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Abstract
We describe four cases of pseudomyxoma peritonei (PMP) that were diagnosed and treated at our 
hospital.
Case 1 : A 26-year-old woman with a large multicystic ovarian tumor and massive ascites was diag-
nosed with PMP originating from a borderline mucinous ovarian tumor. She underwent fertility-

preserving staging laparotomy and was treated with three courses of intraperitoneal chemothera-
py. There has been no recurrence in the 15 years since her first operation. Case 2 : A 72-year-

old woman with a giant ovarian tumor and massive ascites was diagnosed with PMP originating from 
low-grade appendiceal mucinous neoplasm (LAMN). After laparotomy, the patient was managed 
conservatively because she did not want aggressive treatment. She has remained asymptomatic 
with a small amount of ascites for 3 years. Case 3 : A 82-year-old woman with ovarian tumors, 
massive ascites, and suspected PMP underwent emergency laparotomy due to appendiceal perfora-
tion and pan-peritonitis. She was diagnosed with PMP originating from LAMN. She has remained 
asymptomatic with a small amount of ascites for 2 years. Case 4 : A 42-year-old woman with mul-
ticystic ovarian tumors and massive ascites underwent laparotomy. She was diagnosed with PMP 
originating from LAMN. Since multidisciplinary treatment was indicated and desired, the patient 
was referred to a specialized facility where cytoreductive surgery and hyperthermic intraperitoneal 
chemotherapy was performed. The patient has done well since the treatment.
Although most cases of PMP originate from mucinous tumors of the appendix, female patients with 
PMP often present with ovarian tumors and are commonly referred to gynecology clinics. It is 
therefore important for gynecologists to be familiar with PMP and to be able to diagnose it accurate-
ly and select the most suitable management including multidisciplinary treatments.

Key words : pseudomyxoma peritonei, low-grade appendiceal mucinous neoplasm (LAMN), ovari-
an tumor, cytoreductive surgery, hyperthermic intraperitoneal chemotherapy.

Introduction

Pseudomyxoma peritonei (PMP) is a rare dis-
ease, with an estimated incidence of approximately 
1-2 cases per million1,2), that is often associated with 
peritonitis carcinomatosa caused by accumulated 
mucus. It often has a clinically malignant course, 
but in recent years aggressive cytoreductive surgery 
(CRS) and hyperthermic intraperitoneal chemother-
apy (HIPEC) have led to a dramatic improvement in 

prognosis1). In this article, we present four cases of 
PMP diagnosed as a result of giant ovarian tumors at 
our hospital, and discuss the epidemiology, classifi-
cation, diagnosis, recent multidisciplinary treatment, 
and prognosis of PMP in the literature.

Cases

Cases 1 and 2 were previously reported in 
20203), and their courses are described briefly here.
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Case 1 : A 26-year-old woman with a giant ab-
dominal tumor was referred to our department in 
2007. She was diagnosed with a large multicystic 
ovarian tumor and massive ascites based on magnet-
ic resonance imaging (MRI) (Fig. 1A) and computed 
tomography (CT) (Fig. 1B). Laparotomy was per-
formed. A tumor in the left ovary had ruptured, 
leading to massive gelatinous mucinous ascites (Fig. 
1C). Left adenectomy and appendectomy were 
performed. The postoperative pathological diagno-
sis was mucinous borderline tumor of the ovary (Fig. 
1D). No tumor was detected in the appendix (Fig. 
1E), leading to a diagnosis of PMP originating from a 
borderline ovarian tumor. The patient was treated 
with fertility-preserving staging laparotomy and 
three courses of intraperitoneal chemothera-
py. There has been no recurrence in the 15 years 
since her first operation.

Case 2 : A 72-year-old woman with abdominal 
distension was referred to our department due to a 
giant abdominal tumor detected by MRI and CT in 
2018 (Fig. 2A,B). Laparotomy was performed. A 
tumor in the left ovary had ruptured and there was 
gelatinous mucinous ascites throughout the abdomi-
nal cavity (Fig. 2C). Bilateral adenectomy, partial 
omentectomy, and appendectomy were performed 
(Fig. 2D). The postoperative pathological diagnosis 

revealed low-grade appendiceal mucinous neoplasm 
(LAMN) (Fig. 2E) and mucinous cystadenoma of the 
ovary. The patient was diagnosed with PMP origi-
nating from LAMN based on immunohistochemical 
findings (Fig. 3, Table 1). Because she declined 
standard treatments for PMP, such as aggressive 
CRS and HIPEC, she was kept under observa-
tion. Four months after the first operation, the pel-
vic peritoneal mucinous tumor recurred. Tumor 
resection and active lavage with heated saline were 
performed laparoscopically. The patient has re-
mained asymptomatic with a small amount of ascites 
for 3 years. 

Case 3 : An 82-year-old woman with abdominal 
distention was referred to our department due to a 
giant ovarian tumor and massive ascites detected by 
MRI and CT in 2019 (Fig. 4A, 4B). The patient was 
suspected to have a malignant tumor. An ascites 
puncture was performed but the fluid was gelati-
nous, making drainage difficult. The cytological di-
agnosis of ascites was class III. The patient was 
diagnosed with PMP based on the nature of the asci-
tes. Although informed consent was obtained re-
garding treatment, she did not desire treatment at 
that time and was kept under observation. She was 
again admitted to the hospital with an acute abdo-
men, diagnosed with perforation of the gastrointesti-

A

MRI：T2-WI

CE-CT

C

B

Appendix

left ovary

Fig. 1. MRI and CT results, and operative and histopathological findings in Case 1
 A T2-weighted sagittal MRI image shows a multicystic ovarian tumor with a diameter of >20 cm and accumula-

tion of massive ascites (A). Contrast-enhanced CT shows a contrast effect on the septum of a giant ovarian tu-
mor (B). The tumor was partially ruptured, leaking and filling the abdominal cavity with jelly-like mucinous 
contents (C). The ovarian tumor was diagnosed as a mucinous borderline tumor with no noticeable cellular 
atypia, although some cysts showed protrusion of the epithelium into the lumen and cellular multilayering, and 
the appearance of island-like free cell masses in some cysts (D). The appendix exhibits massive mucus deposits 
on the serosal surface, but no neoplastic growths on the mucosal side of the lumen (E).
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nal tract and generalized peritonitis (panperitonitis), 
and underwent emergency laparotomy (Fig. 
4C). The diagnosis was perforation of the appendix 
(Fig. 4D, 4E), and she underwent partial cecal resec-

tion and bilateral adnexectomy. The postoperative 
pathological diagnosis revealed LAMN (Fig. 4F) and 
mucinous cystadenoma of the ovary. Immunohisto-
chemical staining showed CK7-, CK20+, and 

MRI：T2-WI Appendix

CE-CT Appendix

Fig. 2. MRI and CT results, and operative and histopathological findings in Case 2.
 A T2-weighted sagittal MRI image shows a multicystic ovarian tumor with a diameter of 19×14 cm and accumu-

lation of massive ascites (A). Contrast-enhanced CT shows a slightly enlarged appendix (B, arrow). The tu-
mor was partially ruptured, leaking and filling the abdominal cavity with jelly-like mucinous contents (C). The 
appendix is mildly enlarged (arrow), but macroscopically no findings of perforation are seen (D). Pathologically, 
the tumor cells consist of mucinous hypercylindrical epithelium with atypical weakly elongated oval nuclei, with a 
flat arrangement and sometimes papillary shape. Based on the weak cellular dysmorphism and the finding of 
compressible proliferation, a diagnosis of LAMN was made (E).

Fig. 3. Immunohistochemical staining findings in cases 2-4.
 In cases 2-4, immunohistochemical staining showed that both appendiceal and ovarian tumors were CK7-, 

CK20+, and CDX2+, findings indicative of a primary appendiceal tumor.
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CDX2+ in both the appendix and ovaries (Fig. 3, Ta-
ble 1), leading to a diagnosis of LAMN-derived 
PMP. Postoperatively, the patient continued to 
have a small amount of ascites without abdominal 
symptoms and was transitioned to palliative care.

Case 4 : A 48-year-old woman was referred to 
our department in 2021 because of abdominal dis-

tention, ascites, and an ovarian tumor. MRI and CT 
showed a 14×9 cm multicystic ovarian tumor (Fig. 
5A, 5B), with no obvious findings in the appen-
dix. An ascites puncture was performed but the 
fluid was gelatinous and drainage was difficult. The 
cytological diagnosis was non-malignant asci-
tes. As a result, PMP was diagnosed, and the pa-

case age
ascites

cytology
appendix swelling

imaging /
macroscopy

CA125 CA199 CEA
immunostain

ovary /appendix
CK7/CK20/CDX2

origin /
pathology

PMP-
classification

/ CC₋score

postoperative 
therapy /

current status

１ 26 NA ー 55.7 171 16.6 NA ovary PMCA-I IPCｘ2

ー M-BOT CC-0 healed

２ 73 class Ⅲ ＋ 55.5 2.2 15.2 -/+/+ appendix DMPA no wish

＋ -/+/+ LAMN CC-2 recurrence

３ 82 class Ⅲ ー 141.1 10.4 40.1 -/+/+ appendix DMPA no wish

＋ -/+/+ LAMN CC-1 palliative care

４ 48 class Ⅲ ー 84.4 3.7 21.8 -/+/+ appendix PMCA-I CRS+HIPEC

＋ -/+/+ LAMN CC-1 observation

M-BOT：mucinous borderline ovarian tumor.   LAMN：low-grade appendiceal mucinous neoplasm
IPC：intraperitoneal chemotherapy
DMPA：low-grade or diffuse peritoneal adenomucinosis.
PMCA-I：intermediate or hybrid between DMPA and high-grade or peritoneal mucinous adenocarcinoma
CC-score：completeness of cytoreduction score
CRS＋HIPEC：cytoreductive surgery + hyperthermic intraperitoneal chemotherapy
NA：not available

Table 1. Summary of the four cases.

AppendixMRI：T2-WI

MRI：T2-WI

A C

B
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Fig. 4. MRI results, and operative and histopathological findings in Case 3.
 T2-weighted sagittal and axial MRI images show bilateral multicystic ovarian tumors with diameters of 9 cm and 

14 cm and accumulation of massive ascites (A, B). The tumor was partially ruptured, leaking and filling the ab-
dominal cavity with jelly-like mucinous contents (C). The appendix is mildly enlarged and perforated (D, 
arrow ; and E). The pathological diagnosis of the appendix was LAMN (F).
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tient underwent an emergency laparotomy due to 
persistent abdominal distention. There was a 
3100-ml accumulation of jelly-like ascites, and the 
left ovarian mucinous tumor had ruptured (Fig. 
5C). The appendix was slightly swollen and rup-
tured (Fig. 5D). Total hysterectomy, bilateral ad-
nexectomy, partial omentectomy, and appendectomy 
were performed (Fig. 5E). The postoperative path-
ological diagnosis revealed LAMN (Fig. 5F) and mu-
cinous cystadenoma of the ovary. Based on immu-
nohistochemical findings, the patient was diagnosed 
with PMP originating from LAMN (Fig. 3, Table 
1). Postoperatively, the patient was managed by 
the surgery department. After informed consent 
regarding multidisciplinary treatment was obtained, 
the patient was referred to a specialized facility out-
side the prefecture, where CRS (resection of the 
remnant greater mesentery, spleen, lesser mesen-
tery, gallbladder, cecum, inferior diaphragm perito-
neum, hepatic peritoneum, abdominal wall peritone-
um, etc.) +HIPEC (mitomycin C, 42°C, 1 hour) was 
performed. Her postoperative course was good 
and she was discharged 16 days postoperative-
ly. She has been doing well in the 4 months since 
the multidisciplinary treatment. 

Table 1 shows a summary of the four PMP cas-
es. The tumor markers CA125 and CEA were ele-

vated in all cases, but CA199 was elevated only in 
case 1. In cases 2-4, intraoperative findings 
showed an enlarged or ruptured appendix, although 
this was apparent on preoperative imaging studies 
only in case 2. For all four cases, the PMP classifi-
cation and the completeness of cytoreduction score 
(CC score) are shown in the table.

Discussion

We report four cases of PMP experienced at 
our hospital. PMP is a disease in which a large 
amount of jelly-like mucus accumulates in the ab-
dominal cavity (jelly belly) due to perforation of a 
mucinous tumor, usually in the appendix or ovary.    
In this condition, tumor cells leak into the abdominal 
cavity, seed, and grow in the peritoneum. Although 
distant metastasis is rare, the accumulation of muci-
nous ascites causes intestinal obstruction or dys-
function, therefore the disease often has a clinically 
malignant course even if it did not originate from a 
carcinoma1). Moran et al. reported that PMP is 
rare, occurring in 1 in 1 million people2). In Japan, a 
questionnaire survey conducted by the Ministry of 
Health, Labor and Welfare in 2011 and 2012 estimat-
ed its prevalence to be approximately 1.5 per 1 mil-
lion people1). Gastrointestinal tumors are the pri-

Appendix
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Fig. 5. MRI results, and operative and histopathological findings in Case 4.
 T2-weighted sagittal and axial MRI images show a multicystic ovarian tumor with a diameter of 9×14 cm and ac-

cumulation of massive ascites (A, B). The tumor was partially ruptured, leaking and filling the abdominal cavity 
with jelly-like mucinous contents (C). The appendix is mildly enlarged and perforated (D, arrow ; and E). The 
pathological diagnosis of the appendix was LAMN (F).
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mary lesion in more than 90% of PMP cases, with 
mucinous tumors of the appendix being the most 
common origin4-6). When the mucus produced by a 
mucinous tumor accumulates and raises the intra-
appendiceal pressure, the appendiceal wall perfo-
rates and ruptures relatively easily because of the 
“blind loop” appendiceal structure. This leads to 
peritoneal dissemination and metastasis, resulting in 
PMP5). Many cases of PMP with ovarian tumors 
are also due to disseminated metastases from appen-
diceal tumors4,7), and it is estimated that fewer than 
10% of PMPs are associated with a primary ovarian 
tumor1). 

Appendiceal tumors are rare, accounting for 
only about 0.5% of all gastrointestinal tumors8). Tu-
mors are found incidentally in fewer than 1% of tis-
sue specimens removed due to appendicitis9-11). Of 
these, mucinous tumor of the appendix (MTA) ac-
counts for about 8%12). According to the WHO clas-
sification, MTA is classified as low or high grade ac-
cording to the intensity of cellular atypia, and if the 
lesion extends beyond the appendix, even low-grade 
tumors are classified as malignant (invasive muci-
nous adenocarcinoma, low-grade)13).

Ronnett et al.classified PMPs into three 
types : low-grade or diffuse peritoneal adenomuci-
nosis (DPAM), high-grade or peritoneal mucinous 
adenocarcinoma (PMCA), and intermediate or hybrid 
between DPAM and PMCA (PMCA-I)14). The 
prognosis of PMP varies widely by grade, with re-
ported 5- and 10-year survival rates of 75% and 
68% for DPAM, 50% and 21% for PMCA-I, and 14% 
and 3% for PMCA, respectively1,14,15).

Contrast-enhanced CT and MRI imaging are 
useful in confirming the nature of the tumor and as-
cites, and predicting the presence of distant metas-
tases, peritoneal dissemination, and lymph node en-
largement, as well as the staging of the ovarian 
tumor. In addition, findings of appendiceal muco-
cele or the findings of liver or spleen serosal surface 
compression due to myxoma seeding (scalloping 
sign), although not seen in our cases, may also be 
useful as a preoperative diagnosis for PMP16-18).

In women with PMP, the coexistence of appen-
diceal and ovarian mucinous tumors has been found 
to occur in 1/3 to 2/3 of cases19,20), and Guo et al. re-
ported that they coexisted in 20 (57%) of 35 PMP 
cases21). Immunohistochemically, CK7, CK20, and 
CDX2 can be useful markers in the search for pri-
mary and metastatic sites when mucinous tumors 
are present in both the appendix and ovary22). That 
is to say, the following two types of cases can be 
distinguished : cases with intestinal origin, CK7-/

CK20+/CDX2+, and cases with ovarian origin, 
CK7+/CK20-/CDX2-23).

In case 1 in this study, the removed appendix 
was pathologically confirmed to be completely free 
of neoplastic lesions, and the patient was diagnosed 
with PMP originating from ovarian mucinous tu-
mor. In cases 2, 3, and 4, on the other hand, immu-
nostaining results led to a diagnosis of PMP originat-
ing from appendiceal tumor with ovarian metastasis 
(Fig. 3, Table 1). In some cases, as in cases 2-4 in 
this study, the primary appendiceal lesion can have 
an almost normal shape due to perforation and is 
therefore difficult to identify on preoperative imag-
es. This makes the diagnosis of the primary lesion 
difficult, and immunohistological studies are there-
fore important.

As for primary ovarian PMP, there have been 
reports of PMP due to mucinous tumors arising 
from mature cystic teratoma (MCT), with Ronnett et 
al. describing three cases24) and McKenney et al. re-
porting that 10 of 42 (24%) cases of ovarian muci-
nous tumors arose from MCT25). It has been spec-
ulated that such cases are more common than 
previously reported, that the original MCT compo-
nent may be missed when the mucinous tumor is 
enlarged, and that most primary ovarian PMPs may 
be of MCT origin24). Ovarian mucinous tumors of 
MCT origin have morphologic and immunohistologic 
characteristics similar to those of appendiceal tu-
mors, so their diagnosis requires caution26). PMP 
of ovarian origin has a better prognosis than that of 
appendiceal origin, and for PMP derived from ovari-
an MCT, there are no reported cases of recurrence 
even with surgical therapy alone27). PMP derived 
from borderline malignant ovarian tumors also has a 
good prognosis, so no evidence has been presented 
regarding the benefit of postoperative chemothera-
py6,25,27).

The latest treatment for PMP is multidisci-
plinary therapy combining complete tumor resection 
by peritoneal resection with perioperative chemo-
therapy. In 1995, Sugarbaker et al. reported im-
proved survival with aggressive CRS28), which in-
volves resection of all grossly visible intra-

abdominal tumors to the greatest extent possible, 
and if necessary, with resection of the greater mes-
entery, spleen, lesser mesentery, gallbladder, right 
hemicolon, sigmoid colon, rectum, small bowel, 
uterus, adnexa, upper abdominal peritoneum, and 
pelvic peritoneum28,29). HIPEC, in which anticancer 
agents are heated to 41-43°C and administered in-
traperitoneally for 90 minutes, is generally used for 
PMP perioperative chemotherapy, because systemic 
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chemotherapy is limited in its effectiveness due to 
restricted drug delivery to the peritoneal seeding 
site1,30,31). Recommended drugs include mitomycin 
C, cisplatin, docetaxel, gemcitabine, and irinotecan, 
which have relatively large molecular weights, and 
mitomycin C is most commonly used1,31,32). The 
size of the residual tumor after CRS is an important 
prognostic factor for the effectiveness of HIPEC 
treatment, and Sugarbaker et al. established the CC 
scoring system to classify this size into four catego-
ries (CC 0~3)30). HIPEC is expected to be effec-
tive in cases of complete cytoreduction (CC-0 and 
CC-1 ; residual tumor size <2.5 mm), but its effect 
is considerably limited when the residual tumor size 
is greater than 2.5 mm (CC-2 and CC-3)30,33).

Recently, the effectiveness of laparoscopic 
HIPEC has also been reported. In addition to being 
minimally invasive and easy to repeat as needed, the 
increased intraperitoneal pressure increases the 
drug delivery into the tumor34,35). In case 2 in the 
present study, the patient strongly desired minimally 
invasive surgery and chose a laparoscopic approach 
to remove the recurrent tumor. If the objective is 
to remove a single tumor and to perform intraperito-
neal lavage, as in this case, minimally invasive lapa-
roscopic surgery should be considered as an option, 
as it is easier to obtain the patient's consent.

The prognosis of PMP improved dramatically 
with the introduction of CRS+HIPEC in the 1990s.    
In 1994, Gough et al. reported that the 5- and 10-

year survival rates of patients with PMP (including 
appendiceal and ovarian primary lesions) were only 
53% and 32%, respectively36), but in 2019, Yonemura 
et al. reported 5- and 10-year survival rates of 76% 
and 61% respectively (appendiceal origin only)37).    
Other studies also reported that CRS+HIPEC re-
sulted in good 8-, 10-, and 15-year survival rates of 
68%, 63%, and 59%, respectively33,38). On the other 
hand, CRS+HIPEC is highly invasive and is associ-
ated with various adverse events (AEs) and compli-
cations that are often severe, including myelosup-
pression, sepsis, respiratory failure, thrombosis, 
intestinal perforation, fistula, abscess, and wound 
dehiscence39). Smeenk and Mohamed reported that 
treatment-related mortality was 0-11% and the inci-
dence of grade III or higher AEs ranged from 12-

68%40,41). As such, adequate informed consent is 
necessary before administering CRS+HIPEC.

Cases 2-4 in this study involved PMP originat-
ing from LAMN, DPAM, or PMCA-I according to 
the Ronnett classification, and CRS+HIPEC was in-
dicated. The patient in case 3 opted not to undergo 
any treatment due to her advanced age, and the pa-

tient in case 2 wished to avoid highly invasive multi-
disciplinary treatment. The patient in case 4 was 
referred to a specialized center for CRS+HIPEC 
due to a desire for multidisciplinary treatment. Al-
though CRS (yielding CC-1) and HIPEC took more 
than 11 hours and early postoperative chemotherapy 
was also performed, fortunately no adverse events 
occurred for her. The patient is expected to have a 
good prognosis.

Conclusion

Since female PMP patients are often referred to 
gynecology clinics for ovarian tumor, even though 
PMP is a very rare and essentially surgical disease, 
it is very important for gynecologists to fully under-
stand the pathogenesis of the syndrome. Although 
the  number  o f  f a c i l i t i es  tha t  c an  p rov ide 
CRS+HIPEC for PMP is limited in Japan42), it is im-
portant to consider referring the patient to a special-
ized facility as soon as possible after diagnosis, in 
cases where treatment is indicated and desired by 
the patient.
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