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Multivariate analysis by Cox proportional hazard model on
prognosis of patient with epithelial ovarian cancer
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Summary

Purpose of investigation: To evaluate the influence of various clinicopathological and biochemical factors on the survival of
patients with epithelial ovarian cancer (EOC) after radical resection. Methods: A retrospective analysis was made for 183 cases of
epithelial ovarian cancer treated from January 1997 to January 2001. Six clinicopathological factors, including menopause, histo-
logical type, histological grade, lymph node metastasis, FIGO stage and chemotherapy that could possibly influence survival were
selected. The expression of COX-2 and VEGF protein as two biochemical factors were detected in EOC tissues using immunohis-
tochemical staining. Independent variables were first analyzed by univariate methods. A multivariate analysis of these variables was
performed using the Cox proportional hazard regression model. Results: The ovarian cumulative survival rate was 48.71% for three
years and 30.71% for five years. Univariate analysis of overall survival involving all the patients indentified five factors that were
associated with a significant outcome: menopause, histological grade, FIGO stage, COX-2 or VEGF expression level (p < 0.05).
The expression of COX-2 was positive in 140 (76.5%) of these 183 cases, but was not associated with menopause, histological type,
histological grade, lymph node metastasis or FIGO stage. Median survival time was 24.56 months for the patients with COX-2 pos-
itive expression, and 47.52 months for those with COX-2 negative expression (p < 0.05). VEGF protein overexpression was exam-
ined in 117 (63.93%) of all 183 cases, and was associated with lymph node metastasis (p < 0.05), but not associated with menopause,
histological grade, histological type or FIGO stage. The median survival time was 23.36 months for the patients with VEGF detected
expression, and 42.09 months for those with no VEGF detected expression (p < 0.05). When the interactive effects of these factors
were taken into account, COX-2 expression, FIGO stage, VEGF expression and histological grade were the four most important
prognostic factors by multivariate analysis using the Cox proportional hazards model. Risk of death for the patients with COX-2
positive expression was 2.8 times than that with COX-2 negative expression, and for FIGO stage, VEGF expression and histologi-
cal grade, risk of death was 2.2, 2.1, and 1.84 times, respectively. Conclusion: COX-2 expression, FIGO stage, VEGF expression
and histological grade are the most important prognostic factors for EOC after curative resection.
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Introduction Today there are more reports on clinicopathological
parameters and less for biochemical parameters, many of
which are analyzed by univariate analysis. Thus it is nec-
essary to evaluate the function of these factors by multi-
variate analysis. Analysis of the clinicopathological and
biochemical parameters by Cox’s proportional hazard
regression model has not been reported before.
Cyclooxygenases (COXs) are involved in the control of

Ovarian cancer is one of three gynecologic malignan-
cies. Although current treatment of ovarian cancer entails
a combination of surgery and chemotherapy, the progno-
sis has not changed. The 5-year survival rate is still 20%-
30%. Thus it is necessary to research and analyze the
operative prognosis factor and to entail suitable methods
to improve prognosis. Recently early diagnostic surveil- . . o
lance of disease and evaluation of prognosis has become inflammatory reactions and catalyze the rate-limiting step

an important subject and has achieved some advancement in th?’ biqsynthesis of prostagllandins the conversion of
[1] P ! arachidonic acid to prostaglandin H2. There are two COX

isoenzymes encoded by different genes: COX-1 and
COX-2. Studies show: COX-2 is expressed in many car-
cinomas [6].Vascular endothelial growth factor (VEGF)
regulates vascular permeability, is an important mediator
of vasculogenesis and angiogenesis. And the main COX-
2 product, PGE2 induces VEGF and basic fibroblast
growth factor [7]. Many studies shows COX-2 and VEGF
might be the parameters for evaluating the carcinoma
prognosis [8].

We analyzed and evaluated the relation of normal clin-
icopathological and biochemical factors to ovarian cancer
by Cox’s proportional hazard regression model to select
the most significant factor which could help in treatment
Revised manuscript accepted for publication November 26,2009  of epithelial ovarian cancer (EOC) systematically.

The prognosis of ovarian cancer is difficult and com-
plex. Clinicopathological and biochemical factors are
more strictly related to prognosis [2]. Many studies have
noted that poor prognosis is associated with highly malig-
nant biochemical characteristics and behavior [3-5]. In
addition clinicopathological and biochemical parameters
can reflect and express the biologic behavior of ovarian
cancer systematically, especially biochemical parameters
which have more clinical value [5].
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Materials and Methods

Clinical materials

A selected 183 patients with EOC underwent surgery at the
Chinese Medical University Affiliation Shengjing Hospital
between January 1997 and January 2001. All patients were diag-
nosed by the pathologist. Median age was 43.15 (range 20-74).
All patients were not treated by chemotherapy or radiotherapy
before surgery, and 147 of 183 cases were followed-up com-
pletely. All tissues were fixed in 10% formalin and paraffin-
embedded according to standard procedures.

Biological factors

Immumohistochemial examination was performed for deter-
mination of expression of COX-2 and VEGF on ovarian epithe-
lial cancer tissue samples.

Main regent

Rabbit anti-human COX-2 monoclonal antibody, rabbit anti-
human VEGF monoclone and S-ABC were used according to
the manufacturer’s instructions (Boster Co.).

Inmmunohistochemical studies

Inmmunohistochemical staining with antibodies to COX-2
and VEGF was performed using a standard protocol according
to laboratory manual instructions. Staining steps were carried
out strictly according to standand procedures. The COX-2 and
VEGF were heated in a microwave oven to retrieve masked anti-
gens. Colon carcinoma sections showing immunoreaction were
scored as positive. PBS replaced the first biotin as negative.

For the assessment of COX-2 and VEGF expression levels,
the staining intensity and the percentage of stained cells were
analyzed. Staining intensity was scored as O (negative), 1
(weak), 2 (medium), or 3 (strong), and percentage of stained
cells was scored as 0 (0), 1 (< 30%), 2 (30%-60%), 3 (> 60%);
both combined, 0-1 was negative, and 2 or more was positive.

Clinicopathological factors

1. Menopause: 94 cases were in premenopause and 89 in
postmenopause.

2. FIGO stage: I+ 11,72; IIT + IV, 111.

3. Histological grade: high = 54 cases; median and low = 129
cases.

4. Histological type: There were 120 serous cystadenocarci-
nomas (SCAC), 29 mucinous cystadenocarcinomas (MAC), 34
others (including 16 endometrioid carcinomas, 12 clear cell car-
cinomas, 4 of Wolffian duct origin cystadenocarcinomas and 2
undifferentiated carcinomas).

5. Lymph node transmission: 88 cases had involvement and
95 did not.

6. Chemotherapy: 151 cases underwent chemotherapy and 32
did not.

Quantified clinicopathological and biochemical factors are
shown in Table 1.

Follow-up

In the 183 EOC patients, 147 were followed-up completely,
and 36 were lost. The follow-up cases had the same survival
time.

Statistical analysis

The ? test was used to analyze the distribution of COX-2 pos-
itive and VEGF positive cases according to the clinicopatholog-
ical features. Median and life tables were computed using the

Table 1.— Quantified clinicopathological and biochemical
factors.

Variables Parameters

Menopause Premenopause; postmenopause

FIGO stage

Histological grade
Lymph node transmission
Histological type

I+ 1L 10 + IV

high; median and low
Negative; Positive
SCAC; MAC; Others*

Chemotherapy Yes; No
COX-2 Positive; Negative
VEGF Positive; Negative

SCAC: serous cystic adenocarcinoma; MAC: mucinous adenocarcinoma; *Others:
endometrioid  carcinoma, clear-cell ~carcinoma, Wolffian duct origin
cystadenocarcinoma, undifferentiated carcinoma.

Table 2.— Relationship between COX-2, VEGF, and
clinicopathological factors.
Characteristics n No. of COX-2 X? P No. of VEGF  X? P
positive cases positive cases
(%) (%)
Menopause
Premenopause 94 74 (78.72%) 0.03 ns. 61 (64.89%) 0.014 n.s.
Postmenopause 89 66 (74.16%) 56 (66.67%)
FIGO stage
I+10 72 53 (73.61%) 365 ns 48 (66.67%) (387 ns.
I+ 1v 111 87 (78.38%) 69 (62.16%)
Histological grade
High 54 43 (719.63%) 151 ns 38(7037%) 3416 ns.
Median and low 129 97 (75.19%) 79 (63.24%)
Lymph node transmission
Positive 88 61 (69.32%) 349 g 60(68.18%) 386 s
Negative 95 79 (83.16%) 57 (60.00%)
Histological type
SCAC 120 95 (79.17%) 79 (65.83%)
MAC 29 20 (68.97%) 3.08 n.s. 16 (55.17%) 2.92 n.s.
*Others 34 25 (73.53%) 22 (64.71%)

SCAC: serous cystic adenocarcinoma; MAC: mucinous adenocarcinoma; *Others:
endometrioid carcinoma, clear-cell carcinoma, Wolffian duct origin cystadenocarcinoma,
undifferentiated carcinoma; n.s.: not significant.

product-limit estimate by the Kaplan-Meier method.
Comparison of survival time of both (or more groups) was ana-
lyzed by the Wilcoxon method or Kruskal-Wallis test. Cox’s
proportional hazard regression model was used to analyze the
role of the clinicopathological and biochemical parameters
(COX-2 and VEGF).

Results

COX-2 and VEGF expression in EOC

COX-2 and VEGF immunostaining was observed
mainly in the cytoplasm of tumor cells. One hundred and
forty cases (76.5%) were scored as COX-2 positive and
117 (63.93%) were scored as VEGF positive (Figures 1
and 2).

Correlation with clinicopathological parameters

Table 2 shows the distribution of positive COX-2 and
VEGF according to clinicopathological characteristics.
COX-2 positive was not distributed differently according
to menopause, FIGO stage, histological grade, lymph
node transmission, or histological type. The expression
rate of VEGF was 68.18% and 60.0% for lymph node
transmission and no lymph node transmission, respective-
ly. The difference was significant. However, VEGF posi-
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Table 3.— Univariate analysis for clinicopathological and
biochemical parameters.

Characteristics No. U value or H value p value
Menopause
Premenopause 77 4496.00 <0.05
Postmenopause 70
FIGO stage
T+ 33 5192.52 <0.05
a1+ 1v 92
Histological grade
High 47 6137.31 0.05
Median and low 100 ’ <%
Lymph node transmission
Positive 76
Negative 71 1640.00 n.s.
Histological type
SCAC 101
MAC 20 0.869 n.s.
Others* 26
Chemotherapy
Received 121
Did not receive 26 1602.50 8-
COX-2 status
Positive 109
29. .
Negative 33 6929.50 <0.05
VEGF status
Positive 91
1. .
Negative 56 5571.00 < 0.05

SCAC: serous cystic adenocarcinoma; MAC: mucinous adenocarcinoma.

Table 4. — Multivariate analysis.

[ SE Exp (B)  95% CI for Exp (B) P
Lower Upper
COX-2 positive 1.038 0.321 2.825 1.506 5.299 0.001
FIGO stage 0.830 0.283 2292 1.316 3.992 0.003
VEGEF positive 0.718 0.242 2.051 1.277 3.295 0.003
Histological grade 0.628 0.288 1.873 1.066 3.291 0.029

SE: standard error.

tivity was not distributed differently according to
menopause, FIGO stage, histological grade, or histologi-
cal type.

Of 183 EOC cases both COX-2 and VEGF were
expressed in 95 cases (51.9%). COX-2 positive and
VEGEF negative occurred in 49 cases (26.78%). COX-2
negative and VEGF positive occurred in 21 cases
(11.48%). COX-2 and VEGF were not expressed in 18
cases (9.84%).

Survival analysis

Follow-up data were available for 147 patients, 64 of
whom were alive for more than three years and 43 of whom
were alive for more than five years. The 3-year and 5-year
survival rate was 45.71% and 30.71%, respectively.

In 147 follow-up cases, patients with tumors negative
for COX-2 had an increased median survival time (47.52
months, n = 38) compared to patients with tumors posi-
tive for COX-2 (24.56 months, n = 109). The comparison
of survival was significantly differently. Figures 3 and 4
show the 3-year and 5-year survival curves according to
COX-2 status in EOC cases. The 3-year cumulative sur-
vival rate was 37.31% for patients with tumors positive

for COX-2 and 77.32% for negative tumors. The 5-year
cumulative survival rate was 19.11% for patients with
tumors positive for COX-2 and 69.11% for negative
tumors. The 3-year and 5-year survival rate for patients
with negative tumors was higher than for patients with
positive tumors.

In 147 follow-up cases, patients with tumors negative
for VEGF had an increased median survival time (42.09
months, n = 56) compared to patients with tumors posi-
tive for VEGF (23.36 months, n = 91). The comparison
survival was significantly different. Figures 5 and 6 show
the 3-year and 5-year survival curves according to VEGF
status in EOC cases. The 3-year cumulative survival rate
was 31.35% for patients with tumors positive for VEGF
and 68.92% for negative tumors. The 5-year cumulative
survival rate was 18.75% for patients with tumors positive
for VEGF and 59.75% for negative tumors. The 3-year
and 5-year survival rate for patients with negative tumors
was higher than for patients with positive tumors.

Univariate analysis

We compared the survival among all patients with EOC
by univariate analysis according to the six clinicopatho-
logical parameters (menopause, FIGO stage, histological
grade, lymph transmission, histological type, and
chemotherapy) and two biochemical parameters (COX-2,
VEGF). Significant prognostic markers in univariate
analysis were menopause, FIGO stage, histological grade,
histological grade, COX-2 positive and VEGF positive.
Lymph node transmission, histological type, and
chemotherapy were not significant (Table 3).

Three clinicopathological factors were selected:
menopause, FIGO stage, and histological grade. Figure 7
shows the 5-year Kaplan-Meier curves for eachfactor.

Figure 7A shows the different survival curves for
patients in premenopause (median survival, 34.9 months)
and postmenopause (median survival, 25.7 months).
Postmenopausal patients had a 5-year survival rate of
67.61%, whereas premenopausal patients had a S-year
survival rate of 27.61%.

Figure 7B shows the different survival curves for
patients with earlier FIGO stage (median survival, 47.18
months) and later stage (median survival, 20.52 months).
Early-stage patients had a 5-year survival rate of 67.71%,
whereas premenopausal patients had a 5-year survival
rate of 18.61%.

Figure 7C shows the different survival curves for
patients with high diffusion (median survival, 46.36
months) and median and low cases (median survival,
23.04 months). High diffusion patients had a 5-year sur-
vival rate of 67.21%, whereas the median and low diffu-
sion patients had a 5-year survival rate of 38.18%.

Multivariate analysis

We used a multivariate regression analysis based on
Cox’s proportional hazard regression model to test the
independent value of each parameter selected by univari-
ate analysis. The variables used in Cox’s model are shown
in Table 4. Expression of COX-2 was an independent
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Figure 1. — Expression of COX-2 in ovarian epithelial cancer investigated by immunohistochemistry (SABC x 400).

Figure 2. — Expression of VEGF in ovarian epithelial cancer investigated by immunohistochemistry (SABC x 400).
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Figure 3. — Three-year Kaplan-Meier curves to COX-2 status in ovarian epithelial cancer.
Figure 4. — Five-year Kaplan-Meier curves to COX-2 status in ovarian epithelial cancer.
Figure 5. — Three-year Kaplan-Meier curves to VEGF status in ovarian epithelial cancer.
Figure 6. — Five-year Kaplan-Meier curves to VEGF status in ovarian epithelial cancer.
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prognostic factor for poor survival (relative risk (RR)
2.825: 95% CI 1.506 to 5.299). Other independent prog-
nostic factors associated with poor prognosis were FIGO
stage (RR, 2.292), expression of VEGF (RR, 2.051), his-
tological grade (RR, 1.873).

Discussion

COX-2/VEGF expression in EOC

COX-2 is the rate-limiting enzyme in prostanoid
biosynthesis and is involved in tumor progression.
Several functions of inducible COX-2 have been
described in the biology of various carcinomas: increased
cell proliferation [9], inhibition of apopotosis, stimulation
of angiogenesis, as well as inhibition of immunosur-
veilance [10]. VEGF can stimulate normal epithialial cell
increases as well as promote some tumor cell growth.

Numerous studies show COX-2 is rapidly inducible
when cells are stimulated and plays a role in pathology,
physiology, and procession, including inflammatory
processes as carcinogenesis [11]. COX-2 and VEGF over-
expression have been described in various malignancies.
Trifan and Hla showed COX-2 plays a role in carcinogen-
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Figure 7. — Menopause (A), FIGO stage (B), histological
grade (C) 5-year survival.

esis [12]. Gupta et al. showed COX-2 overexpression in
prostate adenocarcinoma [13].

In our study COX-2 and VEGF both overexpressed in
EOC, 76.5% and 63.93, respectively. We failed to demon-
strate an association between COX-2 status and any of the
clinicopathological characteristics (menopause, FIGO
stage, histological grade, lymph node transmission, and
histological type). VEGF status did have an association
with lymph node transmission, but not with menopause,
FIGO stage, histological grade, and histological type. Lee
et al. had results similar to ours [14]. VEGEF status is asso-
ciated with lymph nodes and can be a helpful marker in
determining lymph node transmission.

Recent experimental evidence indicates that carcino-
genesis is a multi-factoral and multi-stepped procedure
[15, 16]. More than two proteins were involved and dif-
ferent proteins play different roles in different stages, In
our studies COX-2 and VEGF both expressed cases is 95
(51.90%) and neither is 18 (9.84%). There are some
studies that show COX-2 and its product, prostaglandin
E, (PGE,), promote carcinogenesis together. COX-2 was
found to be up-regulated VEGF expression to promote
the vessel [17].

Fig. 7B
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Association between COX-2 and VEGF protein
expression in EOC and prognosis

In our study, patients with tumors negative for COX-2
had an increased median survival time compared to
patients with tumors positive for COX-2 and increased
cumulative survival time compared to patients with
tumors positive for COX-2. The cumulative survival rate
for COX-2 negative expression was higher than COX-2
positive expression showing that the expression of COX-
2 protein is associated with prognosis in EOC patients. It
could be a good parameter to determine the prognosis of
ovarian cancer [18]. As is now known, COX-2 and PGE,
can promote increased cells to inhibit apoptosis, enhance
tumor transformation, and enhance tumor invasion, all of
which can affect carcinoma prognosis.

VEGF can regulate vascular permeability and is an
important mediator of vasculogenesis and angiogenesis.
Our study shows the median survival time for VEGF neg-
ative-expression was longer than VEGF positive expres-
sion. The accumulation of negative VEGF was higher
than that of positive VEGF showing VEGF can be a
parameter for ovarian carcinoma [19].

Factors affecting surgical prognosis of EOC and future
application

The research shows that the rate of three-year survival
was 45.71% and the rate of five-year survival was 30.71%
in the 147 cases with precise follow-up records.
According to the latest reports about EOC we found that
the rate of three-year survival is from 35.74% to 49.06%
and the rate of five-year survival is from 25% to 40% [20,
21]. From the data we can see that although both basic
research and clinical diagnosis have been improved in
recent years, the prognosis shows little change, and the
survival rate remains the same.

Cox’s proportional hazard regression model is a math-
ematical model in survival analysis which was put for-
ward by British biological statistician D.R. COX [22].
This model is a perfect solution to the three main prob-
lems that once existed in survival analysis, and the analy-
sis has had breakthrough progress to be a more compre-
hensive system. Now the COX proportional hazard
regression model has become one of the most important
mathematical models in survival analysis and has been
applied worldwide as a multivariate analysis method [23].

Univariate analysis showed that the surgical prognosis
of epithelial ovarian cancer is influenced by many factors,
including menopause, FIGO stage, histological grade,
COX-2 protein positive expression, and VEGF protein
positive expression (p < 0.05). In order to remove the
mixed or overlapping factors in this study, Cox’s propor-
tional hazard regression model was used to give further
multivariate analyses to the factors above. The results
indicated that COX-2 protein positive expression, FIGO
stage, VEGF protein positive expression, and histological
grade are the four most significant factors which affect
the surgical prognosis of EOC. The menopause factor in
multivariate analysis was removed because its role does
not appear significant when many factors have mutual
influence on the surgical prognosis of EOC.

COX-2 protein positive expression is the most impor-
tant factor. According to the data we can see that the
COX-2 protein positive expression death risk is 2.83
times as COX-2 protein negative expression death risk. A
study by Fujimoto et al. [18] found that patients with
epithelial ovarian cancer who had positive COX-2 protein
expression have poor prognosis, in line with our report.
The reason may be that the COX-2 protein in tumor tis-
sues has high proliferative activity and poor biological
action.

FIGO stage has always been considered an important
factor affecting the surgical prognosis of ovarian cancer.
Indeed, Cox’s model analysis proved pathologic staging
to be the second most important factor. Survival time
between early stage (phase I + phase II) and advanced
stage (phase III + IV) revealed significant differences (p
< 0.05). The latter death risk is 2.29 times higher as for
early stage. Research shows that the sooner EOC is
pathologically staged, the better the prognosis. Ovarian
cancer patients in phase I have a 5-year survival rate of
about 87%, while phase III-IV patients have a 5-year sur-
vival rate of only 5-10% [24], showing that early diagno-
sis and treatment can improve the prognosis.

VEGF protein positive expression has been proved to
be the third most important factor affecting the surgical
prognosis of EOC. VEGF positive protein expression and
negative expression have significant differences in the
median survival period (p < 0.05). The former has a risk
which is 2.051 times higher than for negative expression.
It could be that the poor prognosis of VEGF protein pos-
itive expression is because VEGF stimulates peripheral
blood vessels and growth of lymphatic endothelial cells,
which plays an important role in cancer growth and
metastasis. The investigation on 83 cases of Phase III
ovarian cancer patients launched by Raspollini et al. [25]
found that microvessel density and VEGF are directly
related to survival rate, also confirmed in this study.

According to Cox’s model analysis, the importance of
the histological grading factor is in fourth place. Highly
differentiated EOC shows great differences in the median
survival period of the medium and low differentiated peri-
od with the latter risk of death 1.87 times higher than the
former. EOC histological grading has always been consid-
ered to be related to prognosis. Scorilas et al.’s [26] study
confirmed that the five-year survival rate of a highly differ-
entiated patient group was higher than the rate of the medi-
um and low differentiated group. The results of this study
are also consistent with our results in that the prognosis of
medium and low differentiated EOC cases is poor.

The results mentioned above are instructive to clinical
practice. The four factors (COX-2 protein positive expres-
sion, FIGO stage, VEGF protein positive expression, and
histological grade), which have been confirmed to be the
most influential on the surgical prognosis of EOC by
COX multivariate analysis, are all related — with inherent
biological characteristics and action of the tumor itself.
Thus, in order to improve the surgical prognosis of EOC,
it is necessary to adopt comprehensive treatment meas-
ures which use surgery as the main stay method to deal
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with EOC. In accordance with the research, we suggest
that COX-2 protein positive expression is the most impor-
tant factor to prognosis. Our study used immunohisto-
chemical methods which can detect COX-2 protein
expression. This method is very easy to adopt and will
hopefully be applied in routine pathologic examination.
Other researches have also confirmed that COX-2 selec-
tive inhibitors, e.g. NS398, have a proliferative inhibition
function on human ovarian cancer cells and can induce
apoptosis in ovarian cancer cells; this suggests COX-2 is
likely to be an effective chemical control target in ovari-
an cancer and NS398 is expected to become an effective
chemoprophylactic drug in ovarian cancer though further
development in detailed treatment methods and measures
are necessary. Furthermore, although there are many clin-
ical pathologic factors which affect the surgical prognosis
of EOC, pathologic staging is the most obvious and
important. Thus, emphasis on the importance of early
diagnosis and early treatment of EOC can improve the
prognosis. Finally, what needs to be pointed out is that
there are many factors which influence the surgical prog-
nosis of EOC besides the ones which have been analyzed
in this report, and further researches on their function and
significance is needed.
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