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Pseudomyxoma peritonei 

Introduction 

Pseudomyxoma peritonei (PMP) is a rare disease characterised 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.: There is redistribution of the tumour in the abdomi
nal cavity to predictable sites.' 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 re
ported in rare cases.6"9 

The term pseudomyxoma peritonei 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 At present there is no uniform pathological diagnosis; peritoneal seeding 
from both a ruptured adenoma and a well-differentiated mucinous adenocarcinoma of the 
colon, most frequently the appendix, could lead to pseudomyxoma peritonei. The precise 
origin of PMP has been discussed for years. Both the appendix and the ovaries have been 
thought to be the origin of this disease. In the majority of women simultaneous occurrence in 
the appendix and ovaries are found." Based on immunohistochemical molecular genetic 
evidence, a recent consensus has been reached making the appendix the most frequent site of 
origin, while the ovaries are probably secondary tumour deposits.1" i : u Occasionally other 
origins have been described including lung, fallopian tube and urachus.15 '7 Ronnett et al1018 

introduced the following pathology classification system, 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 has been considered the mainstay of treatment, however the recurrence rate is high.'" 
Unless the usually slow growth of this tumour, this disease appeared to be usually fatal; 
patients died after several debulking procedures because surgery was not possible anymore or 
patients died as result of surgical complications. Therefore most efforts has been put on sur
gery combined with adjuvant therapy in recent years. Sugarbaker advocated that surgery 
combined with intraperitoneal chemotherapy shows good survival results in patients with 
pseudomyxoma peritonei.2" 
In The Netherlands Cancer Institute/Antoni van Leeuwenhoek hospital PMP patients 
are treated with cytoreductive surgery and hyperthermic intraperitoneal chemotherapy 
(HIPEC).2' 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 represent rather colorectal adenocarcinomas rather than the originally thought 
'benign' pseudomyxoma peritonei. We studied the relation between disease-free interval and 
survival on the one hand and individual pathology characteristics and pathology classifica
tion into DPAM and PMCA-I/D on the other hand. 
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Patients and Methods 

Patient selection 

Our existing prospective database contains patients with preoperative clinical diagnosis 
pseudomyxoma peritonei undergoing cytoreductive surgery and intra-operative hyperthermic 
intraperitoneal chemotherapy (HIPEC).21 From 1996 to 2002 75 consecutive patients with 
clinically PMP were selected for this study. Thirteen patients were not eligible because of 
insufficient pathology material (n=5) or other diagnosis at revision (n=8), e.g. PMCA or -
borderline malignancy, resulting in 62 patients for evaluation who matched the diagnosis 
pseudomyxoma peritonei at revision. 

Treatment schedule 

Aggressive surgical cytoreduction was carried out with the aim to reach complete resection 
or, if not possible, to resect all visible tumour lesions larger than 2.5 mm, the estimated 
penetration depth of mitomycin C (MMC).:: When needed, peritonectomy procedures were 
performed as described by Sugarbaker et al.23 If it turned out impossible to peel the malig
nancy from the surface of an organ, the involved organ or a segment was excised. After com
pletion of cytoreductive surgery, intra-operative hyperthermic intraperitoneal chemotherapy 
perfusion with 35 mg/nf MMC was performed at 40-41°C.:' Systemic chemotherapy 
(5-FU/leucovorin) was given as adjuvant therapy for PMCA-I/D patients.21 Of the total of 
sixty-two patients, thirty-six patients had been referred to our hospital because of recurrent 
pseudomyxoma peritonei; twenty-six patients had been referred to our hospital after diagno
sis, but without prior therapy. 

Pathology 

The pathology reports and slides from peritoneal lesions were reviewed, including available 
sections from previous resections of the appendix and ovaries. A single pathologist per
formed revision of the pathology without knowledge of the clinical course. The following 
items were scored: available number of pathology slides with pseudomyxoma peritonei; 
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. The division in the above mentioned groups was 
performed to obtain comparable group sizes and to obtain clear different groups with respect 
to pathologic features and prognosis. After scoring the individual histologic features patients 
were classified as DPAM or PMCA-I/D. As reported by Ronnett et al10-18 DPAM is character
ized by peritoneal lesions composed of abundant extra-cellular mucus, showing epithelium 
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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 (PMCA-D). 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 >\% 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 sur
vival and pathology characteristics was tested using the log-rank test. The disease-free inter
val 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 soft
ware (SPSS 10.0, Chicago, Illinois, USA). 

Results 

After revision 62 patients with PMP (24 males, 38 female) could be included in this study. 
The median age at surgery and HIPEC was 58 years (range 30-77). The mean interval be
tween diagnosis and HIPEC was 22 ± 32 months. The median interval between diagnosis and 
HIPEC was 7 months (range 1-159). 

Pathology 

After cytoreductive surgery the pathology specimen was sent to the pathology department. 
Characteristics of the pathology findings are shown in Table 1. Data on the aspect of the ap
pendix 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 Figure 1 and 
2 respectively. 
Only one normal appendix was found (2%). Peritoneal seeding of a mucinous urachal ade
nomatous tumour caused pseudomyxoma peritonei in this male patient.17 In five females the 
ovaries were normal (13%). In two of those females an adenoma of the appendix was found, 
in one female the aspect of the appendix was unknown by extensive involvement and in two 
females no material of the appendix could be retrieved. Interestingly, in a few patients more 
epithelial atypia was found in the region near the appendix. Deep invasion was seen in two 
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Table 1. Pathology characteristics of 62 patients with pseudomyxoma peritonei. 

Characteristic N 

Number of slides with PMP Median 8 (range 1-32) 
Percentage of epithelial lined spaces 

<10% 22(35%) 
>10% 40(65%) 

Cytonuclear atypia 
Minimal 50(81%) 
Moderate 8 (13%) 
Marked 2 (3%) 
Not applicable (no cells) 2 (3%) 

Percentage focal proliferation 
Not applicable (moderate or marked atypia) 10 (16%) 
<1 38(61%) 
>1 14(23%) 

Signet cells 
Yes 0 (0%) 
No 62(100%) 

Invasion 
Superficial 60 (97%) 
Deep 2 (3%) 

Lymphangio-invasion 
Yes 0 (0%) 
No 62 (100%) 

patients (3%), both into the bowel wall. We classified 38 patients as DPAM and 24 patients 

as PMCA-I/D. In 2 cases only mucinous dissection without epithelial cells was found; these 

were classified as DPAM. 

Disease-free interval and pathology characteristics (Table 3) 

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 > 1 0 % in relation to the mucus) no evidence of a difference between the two 

groups was found (p=0.25). No differences were found for the degree of atypia (p=0.52) or 

focal proliferation ( < 1% versus >1%; p=0.31) as well. DPAM patients showed a 3-year dis

ease-free percentage of 44% (n=38) whereas PMCA-I/D patients showed a 3-year disease-

free percentage of 4 1 % (n=24)(p=0.22). 

Survival and pathology characteristics (Table 3) 

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 
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Table 2. Characteristics of appendix and 
during surgery and HIPEC. 

Total number 
of patients 

ovaries. Division between previous resection and resection 

Normal 

APPENDIX 

Adenoma Extensive 
involvement* 

No 
material 

Previous 31 1 14 4 12 
appendectomy 
Appendectomy 31 0 17 13 1 
during surgery 
and HIPEC 
Total 62(100%) 1(2%) 31(50%) 17(27%) 13(21%) 

OVARIES 

Total number Normal Mucinous Extensive No 
of patients dissection of involvement* material 

ovaries 

Previous 26 0 18 0.8 
resection 
ovaries 
Resection 12 5 2 5 0 
ovaries during 
surgery and 
HIPEC 
Total 38(100%.) 5(13%) 20(53%) 5(13%) 8(21%) 

* In case of extensive involvement it was impossible to determine if this was the primary lesion or the 
lesions were secondary deposits 

univariable p-values (log-rank test) for percentage of cells and degree of atypia were p=0.54 

and p=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 (Figure 3, p=0.0008). DPAM patients showed 

a 3-year survival of 89% (n=38) whereas a 3-year survival of 37% was found for PMCA-I/D 

patients (n=24) (Figure 4, p=0.0002). 

Discussion 

The aetiology and pathology of pseudomyxoma peritonei is still open to debate. Supported 

by immunohistochemical and molecular genetic evidence, the consensus is that in the major

ity of patients, PMP originates in the appendix and then spreads to secondarily involve other 

sites including the ovaries.I012-14-24 The pathophysiology can be summarized as follows. An 

adenoma arises within the appendiceal lumen, and with progressive growth, the lumen of the 

appendix becomes occluded. This occlusion together with more mucus leads to distension of 
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Figure 1. Microscopic figure of cystadenoma of the appendix (haematoxylin and eosin 
staining, magnification x 25). 

Figure 2. Microscopic figure of mucinous dissection of the ovaries (haematoxylin and 
eosin staining, magnification x 25). 
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the distal part of the appendix, eventually resulting in a rupture of the appendix. The epithe
lial cells spread within the abdominal cavity, producing large amounts of mucus.' 
At microscopy the lesions show the presence of abundant extra-cellular mucus which may or 
may not contain epithelial cells. Focal proliferation is limited. Signet cells and lymphangio-in-
vasion are not seen. In our series invasive growth - mucinous dissection resulting in infiltration 
- was present in 2 cases (2%), which is in agreement with findings of other investigators.6"10 We 
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Table 3. Disease-free interval and percentages and overall survival regarding pathologic 
characteristics. 

DISEASE-FREE INTERVAL OVERALL SURVIVAL 
n median 3-year 5-year p-value median 3-year 5-year p-value 

(months) (months) 

Whole group 
% epith. lined spaces 
<10% 
>10% 
Clytonuclear atypia 
minimal 
modernate/marked 
% focal proliferation 
<1 
>1 
DPAM 
PMCA-I/D 

62 

22 
40 

52 
10 

38 
14 
38 
24 

33 

33 
24 

34 
29 

33 
42 
33 
29 

43% 

47% 
39% 

45% 
29% 

44% 
54% 
44% 
41% 

29% 

47% 
23% 

27% 
29% 

44% 
0% 

44% 
14% 

P=0.25 

P=0.52 

P=0.31 

P=().22 

48 

• 

48 

55 
25 

• 

27 
• 

27 

67% 

60% 
67% 

71% 
45% 

89% 
31% 
89% 
37% 

38fr 

60% 
32% 

39% 
23% 

71% 
0% 

71% 
12% 

P=054 

P=0.026 

P=0.0008 

P=0.0002 

• = not determined because >50% of patients are alive at end of follow-up 

found some evidence that cytonuclear atypia might be a prognostic value and % focal prolif

eration appears to be a prognostic factor, while no such evidence was found for the amount of 

epithelial cells. However, the statistical power of this study is still rather limited. 

Ronnett et al1018 reported the largest series on pathology of PMP. In these studies PMP is 

classified in three diagnostic categories with decreasing prognosis: disseminated peritoneal 

adenomucinosis (DPAM), peritoneal mucinous carcinomatosis with intermediate or discor

dant features (PMCA-I/D) and peritoneal mucinous carcinomatosis (PMCA). Peritoneal 

lesions composed of abundant extra-cellular mucus, showing epithelium with minimal atypia 

or mitotic activity characterize DPAM. Focal proliferation is often limited. 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 (PMCA-D). Peritoneal lesions composed of more abundant mucinous epithelium 

with the architectural and cytologic features of a carcinoma characterize PMC A. PMC A is 

often associated with a primary mucinous adenocarcinoma of the large intestine. Ronnett et 

al18 reported a 5-year survival of 75% for 65 patients with DPAM. This is in agreement with 

our results where we found a 5-year survival of 7 1 % for DPAM patients. Our survival figures 

concerning PMCA-I/D patients are less favourable than reported by Ronnett et al18; a 5-year 

survival of 12% versus a 5-year survival of 50%. However, it should be taken into account 

that we report overall survival whereas in the series of Ronnett et al ls death due to disease was 

taken as endpoint; furthermore date of diagnosis was used to calculate the survival while in 

our series the date of surgery was used [personal communication]. Patients in the study of 

Ronnett et al ls were all treated by cytoreductive surgery, systemic and intraperitoneal 
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chemotherapy, whereas in our series adjuvant therapy was only given to PMCA-I/D patients. 

Possibly, different judgments as to the classification of patients with PMCA-I/D or PMCA 

could be partially responsible for differences in survival of these studies. As proposed by 

Ronnett et al'8, we agree that the term pseudomyxoma peritonei 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""8 proved also in this series to be 

a pathological entity that could be clearly established precluding a significant prognostic 

value. It can be clearly distinguished from PMCA on pathological grounds. Prognosis of PM

CA does not seem to differ from that of peritoneal carcinomatosis of ordinary appendix or 

colon carcinoma.252h 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 appear

ance as DPAM, however with different pathological features and a different prognosis. 

Our results confirm that the primary localisation of pseudomyxoma peritonei is generally an 

adenoma of the appendix. In females the ovaries are usually also involved (pseudomyxoma 

ovarii). In the majority of patients microscopy shows only a few epithelial cells with minimal 

cytonuclear atypia. Atypia may be of prognostic value and the percentage of focal prolifera

tion appears to be of prognostic value, however further studies have to be performed to con

firm 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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