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Preneoplastic Changes in Ovarian Tissues

Molly A. Brewer, D.VM., M.D., M.S., James Ranger-Moore, Ph.D.,
Mark H. Greene, M.D., David S. Alberts, M.DD., Yun Liu, M.D., Hubert G. Bartels,
M.S.LE., Amy C. Baruch, M.D., and Peter H. Bartels, Ph.D., F1.A.C.(hon)

OBJECTIVE: To test whether histologically normal epi-
thelium within ovarian inclusion cysts and stroma ex-
hibit changes in nuclear chromatin pattern that indicate
the presence of occult ovarian lesions.

STUDY DESIGN: Ouaries were collected from 10 low-
risk women, from 7 high-risk women and from 3 women
with ovarian cancer. Histologic sections were cut at 5 um
and hematoxylin and eosin stained. High-resolution im-
ages were recorded from the epithelium lining inclusion
cysts and from the underlying stroma of ovaries from
these 20 subjects. A total of 2,860 epithelial nuclei and
3,610 stromal nuclei were recorded. Karyometric fea-
tures and nuclear abnormality were computed. Discrim-
inant analyses and unsupervised learning algorithms de-

fined deviations from normal that were designated
“above threshold” and used to compute average nuclear
abnormality of a second nuclear phenotype.

RESULTS: Histologically normal epithelium from in-
clusion cysts of ovaries harboring a malignant lesion was
shown to exhibit changes in the nuclear chromatin pat-
tern that were statistically significant using quantitative
image analysis procedures. Similar changes were seen in
the inclusion cyst epithelia of high-risk ovaries. A sub-
population of cells representing a new phenotype was de-
tected in the underlying stroma of women harboring a
malignant ovarian lesion and in women at high risk of
ovarian cancer.

CONCLUSION: The karyometric changes observed in
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the epithelia lining inclusion cysts and in the underlying
stroma of ovaries either with ovarian cancer or at high
risk of ovarian cancer suggest the presence of preneoplas-
tic changes in histologically normal tissue. (Analyt
Quant Cytol Histol 2004;26:207-216)

Keywords: ovarian neoplasms, ovarian cancer,
karyometry, stromal cells, ovarian inclusion cysts.

Ovarian cancer has the highest mortality of all gy-
necologic cancers; 70% of women with it die of the
disease within 5 years. The absence of information
on precursor lesions represents a barrier to early
cancer detection and to development of therapeutic
agents that might alter the potential for developing
amalignancy. Although the overall cumulative life-
time risk of ovarian cancer is relatively low
(1.5-1.7%), there are subgroups of women with a
moderately or significantly increased risk of ovari-
an cancer who have a higher disease incidence than
does the normal population. Women with a family
history suggestive of hereditary breast/ovarian
cancer syndrome are at exceedingly high risk, with
lifetime probabilities of developing ovarian cancer
ranging from 16% to 40%.?2 Such women would
benefit from a better understanding of the early
changes that precede the onset of ovarian cancer to
facilitate cancer prevention and early detection
strategies.

In a preceding exploratory study,® nuclei from
histologically normal appearing ovarian surface
epithelium were subjected to karyometric analyses.
That study was undertaken to test the hypotheses
that (1) histologically normal appearing ovarian
surface epithelium from cases harboring an ovarian
lesion might exhibit so-called malignancy associat-
ed changes* that were not visually perceived but
that were computationally detectable and that (2)
similar changes might be detectable in the ovarian
surface epithelium derived from ovaries without
cancer that are obtained from patients at high risk of
developing ovarian cancer.

Both hypotheses were confirmed. Karyometry
clearly revealed statistically significant changes in
the nuclei from both types of surface epithelium but
not in tissue derived from the normal ovaries of
normal-risk women. The observed changes were re-
ferred to as “preneoplastic changes” because no vi-
sually apparent evidence of neoplastic tissue
changes was seen, and the karyometric characteris-
tics were similar to those seen in other premalig-
nant and malignant lesions.>1>

tical and Quantitative Cytology and Histology

In the current study, histopathologic sections pre-
pared from the same material as in the original ex-
ploratory study were analyzed for evidence of
changes in nuclear phenotype in the epithelial lin-
ing of ovarian inclusion cysts and in the underlying
stroma of these ovaries.

Materials and Methods

The low-risk group was composed of women un-
dergoing incidental cophorectomy for benign indi-
cations and who lacked a familial predisposition to
ovarian cancer (estimated lifetime risk, 1.4-1.7%).
The high-risk group was composed of women with
a family or personal history of breast and / or ovari-
an cancer, which implied a higher risk of develop-
ing ovarian cancer (>5% lifetime risk). This group
included a small percentage of patients who had
undergone genetic testing; those that carry a
germline mutation will have a much higher proba-
bility of developing ovarian cancer than other pa-
tients (BRCA1, 40-60% lifetime risk; BRCAZ, §-10%
lifetime risk). Patients signed a University of Ari-
zona institutional review board-approved consent
form. Ovaries were harvested at the time of laparo-
scopic or open ocophorectomy.

The clinical materials for this study consisted of
hematoxylin and eosin (H&E)-stained histopatho-
logic sections from: (1) 10 cases with normal ovaries
from normal-risk women, free of any premalignant
or malignant lesion, in which 1,336 nuclei were an-
alyzed in the epithelium of inclusion cysts; (2) 7
cases of histologically normal appearing ovaries
also free of any premalignant or malignant ovarian
lesion but from patients considered at increased
risk of ovarian cancer, in which 949 nuclei were
measured in the epithelium of inclusion cysts; and
(3) 3 cases of ovarian cancer, in which 575 nuclei in
histologically normal appearing epithelium in in-
clusion cysts were recorded. For measurements in
the ovarian stroma, 1,784, 1,411 and 415 nuclei, re-
spectively, were analyzed.

The following abbreviation dyads are used to de-
note the data sets: “norm/norm”: normal histol-
ogy/normal risk subjects; “norm/HR”: normal his-
tology /high-risk subjects; and “norm/ca”: normal
histology / ovaries with cancer. Thus, all nuclei were
measured in histologically normal appearing tis-
sue. In addition, the suffix “CYST” was added to
distinguish the data derived from the epithelial lin-
ing of ovarian inclusion cyst sets from those record-
ed within surface epithelium in the preceding ex-
ploratory study, which are denoted by the suffix
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Table | Seven Karyometric Features Comparing Cyst Epithelium
from Normal Patients and from Cancer Patients

Table It Percentage of Second Phenotype of Surface Epithelium
as Compared to Inclusion Cyst Epithelium

Variable norm/norm-CYST  norm/ca-CYST
Total OD 0.268 0.338
Nuclear area 15.2 17.3

Run length nonuniformity 4.42 5.16
Pixel QD heterogeneity 0.425 0.373
Pixel OD homogeneity 0.574 0.627
Mean pixel OD 45.57 51.12

No. of “grey” pixels in nucleus 584 724

“SE.” Data recorded from stromal nuclei are denot-
ed by the suffix “STR.”

Data recording was done on a video-
microphotometer equipped with a 100:1 N.A. 1.40
planapochromatic oil immersion objective (Carl
Zeiss, Oberkochen, Germany). The relay optics ad-
justed image sampling to 6 pixels per linear micron.
Images were recorded on a Sony DXC 9000 3-CCD
color camera (Sony, Melville, New York, US.A).
For maximum contrast in the H&E-stained sections
only the red channel image was used for feature
computation. Nuclei were segmented by a semiau-
tomated procedure. Each recorded field was laser
printed and each segmented nucleus identified for
later reference. For each nucleus 93 karyometric fea-
tures descriptive of the spatial and statistical distri-
bution of the nuclear chromatin were computed.
Feature descriptions and the computation of nu-

025

la: norm/morm LYST

ib: norm /CA CYST

Relative Frequency of Occuarrence

Discriminant Fanction §

Figure 1 Distributions of discriminant function I scores for
nuclei from inclusion cysts of normal ovaries and of ovaries from
cases harboring ovarian cancer.

Diagnostic group % Surface Inclusion cyst
of abnormal nuclei epithelium (%) epithelium (%)
norm/norm 10.8 25
norm/HR 254 24.3
norm/CA 57.4 50

clear and lesion signatures are described in previ-
ous publications.56.16

Results
Measurements from Nuclei in the Epithelium Lining
Inclusion Cysts

To identify characteristics that might distinguish
nuclei from the norm/norm-CYST data set from
nuclei of the norm/ca-CYST data sets, a Kruskal-
Wallis test'® was done. It identified 48 karyometric
features with differences at a significance level of
P <.005. From this set of features 7 were selected
from different feature blocks (such as pixel optical
density (OD), histogram, co-occurrence matrix, run
length features) that represent different aspects of
karyometric abnormalities and subjected to a step-
wise discriminant algorithm.

The feature values, averaged over all nuclei in the
sample subsets norm/norm and norm/ca, showed
significant differences for many of the features
(Table I). All feature values are given in arbitrary,
relative units per karyometric imaging convention.

The discriminant analysis showed the 2 data sets
to be statistically significantly different. The ab-
solute differences in feature mean values are not
large, but the test for statistical significance was
computed at a high-power level due to the large
number of nuclei.

The analysis led to correct classification of 66% of
nuclei. Figure 1 shows the discriminant function
score distributions. There is a distinct shift for the
nuclei from ovaries with coexisting cancer. The
score distribution from the norm /norm-CYST data
set exhibits noticeable dispersion. It does not dis-
play the typical peaked shape expected for a normal
population of nuclei, as seen in the norm /norm SE
data set reported earlier. The distribution also ex-

Table il Average Nuclear Abnormality
Variable norm/norm  norm/HR norm/ca
Nuclear abnormality 0.620 0.702 0.758
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2b: normdHR CYST
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1.5

MNuclear Abnormality (Z-values)

Figure 2 Distributions of nuclear abnormality values for nuclei
from inclusion cysts of normal ovaries and nuclei from normal
ovaries of cases at high risk for ovarian cancer.

tends further into the score range occupied by nu-
clei from the norm/ca CYST data set than seen in
the corresponding data set from nuclei in the sur-
face epithelium.

The differences attributable to the presence of the
coexisting ovarian lesion find expression in higher
discriminant function scores. Setting a threshold in
the score distribution such that roughly 50% of the
nuclei from the norm/ca data set fall above that

(.5
4a: normorm €Y 5T

5
A pormACA CYST

Relative Frequency of Occurrence

Toral OD

Q.5

3a: norminonn CYST

3b: porm/CA CYST

Relative Frequency OF Geeurrence

Muan Pixel OD

Figure 4 Distributions of total OD for nuclei from inclusion
cysts of normal ovaries and ovaries harboring cancer.

threshold, we found that 25% of the nuclei from the
norm/norm-CYST data set fall into the higher
value range. The measurements in nuclei from pa-
tients at high risk of developing ovarian cancer
(norm/HR-CYST) show a distribution of discrimi-
nant function scores that is almost identical to that
seen in the norm/norm-CYST data set, with 24.3%
of nuclei exceeding the threshold, the same propor-
tion seen in the norm/norm CYST data set.

The dispersion and shape of the score distribu-
tions from the norm/norm-CYST and the
norm/HR-CYST data are very similar to the distri-
butional characteristics of the norm/HR SE data
and markedly different from those of the
norm/norm SE data. This suggests that the epithe-
lial nuclei of inclusion cysts, even in normal-risk
women, may already be expressing karyometric ab-
normalities that are more typical of those seen in
high-risk ovaries or ovaries that actually contain a
malignancy. In that sense it may be that important
differences exist between the nuclei of the ovarian
surface epithelium and the nuclei in epithelia that

Table IV Average Nuclear Abnormality

Diagnostic grou Average nuclear abnormalit
g group B! Y

Figure 3 Distributions of mean staining density for nuclei from
inclusion cysts of normal ovaries and ovaries harboring cancer.
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Table V  Seven Karyometric Features Comparing Stroma from
Normal Patients and from Cancer Patients

Variable norm/norm STR norm/ca STR
Total OD 0.123 0.209
Relative nuclear area 6.71 10.39
Co-occurrence feature 3, 2 3.00 7.05
OD level nonuniformity 11.47 15.1
Run length nonuniformity 4.55 5.68
Run percentage 135.15 219.32
No. of “black” pixels in

nucleus 88.6 141.5

line inclusion cysts, even in normal subjects.

Table II compares the proportions of nuclei re-
sembling the 50% of nuclei expressing preneoplas-
tic change in the norm/ca data sets.

The difference between 10% vs. 25% in the
norm/norm-SE and the norm/norm-CYST data is
significant at P<.01. The differences between the
norm/HR and the norm/ca data sets from both the
surface epithelium and the inclusion cyst epithe-
lium are significant at the P <.01 level.'”

Overall, there is a monotonic rise in the average
nuclear abnormality for the subpopulations above
the 50% threshold from the norm/norm-CYST data
to the norm/ca CYST data (Table IIT).

Figure 2 shows the distribution of the nuclear ab-
normality for the norm/norm-CYST and the
norm/HR-CYST data sets. There is a clear shift to-
wards higher nuclear abnormality in the latter
group.

There are several other karyometric features that
display similar differences—e.g., the number of
pixels with an average “grey” pixel OD value rise
from 586 to 597 and to 720 in the same subsets.

Figure 3 shows the pixel OD histogram for the
norm/norm-CYST and norm/ca-CYST data; it par-
allels the pattern seen in the surface epithelium
data. Figure 4 shows the increase in total OD for nu-
clei from norm/norm-CYST and norm/ca-CYST.

Measurements in Stromal Nuclei

For each of the cases in which epithelial cells were

Table VI Classification Result for DF Il of Stroma

Classification by DF Il

norm/rorm STR

norm/HR STR

Relative Frequency of Gecurrence

norm/CA Str

-L8 «HG i L 20 36 4.0

DF H score

Figure 5 Distributions of DF Il scores for nuclei from stroma of
normal ovaries, normal ovaries from cases at high risk of
developing ovarian cancer and ovaries from cases harboring
cancer.

measured, measurements were also taken from nu-
clei in the underlying stroma. The objective was to
test the hypothesis that the underlying stroma is not
merely an inactive support medium but rather that
stromal cells might be active participants in a pre-
neoplastic process that eventuates in overt ovarian
cancer.

The average stromal nuclear abnormality score
shows a moderate rise from cases of normal ovaries
to those from high-risk subjects to stroma from
women with a malignant lesion (Table IV).

A Kruskal-Wallis test revealed numerous fea-
tures with highly significant (P <.005) differences
between the norm/norm-STR and the norm/ca-
STR data sets. Table V provides a list of some of
these features, with their mean values.

Table VIl Mean Discriminant Function Score Il of Stroma

Diagnostic group norm/norm STR (%)  norm/ca STR (%) Diagnostic group Mean DF 1i score

Visual diagnosis norm/norm-STR ~0.230
norm/norm STR 78.5 21.5 norm/HR-5TR -0.046
norm/ca STR 241 75.9

norm/ca-STR 0.989
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Figure 6 Distributions of total OD for nuclei from stroma of
normal ovaries, normal ovaries from cases at high risk of
developing ovarian cancer and ovaries from cases harboring
caricer.

A discriminant analysis (DF 1I) resulted in the re-
duction of Wilks’ lambda to .772, with relative nu-
clear area, total OD and run length nonuniformity
the features with the greatest weights in the func-
tion. In norrnal-appearing stromal nuclei from nor-
mal ovaries, DF II correctly classified 78.5%. In
normal-appearing stromal nuclei from ovaries with
a lesion, DF II correctly classified 75.9%. Overall,
classification based on DT II scores resulted in an
average correct classification rate of 78.0%.

The classification matrix for nuclei is given in
Table VL

Figure 5 shows the distribution of discriminant
function scores for the norm/norm STR, norm/HR
STR and norm/ca STR data sets. The mean discrim-
inant function scores are given in Table VIL

Figure 6 shows the distribution of total OD values
for the 3 data sets. There is a steady shift towards
higher values.

A bivariate plot of the data presented for the av-
erage nuclear abnormality (Table IV) and for the
mean discriminant function I score (Table VII) is

il and Quantitative Cytology and Histology

shown in Figure 7. The confidence ellipses for the
bivariate means are distinctly separate, with the
mean from norm/HR-5TR close to norm/norm-
STR and the nuclei from norm/ca-STR widely sep-
arated, at higher nuclear abnormality and discrimi-
nant function II scores. While it is evident that
statistically significant changes occur in the stromal
nuclei when analyzed in the aggregate, these data
do not speak to the issue of whether these changes
affect all nuclei or only a subpopulation.

To test the set of 415 nuclei measured in the stro-
ma of the norm/ca-STR data set, the set of features
used in the discriminant function Il was subjected
to the nonsupervised learning algorithm, P-index.1”
These features were total OD, nuclear area, run
length nonuniformity and run percentage. The P-
index algorithm formed 2 clusters, but the Beale sta-
tistic1® found them to be statistically not significant-
ly different (P=.72). However, the Beale statistic in
its assessment of statistical significance relies on the
overlap of tolerance regions between clusters rather
than the difference in cluster centroid locations.
When subjected to a Kruskal-Wallis test, the 2 clus-
ters were shown to have statistically highly signifi-
cant differences for >20 karyometric features, at

norm/CA STR

65

DF 1l Score

0
@ norm/HR STR

aormnorm STR

08
¢.3 2.4 0.5 0.6 0.7

Average Muclear Aboormality
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Figure 7 Progression curve, mean DF I score plotted vs.
average nuclear abnormality for stromal nuclei from normal
ovaries, from normal ovaries of cases at high risk of developing
ovarian cancer and ovaries harboring cancer. Shown are the 95%
confidence ellipses for the means.
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Table VIN  Classification Result of DF fil P<.005. Six of these features were subjected to a
discriminant analysis (DF III), which resulted in a
reduction of Wilks’ lambda to 41, ie., the 2 sub-

DF I assignment (%)

P-index assignment Cluster 1 Cluster 2 .
8 populations were found to be separable by a selec-
8”5:‘”; 82';1 ;g-s tion of features more effective for this task than
uster . . . : . . . :
those used in the function DF 1. The variance of
For an average of 92.3% correct classification. piXEl OD values, the nuclear area and the number of
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Figure 8 (A) Plot of variance of pixel OD vs. nuclear area for
5 stromal nuclei from normal ovaries. {B) Plot of variance of pixel
OD vs. nuclear area for stromal nuclei from cases at high risk of
developing ovarian cancer; the P-index algorithm finds a new
0 s o s n subpopulation (cluster 2). (C) Plot of variance of pixel OD vs.
nuclear area for stromal nuclei from cases harboring an ovarian
Relative Nuclear Areo fesion. The subpopulation of nuclei in cluster 2 increases in
proportion.
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Table IX New Subpopulation

Diagnostic category % Abnormal No. of cells
norm/norm-STR 0.01 1/1,784
norm/HR-STR 6.3 88/1,411
norm/ca-STR 22.8 92/415

very dark pixels in a nucleus were given the great-
est weights in the function DF III. The classification
matrix is given in Table VIIL.

Figure 8 shows bivariate plots of the subpopula-
tions found in these data sets for the features nu-
clear area and variance of pixel OD. The
norm/norm-STR data set is homogeneous, forming
only cluster 1-—i.e., nuclei at low pixel OD variance
and with large nuclear area. The second, new sub-
population first appears in the norm/HR-stroma
and is strongly represented in the stroma of ovaries
harboring a malignant lesion (cluster 2), as seen in
Figure 8.

Table IX shows the percentages of nuclei in the 2
subpopulations.

Figure 9 shows the distributions of pixel OD vari-
ance for the 3 data sets: norm/norm-STR,
norm/HR-STR (cluster 2) and norm/ca-STR (clus-
ter 2).

Figure 10 shows a plot of nuclear abnormality vs.
discriminant function III score for the new subpop-
ulation identified in norm/HR-STR and norm/ca-
STR. It shows that the new subpopulations are not
only similar but that the 95% confidence limits for
the bivariate means overlap and that both differ
significantly from the bivariate mean for norm/
norm-STR stroma.

Discussion

The present study followed an effort aimed at
searching for evidence of preneoplastic changes in
ovarian surface epithelium. In our prior work, sta-
tistically significant changes were documented in
the nuclei from histologically normal appearing
epithelium of ovaries harboring a malignant lesion
as well as in the epithelium of ovaries free of any
such lesions but from patients at high risk of devel-
oping ovarian cancer. In these latter epithelia, a
certain proportion of nuclei retain “normal” charac-
teristics, whereas in the histologically normal epi-
thelium from ovaries harboring a malignant lesion
all nuclei exhibit deviations from normal.

The recorded changes in the nuclear chromatin
pattern are similar to those observed in histologi-
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cally normal appearing tissue of organs with coex-
isting premalignant or malignant lesions—e.g., in
the bladder,® uterine cervix, 1011 prostate,12.13
breast,!% thyroid'” and colon.'® One might consider
these deviations from normal as representing in-
traepithelial lesions, or “ovarian intraepithelial neo-
plasia,” but for the effect observed here, the term
preneoplastic lesion seems preferable since there isno
visual evidence using standard histologic tech-
niques for examnining neoplasia.

In the current study, image analysis of the previ-
ously reported specimens was extended to nuclei
from epithelia within inclusion cysts and to nuclei
within the underlying ovarian stroma. Again, clear-
ly expressed preneoplastic changes similar to those
previously reported in the surface epithelium were
documented both in cellular compartments from
patients at high risk of ovarian cancer and from
ovaries harboring a malignant lesion.

The epithelium of inclusion cysts from normal
ovaries from normal patients is more similar to the
nuclei in inclusion cysts from patients at high risk of
ovarian cancer. They are clearly different from the
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T 20 ) 6 40
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Figure 9 Distributions of variance of pixel OD values for
stromal nuclei from normal ovaries and for the nuclei of cluster 2
in normal ovaries of cases at high risk of developing ovarian
cancer and ovaries harboring a lesion.
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Figure 10 DIF Il scores plotted vs. nuclear abnormality for nuclei
from cluster 1 (normal stroma) and nuclei from the evolving
subpopulation (cluster 2} in ovaries of cases at high risk of
developing ovarian cancer and of cases harboring a lesion.

normal nuclei seen in the surface epithelium of nor-
mal ovaries from normal-risk subjects.®> This im-
plies that the development of epithelial inclusion
cysts may represent a very early step in the chain of
events that ultimately eventuates in malignancy,
even in normal women with normal ovaries. Others
have speculated that the lining of inclusion cysts
may actually be the site of origin of ovarian cancer;
our data provide support for this possibility. Of
course, the alterations we report here are based on a
very sensitive method applied to a limited number
of tissue specimens. This project was designed as an
exploratory, pilot undertaking to lay the scientific
foundation for subsequent, larger studies, if war-
ranted. Supervised training algorithms were used,
in which diagnostic category was known to the in-
vestigator. Insufficient cases were available to form
a test set for validation; that process should be ac-
complished in subsequent research. Therefore, our
findings cannot be regarded as definitive, although
they certainly are provocative. After all, the majori-
ty of ovarian malignancies develop in patients who
are not considered to be at increased risk of this can-
cer. Thus, finding karyometric abnormalities in the

_Material may be protected by copyright law (Title 1LU.S. COV@

ovaries of normal-risk women with histologically
normal ovaries, in a specific cellular compartment
that has been previously suggested to be of particu-
lar importance in ovarian carcinogenesis, certainly
warrants further inquiry.

In addition, we observed a similar, abnormal sub-
population of cells within the underlying, histolog-
ically normal appearing stroma, both in the ovaries
of women with coexisting ovarian cancer and in the
ovaries obtained from patients at high risk of devel-
oping ovarian cancer. Our pilot study does not
allow us to determine whether these stromal
changes precede those in the surface epithelium, or
vice versa. However, our observations add to the
growing literature!” that suggests that the stroma in
tissues that have undergone malignant transforma-
tion is not simply a passive, innocent bystander.
Rather, a number of experimental models have
demonstrated that stromal/epithelial interactions
may be at the heart of the neoplastic process.20-22
Therefore, the stromal abnormalities detected in
this study certainly merit further systematic analy-
sis.

In summary, our data provide support for the
hypothesis that the epithelia within inclusion cysts
from ovaries harboring an ovarian malignancy ex-
press preneoplastic changes in the nuclear chro-
matin pattern. Nuclei from inclusion cyst epithe-
lium of histologically normal ovaries obtained from
women at high risk of developing ovarian cancer
also express similar abnormalities. Perhaps most
surprising, similar karyometric changes were also
observed in the inclusion cyst epithelium of normal
ovaries from normal-risk women; the ovarian sur-
face epithelium in those women was karyometrical-
ly normal. Finally, an analogous set of abnormali-
ties was demonstrated in the histologically normal
appearing stroma from both ovaries with coexisting
ovarian cancer and in ovaries obtained from high-
risk women but not in normal ovaries from low-risk
women. Our experience suggests that karyometric
analysis of different ovarian tissue compartments
may provide very useful insights into the biology
and pathogenesis of ovarian cancer.
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