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Abstract

Objectives: The ovarian mucinous tumors include 10%-15% of ovarian tumors. These tumors are either having ovarian origin or
they are metastatic from other organs, particularly from gastrointestinal tract. According to ancient studies, routine appendectomy
for tumours was determined based on differentiation of primary appendix carcinoma from ovarian tumors. However, recent
investigations showed that appendectomy was performed only in cases with abnormal macroscopic appearance of appendix and in
advanced stages of ovarian cancer. The aim of the present study is to investigate the correlation between macroscopic appearance
of appendix and histopathology results of ovarian mucinous tumors as well as determining the stage of ovarian cancer appendices.
Materials and Methods: This descriptive and cross-sectional study was conducted for inquiring about patients with pathologic
diagnosis of ovarian and appendix mucinous tumors who had a surgery from 2010 to 2016 in Alzahra teaching hospital, Tabriz-Iran.
The presented data were collected through a printed questionnaire followed by analysis.

Results: This study was done on 257 patients with definite diagnosis of ovarian and appendix mucinous tumors. Total number of
121 patients had undergone appendectomy and 110 cases of them had normal macroscopic appearance of appendix. Furthermore,
98.2% of patients with grossly normal looking appendix had normal pathology results and 63.6% of patients with abnormal looking
appendix had abnormal pathology results. Totally 5.9% of patients with borderline and 30% of invasive ovarian mucinous tumors
had affected appendix. A number of 4 patients were at stage III and 2 of the cases were at stage IV.

Conclusions: According to our investigation and previously published studies, appendectomy during ovarian tumor surgery is the
only recommended option in cases with abnormal macroscopic appearance of appendix and advanced stages of ovarian mucinous

cancer.
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Introduction

Ovarian mucinous tumors account for 10% to 15% of total
gynecologic cancers which is a subset of epithelial ovarian
neoplasms. Approximately 80% of primary ovarian
cancers are classified as benign and the remainder evenly
split between borderline and malignant (1-4), which
3% to 4% of them are mucinous carcinomas (3-5). The
malignant tumors can be more commonly diagnosed at
premenopausal period (i.e. ages between 40 to 50 years);
meanwhile, they can be seen even at younger ages (6).
These tumors may primarily have ovarian origin or may
be metastatic with their origins in other parts of the body,
particularly from gastrointestinal tract. The appendix is the
source of 8% of ovarian mucinous tumors (7). The primary
size of ovarian mucinous carcinomas is in the range of
about 8 to 20 cm but they can be larger than this, too (5).
They are usually cystic or solid, unilateral and restricted to
ovary. The outer layer of the ovary is commonly smooth
and without tumoral involvement (3). Meanwhile, the
metastatic type is usually bilateral, and smaller in size with
outer layer involvement (8-10). Pseudomyxoma peritonei
canoccur in association with ovarian mucinous carcinoma.

Although it is very rare, the origin of pseudomyxoma
peritonei may be mucinous neoplasms originating from
ovarian teratoma and rupture of an ovarian capsule
containing primary ovarian mucinous tumor (6,11,12).
There exist various clinical challenges as it is difficult
to diagnose and differentiate between primary ovarian
mucinous and metastatic tumors. According to previous
studies, routine appendectomy during ovarian mucinous
cancer staging was suggested; it helps in differentiating
primary appendiceal adenocarcinoma or gastrointestinal
tract origin with ovarian metastases from primary ovarian
mucinous tumor, particularly in borderline and malignant
types (1,13). Despite these facts, various investigations
have shown that appendectomy should be performed only
in appendices with abnormal macroscopic appearance.
In patients with the normal macroscopic appearance
of appendix or with borderline and malignant types of
ovarian mucinous tumors at early stages, the possibility of
appendiceal tumoralinvolvementisveryrareand thereisno
need for routine appendectomy during staging of ovarian
mucinous neoplasms (1,10). The aims of the present study
were three-fold: first, to measure the prevalence rate of
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concurrent appendiceal tumoral involvement in women
with ovarian mucinous neoplasm; second, to assess
whether abnormal macroscopic appearance of appendix
is predictive of appendiceal pathologic involvement;
and finally, to evaluate the correlation between type of
ovarian mucinous neoplasm and the stage of cancer with
appendiceal tumoral involvement.

Materials and Methods

This retrospective, observational, cross—sectional study
was conducted by reviewing the records of patients with
final diagnosis for benign, borderline and malignant
ovarian and appendiceal mucinous tumors, admitted to
and operated in department of obstetrics and gynecology
of Alzahra hospital (Tabriz University of Medical Sciences)
from March 2010 to September 2016. The research was
done on database by searching the expressions “ovarian
mucinous tumor” and “appendix carcinoma” Patients
with all histologic types of ovarian and appendiceal
mucinous neoplasms based on pathology records were
included and patients with the history of bilateral
oophorectomy or previous appendectomy were excluded
from the study. Data were collected by the questionnaire,
containing the type of ovarian mucinous tumor, type
of appendix mucinous tumor, gross appearance of the
appendix, and clinical staging based on operative report.
Then, frequency, ratio and percentage were calculated
based on given variables and chi-square statistical test
was performed for determination of association between
variables. P value <0.05 was considered to be statistically
significant.

Results

In this study, 257 patients who, based on postoperative
final pathology, had ovarian and appendix mucinous
neoplasm were surveyed. Two hundred eleven (82.1%)
patients had benign, 23 (8.9%) had borderline, and 23
(8.9%) had malignant mucinous tumors (Figure 1). Of 257
patients, 121 cases underwent appendectomy concurrent

Ovarian mucinous
tumor

with ovarian surgery, 84 of these patients (39.8%) had
benign, 17 cases (73.9%) had borderline, and 20 cases
(87%) had malignant ovarian mucinous tumors. Based
on microscopic results, 9 cases, out of 121 appendectomy
cases, had appendiceal mucinous tumoral involvement.
Out of 9 patients, 2 patients had malignant appendiceal
mucinous  tumor  without ovarian involvement
and underwent surgery with primary diagnosis of
pseudomyxoma peritonei, 1 patient had borderline and 6
patients had invasive ovarian mucinous tumors. Based on
pathology results, in a survey of appendiceal macroscopic
appearance and histopathology results, among patients
with grossly normal looking appendix, 98.2% had normal
pathology and only 2 cases (1.8%) had appendiceal tumor.
Among patients with grossly abnormal looking appendix,
63.6% had appendiceal tumor (Figure 2).

The Association Between Ovarian Cancer Staging and
Appendiceal Tumor

Based on the pathology results and operation records,
among the patients with borderline ovarian mucinous
tumors, 11 cases (64.7%) were at stage I, 5 cases (29.4%) at
stage II, and 1 case (5.9%) at stage III. Of the patients with
invasive ovarian mucinous tumors, 7 cases (35%) were at
stage I, 6 cases (30%) at stage II, 5 cases (25%) at stage III,
and 2 cases (10%) at stage IV. One patient of borderline
group (stage III) and 6 patients of malignant group (4 at
stage IIT and 2 at stage IV) had appendiceal involvement
(Figure 1).

Discussion

Results of this study demonstrated that routine
appendectomy during surgery for ovarian invasive
mucinous tumors at early stage is not beneficial. From
among 257 patients with ovarian mucinous tumors, 121
patients had appendectomy during operation for ovarian
tumor. Two patients had primary appendiceal malignant
mucinous tumor and concurrent ovarian mucinous
cystadenoma;theyhadbeen candidated for surgerybecause

Benign ovarian Borderline ovarian Malignant ovarian
mucinous tumor mucinous tumor mucinous tumor
n=211 (82.1%) NN=23 (8.9%) NN=23 (8.9%)
Tumoral appendix ] —

2 (2.4%) ( Tumoral appendix { Tumoral appendix
1(5.9%) 6 (30%)

Stage | (35%)
Stage Il (30%)
Stagelll (25%)
Stage IV (10%)

Stage | (64.7%) ‘
Stage 11 (29.4%)
Stage Il (5.9%) |

Figure 1. Results of the Study.
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Figure 2. Appendectomy in Mucinous Tumor and Macroscopic and Final Pathology Results.

of pseudomyxoma peritonei, and in evaluation during
the surgery, appendiceal malignant mucinous tumor was
suggested based on appendiceal abnormal macroscopic
appearance and metastatic disease (pseudomyxoma
peritonei) without ovarian involvement. The remainder
cases of appendiceal tumoral involvement had concurrent
ovarian tumor so that, 5.9% of patients with borderline
and 30% of patients with malignant tumors had metastatic
appendiceal tumoral involvement. It seems that the extent
of appendix involvement was related to the type of ovarian
tumor and it was more common in malignant tumors
(P<0.001). This is in line with the results of a previous
study has been done by Moore et al who demonstrated
that from among 45 cases with benign ovarian mucinous
tumor, only 1 case had primary malignant appendix tumor
(2). Furthermore, Timofeev et al reported 47% benign,
34% borderline and 19% invasive ovarian mucinous
tumors among 76 patients with ovarian mucinous tumor
and confirmed that appendix tumoral involvement was
completely related to the type of ovarian tumor and 1
of 36 cases with benign, 1 of 26 cases with borderline
and 1 of 14 cases with malignant ovarian mucinous had
appendiceal metastasis (14). Lin et al (1), Westermann et
al (15), and Malfetano et al (16) reported similar results.
Based on the results of the present study, among patients
with ovarian borderline mucinous tumor, only 1 case
had malignant appendiceal tumoral involvement (stage
III ovarian cancer). The stage of ovarian borderline
tumor had not statistically significant correlation with
the appendiceal tumoral involvement (P=0.059) but
the stage of ovarian malignant mucinous tumor had
significant association with the possibility of appendiceal
involvement (P=0.0001). The higher the stage is, the more
the possibility of appendiceal involvement would be, so
that at stages IIl and I'V the involvement would be the most
(P=0.0001). Currently, routine appendectomy during
surgery at an early stage of ovarian cancer for rulling out
the appendiceal involvement is a matter of controversy.
Based on National Comprehensive Cancer Network
Guidelines, appendectomy should be performed for all
patients with ovarian mucinous tumor, regardless of the
stage of disease for rulling out of the primary appendiceal

cancer (17). Ramirez et al reported that among 57 patients
with primary ovarian cancer undergoing appendectomy
during primary surgery, 23 patients (40%) with ovarian
mucinous tumor had no appendiceal involvement (18).
Similarly, in the study of Feigenberg et al on 453 patients
undergoing ovarian mass surgery and appendectomy;, it
was reported that 77 patients were included in the study,
from which 11 patients (14%) with metastatic appendiceal
carcinoma involved the ovary, 30 patients (39%) with
borderline, and 36 patients (47%) with malignant ovarian
mucinous tumor. Among these patients, 55 were at stage
I and 11 patients were at stage III. Fifty-five patients had
no pathologic evidence of appendiceal involvement by
tumor, as authors could not establish documentation of
necessary appendectomy at an early stage of tumor (10).
The study of Fontanelli et al on 160 patients with ovarian
mucinous tumor undergoing concurrent appendectomy
showed that 120 patients were at stage I and stage II
without pathologic evidence of appendiceal involvement
(19). Malfetano et al reported similar results, it means,
none of the 21 patients in an early stage of ovarian tumor
had appendiceal malignant involvement (16).

Based on the results of the present study, the correlation
between appendiceal macroscopic appearance and
primary tumor of appendix or metastatic involvement of
appendix was statistically significant (P=0.0001). Normal
appearance correlated with normal pathology (98.2%)
and only in 1.8% cases, despite normal appearance during
surgery, appendices had malignant involvement in the
pathology report. In abnormal looking appendix during
surgery, in 63.6% of cases, there was pathologic evidence
of primary malignant or metastatic involvement of
appendix.

According to National Comprehensive Cancer Network
guidelines, to prevent possible primary macroscpoic
involvement of appendices, appendectomy should be
performed in all definite ovarian mucinous tumors
during surgery regardless of the appearance of appendices
(17). Lin et al conducted a survey on 309 patients with
ovarian tumor; 155 of patients underwent concurrent
appendectomy and 56 of them had previous appendectomy
history. From this population, 197 (64%) were diagnosed
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with benign, 68 (22%) with borderline, and 44 (16%) with
malignant ovarian mucinous tumors. Only 1 case with
benign tumor had abnormal appendix appearance and
definite pathology results. From among 112 patients with
borderline and invasive ovarian mucinous tumor, 67 cases
underwent concurrent appendectomy, and none of the
patients with normal looking appendix had appendiceal
malignant involvement (1). Feigenberg et al reported
similar results, in that final pathology in all cases with
normal looking appendix were negative (10). Moore et al
also confirmed this result (2).

Through the present study, it can be inferred that
in malignant ovarian tumors, appendix tumoral
involvement had a significant correlation with abnormal
appendix appearance (P=0.059) but this issue could
not be demonstrated for borderline and benign tumors
(P=0.071). Appendix tumoral involvement is independent
of appendix macroscopic appearance and there is no
correlation between appendix gross appearance and its
tumoral involvement. These results differ from those of
the previous few studies and were in contrast with Lin and
colleagues’ study which showed the dependence of gross
appearance of appendix and its tumoral involvement on
malignant and borderline tumors (1).

Conclusions

The results of this study can demonstrate that performing
appendectomy during surgery for ovarian mucinous
tumor would be prudent when patients are at an advanced
stage of tumor, the macroscopic appearance of appendix
is abnormal, and/ or there is evidence of the existence of
a metastatic disease such as pseudomyxoma peritonei.
In other situations, appendectomy is not a required
procedure.
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