, and tumors that were more poorly differentiated
than long-term survivors. Of the five prognostic factors
evaluated in univariate analysis, only extent of residual
disease and performance status showed significant dif-
ferences between the two groups. Of 20 patients in the
short-term survivor group, 12 (65%) had >2 cm of resid-
ual disease after initial tumor debulking surgery, com-
pared with only 5 of 28 (18%) of the patients in the
long-term survivor group (P = 0.001). Performance status
at the time of diagnosis of ovarian cancer also was as-
sociated with survival. In the short-term survivor group,
23 of 24 (96%) had a performance status of 1 or more,
whereas 17 of 30 (57%) of the long-term survivors had a
performance status of 1 (P = 0.001).

Immunohistochemistry for p53 and
Patient Survival

Levels of p53 protein were assessed by immunohisto-
chemistry, and tumors were scored as negative or posi-
tive for protein accumulation. The frequency for p53 pro-
tein accumulation was similar in both groups of women
with ovarian cancer (Table 2). Positive immunostaining
for p53 protein was detected in 14 of 23 (61%) tumors
from short-term survivors and in 18 of 30 (60%) tumors
from long-term survivors. There was no association be-
tween p53 protein expression and survival status in this
study (P value was not significant (NS)).

Immunohistochemistry for p27°"F" Expression

Figure 1 shows p27X'""" immunostaining in representative

serous carcinomas from a long-term (Figure 1A) and a
short-term survivor (Figure 1B). In serous carcinomas, the
most common type of ovarian tumor, a tumor from a
long-term survivor (Figure 1A) representative of a high
expressor shows >50% p27X'P'-positive nuclei in epithe-
lial cells, whereas the tumor from a short-term survivor is
completely negative for p27<'"" staining in the malignant
epithelium (Figure 1B).

Immunohistochemistry for p27<""" and
Patient Survival

Samples from patients with <50% p27<'"'-positive tumor
cells were considered low expressors, whereas those
with >50% p27%'"'-positive tumor cells were considered
high expressors according to the published conven-
tion.'"'® A strong association was found between

Table 2. Univariate Analysis of p53 and p27 Expression as
Prognostic Markers
Long-term Short-term
Variable survivors survivors P value
p53 expression
Negative 12 (40%) 9 (39%) NS
Positive 18 (60%) 14 (61%)
p27 expression
Negative 0 4 (17%) 0.001
<25% 3(10%) 3 (13%)
26-50% 4 (14%) 13 (54%)
51-75% 4 (14%) 4 (17%)
>75% 18 (62%) 0
High expressors 22 (76%) 4 (17%) 0.001
Low expressors 7 (24%) 20 (83%)

NS, not significant.
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P

Figure 1. Representative histological sections showing p27*"*

immunostaining. A: Serous carcinoma from a long-term survivor representative of a high expressor

shows >50% nuclear reactivity for p27*'"" in malignant epithelial cells. B: Serous carcinoma from a short-term survivor shows absence of nuclear reactivity for

KIP1
7

p2

p27"'"P1 protein expression and survival status (Table 2).
Among the short-term survivors, 20 of 24 (83%) of the
patients were low expressors for p27'F1 whereas
among long-term survivors, only 7 of 29 (24%) of the
patients were low expressors for p27K<'F1 (P = 0.001).

Expression Levels of p27<"F: Association with
Other Prognostic Factors

Decreased levels of p27'F protein were associated with

other poor prognostic factors for ovarian cancer. As
shown in Table 3, when comparing low versus high ex-
pressors for p27'F' no significant difference was ob-
served with regard to age, race, stage of disease, grade

in malignant epithelial cells. Magnification, X100 and X400 (inset).

Table 3.  Univariate Analysis of p27 Expression and
Prognostic Factors
p27
High Low
Variable expressors  expressors P value

Age (years)

=55 14 (54%) 12 (44%) NS
>55 12 (46%) 15 (56%)

Race
Caucasian 23 (89%) 24 (89%) NS
Other 3(12%) 3(11%)

Tumor stage
lnc 4 (15%) 3(11%) NS
1l 22 (85%) 24 (89%)

Residual disease

Microscopic 10 (42%) 6 (38%) 0.02
<2.cm 9 (38%) 5(19%)
>2.cm 5(21%) 15 (58%)
Performance status
0 10 (39%) 4 (15%) 0.02
1 16 (62%) 20 (74%)
2 0 3(11%)
Differentiation
Well/moderate 11 (42%) 8 (30%) NS
Poor 15 (58%) 19 (70%)
p53 expression
Negative 11 (44%) 9 (33%) NS
Positive 14 (56%) 18 (67%)

NS, not significant.

of tumor differentiation (poor versus moderate), or status
of p53 protein expression. However, decreased levels of
p27'"P1 protein expression were associated more fre-
quently with patients having >2 cm of residual disease
after initial tumor debulking surgery. In this study 15 of 26
(58%) low expressors for p27<'71 had significant residual
disease compared with 5 of 24 (21%) high expressors
(P = 0.02). Levels of p27K'P1 expression also were cor-
related with performance status. Among patients with low
expression levels of p27KIP1 23 of 27 (85%) had a
performance status of 1 or more, in contrast to 16 of 26
(62%) of the patients with high expression levels of
p27<P1 (P = 0.02).

Expression Level of p27°"F" |s a New
Prognostic Factor

To examine whether p27<'"" protein expression was in-
dependently associated with patient survival we con-
ducted analyses stratified by residual disease and per-
formance status (Table 4). The association between
p27X'P1 levels of expression and survival status remained
significant after stratification and was present in each of
the strata. Among those patients with >2 cm of residual
disease, 13 of 15 (87%) of the short-term survivors were
low expressors for p27<'F' in contrast to 2 of 5 (40%) of
the long-term survivors (P = 0.001). Similarly, among
patients with performance status of 1, 16 of 20 (80%)
women were low expressors of p27<'"' among short-term
survivors compared with 4 of 16 (25%) among long-term
survivors (P = 0.001). The association of p27'F' expres-
sion with survival status also remained significant (P =
0.002) after adjusting simultaneously for age, tumor
stage, residual disease, performance status, and grade
of differentiation in multivariate analysis. However, due to
the small number of patients, confounding cannot be
ruled out. Taken together, these results suggest that
p27X'P1 expression may be an independent prognostic
factor of survival in epithelial ovarian cancer.



Table 4.  Distribution of p27 Expression by Survival
Status Stratified by Residual Disease and
Performance Status

Long-term Short-term P value for
survivors  survivors stratified
Variable (n=29) (n=24) test
Residual disease
Microscopic
p27 < 50% 3(23%) 3 (100%)
p27 > 50% 10(77%) O
<2.cm
p27 < 50% 2(22%) 3 (60%) 0.001
p27 > 50% 7(78%) 2 (40%)
>2.cm
p27 < 50% 2(40%) 13 (87%)
p27 > 50% 3(60%) 2 (13%)
Performance status
0
p27 < 50% 3(23%) 1
p27 > 50% 10(77%) O
]
p27 < 50% 4(25%) 16 (80%) 0.001
p27 > 50% 12(75%) 4 (20%)
2
p27 < 50% 0 3 (100%)
p27 > 50% 0 0
Discussion

The objective of our study was to identify factors associ-
ated with long-term survival. We asked whether some
variable other than standard clinical prognostic factors
would be predictive of survival. We selected two well
characterized molecular markers, p53 and p27<'7", for
study as they have been associated previously with poor
prognosis in many other cancers.®°'® In this study,
p27P1 expression was positively associated with long-
term survival in univariate analysis and in analyses strat-
ified by residual disease or performance status, the two
strongest prognostic factors for ovarian cancer, as well
as in multivariate analysis adjusting simultaneously for
age, tumor stage, residual disease, performance status,
and grade of differentiation These results suggest that
p27P1 expression may have independent prognostic
value. However, this study had a limited sample size and
was restricted to patients whose survival was either long
(>5 years) or short (<2 years) and did not include pa-
tients whose survival was intermediate (2 to 5 years).
Cohort studies including larger numbers of epithelial
ovarian cancer patients, and assessing the association of
p27X'P1 with exact survival time after controlling for other
prognostic factors, will be required to further assess the
value of p27%'"" as an independent prognostic factor of
survival. Finally, our study was limited to stage Il and Ill
tumors, and additional studies will be needed to assess
whether our results also apply to stage | and IV tumors.

All patients evaluated in this study received a platinum
drug in combination with alkylating agents. There was no
evidence from our own analysis (data not shown) that
changes in these regimens over time significantly af-
fected survival.?'=2® It will be interesting to examine in
future studies whether the prognostic significance of
p27"'"P1 expression is also observed in patients receiving

p27¥'"* and Survival in Epithelial Ovarian Tumors 123
AJP January 1999, Vol. 154, No. 1

regimens containing taxanes, topoisomerase | inhibitors,
and other new agents.

In this study, there was a positive correlation between
high levels of p27<'"' expression, survival >5 years, less
residual disease, and better performance status. How-
ever, no correlation was observed between levels of
p27'"P1 expression and tumor stage or the extent of
differentiation of the tumor. A trend for low p27<'F" ex-
pression and poorly differentiated colon, breast, gastric,
and parathyroid tumors has been reported.>*27 Addi-
tional studies will be required on larger numbers of ovar-
ian tumors to determine whether levels of p27<'F* expres-
sion are related to cellular differentiation.

Mutations of the p53 gene occur in approximately 50%
of ovarian cancers.®® Accumulation of p53 protein de-
tected by immunohistochemical techniques has shown a
close correlation with the presence of mutation in the p53
gene.®7 2829 However, the relationship between p53
overexpression and survival has not been definitely es-
tablished. Some studies have shown a trend toward poor
survival in  patients with p53 protein accumula-
tion.2:239732 |n contrast, there are several large studies
that found no statistical association between the pres-
ence or absence of p53 gene mutations and patient
survival ©7:28:38.34 The results of this study clearly dem-
onstrate that p53 mutation and protein accumulation oc-
curred with the same frequency in ovarian tumors from
short- or long-term survivors and clearly supports the
conclusion of Eltabbakh et al®* that p53 overexpression
is not an independent prognostic factor.

Recognized prognostic factors for ovarian cancer
known to influence 5-year survival are tumor stage,
amount of residual disease, performance status, and his-
tological grade.®® In addition, the molecular markers
DNA ploidy and proliferative activity measured as Ki67
index have been associated with biologically more ag-
gressive tumor growth.*6738 |n this report we show that
levels of the cell-cycle-dependent kinase inhibitor
p27'""1 is a new prognostic factor associated with sur-
vival in ovarian cancer. The association of low to no
expression levels of p27'F" with poor prognosis has
been reported for breast, colorectal, gastric, Barrett's
esophageal, non-small-cell lung, and prostate carcino-
mas.'°'® In several of these studies, no correlation be-
tween levels of p27<'7" expression and cell proliferation
measured as Ki67 index was observed. Other factors,
such as the cell cycle control protein cyclin D1, have
been postulated to regulate expression levels of p27"<F"
in a negative regulatory feedback loop.?4 In this regard, it
is interesting to note that elevated levels of cyclin D1 have
been detected in ovarian tumors and correlated with
malignancy.®® A similar association of cyclin D1 overex-
pression and malignancy has been reported for a num-
ber of different tumors, including breast, colorectal, and
uterine.*® Additional studies will be required on the ovar-
ian tumors used in the current study to elucidate the role
of cyclin D1 or other cell cycle regulators and their asso-
ciation with prognosis.

In summary, despite recent advances in treatment of
ovarian cancer, no novel prognostic factor has been
identified that might provide information related to long-
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term prognosis. Low levels of expression of the p27<'P!
protein show a consistent and strong association with
poor prognosis in many types of tumors, including those
derived from the ovarian surface Mullerian epithelium. As
women in this study had Mullerian epithelial tumors with
similar clinical features, use of a simple immunostaining
technique for expression of p27<'"" may have consider-
able potential as an independent prognostic indicator for
the routine assessment and management of women with
ovarian cancer.
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