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Abstract 
We present a rare case of synchronous mucinous borderline tumor of the 
ovary and low-grade appendiceal mucinous neoplasm (LAMN). We per-
formed a left adnexectomy to diagnose the left ovarian borderline malignancy 
and an ileostomy because of the swollen appendix during the operation. It 
was diagnosed as left ovarian mucinous borderline malignancy and LAMN. 
LAMN causes peritoneal dissemination, ovarian metastasis, and peritoneal 
pseudomyxoma. The appendix and ovary are close to each other anatomically 
and can metastasize if there is a tumor in either. For ovarian mucinous tu-
mors, it is necessary to search the gastrointestinal tract, especially the appen-
dix, as the primary lesion. For appendix tumors, it is necessary to search for 
the ovary. Since LAMN may be associated with borderline ovarian malignan-
cies, as in this case, there is a possibility of the duplication of tumors when 
searching for ovarian mucinous tumors as the primary tumor and if ovarian 
tumors are found. Since LAMN and mucinous ovarian tumors have similar 
histological features, immunohistochemical staining is useful for their diffe-
rentiation because they show different immunostaining patterns. 
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1. Introduction 

Mucinous borderline ovarian tumors are mild to moderately atypical multilocu-
lar cystic tumors containing mucoid material and are the most common of the 
borderline ovarian tumors. Low-grade appendiceal mucinous neoplasm (LAMN) 
is histologically benign. However, it could spread to the peritoneum as pseudo-
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myxoma peritonei (PMP) and also take a clinically malignant course, such as 
metastasis to the ovaries. Ovarian metastases of LAMN closely resemble mucin-
ous ovarian tumors in appearance and clinically. Treatment of LAMN with ova-
rian metastases and duplicate tumors of LAMN with primary ovarian tumors 
commonly undergo surgical resection. However, it is important to differentiate 
them as the surgical procedure for each type is different. We found an appendi-
ceal tumor during surgery for a mucinous borderline ovarian tumor. We sus-
pected ovarian metastasis from the appendiceal tumor or duplicate tumors of the 
appendix and ovary. We subsequently performed both an adnexectomy and ileos-
tomy. We report an interesting case of duplicate tumors of ovarian mucinous 
borderline tumor and LAMN. 

2. Case Report 

A 41-year-old Japanese woman was admitted to our department with a history 
of abdominal bloating and lower abdominal pain. A laparoscopic resection had 
been previously performed for a left ovarian benign mucinous tumor. Ultraso-
nography revealed a 25-cm-sized multilocular tumor extending to the hypo-
chondrium. A computed tomography (CT) scan of the abdomen and pelvis re-
vealed a cystic tumor in the left ovary 25 cm in size (Figure 1). There were no 
findings suggestive of dissemination, swollen lymph nodes, or metastasis to mul-
tiple organs. Enhanced magnetic resonance imaging (MRI) revealed a multilo-
cular cyst extending from the upper navel to the inside of the pelvis and a tumor 
that had a “stained glass” appearance with a septal structure inside showing dif-
ferent signal intensities (Figure 2). There were no measurable solid components 
in the tumor, and the right ovary was normal in size. Tumor markers were 
within normal limits, except for CA125 and CEA (CA125 94.9 U/mL) (CEA 11.0 
ng/mL). The presumptive diagnosis of the cyst was a left borderline ovarian tu-
mor. She underwent an adnexectomy of the left ovary. We found the right ovary 
to be normal and found pale yellow ascites and a multilocular mass occupying 
 

 
Figure 1. Abdominal CT: a cystic tumor of the left ovary 25 cm in size extending from 
the upper navel to the inside of the pelvis. 
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Figure 2. Abdominal MRI: a multilocular cyst extending from the upper navel to the in-
side of the pelvis and a tumor that had a “stained glass” appearance with a septal structure 
inside showing different signal intensities. 
 
the abdominal cavity. The tumor had adhered to the pelvic wall and ruptured at 
the time of removal. The contents of the tumor were yellow and viscous mucus. 
An intraoperative pathological diagnosis revealed a borderline mucinous tumor 
of the ovary, but no peritoneal dissemination nor swollen lymph nodes. We found 
a swollen appendix during the surgery. We considered the possibility of a syn-
chronous tumor of the appendiceal tumor and the ovarian tumor. Alternatively, 
ovarian metastasis of the appendiceal tumor was also possible. We requested 
that the surgeons excise the ileocecal. The ileocecal region was resected, and the 
jejunum and ascending colon underwent layer anastomosis. The operation took 
3 hours and 58 minutes. The bleeding, including the tumor content, was 2620 
mL (of which the tumor content was 2000 mL or more). The postoperative course 
was unremarkable, with meals started on the third day after the operation. She 
was discharged 12 days after the procedure. 

On macroscopic examination, the ovarian tumor specimen included mucin- 
producing glandular epithelial cells proliferating in the tubular, papillary, and 
fused glandular tubes with mild to moderate atypia and obscure or very mild in-
terstitial infiltration (Figure 3). The appendiceal tumor specimen contained a 
cyst with jelly-like mucus. It also had negative excision margins. A magnified im-
age showed villous proliferative lesions of villous adenoma-like mucinous co-
lumnar epithelium with mucous deposits around it with mild stromal infiltra-
tion (Figure 4). A frozen section analysis at the time of surgery indicated a mu-
cinous borderline ovarian tumor with a LAMN. Immunohistochemical stains 
were performed on the paraffin-embedded tissue of ovarian tumors and the ap-
pendiceal tumor. Immunohistochemical stains of the ovarian tumor were posi-
tive for CK7 and partially positive for CK20 (Figure 5). Immunohistochemical 
stains of the appendiceal tumor were positive for CK20, and negative for CK7 
(Figure 6).  

https://doi.org/10.4236/ojog.2021.116073


T. Muramoto, R. Koike 
 

 

DOI: 10.4236/ojog.2021.116073 797 Open Journal of Obstetrics and Gynecology 
 

 
(a) 

 
(b) 

Figure 3. (a) a polycystic tumor of left ovary; (b) the ovarian tumor included mucin- 
producing glandular epithelial cells proliferating in the tubular, papillary, and fused glandu-
lar tubes with mild to moderate atypia Haematoxylin and eosin stain (H&E) at ×100 
magnification.  
 

 
(a) 

https://doi.org/10.4236/ojog.2021.116073


T. Muramoto, R. Koike 
 

 

DOI: 10.4236/ojog.2021.116073 798 Open Journal of Obstetrics and Gynecology 
 

 
(b) 

Figure 4. (a) a cyst with jelly-like mucus of the appendiceal tumor; (b) villous prolifera-
tive lesions of villous adenoma-like mucinous columnar epithelium with mucous deposits 
around it with mild stromal infiltration (H&E at ×200 magnification). 
 

 
(a) 

 
(b) 

Figure 5. Immunohistochemical stains of the ovarian tumor were positive for CK7 and 
partially positive for CK20. (at ×200 magnification). 
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(a) 

 
(b) 

Figure 6. Immunohistochemical stains of the appendiceal tumor were negative for CK7 
and positive for CK20. (at ×200 magnification). 
 

Tumor markers, including CA125 and CEA, were within normal limits after 
the operation. Because of the borderline mucinous ovarian tumor’s pathological 
diagnosis, she was hospitalized a month later and underwent a total hysterecto-
my, right adnexal resection, and omentectomy. There were no disseminated le-
sions in the abdominal cavity, and no metastases were found in the omentum or 
right ovary. This patient is currently being followed up at an outpatient clinic, 
and no recurrence has been observed 24 months after the second operation. 

3. Discussion 

LAMN is a low-grade appendiceal mucinous neoplasm, which causes peritoneal 
dissemination as PMP and ovarian metastasis [1] [2]. Appendiceal tumors could 
cause symptoms such as right-lower abdominal pain and an abdominal mass [3]. 
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Conversely, a swollen appendix is often inconspicuous and is found to be asymp-
tomatic [3]. In our case, an ovarian tumor occupied the abdominal cavity and 
showed symptoms of abdominal distension and abdominal pain. Appendiceal 
tumors that presented as dilated cysts in ultrasonography, and MRI or CT were 
also useful for imaging [2] [4]. It is often difficult to differentiate ovarian tumors 
and LAMN that are near each other in the pelvis [5] [6]. We could not preopera-
tively identify the hidden appendiceal tumor close to the ovarian tumor [7] [8]. 
The treatment of appendiceal tumors, including LAMN, is surgical interventions 
similar to the treatments for colon cancer [2]. Although there is no clear stan-
dard on the excision of a lesion through a surgical procedure, it has been re-
ported that mucinous cystadenoma can develop at the appendectomy stump [7]. 
Therefore, in our case, ileostomy instead of appendectomy, was required to se-
cure a surgical margin. Although it has been reported that a lymph node dissec-
tion can be performed, the possibility of the lymph node metastasis of LAMN is 
low, and the therapeutic significance of lymph node dissection is unknown [9]. 
LAMN does not require postoperative chemotherapy. PMP may occur due to 
tumor wall rupture or peritoneal dissemination [10]. In the case of PMP, tumor 
weight reduction would need to be performed with the goal of complete resec-
tion [10] [11] [12]. The recurrence rate is high, and chemotherapy is also needed 
as a postoperative therapy. The standard treatment of LAMN with a borderline 
ovarian tumor, including surgery has not been settled. When considering the 
possibility of gastrointestinal tumors’ metastasis in borderline ovarian mucinous 
tumors, it is necessary to search the gastrointestinal tract, especially the appen-
dix, for the primary tumor. In our case, we found a swollen appendix during the 
operation and considered the possibility of an appendix tumor from metastatic 
ovarian disease or a synchronous tumor with an appendix tumor. Since no mu-
cus accumulation or peritoneal dissemination was observed in the abdominal 
cavity, and complete resection of the tumor with LAMN without PMP was per-
formed, we expected a good prognosis.  

The ileocecal region was resected to achieve a complete resection of the ap-
pendiceal tumor. Since there were no swollen lymph nodes or wall rupturing of 
the appendiceal tumor, the dissection of the lymph node was omitted. The ap-
pendix and ovary are close to each other anatomically, which causes problems 
regarding the spread of inflammation or metastasis of tumors [8]. When the ap-
pendiceal tumor metastasizes to the ovary, this often occurs in the right ovaries, 
which are near the appendix in anatomy. However, these tumors may also me-
tastasize to the left ovaries [12] [13]. It is important to distinguish between 
LAMN ovarian metastases and overlapping LAMN and borderline ovarian tu-
mors because they would have to undergo different surgical procedures. The 
treatment of LAMN with ovarian metastasis is ileostomy and metastatic tumor 
resection. The basic surgical procedure for borderline ovarian malignancies is 
total hysterectomy, bilateral salpingo-oophorectomy, and omentectomy. Treat-
ments of appendiceal tumors include tumor resection or appendectomy if the 
tumors are not malignant. If there is no swelling of the lymph node, intraperito-
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neal dissemination, or preoperative tumor wall rupture, there is little possibility 
of the tumor causing PMP or lymph node metastasis. In the case of PMP or 
lymph node metastasis, there is a risk of postoperative recurrence, and, thus, 
ileocecal resection is required for complete resection rather than an appendect-
omy. In our case, there was synchronous borderline ovarian tumor and LAMN. 
Thus, total hysterectomy, right adnexal resection, and omentectomy were per-
formed later. On appendiceal tumors and ovarian tumors, there are many re-
ports of ovarian tumors from appendiceal tumor metastasis and appendiceal 
tumors from ovarian tumor metastasis. Most cases of PMP show lesions both in 
the ovaries and appendix. However, reports of synchronous tumors of LAMN 
and ovarian tumors are rare [11]. 

Regarding the differentiation between LAMN and mucinous ovarian tumor, 
the histology of LAMN and mucinous ovarian tumor are very similar, and im-
munohistochemical staining is useful for differentiating between synchronous 
and metastatic ovarian tumors. LAMN is CK20-positive by immunohistochemi-
cal staining [14]. When LAMN metastasizes to the ovary, the metastatic tumor 
shows the same staining pattern as LAMN. Ovarian mucinous borderline tu-
mors are diffusely positive for CK7. In our case, immunohistochemical staining 
showed different patterns between the ovarian tumor and LAMN. The diagnosis 
was a synchronous tumor of borderline ovarian mucinous tumor and LAMN. 
Although the pathogenic mechanism is unknown, LAMN may be associated 
with borderline ovarian tumors even in the absence of PMP, as in our case. In 
addition to searching for the appendix as the primary lesion during surgery for 
ovarian mucous tumors, if an appendix tumor is found, in addition to appendi-
ceal metastasis of the appendiceal tumor and the appendiceal metastasis of the 
ovarian tumor, the possibility of synchronous appendiceal and ovarian tumor 
should also be considered. 

4. Conclusion 

We experienced a rare case of a synchronous tumor of a mucinous borderline 
malignant tumor and LAMN. When performing surgery for an ovarian mucin-
ous tumor, it is necessary to search the digestive tract, especially the appendix, 
for the primary lesion. Furthermore, the possibility of duplicative tumors of the 
appendix should also be considered. LAMN may be associated with borderline 
ovarian tumors. Since the surgical procedures between LAMN ovarian metas-
tases and LAMN and ovarian borderline tumors differ, it is important to diffe-
rentiate between the two. Although the histology of LAMN and ovarian mucin-
ous borderline tumors are very similar, immunohistochemical staining is useful 
for differentiation because their immunostaining patterns are different. 
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