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A case report of mucinous borderline ovarian tumor with recurrence
as invasive carcinoma with high copy number alterations
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Abstract

Mucinous borderline ovarian tumors (MBOTs) have a very low recurrence rate and a good prognosis, especially in the
early stages, but some MBOTSs occasionally recur with the progression to mucinous ovarian carcinomas (MOCs). Here,
we present a case of MBOT that recurred as invasive MOC within 3 years. To examine the reason for the progression from
MBOT to MOC, whole-exome sequencing of our case identified identical mutations and copy number alterations in KRAS,
CDKN?2A, and TP53 in both the MBOT and recurrent MOC. The recurrent MOC had a greater copy number alteration burden
compared to the primary MBOT. These findings suggest that MBOT may have progressed to MOC via recurrence, wherein
the increased burden of copy number alterations could be its key driver. It was also suggested that 7P53 mutations already
present in MBOT may contribute to the increased copy number alterations leading to MOC.
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Introduction

Mucinous ovarian tumors show clear progression from
benign, to borderline, and then to carcinoma [1]. Mucinous
ovarian carcinoma (MOC) is a rare subtype of epithelial
ovarian carcinoma [2]. It is often detected at an early
stage and has a good prognosis; however, its prognosis at
advanced stage or recurrence with peritoneal dissemination
was severe because MOC is refractory to conventional
platinum-based chemotherapy regimens [3, 4]. Mucinous
borderline ovarian tumors (MBOTSs) rarely recur, usually
after a prolonged period of more than 5 years, with the
prognosis typically being good [3]. Furthermore, even after
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recurrence, they often remain as MBOTSs and do not progress
to MOC, though some of MBOTSs sometimes recur with
the progression to MOC. Here, we report a case of MBOT
that recurred as invasive MOC with multiple peritoneal
metastases, approximately 2 years after the initial surgery.
We also investigated gene mutations and copy number
alterations in three components (i.e., cystadenoma and
MBOT at initial onset, and MOC at recurrence) to gain
insight into its underlying biology and the reasons for its
switch from MBOT to MOC.

Case report
Clinical course

A 73-year-old woman, who was on peritoneal dialysis for
chronic renal failure due to immunoglobulin A nephropathy
and was under observation for 10 years at our hospital for
a right ovarian tumor of 11 cm in size, suddenly developed
right lower abdominal pain (Supplementary Fig. 1A). On
the same day, her peritoneal dialysis drainage volume
increased; a laparoscopic bilateral adnexectomy was
performed with suspected rupture of the right ovarian tumor.
Intraperitoneally, the right ovarian tumor had ruptured
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and her left ovary was normal. The final pathological
diagnosis was a MBOT of the right ovary, pT1c2NXMX,
stage IC2, with a mucinous cystadenoma—borderline tumor
sequence (Fig. 1A, B). Immunohistochemical analysis of
both components of the ovarian tumor (cystadenoma and
borderline tumor components) showed positive staining for
PAXS8 and negative staining for CDX2, indicating that the
ovarian tumor was derived from the ovaries (Supplementary
Fig. 2A and B and Table 1). pl6 (CDKN2A) was only
expressed in the cystadenoma (Fig. 1C). The borderline
component showed wild-type pattern, but focally diffuse
with the basal layer of the borderline tumor cells, for p53
nuclear staining (Fig. 1D). An insulin-like growth factor
mRNA-binding protein 3 (IMP3), a marker for an ovarian
mucinous borderline tumor and carcinoma, was expressed
only in borderline component (Supplementary Fig. 2C).
Since the patient was on peritoneal dialysis, we decided

Cc

Fig. 1 The pathological findings of the primary tumor. A The initial
mucinous borderline tumor (MBOT) with mucinous cystadenoma
by hematoxylin—eosin (HE) staining. B Left; cystadenoma, right;
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to follow-up the patient without additional surgery or
treatment. Two years later, the patient was switched from
peritoneal dialysis to hemodialysis.

Thirty-one months after initial onset, the patient was
urgently admitted to the hospital because of increasing
ascites effusion. Following ascites puncture, cancer
cells were detected. Position emission tomography
(PET)-CT suggested carcinomatous peritonitis
(supplementary Fig. 1B). Exploratory laparoscopy
revealed that the entire abdominal wall and ascending
colon was covered with white peritoneal metastasis and a
subcutaneous nodule was observed in the left lower abdomen
(Supplementary Fig. 1B). The peritoneal and subcutaneous
nodules were sampled, wherein MOC was detected in both
lesions (Fig. 2A and B). The immunostaining pattern was
similar to that in the borderline component at 1st surgery,
wherein Ki67 labeling index within the hot spots was

borderline tumor by HE staining. C pl6 (CDKN2A) cytoplasmic
immunostaining. D p53 nuclear immunostaining. Scale bars: A, C, D
100 pm, B 50 pm
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Table 1 The

. . . PAXS CDX2  IMP3 pl6 (CDKN2A) p53 Ki67
immunohistochemical patterns
of three components A.Cystadenoma  +, 80% — - +, diffuse Wild/ < 5% 0%
B. Borderline +,30% +,20% +,100% Null Wild/, focal, diffuse < 10%, hot
spot: 25%
(181/354)
C. Carcinoma +,30% - +,100% Null Wild/50% Hot spot:
46%
(100/219)

(A) Component of mucinous cystadenoma of the primary tumor. (B) Component of mucinous borderline
ovarian tumor (MBOT) of the primary tumor. (C) Mucinous ovarian carcinoma (MOC) of the recurrent

tumor

Fig.2 The pathological findings
of the recurrent mucinous
carcinoma (MOC). A, C and
D the peritoneal metastasis
and (B) the subcutaneous
tumor. A and B The recurrent
mucinous carcinoma (MOC)
by HE staining. C p16
(CDKN2A) cytoplasmic
immunostaining. (D) p53
nuclear immunostaining. Scale
bars: A, C and D 100 pm B

50 pm
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increased from 25 to 46% and 50% of tumor cells were
positive for p53 nuclear staining, still remained wild-type
pattern (Fig. 2C, D and Supplementary Fig. 2). The patient
was diagnosed with the recurrence of MBOT with the
progression to MOC. The patient died 32 months after the
initial onset and 1 month after recurrence.
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Whole-exome sequencing

DNA was extracted from paraffin-embedded sections
using a laser-capture microdissection system. Whole-
exome sequencing was performed for three specimens:
cystadenoma and borderline components at 1st surgery as
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Fig.3 The genetic analyses of three components in our case. A
Somatic mutations and their variant allele frequencies in three
components; mucinous cystadenoma, borderline tumor (MBOT) in
the initial onset tumor and recurrent mucinous carcinoma (MOC).
Each column represents an equivalent mutation. Driver mutations are
illustrated. B Clonal ordering based on somatic mutations and copy

well as carcinoma at recurrence. Ovarian stroma was used
as a germline control. All the tumors shared many genetic
mutations, indicating that they originated from the same
clone (Fig. 3A, B). Cystadenoma displayed only the p. GI12C
somatic mutation in the KRAS gene as a driver mutation,
whereas both MBOT at initial onset and MOC at recurrence
shared driver events, including the p.G/2D mutation in
KRAS, p.E154K mutation in TP53, and p.A21Gfs*24
mutation in CDKN2A. The patient had no pathological
germline mutations. The proportion of the genome
displaying copy number alterations increased stepwise
from mucinous cystadenoma to MBOT to MOC (Fig. 3C).
MBOT and MOC shared a gain of 12p including KRAS and
losses of heterozygosity of CDKN2A (9p) and TP53 (17p),
despite wild-type pattern of p53 nuclear staining. We found
whole-genome doubling and more copy number alterations
including amplification of the KRAS mutant allele only in
MOC, which suggests one of the reasons for the progression
from MBOT to MOC.

Discussion

MBOTSs may recur but are rarely fatal. Most MBOTs are
stage I, with a survival rate of almost 100% with or without
intraepithelial carcinoma [5]. For MOC progress from
benign epithelium to a pre-invasive lesion to carcinoma with
shared genetic events, MBOTSs often have components of
benign cystadenoma, MBOT, and MOC. Considering the
possibility of inadequate sampling in our case, MBOT at the
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number aberrations. Driver mutations in each clone were noted. C
Copy number aberration analysis based on whole-exome sequencing
data. Blue dots represent total copy numbers. Green and red dots
represent the B-allelic frequencies. Black lines on blue dots represent
copy number changes

1st surgery were re-sectioned and retrospectively examined,
and a continuum of MBOT was found from mucinous
cystadenoma, but no malignant component was found.

To investigate why it recurred with the progression to
MOC, we examined genetic mutations and copy number
alterations in the cystadenoma, borderline tumor, and
carcinoma components. All three shared somatic mutations
(Fig. 2), suggesting that they were derived from the same
clone. Mucinous cystadenoma showed only a p.GI12C
mutation in KRAS as a driver mutation, whereas borderline
tumors and recurrent MOCs shared driver mutations in
KRAS, TP53, and CDKN2A. Some gene mutation data
were consistent with the immunostaining patterns of the
components (Fig. 1). However, p53 nuclear staining showed
wild-type pattern, albeit focally diffuse, in both MBOT and
recurrent MOC.

KRAS and CDKN2A mutations were found in 95% of
MBOTs and 80-90% of MOCs, which were not thought to
be the key drivers of progression to MOC [6-9]. In contrast,
as key drivers of progression from borderline precursors to
invasive MOC, TP53 mutations and copy number alterations
have been previously reported by genetic analyses of MOC,
including cystadenoma and borderline tumors [9]. TP53
mutation has been reported as the key driver in a previously
reported case of a ruptured MBOT with rapid recurrence as
an invasive MOC of the contralateral ovary [10]. In addition,
a high copy number alteration burden was associated with a
worse prognosis in MOC [9]. In our case, the TP53 mutation
already existed in MBOT; the only difference was that the
recurrent MOC had more copy number alterations and
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whole-genome doubling. Copy number alterations contribute
to carcinogenesis and TP53 mutations have been suggested
to be associated with copy number alterations [11]. Given
that TP53 mutations increase copy number alterations,
borderline tumors with 7P53 mutations may be considered
cancer-like. Kang et al. reported that TP53 mutation in
MBOT was associated with a higher risk of recurrence and
overall survival (HR =4.6, 95% CI 1.5-14.3, p=0.0087),
whereas TP53 mutation in MOC was not associated with
overall survival [12]. Our case suggest that increased copy
number alterations could contribute to carcinogenesis from
MBOT to MOC, and that 7P53 mutation may support this.

Immunohistochemical nuclear staining for p53 is usually
performed to examine TP53 mutation status since TP53
target sequencing is not routinely clinically accessible. In
our case, MBOT was diagnosed with wild-type pattern for
P53 nuclear staining because p53 positive cells were focally
diffuse with the basal layer of the MBOT, not positive in
the superficial cells. Kang et al. reported that the criteria
for endometrial carcinoma and high grade serous ovarian
carcinoma were not concordant in MBOTs and MOCs
to account for terminal differentiation and intratumoral
heterogeneity [12, 13]. They suggest that the cases with
a minimum of overexpression in 5% of tumor cell nuclei
within the basal layer of MBOTs be regarded as abnormal
pS53 immunohistochemistry pattern, because the cases with
a TP53 missense mutation showed overexpression in 5
to 100% of tumor cell nuclei. According to their criteria,
MBOT in our case should have been diagnosed with p53
mutation pattern since more than 5% of borderline tumor
cells within the basal layer of borderline tumor cells
were positive for p53 staining, compared to mucinous
cystadenoma component (Fig. 1D).

In conclusion, MBOTSs sometimes recur as invasive
MOCs. High copy number alterations can contribute to
the progression of MBOTSs to MOC:s, especially if MBOTSs
have TP53 mutations. For MBOTSs with TP53 mutations,
careful follow-up may be advisable, given the possibility
of recurrence as invasive MOC refractory to chemotherapy.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/
s13691-024-00722-1.
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