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Purpose. The aim of this study was to compare the overexpres-
ion of specific biomarkers in primary advanced and recurrent
pithelial ovarian cancers.

Methods. Biomarker expression by epithelial ovarian cancer
pecimens from primary and metastatic sites was examined by
mmunohistochemistry and flow cytometry. Biomarker expression
y subpopulations of tissues consisting of matched pairs of syn-
hronous and metachronous lesions was also studied.

Results. A total of 3173 epithelial ovarian cancer specimens
ere retrieved from women with FIGO Stage III/IV disease. These

ncluded lesions from 1036 primary and 2137 metastatic sites. The
ercentages of biomarker expression for primary and metastatic

esions, respectively, were MDR1, 12 and 10%; p53, 55 and 60%;
ER2, 12 and 11%; EGF-R, 26 and 33%; increased microvessel

ounts (CD31), 21 and 36%. Approximately 73% of both primary
nd metastatic specimens were aneuploid, and approximately 57%
f both sets had an S-phase fraction >7%. Only EGF-R and CD31

expression were found to be significantly different between the
primary and metastatic tumors (P < 0.05). Of the paired synchro-

ous cases (n 5 48) evaluated, 88% of aneuploid primary lesions
ere associated with aneuploid metastases. Similarly, the distri-
utions for MDR1, HER2, and p53 expression did not vary sig-
ificantly between primary and metastatic sites. Pairings of meta-
hronous cases (n 5 66) revealed that nearly 80% of primary
neuploid tumors (n 5 39) retained their aneuploid status at the
ime of relapse. Furthermore, there were no significant changes in

DR1, p53, or HER2 expression at relapse.
Conclusions. With the exception of EGF-R and CD31, clonal

ivergence of the biomarkers evaluated in this study probably does
ot play a significant role in imparting clinical heterogeneity
uring the advanced and recurrent stages of epithelial ovarian
ancer. These particular genes likely undergo alterations early in
he tumorigenesis process before metastases have become
stablished. © 2000 Academic Press

Key Words: ovarian cancer; biomarkers; biologic prognostic fac-
tors; clonal divergence; angiogenesis; tumor heterogeneity.
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INTRODUCTION

The management of women with ovarian cancer is com
cated by the absence of satisfactory screening tools capa
reliably detecting early stage disease. Indeed, the poor su
associated with this malignancy is related to both the l
tumor burden often present at the time of diagnosis, an
presence of chemoresistant clones that stubbornly persis
surgical cytoreduction and postoperative adjuvant syst
therapy. It has been postulated that tumor heterogeneit
quired during tumor progression from the nascent malig
clone to clinically detectable disease, contributes to the
prognosis of ovarian cancer patients [1].

Prognostic factors associated with ovarian cancer ma
pathologic, clinical, or biologic [1, 2]. Pathologic factors t
may impact on survival include nuclear grade, cell type (
clear cell carcinoma), cellular architecture (e.g., papillary
terns), and the presence of occult residual disease follo
initial debulking surgery. On the other hand, clinical progno
factors include surgical FIGO stage at diagnosis, volum
ascites, elevated pretreatment serum levels of cancer a
125, patient age, performance status, and the presen
measurable disease during systemic treatment and surve
periods.

Biologic factors, or biomarkers, that have been correl
with prognosis in ovarian cancer may be grouped into
categories. Category one consists ofcell growth regulators
such as the tumor suppressor gene product, p53. Categor
proliferation factors,includes the oncogene product HER2
the epidermal growth factor receptor (EGF-R). Category th
gene products associated with drug resistance,includes the
multidrug resistance-1 gene product, MDR1. Category
angiogenic factors, includes the endothelial cell antig
(CD31), the key promoter of angiogenesis, vascular endot
growth factor (VEGF), and the potent inhibitor, thro
bospondin-1 (TSP-1). Category five,nuclear DNA conten
includes the S-phase fraction and DNA index (i.e., ploi
Acquisition of an adverse biomarker profile is thought to o
as a result of random mutational events in somatic cells.
791
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131PROGNOSTIC MARKERS IN OVARIAN CANCER
The Goldie–Coldman hypothesis has been advanced
plain the relationship between mutational events and th
velopment of tumor resistance to chemotherapy [3]. This
pothesis predicts that random mutations occur continuo
that confer drug resistance to selected populations of ce
5]. What is not clear is when these events occur during
course of disease progression. Because the nascent
related to the development of epithelial ovarian carcinom
poorly understood, it is unclear whether biomarker cha
occur early in disease progression, whether they occur
metastases have been established, or whether these mut
events occur continuously. The clinical importance of biom
ker divergence is related not only to tumor heterogeneity
may confer resistance to chemotherapy, but also to the e
gence of aggressive subsets of tumor cells that influenc
rate of disease progression in a given patient.

We therefore chose to evaluate a series of biomarke
determine whether, in cases of advanced disease, the p
tumor was biologically representative of the metastatic les
or whether clonal divergence of these specific markers
occurred between sites. We evaluated biomarkers from ea
the five categories described above. The analysis was in
performed on a large unselected population of primary
metastatic specimens and then an assessment of paire
chronous and metachronous cases was undertaken.

MATERIALS AND METHODS

Tissues harvested from women with advanced stage o
current epithelial ovarian cancer were evaluated by imm
histochemistry for expression of p53, HER2, EGF-R, MD
and CD31 and by flow cytometry for DNA content.

Immunohistochemistry

p53. Wild-type p53 represents a tumor suppressor
product.p53is the most commonly mutated gene in cancer
ormally suppresses cell cycle progression at the G1 cell cycle
heckpoint when cells have been damaged by radiatio
ntineoplastic agents. It has an inhibitory effect on prolif

ion in normal tissues. In neoplasia, the accumulation of m
53 results in the inactivation of the mechanisms respon

or the suppression of proliferation. Point mutations in p53
o its cellular accumulation due to decreased rates of ubi
ation and an increased protein half-life. This accumula
akes it possible to detect most mutant forms of the prote

mmunohistochemistry.
Mouse monoclonal IgG2a clone DO-1 (Santa Cruz Biotec-

nology, Inc., Santa Cruz, CA) was used to stain specim
utilizing standard protocols on a Ventana automated imm
histochemistry system (Ventana Medical Systems, Tuc
AZ). Only nuclear staining was reported as a positive res

HER2. HER2 is a proto-oncogene product encoded
chromosome 17. HER2 is a 185-kDa transmembrane pr
x-
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that has sequence homology with the epidermal growth f
receptor. HER2 is involved in positive cellular growth cont
Amplification or overexpression of HER2 is found in bre
ovarian, and other epithelial adenocarcinomas.

Mouse monoclonal IgG1 clones CB11 or E2 4001 (Neom-
ers, Inc., Union City, CA) were used to stain tissues utiliz
tandard protocols on a Ventana automated immunohistoc
stry system. Membrane staining only constituted a pos
esult.

EGF-R. Epidermal growth factor receptor is a 175-k
ransmembrane glycoprotein that has an extracellular
inding domain and a cytoplasmic domain with tyrosine kin
ctivity. Overexpression of this antigen can occur in bre
rostate, ovarian, brain, lung, and squamous cell carcino
Mouse monoclonal IgG1 antibody clone Ab-10 (Neomar-

rs, Inc.) was used to stain tissues utilizing standard prot
n a Ventana automated immunohistochemistry system. M
rane and/or cytoplasmic staining were reported as posit

MDR1. MDR1 is a 170-kDa glycoprotein (P-170) th
unctions as a transmembrane efflux pump. MDR1 is esse
o the most widely characterized mechanisms of drug r
ance. It is expressed by a large number of normal tis
ncluding the proximal renal tubules, hepatic ducts, and b
umen. The primary function of the protein is to remo
otentially harmful substances from cells. In neoplastic tiss

he expression of MDR1 has been correlated with resistan
hemotherapeutic agents, such as paclitaxel, doxorubicin
oside, and mitomycin C.
Mouse monoclonal IgG1 clone JSB1 (BioGenex Labora-

ies, San Ramon, CA) was used to stain specimens uti
tandard protocols on a BioGenex automated immunoh
hemistry system. Membrane, cytoplasmic, and/or perinu
taining patterns constituted positive results.

CD31. CD31 is an endothelial cell surface antigen tha
ssociated with blood vessel structures. Angiogenesis
uired for tumor growth at the primary site and for succes

mplantation at metastatic sites. Increased CD31 stainin
ects neovascularization and angiogenesis.
Microvessel density based on quantitification of CD31
unostaining using mouse anti-human CD31 (Becton–Dic

on Co., San Jose, CA) was performed on a Ventana auto
mmunohistochemistry system; a value of 40 vessel count
003field was selected for distinguishing between normal
verexpression of the marker.

low Cytometry

S-phase fraction (SPF).SPF represents the proportion
umor cells that are in the DNA synthetic phase of the
ycle and thus is a measure of cellular proliferation.

DNA index. The DNA index was reported as either DI5
.0 (diploid) or DI. 1.0 (aneuploid). Fresh malignant tiss
ontaining a minimum of 20,000 tumor cells (approxima
00 mg or 4 mm3) were processed on a FACScan flow cyto-
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132 TEWARI ET AL.
eter (Becton–Dickinson, Mountain View, CA). Microsphe
were used to establish the limits of variability in confide
values. Fresh mononuclear cells isolated from a single d
were used as the normal control and to verify the locatio
nuclei with normal DNA content. The abnormal control c
sisted of a hyperploid human breast carcinoma cell
MCF7-40F. A DNA fluorescence histogram was gener
from which the S-phase fraction.7% and DNA index wer
determined.

Statistical methods. Statistical differences between grou
were determined using thex2 test or the Fishers exact tw
ided test run on the In-Stat (San Diego, CA) PC-based
are program.

RESULTS

linical Material

From 1993 to 1998, a series of 3173 ovarian carcinoma
mens submitted to Oncotech, Inc., in Irvine, California, from b
egional and out-of-state institutions was evaluated for progn
arker expression andin vitro drug resistance testing. All tiss

amples were obtained from women with advanced prima
ecurrent FIGO Stage III/IV disease. Metastatic sites from w
alignant tissue were retrieved included uterine serosa, om
eposits, intestinal serosa and mesentery, bladder serosa
apsule, subdiaphragmatic surfaces, pelvic and periaortic l
ode chains, splenic hilum, and the peritoneal surfaces o
elvic sidewall and cul-de-sac.
All metachronous lesions were temporally separated

ears or less. Due to the large number of referral centers,
linical data such as age, performance status, systemic
ent regimens, response rates, and survival were not unif
btainable.

nselected Population of Primary and Metastatic Cases

Of the 3173 specimens received, 1036 represented pr
varian carcinomas and 2137 were obtained from meta
ites. All malignant tissues were immunostained for MD
nly 12% of the primary and 10% of the metastatic specim
xhibited measurable levels of MDR1 expression. Simil

TAB
Biologic Prognostic Variables in Primar

Marker

Primary

N % Positive % Negative

MDR1 1036 12 88
p53 496 55 45
HER2 730 12 88
EGF-R 723 26 74
DNA ploidy 832 73 aneuploid 27 diploid
S-phase.7% 832 57 43
e
or
f
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d
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s
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pproximately 70% of the specimens in each group
mmunostained for HER2, with overexpression detected in
f primary specimens and in 11% of metastatic lesions. N
f these comparisons were significantly different (Table 1
Approximately 70% of the specimens in each group

nderwent analysis for EGF-R by immunohistochemistry
hown in Table 1, of the primary tumors (n 5 723), 26%were
ound to be positive for EGF-R, compared to 33% of
etastatic lesions (n 5 1414) (P5 0.0013).Approximately
5–50% of the specimens were immunostained for p53,
ositive staining identified in 55% of the primary tumors (n 5
96) and in 60% of themetastatic tissues (n 5 964). This
omparisons was not significantly different.
Eighty percent of the primary tumors and 85% of the m

static tissues were examined by flow cytometry. No sig
ant differences in the level of aneuploidy (approxima
3%) or in SPF.7% (57–58%) were detected between the
roups. These data are also summarized in Table 1.
Our preliminary results utilizing CD31 immunostaining a

iomarker for microvessel density in 25 primary tumors an
etastatic lesions appear in Table 2. Angiogenesis wa

reased in metastatic sites compared to the primary t
P 5 0.0012).

aired Synchronous Primary and Metastatic Cases

The expression of p53 (n 5 23), HER2 (n 5 38), and
DR1 (n 5 46) was not significantly different betwe

1
nd Metastatic Ovarian Cancer Tissues

Metastatic

P valueN % Positive % Negative

2137 10 90 N.S
964 60 40 N.S

1444 11 89 N.S
1414 33 67 0.001
1821 73 aneuploid 27 diploid N.

1821 58 42 N.S.

TABLE 2
Microvessel Density in Primary Versus Metastatic

Ovarian Cancer Specimens

Vessel counts per
2003 field (CD31)

,40 $40

Primary (n 5 25) 38% 21%
Metastatic (n 5 17) 5% 36%

Note. Fishers exact two-sided test:P 5 0.0012. Percentages listed a
ercentages for the entire population of 42 specimens.
LE
y a
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133PROGNOSTIC MARKERS IN OVARIAN CANCER
primary and metastatic sites from the same patient. App
mately 64% of primary tissues and 59% of specimens
metastatic sites had immunodetectable levels of p53. Simi
approximately 12–13% of primary tissues and 10–11%
metastatic specimens were found to express MDR1 or H
as depicted in Fig. 1.

DNA content expressed as ploidy status was not apprec
different between primary and metastatic sites from the s
patient (n 5 31 paired lesions). As shown in Fig. 2, appr
imately 87% (n 5 27) of the primary cases were aneuplo
while 77% (n 5 24) of the metastases exhibited aneuplo

FIG. 1. Biomarkers in paired synchronous primary and metastatic si
ovarian cancer.

FIG. 2. Comparison of DNA ploidy changes in paired synchronous
ary versus metastatic sites and in paired metachronous cases of

ancer where the initial ploidy status is compared with the recurrent tu
loidy status. Ploidy status and transitions are depicted as A. A for cases tha

conserved their aneuploid status; A. D for cases that converted fro
aneuploid to diploid; D. A for cases that converted from diploid to aneupl
and D. D for those cases that conserved their diploid status.
i-
m
ly,
f
2,

ly
e

-
,
.

Paired Metachronous Cases

The expression of p53 (n 5 51), HER2 (n 5 70), and
MDR1 (n 5 154)differed minimally between tissues obtain
from the same patient at the primary surgery and at the tim
recurrence. Nearly 71% of the primary cancers had detec
levels of p53, which was maintained in approximately 68%
the recurrent tumors. In addition, MDR1 and HER2 w
expressed in less than 10% of paired primary and recu
lesions, as shown in Fig. 3.

DNA content, expressed as ploidy status, also did no
verge significantly between these matched primary and r
rent tumors (n 5 66). Asdepicted in Fig. 2, 74% (n 5 49) of
the primary tumors were aneuploid, of which 79.5% (n 5 39)
retained their aneuploid status at recurrence; 15% (n 5 10) of
the primary aneuploid tumors were found to be diploid
relapse.

DISCUSSION

In this study we found that the biomarkers p53, HE
MDR1, and DNA ploidy were conserved between primary
metastatic sites for a large unpaired population and for sm
paired synchronous and metachronous groups. These d
dicate that for the biomarkers selected and the cases exam
little clonal divergence occurred between primary and m
static sites. The concepts of somatic mutation and clona
vergence during malignant transformation and tumor pro
sion provide the basic platform for modeling can
development and for designing therapeutic regimens of
bination chemotherapy.

The somatic mutation hypothesis,formulated by Boveri in
1914, was an early attempt to explain the origin of cance
He suggested that a single abnormal “chromosome com

of

-
rian
’s

FIG. 3. Biomarkers in paired metachronous cases of primary and rec
ovarian cancer.
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134 TEWARI ET AL.
tion” would be sufficient to confer a malignant phenotype
cell. This theory has been supported by the discovery o
Philadelphia chromosome aberration (Ph1) in patients with
chronic myelogenous leukemia [7], the production of a dis
immunoglobulin from a specific multiple myeloma [8], and
random inactivation of the second X chromosome during
byrogenesis of female mammalian somatic cells (i.e.,Lyoniza-
tion) which confers mosaicism for heterozygous X-lin
genes [9].

The clonal origin of epithelial ovarian carcinoma was v
fied by Jacobset al. at Duke University in 1992 [10] and b
Abeln et al. at the University of Leiden in The Netherlands
1995 [11] through separate analyses of loss of heterozyg
p53 mutation, and X-chromosome inactivation and by D
flow cytometric studies. While clonal mutations of som
cells explain the origins of cancer, with the advent of molec
analysis it has become clear that ongoing genetic chang
involved in tumor progression, resulting in tumor heterog
ity.

Both human and animal tumors exhibit extensive heter
neity in cellular morphology, cell surface markers, and nuc
chromosomal content. Biologically and clinically, such he
ogeneity translates into differences in tumor growth rate,
abolic characteristics, immunogenicity, and sensitivity to
recovery from exposure to irradiation and cytotoxic drugs
12]. If tumor cell populations derive from acenancestoror
single transformed cell, then biological divergence during
division and proliferation must take place at some point a
the spectrum that extends from the clonal origin of neoplas
the clinical declaration of malignancy.

Nowell’s model to explain the genetic instability of neop
tic cells has been outlined succinctly by Ruddon [8, 13]. In
model, malignant cells experience several “evolution
changes that produce genetically variant cells, represent
aneuploidy in many tumors. Due to metabolic disadvant
and/or immunologic rejection by the host, many of these
errant cells are eliminated. However, those with a sele
advantage will proliferate and become predominant. With t
there is a sequential selection of subpopulations of cells
increasingly abnormal karyotypes, states of differentiation
metastatic potential.

The phenomenon of clonal divergence may be explaine
the Goldie–Coldman hypothesis,a mathematical model bas
on the concept that biological and clinical characteristic
tumors may be the sequelae of spontaneous mutations [3
this model is correct, early detection should lead to impro
treatment outcomes on the basis that fewer mutations ca
drug resistance and aggressive behavior would be pres
smaller lesions. It is therefore relevant to determine w
clonal divergence occurs. Does it operate constitutively a
sites, or is there agenetic window of susceptibilitythat can b
defined, characterized, and manipulated or perturbed?
there consistent phenotypic characteristics at a specific sta
disease that may confer vulnerability to a single chemoth
a
e

t
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peutic or immunotherapeutic approach? In terms of gyn
logic malignancies, Dembo has considered these que
carefully in the setting of trophoblastic neoplasia, a diseas
which drug resistance still constitutes a clinical hurdle, de
its near complete curability in most cases [14]. The questi
of paramount importance with respect to epithelial ova
cancer which for the most part carries a grim and devast
prognosis. Recent advances in laboratory medicine have
it possible to begin to identify biomarkers that may chara
ize the prognosis and drug response profiles of indivi
patients.

In experimental designs similar to our own, previous in
tigators have attempted to describe tumor heterogeneity
function of the prognostic significance imparted by var
biomarkers in primary tumors and metastases. Reportin
1993 from the Medical College of Pennsylvania, Zangwill
co-workers noted a 48% incidence of ovarian tumor heter
neity when primary and metastatic samples from 19 pat
were examined for DNA content [15]. In contrast, in 19
Kaern and colleagues from the Norwegian Radium Hospit
Oslo communicated their results of an analysis of 119 ti
samples retrieved from 42 patients with metastatic ova
carcinoma [16]. Fresh tumor material was studied by
cytometry and 81% of the metastases were found to ha
stable DNA configuration when compared with the prim
tumors. Similarly, in 1997 Brinkhuis and co-workers from
Free University Hospital in Amsterdam examined prim
ovarian tumors and their omental metastatic deposits and
no significant differences between the sites for mean nu
area, mean nuclear volume, or mitotic activity index [17].

Although Calugi et al. described clonal divergence in
patient for whom a p53 point mutation was present in
omental and lymph node metastases but not in the pri
ovarian tumor [18], subsequent larger studies, including
own, have failed to support the hypothesis that primary
metastatic sites exhibit differential p53 profiles. Specificall
1996, Daidone and co-workers from the Istituto Naziona
Milan examined cancer tissue from primary and synchro
metastatic sites from 61 untreated women with ovarian c
noma and were unable to detect a difference in p53 imm
staining; in addition, the aneuploidy frequency and DNA in
ces were conserved in primary and metastatic lesions
given patient [19]. These investigators did, however, obs
markedly heterogeneous proliferative profiles (based on
ated thymidine labeling) in primary and synchronous met
ses, predominantly in omental lesions.

Kimball and colleagues from the Women’s Cancer Cent
Northern California performed a flow cytometric analysis
malignant tissues from 35 women with metastatic ova
carcinoma in 1997 [20]. Interestingly, although the D
ploidy distribution frequency of peritoneal metastases mirr
that found in the primary tumor, both were significantly
ferent from the DNA ploidy distribution frequency found
metastatic lymph nodes. Although we were unable to det
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135PROGNOSTIC MARKERS IN OVARIAN CANCER
difference in DNA ploidy distribution between primary a
synchronous metastases, we did not subcategorize the
static lesions by site in our analysis.

In addition to studying synchronous primary and metas
tissues, our study design included paired metachronous ov
malignancies. We have identified three published works w
a similar scientific endeavor was undertaken. In dramatic
tradistinction to our results, in 1995, Venesmaa and collea
from the University of Helsinki in Finland examined malign
tissues of 26 patients (9 diploid, 6 aneuploid, 11 heter
neous) retrieved before and after treatment with cytot
chemotherapy and observed that the DNA ploidy st
changed in 58% of the cases [21]. This group noted tha
patients who enjoyed a statistically significant improveme
5-year survival were those in whom a diploid tumor w
maintained or achieved. In 1996, Zanetta and investig
from the Mayo Clinic studied 16 advanced ovarian ca
cases for which malignant tissue from the primary and sec
look surgeries was available; the concordance in DNA pl
reached 63% [22]. Goff and co-workers at the Universit
Washington immunophenotyped the malignant tissues
trieved at primary surgery and at reassessment laparoto
23 women with advanced ovarian cancer in 1998 [23
comparison of multiple biomarkers (including p53, EGF
c-erbB-2, and Ki67-defined cellular proliferation antigen)
vealed that the only significant change was in the Ki67-de
cell proliferation rate, which was markedly reduced in tu
obtained at the time of second-look laparotomy.

Of course, our inability to identify biologic variations
p53, HER2, MDR1, and DNA ploidy between primary a
metastatic lesions in both our large unselected analysis, a
the paired synchronous primary–metastatic cases may s
reflect that we did not study the correct markers linke
clonal divergence. However, if clonal divergence were
ongoing phenomenon constitutingrandomgenetic events, the
t is unlikely that separate lesions would predominantly/alw
hange in the “same direction” (i.e., experience equiva
omologous mutations) or that certain genes would be

ormly resistant to mutation (e.g., p53, HER2, MDR1) wh
thers would be uniformly susceptible (e.g., occult biom
rs).
Perhaps clonal divergence occurs preferentially befor
etastatic event takes place. It is likely that early in
evelopment of a solid tumor malignancy, random mutati
vents occur with greater frequency during a time when
esses such as basement membrane invasion, anchorag
endence, and angiogenesis have been initiated, i.e., wh

umor is relatively biologically immature and is “testing” t
ost environment and its own ability to escape or reckon

mmunosurveillance mechanisms. This may be analogo
tage I disease when the cancer is confined to the ovar
erhaps relatively genetically unstable compared to when
ecome aggressive and declared its malignant potential
ally (i.e., metastasized). Thus, whatever random mutat
eta-
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vents have taken place to confer biologic heterogeneity
bly have occurred early in the disease, prior to metasta
ecurrence. If this is indeed the case, then the study of ti
rom early stage cases may provide greater insight. Ind
chueleret al. identified the DNA index as a primary pro
ostic factor for disease-free survival in early stage (I–
pithelial ovarian cancer [24]. Ideally, it would be importan
ompare the biomarker profiles ofearly stage caseswith those
f advanced or recurrent tumors.
There is accumulating evidence that angiogenesis pla

entral role in ovarian cancer disease progression. Alth
learly limited by small numbers, our preliminary results
mining microvessel density as a function of CD31 expres
ould support the contention that the molecular differe
etween primary and metastatic lesions may represent no
lonal divergence of EGF-R and other (as yet unknown)
arkers, but also aphenotypic adaptationof the tumor to a
ew (i.e., extraovarian) site. It is presumed that ovarian

helial tumor angiogenesis follows malignant transformatio
redisposed ovarian surface epithelium. Current models
est that microvessel invasion into the ovarian stroma is
anced by endothelial cell release of proteolytic enzymes
isruption of intercellular adhesion, potentially triggering
elease of tumor cells into lymphatic and vascular spa
hese metastatic cells are ideally suited to effective impla

ion at distant sites by virtue of their proangiogenic phenot
s in other tumors studied, VEGF expression has been

ected in human ovarian cancer [25] and a direct relation
as been found between VEGF expression and microv
ensity [26]. Investigators have hypothesized that the “an
enic” activity within an ovarian cancer should directly in
nce its metastatic potential and biologic aggressiveness.
ver, the impact of angiogenic activity on clinical outcome
atients with ovarian cancer has yet to be convincingly d
ined. Gasparini and co-workers recently reported on
omen with advanced ovarian carcinoma treated with stan
urgery and chemotherapy, in which CD31 expression w
egative prognostic factor for survival [27]. The same ass
tion was demonstrated by Hollingsworth and colleague

heir study of CD31 expression in 43 similar patients [
hese and our preliminary data have encouraged us to p
ur angiogenic analyses with CD31 and, potentially, VE
nd TSP-1.
Malignant transformation is based on complex multifacto

onlethal mutations that are likely to be conserved in pro
ells because they confer a survival advantage. Some of
utations, such as those affecting p53, may predispose th

o further mutations due to loss of control over DNA repair
ell cycle check points. This is consistent with the proposa
off et al.,who stated that “. . . lack of a recognizable pat
f [marker] expression emphasizes the underlying biol
omplexity of ovarian cancer” [29]. One of the import
onsiderations we sought to address in our investigatio
hether site-to-site biological variation of the specific biom
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kers we tested may contribute to the difficulty in interpre
prognostic information. From our data we may conclude
when metastatic sites are considered together, this wou
appear to be the case. Perhaps, as Kimballet al. have sug

ested, lymphatic metastases are biologically different
hose resulting from intraperitoneal spread or hematoge
issemination [20].
Although we believe that our pathologic material is re

entative of an unselected or general population of epith
varian cancer cases, we acknowledge that the absen
linical data limits the present study. In addition, the inab
o evaluate the paired cases for EGF-R expression is un
ate as this was the only biologic marker for which statistic
ignificant heterogeneity was demonstrable in the larger
lation analysis we conducted. Nevertheless, the result

nterpretations are thought provoking and should prompt
her study on the subject of clonal divergence in ova
ancer, especially in early stage cases. Furthermore, we r
ize the importance of studying other biologic markers suc
i67-defined antigen, and other as yet uncharacterized rel
ccult genomic sequences, which we anticipate will be fo
oming as the collaborative efforts of the National Institute
ealth and the Department of Energy continue in mappin
ntire human genome.
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