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ABSTRACT

Background: Ovarian cancer is the third leading site of cancer among women, trailing behind cervix and breast cancer.
Aim: This study was undertaken to analyze the immunohistochemical (IHC) profile of estrogen receptors (ER),
progesterone receptors (PR), Ki-67, and p53 in various ovarian epithelial tumors and attempt correlation with
clinical and histopathological findings.

Materials and Methods: The present study was conducted over a period of 4 years. A technique of manual tissue
array was employed for cases subjected for IHC. The primary antibodies used were ER, PR, p53, and Ki-67.
A correlation was attempted between histopathological and IHC findings. Results were subjected to statistical
analysis. Software program “the primer of biostatistics 5.0” was used for calculation of interrelationships between
the analyzed ER, PR, p53, and Ki-67 expression and histological factors by Pearson’s Chi-square test. The
results were considered to be significant when the P < 0.05.

Results: There were 110 cases of surface epithelial ovarian tumors (SEOT) encountered over the period of 4 years.
The expression of ER was more in malignant tumors (13/16, 81.25%) than borderline (9/12, 75%) and benign (20/82,
24.39%). As compared to ER, the expression of PR was more in benign (51/82, 62.19%) than borderline (8/12,
66.67%) and malignant tumors (9/16, 56.25%). The expression of PR was more in benign tumors than borderline
and malignant tumors. However, this was not statistically significant (Chi-square = 0.335 with 2 degrees of freedom;
P =0.846). The expression of p53 was less in benign (5/82, 6.1%) than borderline (9/12, 75%) and malignant tumors
(13/16, 81.25%). The expression of Ki-67 was more in malignant (4/82, 4.88%) than borderline (10/12, 83.33%)
and benign tumors (15/16, 93.75%). In all the above cases, the difference was statistically significant (P < 0.05).
There was statistically significant difference in the expression of ER, PR, p53, and Ki-67 in the patients with age
<40 years and above 40 years (P = 0.912). A positive correlation was observed in p53 expression and tumor grade.
Similar correlation was seen in Ki-67 and tumor grade. It was also noted that mean Ki-67 labeling index (Li) had also
increased with tumor grade. In the case of serous tumors, ER was expressed in all high- and low-grade tumors.
The expression of PR was more in low-grade tumors than high-grade ones. P53 expression was seen in all high-
grade tumors and 33.34% of low-grade tumor. The Ki-67 Li was more in high-grade tumors than low-grade tumors.
Expression of ER, p53, and Ki-67 was higher in tumor showing metastasis. The mean Ki-67 Li was also higher in
metastasizing tumors. However, PR expression was less in metastasizing tumors than nonmetastasizing tumors.

Conclusion: IHC marker report of ER, PR status, and Ki-67 if included in each pathology report will pave the
way for better understanding of biological behavior and modify treatment strategies.
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INTRODUCTION

Ovarian cancer is the sixth most common cancer and the
seventh leading cause of cancer deaths among women
worldwide. In most of the population-based cancer
registries in India, ovarian cancer is the third leading site
of cancer among women, trailing behind cervix and breast
cancer. The age-adjusted incidence rates of ovarian cancer
vary between 5.4 and 8.0/100,000 population in different
parts of the country.!'l

World Health Organization (WHO) classifies ovarian
tumors according to their most probable cell of origin
and histomorphological features.” More than 90% of
ovarian tumors are “epithelial” in origin. Some evidence
suggest that the fallopian tube epithelial lining is the
precursor lesion of some ovarian tumors.P! However, the
etiopathogenetic mechanisms are still under research.”

There have been persistent efforts in the investigation
of molecular markers in epithelial ovarian tumors by
immunohistochemical (IHC) studies.” Steroid hormones
such as estrogen and progesterone are thought to play an
important role in the process of carcinogenesis of ovarian
tumors. Ovarian neoplasms are characterized by changes
in their receptor status and consequently, tumor can be
either primary receptor negative or as a result of their
progtression, they may lose the receptors.l On account
of this, few workers have studied estrogen receptors
(ER) and progesterone receptors (PR) status in ovarian
neoplasms and correlated with various variables. Ki-67
is a proliferation marker helpful in predicting disease
outcome in many types of malignancies including ovarian
neoplasms.”! Previous studies have shown that the p53 gene
is mutated in 30-80% of ovatian carcinomas. The role of
immunostaining is now employed not only for diagnosis but
also for other parameters including prognosis, microscopic
tumor staging, prediction of response to therapy, and for
the selection of therapeutic agents.

This study was undertaken to analyze the IHC profile
of ER, PR, Ki-67, and p53 in various ovarian epithelial
tumors and attempt correlation with clinicopathological
and histopathological findings.

MATERIALS AND METHODS

This study included 110 cases of ovarian SEOT diagnosed
histopathologically over a period of 4 years in a tertiary
care hospital. The cases proved to be of primary epithelial
ovarian origin as per radiological and pathological findings
were included in the study. Available clinical data were
analyzed. The gross examination details were obtained from
files of surgical pathology section [Figure 1]. The criteria of

Journal of Mid-life Health | Oct-Dec 2015 | Vol 6 | Issue 4

“WHO histological classification of ovary” were followed
for subtyping the lesions [Figure 2]. The representative
sections were submitted for IHC staining, The following
prediluted primary antibodies were used - ER (clone 6F11;
Novacastra)[Figure 3b], PR (clone PGR312; Novacastra)
[Figure 3c], p53 (clone DO-7; Dako [Figure 3a], and Ki-67
(clone MM-1; Novacastra) [Figure 3d]. Immunoreactivity
for ER and PR was assessed in each case by estimating
the percentage of cells showing nuclear staining. When
at least 5% of the cells showed nuclear positivity, the case
was considered positive. The reaction for p53 was recorded
as either positive or negative. The nuclear staining for Ki-
67 was graded by counting Ki-67 labeling index (Li) as a
percent of positively stained tumor nuclei in 1000 tumor
cells in the hot spot area of the tumor. The mean Ki-67 Li
is recorded in every case. Software program “The Primer of
Biostatistics 5.0” (manufactured by McGraw-Hill) was used
for calculation of interrelationships among the analyzed
ER, PR, Ki-67, and p53 expression and histological or
clinical factors by Pearson’s Chi-square test and Fisher
exact test. The results were considered to be significant
when the P < 0.05.

RESULTS

There were 110 cases of SEOT encountered over the
period of 4 years [Table 1]. The peak incidence for benign
tumors was in the third decade of life while for malignant
tumors it was the fifth and sixth decades. In the present
series, there were four high-grade serous malignant tumors
and three were low grade. Out of total 9 malignant surface
epithelial tumors (SET) (other than malignant serous
tumors), 2 were Grade 1 tumors, 3 were Grade 2, and
4 were Grade 3 tumors. There were 11 tumors which

Figure 1: Gross photograph showing (a) Smooth glistening cut
surface of serous cystadenoma, (b) Multilocular cut surface of
malignant mucinous tumor with predominant solid and necrotic areas,
(c) Multilocular cut surface of borderline mucinous tumor, and (d) Cut
surface of endometrioid carcinoma having solid, hemorrhagic, and
necrotic areas
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Figure 2: Photomicrograph of (a) Borderline serous tumor showing
multiple papillary areas (H and E, x100), (b) Borderline mucinous
cystadenoma showing glandular budding (H and E, x400),
(c) Endometrioid carcinoma showing glandular and papillary areas
(Hand E, x100), and (d) Transitional cell carcinoma showing papillary
structures lined by urothelial-like lining (H and E, x100)

belonged to FIGO stage I. The category of FIGO I1I and
IV had two and three tumors, respectively. There were five
tumors which showed metastasis accounting for 31.25%
of all malignant tumors. Ascites was present in all the
cases showing metastasis. Fluid cytological examination

correlated well with four of them showing tumor cells in
the fluid.

The expression of ER was more in malignant tumors
(13/16, 81.25%) than borderline (9/12, 75%) and benign
(20/82, 24.39%), and this was statistically significant
(Chi-square = 26.073 with 2 degrees of freedom; P < 0.05)
[Tables 2 and 3]. As compared to ER, the expression of
PR was more in benign (51/82, 62.19%) than borderline
(8/12, 66.67%) and malignant tumors (9/16, 56.25%).
This correlation was statistically significant (Chi-square
= 43.016 with 6 degrees of freedom; P < 0.05). The
expression of PR was more in benign than borderline
and malignant tumors. However, this was statistically not
significant (Chi-square = 0.335 with 2 degrees of freedom;
P = 0.846). The expression of p53 was less in benign
(5/82, 6.1%) than borderline (9/12, 75%) and malignant
tumors (13/16, 81.25%). This difference was statistically
significant (Chi-square = 59.340 with 2 degrees of
freedom; P < 0.05). The expression of Ki-67 was more in
malignant (4/82, 4.88%) than borderline (10/12, 83.33%)
and benign tumors (15/16, 93.75%). This difference was
statistically significant (Chi-square = 76.986 with 2 degrees
of freedom; P < 0.05).

There is statistically significant difference in the expression
of ER, PR, p53, and Ki-67 in the patients with age <40 years
and above 40 years (Chi-square = 1.571 with 3 degrees of
freedom; P = 0.912) [Table 4]. There was no correlation
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Figure 3: Photomicrograph showing (a) Strong p53 expression in
borderline mucinous tumor (IHC, x400), (b) Strong estrogen receptors
immunoreactivity in endometrioid carcinoma (IHC, x400), (c) Strong
progesterone receptors immunoreactivity in endometrioid carcinoma
(IHC, x400), and (d) Strong nuclear positivity of Ki-67 in transitional
cell carcinoma (IHC, x400)

Table 1: Distribution of SEOT according to histopathological
subtypes (n = 110)

Histological type Benign  Borderline Malignant  Total
(%) (%) (%) (%)
Serous 44 (40) 7(6.36) 7(6.36) 58(52.73)
Mucinous 38(34.55)  5(4.54) 2(1.82) 45(40.90)
Endometrioid — 5(4.55)  5(4.55)
Clear cell — 1(0.91) 1(0.91)
Transitional cell — 1(0.91) 1(0.91)
Total 82 (74.55) 12(10.90) 16 (14.55) 110 (100)

SEOT: Surface epithelial tumors

Table 2: Expression of immunohistochemical markers
in benign, borderline, and malignant SEOT

SEOT ER (%) PR (%) p53 (%) Ki-67 (%) Mean Ki-
67 Li (%)
Benign (1=82) 20 (24.39) 51 (62.19) 5(6.1) 4 (4.88) 0.3

Borderline (n=12) 9(75) 8(66.67) 9(75) 10(83.33) 28
Malignant (n=16) 13 (81.25) 9(56.25) 13(75) 15(93.75) 63.8

Chi-square: 43.016 with 6 degrees of freedom, P<o.05, ER: Estrogen receptor,
PR: Progesterone receptor, SEOT: Surface epithelial tumors, Li: Labeling index

found between the grade of tumor and expression of
ER and PR status. However, a positive correlation was
observed in expression of p53 and tumor grade. Similar
correlation was seen in Ki-67 and tumor grade. It was also
noted that mean Ki-67 Li had also increased with grade
of tumor [Table 5].

In the case of serous tumors, ER was expressed in all high-
and low-grade tumors. The expression of PR was more
in low-grade tumors than high-grade ones. p53 expression
was seen in all high-grade tumors and 33.34% of low-grade
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Table 3: Expression of various immunohistochemical markers in histological subtypes of SEOT

Histological type ER (%) PR (%) p53 (%) Ki-67 (%) Ki-67 Li (mean) (%)
Benign serous tumor (n=44) 14 (31.81) 32(72.73) 4(7.28) 3(6.81) 0.6
Benign mucinous tumor (n=38) 6 (15.79) 19 (50) 0 0 —
Borderline serous tumor (n=7) 6 (85.71) 6 (85.71) 4 (57.14) 5(71.42) 23
Borderline mucinous tumors (n=>5) 3(60) 2 (20) 5(100) 5(100) 18
Serous cystadenocarcinoma (n=7) 7(100) 4 (57.14) 5(71.42) 7(100) 69
Mucinous cystadenocarcinoma (n=2) 1(50) 1 (50) 1(50) 35
Endometrioid carcinoma (n=5) 4 (80) 4 (80) 4 (80) 5(100) 64
Clear cell carcinoma (n=1) 0 1(100) 1(100) 80
Transitional cell carcinoma (n=1) 1(100) 1(100) 1(100) 1(100) 71

ER: Estrogen receptor, PR: Progesterone receptor, SEOT: Surface epithelial tumors, Li: Labeling index

tumor. The Ki-67 Li was more in high-grade tumors than
low-grade tumors.

Expression of IHC markers ER, p53, and Ki-67 was higher
in tumor showing metastasis. The mean Ki-67 Li was also
higher in metastasizing tumors. However, expression of
PR was less in metastasizing tumors than nonmetastasizing

tumors [Table 0].

DISCUSSION

Table 4: Comparison of expression of immunohistochemical
markers and age of patient*

Age ER PR p53 Ki-67
<40 (n=55) 22 39 13 12
>40 (n="55) 22 30 12 16

*Values are not mutually exclusive. Chi-square:1.571 with 3 degrees of freedom,
P =0.912, ER: Estrogen receptor, PR: Progesterone receptor

Table 5: Expression of immunohistochemical markers
in Grade 1, Grade 2, and Grade 3 malignant SEOT

In the present study, 110 cases of SET were distributed
in age range of 14-75years similar to one of the Indian
authors. It can be observed that benign tumors occur
in younger age group while malignant SET occur in
the fifth and sixth decades. The age wise distribution
of various tumor types is comparable with previous
studies.”¥ This could be explained by the suggestion
that transformation from the benign to the malighant
tumor type may occur over time occasionally in a few
tumors by progressive increase in the degree of epithelial
abnormality.

The expression of ER was more in malignant tumors
(81.25%) than bordetline (75%) and benign (24.39%). This
is parallel to study done by Sylvia ez 2/ This may support
the role of estrogen in oncogenesis. The expression of
PR was more in benign than borderline and malignant
tumors. This probably indicates the protective effect of
progesterone in the development of ovarian carcinomas.
Similar to other studies, the present series also showed
higher expression of ER in malignant cases than PR.
However, one of the studies showed more expression of
PR than ERM [Table 7].

ER positivity was more frequently found in transitional
cell carcinoma (100%), endometrioid carcinoma (80%),
followed by serous tumors (46.55%) and mucinous tumors
(26.66%). PR expression showed similar distribution.
Expression of PR in transitional cell carcinoma,
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Tumor grade ER (%) PR (%) p53 (%) Ki-67 (%) Ki-67 Li (%)
Grade 1 (n=2) 1(50) 1 (50) 1(50) 1 (50) 40
Grade 2 (n=3) 3(100) 2(66.67) 3(100) 3(100) 63.33
Grade 3 (n=4) 2 (50) 2(50) 4(100) 4(100) 78.6

ER: Estrogen receptor, PR: Progesterone receptor, SEOT: Surface epithelial tumors,
Li: Labeling index

Table 6: Expression of immunohistochemical markers
and metastasis

Metastasis ER (%) PR (%) p53(%) Ki-67 (%) Ki-67 Li (%)
Present (n=5) 5(100) 2(40) 5(100) 5(100) 73
Absent (n1=11) 8(72.63) 7 (63.63) 7 (63.63) 6 (54.54) 60

ER: Estrogen receptor, PR: Progesterone receptor, Li: Labeling index

Table 7: Studies done on expression of hormone receptors
(estrogen receptor and progesterone receptor) in ovarian
cancers

Author Number Method ER positive PR positive
cases (%) (%)
Kommoss et al. 19921'% 87 IHC 38 31
Cardillo et al. 1998"! 28 IHC 71.42 39.28
Arias-Pulido et al. 20092 89 IHC 56.2 48.3
Ayadi et al. 20101 57 IHC 35.1 33.3
Sylvia et al. 20121 33 IHC 33 63.3
Present study 16 IHC 81.25 56.25

IHC: Immunohistochemical, ER: Estrogen receptor, PR: Progesterone receptor

endometrioid carcinoma, serous tumors, and mucinous
tumors was 100%, 80%, 72.41%, and 51.11%, respectively.
From above findings, it can be interpreted that serous
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was the most common subtype among the epithelial
ovarian tumors. Furhtermore, it showed more consistent
expression of IHC markers. This may be the reason many
studies have included only serous tumors in their studies.
It must be noted that, like other studies,**”! endometrioid
tumor expressed positive ER and PR status in majority
(80%) cases and the clear cell carcinoma had negative ER
PR status.

In the present series, the expression of p53 was more in
malignant [Figure 3a] than borderline and benign tumors.
These results were in agreement with many other studies.”
However, many authors suggest that the expression of
p53 in benign tumors is virtually nonexistent, but in the
present series, p53 immunoreactivity was seen in 6.1%
cases.

Ki-67, a proliferative marker, has been studied by many
workers in malignant ovarian tumors. The labeling
index calculated by counting number of cells showing
nuclear positivity in 1000 cells at the hot spot was used
to compare the intensity of immunoreactivity of this
marker. Majority of the studies in literature showed that
the Ki-67 Li is the highest in malighant tumors which is
followed by borderline tumors and the lowest in benign
tumors.**

Gursan ¢ a/) demonstrated that the mean Ki-67 Li in
benign tumors was 14.9% (0.7-32.5%); in borderline
tumors, it was 22.8% (0.2-61.2%); in malignant tumors, it
was 42.8% (0.4-84.2%). When compared with the benign
tumors, Ki-67 Li was found to be significantly increased
in the malignant tumors. In the present study, similar
results were obtained viz., the mean Ki-67 Li for benign,
borderline, and malignant was 0.3%, 28%, and 63.8%,
respectively.

There was no statistically significant correlation between
age of patient and ER PR status; however, one of the study
found such correlation. This may be because of distribution
of cases as; the study had more number of malignant cases
in the evaluation.”’ However, the present study had more
number of benign cases.

In the present series, there was no correlation between
expression of ER, PR, and grade of malignant tumor.
Similar results were obtained by few workers.** In tumors
showing metastasis, i.e., expression of ER was more as
compared to tumors not showing metastasis and the
expression of PR was less in metastasizing tumors than
nonmetastasizing. Many studies in literature revealed a
positive correlation of p53 expression with grading system
of malignant ovarian tumors. Similar results were observed
in this series. This may suggest that p53 can be used as a
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prognostic marker. The Ki-67 positivity correlates well
with nuclear grade and aggressive behavior of the tumor.
This may be helpful in predicting treatment outcomes in
ovarian cancer.

It is felt that this important marker should be studied
routinely in all cases of ovarian cancer. IHC marker report
of ER, PR status and Ki-67 if included in each pathology
report will greatly help treatment strategies. The findings
in this study compared well in features and proportions
to results of workers. If used in right perspective,
IHC studies will impact the patient management. This
interesting field needs to be shifted from research
laboratories to clinical histopathology laboratories for
better patient care.

SUMMARY AND CONCLUSION

It was also noted that the peak incidence for benign
tumors was in the third decade of life while for malignant
tumors it was the fifth and sixth decades. Expression of
ER was more in malignant tumors than borderline and
benign tumors. As compared to ER, the expression of
PR was more in benign than borderline and malignant
tumors. p53 was expressed more often in malighant tumors
followed by borderline and benign tumors. The mean Ki-
67 labeling index was the highest in malignant followed
by borderline and benign tumors; it correlated well with
aggressive cytomorphology. The findings of this study
indicate that IHC marker report of ER, PR status and
Ki-67 if included in each pathology report will pave the
way for better understanding of biological behavior and
modify treatment strategies.
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