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Pseudomyxoma peritonei: a review of 62 cases
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Aim: Pseudomyxoma peritonei (PMP) is a rare disease characterized by the abundance of mucus in the abdomen
without extra-peritoneal growth.
Methods: Our patients with PMP have been treated with cytoreduction and hyperthermic intraperitoneal
chemotherapy since 1996. The clinical and histopathological features of PMP and the relation of these features with
disease-free interval and survival were assessed.
Results: Sixty-two patients with PMP (24 M/38 F) were studied. Adenomatous mucosal changes were present in 31
patients. In females, the ovaries were normal in 5 patients and pseudomyxoma ovarii was present in 20 patients.
Patients with minimal atypia and with 1% focal proliferation or less ðn ¼ 38Þ had a better survival ðp ¼ 0:0008Þ than
those with more focal proliferation ðn ¼ 14Þ.
Conclusion: In most patients with PMP the appendix is affected; in females the ovaries are usually also involved. Focal
proliferation appears to be a prognostic factor.
Q 2003 Published by Elsevier Ltd.
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INTRODUCTION
Pseudomyxoma peritonei (PMP) is a rare disease
characterized by the spread throughout the abdomen
of mucinous ascites with peritoneal and omental
mucinous implants.1 Werth was the first to describe
this entity in 1884.2 There is redistribution of the tumour
in the abdominal cavity to predictable sites.3 Predisposition sites are the omentum (‘omental cake’), the
subhepatic region, the subdiaphragmal regions and the
ovaries. Patients usually present with an expanding
abdomen (‘jelly belly’) or PMP is diagnosed at abdominal
surgery for other reasons.4,5 PMP is mostly confined to
the peritoneal cavity, however, metastases have been
reported in rare cases.6 – 9
The term PMP is often applied to a heterogeneous
group of pathologic lesions characterized by the
presence of abundant extra-cellular mucus with or
without epithelial cells.10 There is no uniform pathological diagnosis; peritoneal seeding from a ruptured
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carcinoma of the colon, most frequently the appendix,
can lead to PMP. Both the appendix and the ovaries may
to be the origin of this disease. In most of women,
simultaneous occurrence in the appendix and ovaries are
found.11 A recent consensus has been reached, on
immunohistochemical molecular genetic evidence that
the appendix is the most frequent site of origin. The
ovaries are probably secondary tumour deposits.10,12 – 14
Other origins have been described, including lung,
fallopian tube and urachus.15 – 17 Ronnett et al.10,18
introduced the a classification system where replacing
the term PMP by three diagnostic groups with decreasing
prognosis: disseminated peritoneal adenomucinosis
(DPAM), peritoneal mucinous carcinomatosis with intermediate or discordant features (PMCA-I/D) and peritoneal mucinous carcinomatosis (PMCA).
Surgery is the mainstay of treatment, but the
recurrence rate is high.19 Despite the usually slow
growth of this tumour, this disease is usually fatal; Efforts
has been concentrated on surgery combined with
adjuvant therapy in recent years. Sugarbaker advocates
that surgery combined with intraperitoneal chemotherapy improves survival.20
Since 1996, The Netherlands Cancer Institute/Antoni
van Leeuwenhoek hospital has gained wide experience
on patients with peritoneal surface malignancies. Both
patients with carcinosis peritonei of colorectal origin and
Q 2003 Published by Elsevier Ltd.
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patients with PMP have been treated by cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy
(HIPEC). The treatment protocol for surgery and HIPEC
for PMP patients have been reported earlier.21 In this
paper we report the clinical and histopathological
features of 62 treated patients with PMP (DPAM or
PMCA-I/D). PMCA patients were not included in our
study, because they arise from colorectal adenocarcinomas rather than as ‘benign’ PMP. We studied the relation
between disease-free interval and survival and individual
pathology characteristics and pathology classification as
DPAM or PMCA-I/D.

PATIENTS AND METHODS
Patient selection
From 1996 to 2002, 75 consecutive patients with
clinically PMP were selected for this study.21 Thirteen
patients were not eligible because of insufficient pathology material ðn ¼ 5Þ or other diagnosis at revision ðn ¼
8Þ; including PMCA or borderline malignancy. There
were 62 patients for evaluation.

Treatment schedule
Aggressive surgical cytoreduction was carried out to
reach complete resection or, to resect all visible tumour
lesions larger than 2.5 mm, the estimated penetration
depth of mitomycin C (MMC).22 Peritonectomy procedures were performed as described by Sugarbaker
et al.23 If it proved impractical to peel the malignancy
from the surface of an organ, the organ or a segment was
excised. After completion of cytoreductive surgery,
intra-operative HIPEC perfusion (HIPEC) with 35 mg/
m2 MMC was performed at 40 – 41 8C.21 Systemic
chemotherapy (5-FU/leucovorin) was given as adjuvant
therapy for PMCA-I/D patients.21 Of the 36 patients,
were referred to our hospital with recurrent PMP 26
patients were referred to our hospital after diagnosis, but
before treatment.
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Patients were classified as DPAM or PMCA-I/D. As
reported by Ronnett et al.10,18 DPAM is characterized by
peritoneal lesions composed of abundant extra-cellular
mucus, showing epithelium with minimal atypia or
mitotic activity and with limited focal proliferation. An
associated appendiceal mucinous adenoma is observed in
most cases. PMCA-I/D includes peritoneal lesions with
predominantly features of DPAM, but also focal areas of
well-differentiated mucinous carcinoma (PMCA-I) or
lesions characterized by a markedly atypical adenoma
of the appendix that was dilated without evidence of
invasive carcinoma in the wall of the appendix (PMCAD). In our series, with help of our individually scored
pathologic features, patients with minimal atypia and
# 1% focal proliferation were classified as DPAM
whereas patients with moderate/marked atypia or
minimal atypia with . 1% focal proliferation were
classified as PMCA-I/D.

Statistics
Survival was calculated from the date of surgery and
HIPEC to date of death (event) or last follow-up
(censoring) according to the Kaplan– Meier method.
The association between survival and pathology characteristics was tested using the log-rank test. The diseasefree interval was calculated from date of surgery and
HIPEC to date of recurrence (event) or date of last
follow-up/date of death without signs of disease
(censoring). Comparison of disease-free curves between
categories of pathology characteristics was performed
using the log-rank test. Statistical analyses were
performed with the Statistical Package for the Social
Sciences software (SPSS 10.0, Chicago, Illinois, USA).

RESULTS
There were 24 men, 38 women. The median age at
surgery and HIPEC was 58 years (range 30– 77). The
mean interval between diagnosis and HIPEC was 22 ^ 32
months. The median interval between diagnosis and
HIPEC was 7 months (range 1 –159).

Pathology
The pathology reports and slides from peritoneal lesions
were reviewed by one pathologist. The following items
were scored: available number of pathology slides with
PMP; estimated percentage mucus-filled cavities containing (partial) lining with epithelium (, 10% versus $ 10%
of the cavities); cytonuclear atypia (minimal, moderate or
marked); percentage focal proliferation (# 1% versus
. 1%) in patients with minimal atypia; invasive growth
(superficial or deep) and appearance of the appendix and
ovaries. Focal proliferation was defined as an area of
epithelium exhibiting atypia and mitotic activity in cases
where the majority of the epithelium lacked atypia.

Pathology
Characteristics of the pathology findings are shown in
Table 1. Data on the aspect of the appendix and ovaries
are shown in Table 2. Microscopic figures of an adenoma
of the appendix and of mucinous dissection of the ovaries
(pseudomyxoma ovarii) are shown in Figures 1 and 2,
respectively. Only one normal appendix was found.
Peritoneal seeding of a mucinous urachal adenomatous
tumour caused PMP in this man.17 In five females the
ovaries were normal. In two of those women an
adenoma of the appendix was found. Deep invasion
was seen in two patients, both into the bowel wall. We

0 (0%)
62 (100%)

classified 38 patients as DPAM and 24 patients as PMCAI/D. In two cases, mucinous dissection without epithelial
cells was found. These were classified as DPAM.

Disease-free interval and pathology
characteristics
The median follow-up from surgery and HIPEC until
analysis was 33 months (range 3 –75). The median
disease-free interval from date of surgery and HIPEC was
33 months with a 3-year disease-free percentage of 43%
(SE 8.6). For the disease-free percentage for % cells
(, 10% versus $ 10% in relation to the mucus) no
evidence of a difference between the two groups was
found ðp ¼ 0:25Þ: No differences were found for the
degree of atypia ðp ¼ 0:52Þ or focal proliferation (# 1%
versus . 1%; p ¼ 0:31) as well. DPAM patients showed a
3-year disease-free percentage of 44% ðn ¼ 38Þ whereas
PMCA-I/D patients showed a 3-year disease-free percentage of 41% ðn ¼ 24; p ¼ 0:22Þ:

12
1
13 (21%)
4
13
17 (27%)

Extensive involvement*
0
5
5 (13%)
*In case of extensive involvement it was impossible to determine if this was the primary lesion or the lesions were secondary deposits.

Lymphangio-invasion
Yes
No

Mucinous dissection of ovaries
18
2
20 (53%)

60 (97%)
2 (3%)

Normal
0
5
5 (13%)

Invasion
Superficial
Deep

Total number of patients
26
12
38 (100%)

0 (0%)
62 (100%)

Previous resection ovaries
Resection ovaries during surgery and HIPEC
Total

Signet cells
Yes
No

Ovaries

38 (61%)
14 (23%)

10 (16%)

14
17
31 (50%)

Percentage focal proliferation
Not applicable (moderate or
marked atypia)
#1
.1

1
0
1 (2%)

50 (81%)
8 (13%)
2 (3%)
2 (3%)

31
31
62 (100%)

Cytonuclear atypia
Minimal
Moderate
Marked
Not applicable (no cells)

Previous appendectomy
Appendectomy during surgery and HIPEC
Total

22 (35%)
40 (65%)

Adenoma

Percentage of epithelial lined
spaces
, 10%
$ 10%

Normal

Median 8 (range 1 – 32)

Total number of patients

Number of slides with
PMP

Appendix

N

Table 2 Characteristics of appendix and ovaries. Division between previous resection and resection during surgery and HIPEC

Characteristic

Extensive involvement*

Table 1 Pathology characteristics of 62 patients with
pseudomyxoma peritonei

No material
8
0
8 (21%)
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No material
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Figure 1
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Microscopic figure of cystadenoma of the appendix (haematoxylin and eosin staining, magnification £ 25).

Survival and pathology characteristics
The 30-days mortality rate was 3% (2/62). The median
survival from date of surgery and HIPEC was 48 months
with a 3-year survival of 67% and a 5-year survival of 38%.
The univariable p-values (log-rank test) for percentage of
cells and degree of atypia were p ¼ 0:54 and p ¼ 0:026;
respectively. Survival seems to be better for lesions with
minimal atypia versus moderate/marked atypia. When
atypia was minimal, the percentage focal proliferation
was scored. Focal proliferation (# 1% versus . 1%) did
show different survival (Fig. 3, p ¼ 0:0008). DPAM
patients showed a 3-year survival of 89% ðn ¼ 38Þ
whereas a 3-year survival of 37% was found for PMCAI/D patients ðn ¼ 24Þ (Fig. 4, p ¼ 0:0002).

DISCUSSION
In most patients, PMP originates in the appendix and then
spreads to involve other sites including the ovaries.10,
12 – 14,24
An adenoma may arise within the appendiceal
lumen, eventually resulting in a rupture of the appendix.
The epithelial cells spread within the abdominal cavity,
producing large amounts of mucus.1
The lesions show the presence of abundant extracellular mucus which may or may not contain epithelial

cells. Focal proliferation is limited. Signet cells and
lymphangio-invasion are not seen.6,10
PMCA-I/D includes peritoneal lesions with predominantly features of DPAM, and focal areas of welldifferentiated mucinous carcinoma (PMCA-I) or lesions
characterized by a markedly atypical adenoma of the
appendix that was dilated without evidence of invasive
carcinoma in the wall of the appendix (PMCA-D).
Peritoneal lesions composed of more abundant mucinous epithelium with the architectural and cytologic
features of a carcinoma characterize PMCA. PMCA is
often associated with a primary mucinous adenocarcinoma of the large intestine. Ronnett et al.18 reported a 5year survival of 75% for 65 patients with DPAM. This is in
agreement with our results. Our survival figures
concerning PMCA-I/D patients are less favourable than
reported by Ronnett et al.,18 a 5-year survival of 12%
versus a 5-year survival of 50%. Patients in that study
were all treated by cytoreductive surgery, systemic and
intraperitoneal chemotherapy, whereas in our series
adjuvant therapy was only given to PMCA-I/D patients.
We agree that the term PMP should be replaced by
more adequate pathologic categories. Our data support
the prognostic value of the division between DPAM and
PMCA-I/D. DPAM as defined by Ronnett et al.10,18
proved to be a distinct pathological entity. The prognosis
of PMCA does not seem to differ from that of peritoneal
carcinomatosis of appendiceal or colon carcinoma.25,26
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Figure 2 Microscopic figure of mucinous dissection of the ovaries (haematoxylin and eosin staining, magnification £ 25).

We, therefore, think that this entity should no be
included in the term PMP. PMCA-I/D takes an intermediate place; usually it presents as the same clinical
appearance as DPAM, however, with different pathological features and a different prognosis.

Our results confirm that the primary localisation of
PMP is generally an adenoma of the appendix. In females
the ovaries are usually also involved (pseudomyxoma
ovarii). In most patients microscopy shows only a few
epithelial cells with minimal cytonuclear atypia. Atypia

Figure 3 Survival for % focal proliferation (log-rank; p ¼ 0:0008).
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Figure 4
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Survival DPAM versus PMCA-I/D (log-rank; p ¼ 0:0002).

may be of prognostic value and the percentage of focal
proliferation appears to be of prognostic value, however,
further studies have to be performed to confirm these
findings. Patients with DPAM differ from patients with
PMCA-I/D with respect to pathologic features and
prognosis. We propose that the term PMP has to be
restricted to DPAM and PMCA-I/D histology only.
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