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Pseudomyxoma peritonei usually originates
from the appendix: a review of the evidence

A. Mukherjee, A. Parvaiz, T.D. Cecil, B.J. Moran
Pseudomyxoma Research Unit, North Hampshire Hospital, Hampshire (U.K.)

Summary

Pseudomyxoma peritonei (PMP) is a rare condition, said to be more common in females during the fourth or fifth decade
of life with an incidence believed to be in the region of one per million per year. Although PMP has been reported as origi-
nating from many intra-abdominal organs, in the majority of cases an ovarian or appendix cystadenoma or cystadenocarci-
noma has been implicated as the primary site. Our experience suggests that most cases arise from the appendix. We have
reviewed the clinical and scientific evidence. In the four largest reported series of 393 patients, 181 (46%) were males.
Immunohistochemistry techniques in women with both appendical and ovarian tumours favour an appendiceal primary in
most cases. The distinction between “benign” adenomucinosis and mucinous adenocarcinoma is important in both treatment
and prognosis. Experience suggests that there may well be a spectrum of disease and possibly an “adenoma carcinoma
sequence”.
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Introduction

Pseudomyxoma peritonei (PMP) is a rare condition, with a reported incidence of approximately one case
per million per year, in which diffuse collections of gelatinous fluid are associated with mucinous implants
on the peritoneal surface. The term “jelly belly” has been used to describe the large accumulation of muci-
nous ascites so typical of this condition. Despite its relatively benign behaviour and a better understanding
of its aetiology and prognostic features, the long-term survival in most patients with PMP remains poor with
a reported five to ten year survival rate of 50% and 10-30%, respectively [1]. Controversy has always existed
as to the precise origin of PMP.

Werth [2] in 1884 coined the term pseudomyxoma peritonei when he described the condition in associa-
tion with a mucinous carcinoma of the ovary. The term pseudomyxoma referred to chemical differences from
other types of mucin that had been histologically analysed. In 1901 Frankel [3] described a case of
Pseudomyxoma peritonei in association with a cyst of the appendix. Since these early reports there has been
ongoing uncertainty as to the primary origin of this rare tumour in women. While most authorities acknowl-
edge that the condition predominantly originates in the appendix in men [4], debate remains as to whether
the origin of most cases in females is the ovary or the appendix. Synchronous disease is found at these two
sites in most females with the condition, and the disease is reported to be more prevalent in females [1].

The most common mode of presentation is progressive abdominal distension and appendicitis in males, while
females often present with abdominal distension and ovarian masses [4]. In addition to the association of PMP
with appendiceal and ovarian tumours, there are case reports suggesting occasional origin from other intra-
abdominal organs such as the colon and rectum [5], small intestine and urinary bladder [5], lung [6], breast
[7], gallbladder and bile ducts [8], stomach [9], fallopian tube [10], and pancreas [11]. These are rare and
account for less than 5% of the total cases. A similar clinical, radiological and surgical presentation can be seen
in disease originating from colonic adenocarcinoma, particularly of mucinous type. Indeed this adds to many
of the difficulties in managing this condition. It would appear that mucinous peritoneal deposits, in the absence
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of other systemic spread to the lymphatics or liver via the blood stream, is not uncommon and can simulate
pseudomyxoma peritonei. This clinical presentation has led to ongoing confusion and it becomes impossible
to interpret many reports in the literature, often with small numbers of cases being reported.

Paul Sugarbaker, one of the leading authorities on this condition, has stated that ‘the term pseudomyxoma
peritonei syndrome be strictly applied to a pathologically and prognostically homogeneous group of cases
characterised by histologically benign peritoneal tumours that are frequently associated with an appendiceal
mucinous adenoma’ [4]. Ronnett ef al. [12] have categorized the tumours into three broad groups, namely
adenomucinosis, a hybrid group and a mucinous adenocarcinoma, with operability and prognosis heavily
dependent on the histological type. In our opinion, there is a spectrum of disease ranging from adenomuci-
nosis to adenocarcinoma, and we have found it difficult to categorize most patients with this disease into
distinct groups. We believe that pseudomyxoma peritonei usually originates as an adenoma in the submu-
cosa of the appendix. The adenoma ruptures and results in the release of mucin and cellular material into
the peritoneal cavity. In many cases appendicular adenoma perforation is an occult event which is not diag-
nosed clinically, with the rupture resealing. This phenomenon of repeated perforation and resealing often
results in scarring of the appendix which can sometimes be detected histologically. In women with syn-
chronous tumours of the appendix and ovary, there are a number of theoretical possibilities. The appendiceal
tumour could be a secondary from an ovarian
primary; the ovarian tumour could originate from the
appendix (Figure 1) or both tumours could be syn-
chronous individual primaries. In an attempt to elu-
cidate the origin of pseudomyxoma peritonei, partic-
ularly in women, we present a review of the
available scientific and clinical evidence.

Scientific evidence

Women with PMP often have synchronous ovarian
and appendiceal tumours. There has been consider-
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Figure 1. — A 38-year-old woman who had had a right hemi-
colectomy for ruptured mucinous cystadenoma of the appendix
in 1999 presented three years later with progressive abdominal
distension. Laparotomy revealed a huge ovarian mass and clas-
sical distribution of pseudomyxoma peritonei. Complete cytore-
duction was achieved in eight hours.Histology and immuno-
histochemistry suggests that the ovarian tumour was secondary
to an appendiceal primary.

able debate as to whether the ovarian tumours are
secondary to the appendiceal tumour or are indepen-
dent primary ovarian tumours; the latter are usually
classified as mucinous tumours of low malignant
potential. Various studies using immunohistochem-
istry and molecular genetic techniques have recently
attempted to clarify the origin of PMP. Ronnett ef al.
[12] used immunohistochemistry techniques in an

attempt to identify the origin of PMP in females. The scientific basis for the study was that nearly all ovarian
mucinous low malignant potential (MLMP) tumours and mucinous carcinomas stain positively for cytoker-
atin (CK) 7, 18 and 20, as well as CEA and human alveolar macrophage 56. Most colorectal adenocarci-
nomas are positive for CK20 and CEA but negative for CK 7 and human alveolar macrophage 56. In a total

of 13 cases of PMP, appendiceal mucinous adeno-
mas and ovarian tumours from the same patients
were stained for these antigens. They concluded that
most ovarian tumours in PMP are immunophenotyp-
ically identical to the associated appendiceal

Table 1. — Sex distribution in published clinical services.

Number of cases Males Females

with PMP

Centre

Washington Hospital

Cancer Centre [4] 217 105 (48%) 112 (52%)
tumours and distinct from ovarian MLMPs. Young e Pseudomyxoma Unit
al. [13] undertook a similar study analysing clinical Basingstoke [18] 74 37 (50%) 37 (50%)
. : . . Amsterdam Centre
and hlStOlOglcal features in 22 cases of PMP with Series [16] 46 19 (41%) 26 (59%)
both appendiceal and ovarian disease. Mayo Clinic
Series [17] 56 20 (36%) 36 (64%)

They concluded that ovarian tumours are often
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secondary to primary appendiceal lesions. Prayson er al. [14] reached the same conclusion from their analy-
sis of 17 cases. In contrast, Chuaqui et al. [15] using similar techniques, concluded that in women with syn-
chronous appendiceal and ovarian mucinous tumours, the ovarian disease represented second primaries.

Clinical evidence

While it has generally been stated that PMP is much more common in women, it is impossible to know
whether this simply represents under-diagnosis in men. Our experience has been that women tend to have
an earlier diagnosis due to the awareness that painless abdominal distension could represent ovarian pathol-
ogy and therefore there is a low threshold for abdominal imaging in females. Men often present later and
are often categorized as diffuse carcinomatosis of unknown primary. Anecdotally many have negative gas-
troscopy and colonoscopy and it is quite remarkable that practically all who undergo surgery have a primary
tumour, often adenocarcinoma, of the appendix. It would be reasonable to speculate that there is unlikely to
be huge differences in the pathological behaviour of the appendix in females as compared to males. An
analysis of the male/female distribution of case series might shed some light on the subject. Esquival and
Sugarbaker [4] recently reported their experience with 217 cases of PMP, where 105/217 (48%) were males.
Similarly, in Basingstoke, of 74 cases of PMP undergoing cytoreductive surgery, 37/74 (50%) were males
and the majority of female patients had appendiceal adenomas either removed at prior surgery or during
their cytoreductive surgery [18].

Series from Amsterdam [16] and the Mayo Clinic [17] report similar sex distributions. Although the Mayo
group had a higher proportion of females (64%), when resected specimens were subjected to histological
examination, over half of these had a primary tumour originating in the appendix.

Conclusion

There is increasing evidence, both scientific and clinical, to suggest that pseudomyxoma peritonei pre-
dominantly originates as an adenoma in the submucosa of the appendix. The presentation of PMP in females
with ovarian masses most likely results from transcoelomic spread to the fertile environment of the ovary.

Most detailed scientific studies have shown that when appropriate staining techniques are employed, the
appendix is the most likely primary site of origin for pseudomyxoma peritonei. The reported case series
support the theory of an appendiceal origin in that the male/female distribution is similar. As the ovary
cannot be responsible in males, logic would suggest that the appendix might well account for most cases in
females also.

From a practical viewpoint, all females undergoing surgery for pseudomyxoma peritonei should have the
appendix removed, even if it is macroscopically normal. Histological analysis will usually confirm an appen-
diceal adenoma and immunohistochemical staining and genetic analysis may then elucidate the origin.
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