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• No peritoneal and omental implantations were identified in case of mBOTs.
• Staging in case of mucinous borderline tumours of the ovary may be omitted.
• Recurrence with malignant disease is rare after mBOT.
• The value of posttreatment surveillance seems limited in patients with mBOT.
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Objectives. Staging in case of a borderline tumor of the ovary (BOT) is a controversial issue. Upstaging is not
uncommon, but this occurs especially with presumed stage I serous borderline tumors. There are only a few doc-
umented cases of BOTs of non-serous histology that were not confined to the ovary. The aim of this study was to
assess the incidence of non-invasive and invasive implants in the omentum and other (extra)pelvic peritoneal
surfaces in patients with a mucinous BOT (mBOT).

Methods.A retrospective cohort studywas performed in three hospitals in theNetherlands. All patientswith a
histopathological diagnosis ofmBOT diagnosed from January 1st 1990 to December 1st 2015were identified and
included when the inclusion criteria were met.

Results. In total, 74 patientswere included. Of these 74 patients, 46 (62.2%) underwent a staging procedure. In
12 (26.1%) patients, only omental tissue was obtained, in 32 (69.6%) patients, omental tissue and peritoneal bi-
opsies were obtained and in two (4.3%) patients, only peritoneal biopsies were obtained. No implants were seen
upon microscopic examination in any of the patients. Two patients (3%) developed a recurrence.

Conclusions. Because no extra-ovarian disease was found, staging procedures in the case of an mBOTmay be
omitted. However, the actual perioperative decision for staging or not should be taken in the context of a frozen
section diagnosis, which is not always accurate and straightforward. Recurrence with malignant disease is rare
after mBOT. The value of post-treatment surveillance seems limited after bilateral salpingo-oophorectomy.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Borderline ovarian tumors (BOTs) are non-invasive tumors that dis-
play greater epithelial proliferation and cytological atypia than benign
Obstetrics and Gynecology, PO
tumors of the ovary, but less than their malignant counterparts [1].
There is no agreement on a single, unifying concept for BOTs, as border-
line serous tumors comprise a unique group of tumors that is biological-
ly distinct from borderline tumors of other histological types. Borderline
serous tumors can present at an advanced stage (FIGO ovarian cancer
staging), whereas borderline ovarian tumors of non-serous histology
(e.g. endometrioid, mucinous, clear cell, or Brenner) are usually con-
fined to the ovary [2–4]. Patients with early stage disease who are
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Fig. 1. The total number of patients identified with PALGA, the number of in- and
exclusions and the number of patients that had follow-up visitations, as well as the
number of patients that was lost to follow-up.
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finished childbearing and patientswith advanced stage disease are treat-
ed with radical surgery, consisting of bilateral salpingo-oophorectomy
and resection of macroscopically visible peritoneal lesions. Some recom-
mend total abdominal hysterectomy and lymphadenectomy as well. In
addition, appendectomy is often performed in case of mucinous BOT
[3,5], whereas others limit this to patients in which the appendix has
an abnormal appearance macroscopically [6,7]. For patients who want
to preserve their fertility, conservative surgery consisting of unilateral
salpingo-oophorectomy or cystectomy in cases of bilateral ovarian in-
volvement or when the disease develops in the only remaining ovary
may be a valuable alternative. Furthermore, a proper staging procedure
for BOT is recommended for the detection of peritoneal implants and is
defined as an exploration of the entire abdominal cavity with peritoneal
washings, infracolic omentectomy, and multiple peritoneal biopsies [5,
8]. This is based on the fact that 14.8–27.0% of patients with BOTs are
upstaged, mostly because of positive peritoneal cytology, the discovery
of non-invasive peritoneal implants, or in rare instances because of inva-
sive peritoneal implants [9–11]. In these studies, upstaging because of
peritoneal implants only involved patients with serous BOTs (sBOTs).
There are only a few documented cases of BOTs of non-serous histology
that were not confined to the ovary [12–14]. Thus far, guidelines for the
staging procedures for BOT do not take into account the differences be-
tween the different histological types of BOTs.

To understand the value of a staging procedure in patients with an
mBOT, it would be interesting to know the incidence of patientswith bi-
opsies positive for extra-ovarian disease. Therefore, the aim of the pres-
ent study was to evaluate the histopathology of the peritoneal biopsies
and/or omentum in patients with mucinous ovarian tumors with bor-
derline features.

2. Patients and methods

The present retrospective cohort study was performed in three hos-
pitals in the Netherlands (Isala Hospital, Zwolle, Radboud University
NijmegenMedical Centre, Nijmegen, andMaastricht UniversityMedical
Centre in Maastricht). Patients with an mBOT diagnosed from January
1st 1990 to December 1st 2015 were identified using the Dutch nation-
wide histo- and cytopathology data network and archive (PALGA data
registration system) with the search terms “mucinous”, “borderline”,
“ovarian”, “staging”, “peritoneum”, and “omentum” [15]. Patients diag-
nosed with a mucinous borderline tumor of the ovary in which it
could be determined whether a staging procedure was performed dur-
ing surgery were included in the study. Patients with a proven second-
ary tumor of the ovary (i.e. a metastasis from a primary mucinous
appendiceal carcinoma) were excluded.

After inclusion, the following variables were retrieved from the pa-
tient files and the pathology and surgery reports: the macroscopic ap-
pearance of the omentum and (extra)pelvic peritoneal surface,
whether or not an omentectomy was performed or omental biopsies
were obtained, whether or not peritoneal biopsies were obtained, the
number of anatomic sites where peritoneal biopsies were collected,
the results of the pathological examination of the peritoneal biopsies
and omentum, whether or not intra-epithelial carcinoma was seen in
the tumor, whether or not there was a recurrence, the location(s) of re-
currences, and the duration of follow-up. The macroscopic appearance
of the omentum and (extra)pelvic peritoneal surface was classified as
abnormal when there was adhesion to the tumor of the ovary or
when tumor-like structures were palpable.

In case of an mBOT with intra-epithelial carcinoma, or a recurrent
tumor, the number of samples per cm of tumor, assessed by the pathol-
ogist, was also recorded in the database.

3. Results

In total, 83 patients with an mBOT were identified (Fig. 1). Nine of
them were excluded because patient files and pathology reports were
not available, or did not contain any information about the surgical pro-
cedure. Most often, this was because they were treated at another hos-
pital and only pathology specimens of the primary tumor were revised
by the pathologist at one of the included centers. The remaining 74 pa-
tients (mean age of 52 years) with anmBOTwere included in the study.
Of these 74 patients, eight patients (10.8%) were recorded as lost to fol-
low-up. For instance, this was because only pathology reports and no
follow-up data were available (only the revision of specimens obtained
after surgery at another hospital), no follow-up visits were scheduled
because of the patient's characteristics (i.e. age, health status), or be-
cause patients had their follow-up visits at another hospital.

In 54 of 74 patients (73.0%), a bilateral salpingo-oophorectomy was
performed. A unilateral salpingo-oophorectomy was performed in 17
patients (23.0%) and a cystectomy in three patients (4.1%). Microscopic
evaluation of the tumors revealed intra-epithelial carcinoma in 11 of the
74 patients (14.9%). In one patient (1.4%), it could not be determined
whether there was intra-epithelial carcinoma or not. Themean number
of histologic samples in these 11 cases was 0.9 (range 0.3–1.5) per cm
tumor.

Therewas somedegree of staging in 46 of 74 patients (62.2%), which
means that there was at least an infracolic omentectomy, collection of
omental biopsies, or collection of peritoneal biopsies during surgery
(Fig. 2). For these 46 patients, themacroscopic appearance of the omen-
tum and (extra)pelvic peritoneal surface was described in the surgery
report in 31 (67.4%) and 33 (71.1%) patients, respectively. Macroscopic
abnormalities of the omentumwere described in 5 patients andmacro-
scopic abnormalities of the (extra)pelvic peritoneal surfaces were de-
scribed in 7 patients. In 28 of 74 patients (37.8%), no staging
procedure was performed. The most common reasons for not
performing a staging procedure were either a discordant (benign) fro-
zen section (13 of 28 patients) or a less aggressive approach to surgery
(11 of 28 patients). In the latter, no frozen sections were obtained and
the diagnosis of mBOT was made after pathological examination of the
ovary. In one patient, no staging procedure was performed because of
an inconclusive frozen section, and in another because of the patient's
cardiac and hematological condition. In two patients, it was unclear



Fig. 2. Graphical representation of the total number of mBOT patients included in the
study, as well as the frequency of staging, the frequency of omentectomies/omental
biopsies, the frequency of peritoneal biopsies, the results of microscopic examination
and the number of recurrences.
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why no staging procedure had been performed. In 16 of the 28 patients
(57.1%), in whomno staging procedure was performed, themacroscop-
ic appearance of the omentum and (extra)pelvic peritoneal surface was
described in the surgery report and nomacroscopic abnormalities were
seen. With respect to the 46 patients with some degree of staging, 32
patients (69.6%) had both omentectomy/omental biopsies and collec-
tion of peritoneal biopsies. In 12 patients (26.1%), only an omentectomy
was performed/omental biopsies were obtained, and in two patients
(4.3%), only peritoneal biopsies were obtained. The median number of
peritoneal biopsies was three with a range from one to eight. The ana-
tomic sites where biopsies were collected included both paracolic gut-
ters, the recto- and vesico-uterine pouch, the small bowel mesentery,
both ovarian fossa and the diaphragm, both left and right. Pathological
examination of the omental and (extra)pelvic peritoneal specimens of
44 (59.6%) and 34 (45.9%) patients, respectively, showed nomicroscop-
ic abnormalities, even in the patients in whom the omentum and/or
(extra)pelvic peritoneal surface was described as macroscopically
abnormal.

With respect to the patients whowere recorded as lost to follow-up
(n = 8, 10.8%), five patients (63.5%) were in the “staging group” and
three patients (37.5%)were in the “non-staging group” (Fig. 1). Theme-
dian follow-up duration for the remaining 66 patients, of which 41
(62.1%) were staged, was 3 years and 10 months (range 1 month to
12 years and 9 months). With respect to the duration of follow-up,
there was no significant difference between the “staging” and “non-
staging group” (p = 0.776, Mann-Whitney U test).

Two patients (3.0%) had a recurrence in the vaginal vault (Fig. 2).
The first patient (mBOTwith the presence of intra-epithelial carcinoma)
underwent complete staging during initial surgery and no abnormali-
ties were seen in the omentum and peritoneal biopsies (at the location
of both pelvic side walls and both paracolic gutters). A total of 16 sam-
ples was taken from the primary tumor with a diameter of 15 cm. Sur-
gical spill was reported during the procedure. The recurrence was
detected 5 years, 8months after theprimary procedure. Pathological ex-
amination of the obtained biopsies showed amucinous invasive adeno-
carcinoma of the intestinal type. The treatment consisted of
chemotherapy (six cycles of paclitaxel and carboplatin). Eleven months
later, a second recurrence at the same location was discovered and
treated with whole abdominal radiation therapy. Two and half years
later, the patient underwent a lung lobe resection because of a metasta-
sis of the mucinous invasive adenocarcinoma and now (7 years later) is
still alive without evidence of another recurrence or metastasis.

The recurrence of the second patient was detected 8 years after a bi-
lateral salpingo-oophorectomy (mBOT with the presence of intra-epi-
thelial carcinoma) without a staging procedure, and was resected via
laparotomy. In this patient, a total abdominal hysterectomy had been
performed 9 years previously. The pathological examination showed a
recurrence of the mBOT. One year and eleven months later, there was
a second recurrence. Biopsies of the vaginal vault were obtained and
pathological examination this time showed amucinous invasive adeno-
carcinoma of the intestinal type. Despite four cycles of paclitaxel and
carboplatin, there was tumor progression and eventually sonographic
suspicion of liver metastasis. The patient died within a few months
after discovery of the second recurrence. It was unknown how many
samples were taken for each cm of the primary tumor.

4. Discussion

Staging in cases of a borderline tumor of the ovary (BOT) is a contro-
versial issue. Some advocate proper staging procedures, because it has
been shown that 14.8–27.0% of BOTs will be upstaged [5,9–11]. Others
may argue that the outcomes of staging procedures do not have any
consequences for treatment, and staging is therefore not indicated.
Moreover, upstagingmost often involves tumorswith a serous type his-
tology [1,3–5,11]. Only a few cases of mBOTswith extra-ovarian disease
are known [14]. However, the literature is scarce. The current study
evaluated the incidence of non-invasive and invasive implants in the
omentum and other (extra)pelvic peritoneal surfaces in 74 patients
with an mBOT. None of the patients with a final histopathological diag-
nosis of mBOT who underwent any kind of surgical staging procedure
(n = 46) had disease in the omentum and/or peritoneal biopsies. This
indicates the limited value of performing a staging procedure in case
of anmBOT. This is also supported by the fact that only one out of 28 pa-
tients in the present study in whom no staging procedure was per-
formed developed a recurrence.

It is very important to underscore that the results of our study ac-
count for patients with a final histopathological diagnosis of mBOT. Un-
fortunately, in daily practice, one has to deal with frozen section
diagnosis. It has been shown that, in 10% of patients with a borderline
ovarian tumor diagnosis based on a frozen section, a definitive diagnosis
has been adapted into a histopathological diagnosis of invasive ovarian
cancer [16]. In these cases, a subsequent relaparotomy is needed for ad-
equate staging purposes. Besides this discrepancy between frozen sec-
tions and the final histopathological diagnosis, in daily practice, one
has to deal with a frozen section diagnosis that is not always straightfor-
ward. For example, one has to cope with diagnoses like minimum bor-
derline tumor of the ovary, borderline tumor of the ovary, but cannot
exclude invasive cancer or borderline ovarian tumor and strong suspi-
cion of invasive disease. In this scenario, staging may be recommended
in view of the considerable chance of invasive cancer as the final histo-
pathological diagnosis, with the goal of preventing a second procedure.
This scenario should be discussed of course with the patient to obtain
informed consent before the procedure. It is clear that surgeons and pa-
thologists experienced in frozen section diagnosis, their nuances, and
consequences for further treatment are very important to minimize
over- and under treatment.

Thefinding of no extra-ovarian disease in cases ofmBOT in our study
is supported by others. Camatte et al. found no peritoneal or omental
implants in their own series of patients with an mBOT, as well as in
the series of patients of the studies they reviewed (n = 65) [11,17,18].
A more recent study by Kristensen et al. investigated the role of
omentectomy and peritoneal biopsies with respect to BOTs in 75 pa-
tients who were completely staged [9]. Twenty-three patients had an
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mBOT and, again, peritoneal or omental implants were not found in the
specimens obtained during surgery. Karlsen et al. recently found inva-
sive implants in five of 535 patients with an mBOT [14]. However, in
these cases, it was not specified whether there was upstaging of pre-
sumed stage I disease or presumed advanced stage disease and, further-
more, the location of the implants and the macroscopic appearance of
the tissue resected during surgery was unknown. Thus, in all studies
so far, extra-ovarian lesions were found in staging procedures for
mBOTs in only a few patients. This indicates the limited value of
performing a staging procedure in case of a presumed stage I mBOT.
This is also supported by the fact that only one out of 28 patients in
thepresent study, inwhomnostagingprocedurewas performed, devel-
oped a recurrence.

Recommendations for follow-up in cases with anmBOT differ. Some
do recommend follow-up only in patients in whom a cystectomy was
performed or when the contralateral ovary is still present, while others
recommend long-term follow-up irrespective of the presence of a con-
tralateral ovary, as recurrences can develop years after initial treatment
[4,5,19]. Moreover, some extrapolate guidelines for the post-treatment
surveillance of patients with ovarian cancer to patients with mBOTs
[20]. In the present study, two patients (3.0%) developed recurrent dis-
ease during follow-up, one patient with an additional complete staging
procedure but with spill during operation, and one without a staging
procedure. These patients developed a recurrence in the vaginal vault
within a period of 6–8 years. In the literature, recurrence rates of
mBOTs vary between 4.2 and 13% [21,22]. In a study by
Khunamornpong et al., six patients (4.2%) developed a recurrent
tumor, of whom two patients underwent a bilateral salpingo-oophorec-
tomy. All of them were completely staged, five were diagnosed with a
stage IC mBOT (surface growth with or without positive cytology, posi-
tive cytology alone or earlier rupture of the tumor), and in one patient it
was uncertain whether there was stage IA, IB or IC disease [22]. Koskas
et al. found 13 recurrences (13%), of whom only three patients
underwent a bilateral salpingo-oophorectomy. Four patients were
completely staged at initial surgery (two patients with stage IA disease
and two patients with stage IC disease) [21]. Therefore, follow-up may
be limited to patients with positive ascites or peritoneal washings
and/or spill during surgery. This could be supplemented with patients
after conservative surgery (only cystectomy or one ovary remaining in
situ) or mBOTs with intra-epithelial carcinoma [21,23,24]. As shown
in the literature and in the present study, recurrent tumors of mBOTs
are rare after treatment with bilateral salpingo-oophorectomy.

In the present study, in both patients presenting with a recurrence,
an invasive component was eventually found. In general, recurrent tu-
mors after a borderline tumor of the ovary are more likely to present
as borderline tumors instead of invasive carcinomas [19,20,23]. Howev-
er, Koskas et al. and Khunamornpong et al. have shown that 6 of 13
(46.2%) and 4 of 6 (66.7%) recurrent tumors presented asmalignant dis-
ease, respectively, so it seems thatmBOTs aremore prone to recur as in-
vasive adenocarcinomas than serous borderline tumors of the ovary [21,
22]. Overall, it has been shown that about 1.6% of patients presenting
with an mBOT develop a recurrent tumor presenting as invasive carci-
noma [19]. There are several possible explanations for the finding of re-
current invasive disease during follow-up. Firstly, a diagnostic or
sampling error may have occurred, in which case the mucinous adeno-
carcinoma was misdiagnosed as an mBOT during the initial procedure.
However, because all tissue samples of both patients obtained during
the initial surgery were revised, in which again no malignant compo-
nents were found during the microscopic examination, this theory
seems unlikely. Surgical spill might have been an additional risk factor
for the recurrence as well in case of a primary mucinous adenocarcino-
ma. Secondly, themucinous adenocarcinomamay have developed from
a distinct area with endocervicosis or a transitional-type epithelium at
the fallopian tube-peritoneal junction. In this scenario, the finding of a
mucinous adenocarcinomaduring follow-upmaynot be directly related
to the previous mBOT. Endocervicosis and a transitional-type
epithelium at the fallopian tube-peritoneal junction seem to be site of
origin in cases of mucinous ovarian tumors, apart from metastasis of
malignancies of the gastro-intestinal tract [25–28]. As shown by Kruse
et al., primary extra-ovarian mucinous carcinomas of the
endocervical-like type, without ovarian involvement, can develop
from endocervicosis [25].

The current study has some limitations. Because mBOTs are rare tu-
mors, the number of patients included in the study is relatively small.
Therefore, it would be an added value to include more hospitals in fu-
ture studies concerning mBOTs to enlarge the study population. A con-
siderable number of patients (37.8%) underwent no staging procedure.
Theoretically, extra-ovarian disease could have been missed. However,
therewas only one recurrence in the unstaged group, which did not sig-
nificantly differ from the staged group, considering the duration of fol-
low-up. In four patients, omental biopsies were obtained, instead of
performing an omentectomy. One may argue that implants could have
beenmissed by not removing at least the infracolic omentum. However,
Arie et al. critically appraised the role of omentectomy in the staging of
apparent early stage epithelial ovarian carcinoma. In their review, they
cite a study by Usubutun et al., which states that a thoroughmacroscop-
ic examination of the omentum and collection of three to five random
omental samples may be sufficient for appropriate staging [29,30].
Also, with respect to the peritoneal biopsies, the degree of staging dif-
fered among the patients, with the number of biopsies ranging from
one to eight. Thus, although in a considerable number of patients
there was no staging procedure or a suboptimal staging procedure,
the overall low number of recurrences confirms that the majority of
cases ofmBOT are confined to the ovary. Furthermore, given the current
guidelines, the number of samples taken for each cm tumor might be
considered as less adequate. Unfortunately, these guidelines were not
common practice in the past. So, in theory, bigger portions of expansile
or invasive adenocarcinomamight have been missed. Still, the majority
of patients with an intra-epithelial carcinoma did not develop a recur-
rence (9 of 11 patients; 81.8%) Finally, the present study had a retro-
spective design, and thus one must accept missing data (i.e. follow-up,
information regarding the staging procedure, macroscopic appearance
during inspection of the abdominal cavity), which weakens the conclu-
sions of the study.

In patients with final histopathological diagnosis of mBOT, no extra-
ovarian disease was found. Staging procedures in cases of mBOTmay be
omitted, but the actual perioperative decision to perform staging or not
should be made considering that frozen section diagnosis is not always
accurate and straightforward. Recurrencewithmalignant disease is rare
after an mBOT. The value of post-treatment surveillance seems limited
in patients with mBOT after bilateral salpingo-oophorectomy.
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