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ABSTRACT

Background. No series had been reported focusing on the
results of fertility-sparing surgery in stage I mucinous ovarian
cancers according to histotype (infiltrative vs. expansile). Inves-
tigating such outcomes was the aim of the present study.
Materials and Methods. The present study was a retrospective
analysis of patients treated conservatively with preservation of
the uterus and contralateral ovary from 1976 to 2016. The pathol-
ogy of the tumors was reviewed by two expert pathologists
according to the 2014 World Health Organization (WHO) classifi-
cation criteria. Oncologic and fertility results were analyzed.
Results. Twenty-one patients fulfilled the inclusion criteria,
twelve with expansile and nine with infiltrative cancer. All
patients had a unilateral tumor and underwent unilateral
salpingo-oophorectomy in one-step (n 5 6) or two-step (n 5 15)
surgeries. All but one had complete peritoneal staging surgery

based on cytology, omentectomy, and random peritoneal biop-
sies. Ten had nodal staging surgery. The International Federation
of Gynecology and Obstetrics stages were IA (n 5 9), IC1 (n 5 6),
and IC2 (n 5 6); the nuclear grades were grade 1 (n 5 9), grade
2 (n 5 5), and grade 3 (n 5 1).Two patients recurred (one expan-
sile and one infiltrative type) 19 and 160 months after surgery,
respectively. One stage IA, nuclear grade 2 expansile tumor
recurred on the spared ovary; the patient remains alive. The
other stage IA infiltrative tumor recurred as peritoneal spread;
the patient is alive with disease. Six patients became pregnant;
four with expansile tumors and twowith infiltrative tumors.
Conclusion. The type of mucinous cancer has no impact on the
oncologic outcome in this series of patients treated conserva-
tively. Fertility-sparing surgery should be considered for early-
stage infiltrative-type tumors. The Oncologist 2018; 23:324–327

Implications for Practice: According to the most recently updated World Health Organization classification guidelines, mucinous
cancers should be classified as either expansile or infiltrative. The infiltrative type has a poorer prognosis, but there are no data
about the safety of fertility-sparing surgery (FSS) in this context. A collection of 21 cases reviewed by two expert pathologists this
study is the first devoted to the conservative treatment of mucinous tumors according to both subtypes. The key result was that the
type of mucinous cancer has no impact on the oncologic outcome; thus, FSS may be considered in both subtypes.

INTRODUCTION

Mucinous ovarian carcinomas (mOCs) represent a complex
group of epithelial tumors. Over the last 4 decades, different
classification systems have been used to describe these tumors
[1, 2]. In 1973, Hart and Norris reported a category of what
they termed “noninvasive mucinous carcinoma” with stratifica-
tion of more than three cell layers that showed severe nuclear
atypia [3]. In 2000, Lee and Scully described the expansile
and infiltrative types of mOC based on morphological and prog-
nostic differences [4]. In 2014, in order to standardize the
pathological reporting of gynecological tumors, World Health
Organization (WHO) guidelines proposed classifying the

primary mucinous cancers in these two groups based on their
growth patterns, calling them expansile- and infiltrative-type
tumors [1]. The prognosis for expansile-type tumors is better
than that for infiltrative-type tumors [4].

Two characteristics were observed in mOCs compared with
other subtypes of epithelial cancers. First, mOCs are diagnosed
more frequently at an early stage; second, they affect younger
patients. Accordingly, when we evaluate the use of fertility-
sparing surgery (FSS) in epithelial ovarian cancer treatment,
mOC is the most frequent subtype for which FSS is considered
[5, 6]. But no studies have investigated the outcomes of FSS in
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mOCs according to their subtypes. However, this question is rel-
evant in order to determine whether one subtype is intrinsically
more aggressive than the other. In the three papers that
address the pathological description of different mucinous dis-
eases, conservative surgeries are briefly described, but no or
very few specific outcomes are reported [4, 7, 8]. Thus, the aim
of the current analysis was to investigate the outcomes of

conservative FSS in mOC patients according to tumor histotype
(i.e., expansile vs. infiltrative).

PATIENTS
We retrospectively identified patients with mOC who were
referred to or treated at our institution between 1976 and
2016. The inclusion criteria were as follows. First, two expert
pathologists (C.G. and M.D.S.) had to be able to perform a
review of the tumor pathology according to the 2014 WHO
classification criteria. If the initial ovarian tumor was not avail-
able for pathologic review (as for the oldest cases and for cases
treated outside our institution), the patients were excluded.
Only patients having a mucinous carcinoma were included.
Patients having a borderline mucinous tumor, an intraepithelial
carcinoma, or a stromal invasion <5 mm in the greatest linear
dimension (defining a microinvasion) were not analyzed in the
current series. Second, the tumor had to be macroscopic stage
I disease, with an absence of extraovarian disease during the
surgical exploration. Third, there had to be sufficient surgical
and clinical data available so that we could determine the exact
surgical procedures that were carried out and their outcomes.
Fourth, FSS after one- or two-step surgery (in cases with restag-
ing surgery) was defined as the preservation of the uterus and
the ovary contralateral to the initial tumor with the aim of fer-
tility preservation.

“Complete” peritoneal surgical staging was defined when
peritoneal cytology, multiple peritoneal biopsies, omentec-
tomy, or omental biopsies were performed. In some cases,
ovarian tumor surgery and staging (if it was done) was per-
formed in a one-step surgery in which the malignancy was diag-
nosed during the surgery using frozen section analysis. In other
cases, the staging surgery was performed using a two-step sur-
gery (restaging surgery). These surgeries were carried out by
laparoscopic or laparotomic approaches based on the decision
made by the surgical team.The tumors were typed as expansile
or infiltrative according to the 2014 WHO classification criteria
[1]. There is a consensus that the grading system used for
serous cancers should not be used for mucinous subtypes. The
2014 WHO classification does not have recommendations
about the grading system that should be used for mOCs. In the
present series, for expansile subtype, we used the nuclear grad-
ing system that was recommended by Rodr�ıguez and Prat [7].
The 2014 International Federation of Gynecology and Obstet-
rics (FIGO) staging system was used; it includes three new
classes of stage IC disease [9]. The surgical and clinical out-
comes of FSS were determined and compared for the two
histotypes.

PATIENT CHARACTERISTICS AND ONCOLOGICAL AND

FERTILITY RESULTS

We reviewed 114 cases. Forty-six were excluded because the
macroscopic disease severity was greater than stage I (n 5 26
cases: 2 stage II, 18 stage III, 4 stage IV, and 2 unknown) or
because of the lack of accessibility for a pathologic review
(n 5 20). The final analysis included 68 cases: 29 expansile and
39 infiltrative mOC types. Twenty-one of these patients under-
went FSS (12 expansile and 9 infiltrative). Table 1 shows the
characteristics of the patients. All had unilateral tumors and
underwent unilateral salpingo-oophorectomy in one-step

Table 1. Characteristics of patients with mucinous ovarian
cancers according to histotype

Characteristics
Expansile
(n 5 12)

Infiltrative
(n 5 9)

Median age, years (range) 24 (17–42) 27 (17–41)

Body mass index, kg/m2 (range) 22 (21–31) 25 (19–34)

Previous history

Borderlinea 0 0

Cancerb 0 1

Previous appendectomy 4 2

Median tumor diameter, cm (range) 15 (7–26) 16 (4–23)

Peritoneal staging

Cytology 12 9

Peritoneal biopsies 12 9

Omentectomy or omental biopsies 11 9

Appendectomy 12 8

Complete peritoneal stagingc 11 9

Lymph nodes staging

Pelvic and para-aortic 3 7

Median number of nodes
removed (range)

9 (1–29) 14.5 (2–42)

One-step surgery (ovarian disease
and staging procedures)

5 1

Laparotomy 3 1

Laparoscopy 1 0

Unknown 1

Two-step surgery 7 8

Median delay in months (range) 2 (0.5–9) 2 (1.5–3)

Laparotomy only 3 3

Laparoscopy only 1 1

Combined modalities 3 2

Unknown 0 2

FIGO stage

IA 5 4

IC1 4 2

IC2 3 3

IC3 0 0

Grade

Grade 1 5 4

Grade 2 4 1

Grade 3 0 1
aMucinous
bBreast cancer
cSurgical procedures, including those performed during initial and
restaging surgery (if restaging surgery was performed).
Abbreviation: FIGO, International Federation of Gynecology and
Obstetrics.
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(n 5 6) or two-step (n 5 15) surgeries. All but one patient had
complete peritoneal staging surgery based on cytology, omentec-
tomy, and random peritoneal biopsies; the exception was a
patient who had an expansile-type tumor. Ten patients had nodal
staging surgery and were free of disease. Four patients who ini-
tially underwent cystectomy had salpingo-oophorectomy
(with staging surgery) during the restaging procedure. We
do not have the details of the number of uterine curettages
used to stage the disease in these patients.

The FIGO stages were IA (n 5 9), IC1 (n 5 6), and IC2
(n 5 6). Table 1 shows the distribution of the two histotypes.
Twelve patients received adjuvant chemotherapy, with
platinum-based regimens used in ten.

After a median time of follow-up of 46 (range, 1–179)
months, two patients recurred, one who had an expansile-type
tumor and one with an infiltrative type. The first patient had a
stage IA expansile-type tumor that was nuclear grade 2. She
underwent complete peritoneal and nodal staging surgery
(negative nodes) via a two-step procedure and received adju-
vant chemotherapy. She had a spontaneous pregnancy. Nine-
teen months after the end of the initial treatment, she had a
contralateral ovarian recurrence treated with radical surgery
followed by chemotherapy. She is currently alive (75 months
after the recurrent disease).

The second patient had an initial stage IA infiltrative-
subtype tumor. She underwent exclusive surgery (without
adjuvant treatment) that included peritoneal staging and
subsequently had a twin pregnancy via oocyte donation. She
had recurrence with a mucinous borderline tumor on the
contralateral ovary 44 months after her initial treatment
and underwent a radical surgery and a nodal staging surgery.
She showed recurrence 116 months later with massive peri-
toneal spread that was treated by chemotherapy and sal-
vage surgery. At the time of this report, 168 months after
the diagnosis of her initial tumor, she is alive with progres-
sive disease.

Table 2 shows the fertility results for the 21 patients. There
were six pregnancies in four patients with expansile-type
tumors and in two patients with infiltrative-type tumors. Of
these pregnancies, five were spontaneous; two patients had
pregnancies before recurrent disease.

DISCUSSION

These data add to the current knowledge regarding mOC treat-
ment. Issues related to FSS in epithelial ovarian cancer were
reviewed recently [5]. That review suggested that FSS is safe for
stage I disease in patients with an excellent prognosis, but it
should be questioned for stage I disease in patients with the
poorest prognosis (including those with grade 3 or stage IC2/
IC3 disease), who are conventionally treated with adjuvant
chemotherapy after the initial surgery [5]. Nevertheless, some
experts disagree with this, asking whether the poor prognosis
is due to the preservation of the ovary itself (raising a question
about the safety of FFS) or whether it is due to the natural his-
tory of the grade 3 and/or stage IC2/3 disease and is unrelated
to ovary preservation. If the latter is correct, FSS could be pro-
posed for stage I high-risk patients.

Aside from hypothetical considerations, it is important to
address how to best manage mOC patients clinically in 2017
and going forward. The mOC cases studied here are particularly
relevant because mOC is the most frequent histologic subtype
in young patients affected by epithelial ovarian cancer [5].
Thus, it is critical that clinicians understand the indications and
limits of FSS. In a previous FSS series, the subtypes were mixed
[5]. Only one paper was specifically devoted to the outcomes
of FSS in mOC, but it did not distinguish between expansile and
infiltrative tumors [10]. However, the 2014 WHO classification
requires mOCs to be classified as one of these two types [1].
The current study is the first to specifically examine the out-
comes of FSS according to tumor histotype (i.e., expansile vs.
infiltrative).

mOCs are a complex group of tumors. They are frequently
grouped together as being the same malignant ovarian disease,
but they show histology that falls somewhere in the range of
benign cystadenomas, borderline patterns, and invasive dis-
ease. Accordingly, the quality of the samples and the expertise
of the pathologist are crucial for correct identification and char-
acterization of these tumors. In the current series, we wanted
to have a very accurate analysis in terms of pathological diag-
nosis in order to determine the safety of FSS in these patients.
Toward this end, two pathologists who are experts in gyneco-
logical cancer reviewed all of the pathology slides.

The expansile subtype has a better prognosis than the infil-
trative subtype [2, 4, 7, 11]. Infiltrative lesions have poorly dif-
ferentiated morphology and more frequently show high
nuclear grade. Therefore, FSS is less frequently proposed for
early-stage infiltrative-type lesions. Although the recent series
by Muyldermans et al. compared expansile and infiltrative
lesions, but no information was provided regarding the number
and outcomes of patients treated with FSS [11].

Previous papers about the use of conservative
approaches are pathological analyses that give very few
details about the outcomes of patients. The series reported
by Riopel et al. noted nine salpingo-oophorectomies and
one cystectomy, but specific outcomes were not reported
[8]. Lee and Scully reported three patients with expansile-
type mOCs who underwent salpingo-oophorectomy with no
recurrence [4]. The two patients with infiltrative subtypes
who were treated conservatively were disease-free 5 and 12
years later. The third patient had a mixed intraepithelial bor-
derline tumor that was a grade 1 expansile lesion with foci
of infiltrative microcarcinomas, the largest measuring 4 3

Table 2. Fertility outcomes of patients with mucinous
ovarian cancers according to histotype

Characteristics
Expansile
(n 5 12)

Infiltrative
(n 5 9)

Median age, years (range) 22.5 (20–27) 27.5 (26–29)

Previous history of infertility 0 0

Nulliparous

Yes 2 2

No 2 0

Unknown 8 7

Pregnancy

In nulliparous patients 2 2

Spontaneous 4 1

Medically assisted 0 1
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1.5 mm. Her disease recurred 3 years later as peritoneal car-
cinoma, and she died from the disease [4]. Rodr�ıguez and
Prat described seven patients with expansile-type tumors
who underwent unilateral salpingo-oophorectomy; the spe-
cific outcomes of these seven cases were not reported [7].
However, four patients with infiltrative-type tumors under-
went similar surgeries and were disease-free at a mean
follow-up of 5.6 years (range, 1–15 years). One patient who
was treated conservatively had a preoperative rupture of a
macroscopic stage I infiltrative carcinoma (at least stage IC2).
She died from peritoneal recurrence shortly after her initial man-
agement. Another patient treated using unilateral salpingo-
oophorectomy had a stage IC1, expansile-type tumor with sev-
eral foci showing infiltrative stromal microinvasion, with the larg-
est being 1.5 mm2. Her disease recurred 5 years later, and she
died from the disease (specifically from bone and lung metasta-
sis) [7].

Ludwick et al. reported four cases of aggressive expansile-
type disease. In this series, three young patients were treated
using unilateral salpingo-oophorectomy and showed recur-
rence, with two dying from the disease [12]. The first patient
had a stage I expansile tumor with intraepithelial carcinoma
and microinvasive carcinoma; the second one had a stage I
tumor that was an expansile type with intraepithelial carci-
noma; and the third patient had a tumor with intraepithelial
and microinvasive disease [12].

It is evident that these reports aimed mainly to describe
the pathological entities, but taken together, they are fragmen-
tary and are difficult to translate into clinical practice. They do
not specifically address the safety of FSS in mOC. Our main find-
ing was that the rate of recurrence, which is fortunately low in
the patients who were adequately staged with stage I mOC,
was not increased for infiltrative-type lesions. This was some-
what surprising, as these tumors are considered more aggres-
sive, compared with expansile subtype. Furthermore, the only
recurrence observed for an infiltrative lesion did not seem to
be related to the initial preservation of the ovary itself, because
the recurrence occurred very late (160 months) after the initial
conservative surgery. In this interval, the woman had a first
recurrence in the form of a mucinous borderline tumor that
was treated by removing the retained ovary. So, even if this is
considered a recurrence after an initial conservative treatment

of an infiltrative-type lesion, the data should be interpreted
with caution.

CONCLUSION
In other epithelial cancers, grade 3 disease is considered by dif-
ferent teams to represent an “oncological limit” in terms of
recurrence rate and safety for the use of FSS [5]. Our results
suggest that in mOC, for which the grading system is not similar
to the scale used for serous tumors, the presence of an infiltra-
tive tumor should not be considered to rule out FSS. Finally, the
type of mOC does not seem to impact the oncologic outcomes
in stage I mOCs, and FSS should be considered in early-stage
infiltrative-type tumors using the same criteria as for expansile-
type tumors. Regardless of histotype, this series did not have
any cases of stage IC3 disease, so the safety of FSS for IC3 dis-
ease could not be evaluated.This suggests that as for other epi-
thelial cancers, this disease stage should be considered the
limit of the indication for FSS.
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