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Summary

Purpose: udomyxoma peritonei is treated with cytoreductive 
surgery (CRS) combined and hyperthermic intraoperative 
intraperitoneal chemotherapy (HIPEC). The purpose of this 
study was to report the20-year experience of one surgical 
team inCRS and HIPEC for PMP of appendiceal origin.

Methods: Retrospective study of the files of patients with 
PMP of appendiceal origin that underwent CRS+HIPEC. 
Morbidity and hospital mortality were recorded. Clinical 
and histopathologic variables were correlated to survival 
and recurrence. 

Results: The files of 41 patients with PMP of appendiceal 
origin that underwent CRS+HIPEC from 1999-2018 were 

retrieved. The mortality and the morbidity rates were 2.4% 
and 29.3%, respectively. The 5- and 8-year survival rate was 
68.3%. The completeness of cytoreduction, and the extent of 
previous surgery were identified as the prognostic indicators 
of survival. The recurrence rate was 32.5% with the complete-
ness of cytoreduction, the histologic type of the tumor being 
the prognostic indicator.

Conclusions: CRS in combination with perioperative intra-
peritoneal chemotherapy is a safe and effective treatment in 
the management of PMP of appendiceal origin.
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Introduction

 Pseudomyxoma peritonei (PMP) is arare clini-
cal entity characterized by peritoneal dissemina-
tion of mucinous tumor implants and mucinous 
ascites originating from appendiceal tumors in 
the majority of cases. The incidence of PMP is ap-
proximately 1-2 cases per 1.000.000 people [1,2]. 
PMP may also originate from the ovaries, colon, 
pancreas and urachus [2-4]. The most prominent 
pathophysiologic feature of the syndrome is the 
redistribution phenomenon. This is characterized 
by the concentration of large volumes of tumor 
at predetermined sites of the abdominal cavity 

(greater omentum, right hemidiaphragm, pelvis, 
right retrohepatic space, left abdominal gutter and 
the ligament of Treitz) with no tumor at sites with 
increased motility as are the peritoneal surfaces of 
the small bowel [5]. Extensive cytoreductive sur-
gery (CRS) in combination with hyperthermic in-
traoperative intraperitoneal chemotherapy (HIPEC) 
is considered to be the optimal treatment strategy 
by which long-term survival may be achieved [6,7].
 The purpose of the study is to report the20-
year experience of one surgical team with CRS and 
HIPEC for PMP of appendiceal origin.
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Methods 

 The files of all patients with PMP of appendiceal 
origin were retrospectively reviewed in a prospectively 
maintained database. The patients were considered eli-
gible for CRS+HIPEC if they had acceptable performance 
status (Karnofsky scale >50%), normal hepatic and renal 
function, and if they were capable to undergo major sur-
gery. In contrast, patients with distant metastatic disease 
or limited performance status (Karnofsky scale <50%), 
with a second malignancy at risk for recurrence (except 
for skin basal cell carcinoma or cancer of the cervix ad-
equately treated), with addicted disorders or pregnant 
women with severe cardiopulmonary disease, with white 
blood cell count <4000, or platelet count <100.000, with 
blood urea >50mg/dl, or creatinine level >1.5mg/dl were 
excluded from surgery.
 The protocol was approved by the Ethical Commit-
tees of the hospitals (216/0398) and informed consent 
form was signed by all patients.
 All patients were followed-up at 3-month intervals 
during the first year, and at 6 month-intervals later with 
physical examination, hematologic-biochemical exami-
nations, tumor markers (CEA, CA 19-9, CA-125), abdomi-
nal and thoracic CT scan, or MRI, or PET-CT scan, and 
endoscopic examinations if necessary. Recurrences and 
the sites of recurrence were recorded.
 Postoperative complications were recorded and as-
sessed according to the following criteria: the uncompli-
cated patients were assessed as grade 0. Grade 1 compli-
cations were those that required minor intervention, oral 
antibiotics, bowel rest or monitoring. Grade 2 complica-
tions were those that required IV antibiotics or bowel rest 
or chest tube draining. Grade 3 complications were those 
that required hospital readmission or surgical or radiolog-
ical intervention. Grade 4 complications were those that 
produced chronic disability or organ resection or bowel 
diversion and grade 5 complications were those that re-
sulted in death. Grade 1 and 2 were assessed as minor 
complications and grade 3-4 as major complications [8].
 The extent of previous surgery was assessed using 
prior surgery score (PSS). Patients without any history 
of surgery for cancer were characterized as PSS-0. Those 
patients who had previously undergone surgery in one 
abdominopelvic region or simple biopsy were character-
ized as PSS-1. The patients that had undergone previous 
surgery in 2-5 regions were characterized as PSS-2 and 
asPSS-3 those that had undergone surgery in more than 
5 abdominopelvic regions [9].
 The extent of peritoneal dissemination was assessed 
preoperatively using abdominal CT scan and the perito-
neal cancer index (PCI) was grossly estimated [9].

Treatments

 All patients underwent surgical exploration with 
midline incision from the xiphoid process to the sym-
physis pubis. The extent of pseudomyxoma peritonei 
was assessed after lysis of the adhesions using the PCI. 
The size of the largest tumor nodule (LS) was measured. 
LS-0 was considered if no tumor was visualized in the 
region. LS-1 was considered the lesion with the largest 
diameter < 0.5cm. LS-2 was considered the lesion with 

the largest diameter between 0.5 cm and 5 cm, and LS-3 
the lesions larger than 5 cm, or a confluence of multiple 
small tumor nodules with various diameter. The sum-
mation of the LS in all the 13 abdomino-pelvic regions 
was the intraoperative and final PCI [9].
 Cytoreductive surgery was possible using standard 
peritonectomy procedures [10]. Visceral resection was 
also performed in order to achieve the best surgical re-
sult. The purpose of surgery was the complete removal of 
the entire macroscopically visible tumor load. The com-
pleteness of cytoreduction was assessed after surgical 
resection of the tumor. CC-0 indicated that no macro-
scopic tumor was left behind. CC-1 surgery indicated that 
residual tumor was left with maximal diameter < 2.5mm. 
CC-2 surgery indicated residual tumor with maximal di-
ameter >2.5mm and <2.5cm, and CC-3 indicated that the 
residual tumor was > 2.5cm in its maximal diameter [9].
 HIPEC was administered after tumor resection and 
before the reconstruction of the gastrointestinal tract 
with the open abdominal method (Coliseum technique). 
Those patients that underwent CC-0 or CC-1 surgery re-
ceived HIPEC for 90 min at 42.5-43°C with 20 mg/m2 of 
Mitomycin-C or alternatively with a combination of Mi-
tomycin-C (10 mg/m2)+doxorubicin (15mg/m2), and in-
travenously 5-FU (400mg/m2)+leucovorin (20mg/m2). A 
few patients that underwent CC-1 surgery received early 
postoperative intraperitoneal chemotherapy (EPIC) with 
5-FU mg/m2 during the first 5 postoperative days. The 
HIPEC device (Sun Chip, Gamida Tech, Villejuif, France) 
consisted of a heater circulator with two roller pumps, 
one heat exchanger, one reservoir, an extracorporeal sys-
tem of two inflow and two outflow tubes, and four ther-
mal probes (Sun Chip, Gamida Tech, Villejuif, France). 
A prime solution of 3 lit of normal saline was instilled 
prior to the administration of the cytotoxic drug. As soon 
as the mean abdominal temperature exceeded 40°C the 
cytotoxic drugs were administered in the abdominal cav-
ity. The reconstruction of the alimentary tract was made 
after the completion of HIPEC. Hospital morbidity and 
mortality were recorded [8]. All patients remained in 
the intensive care unit (ICU) for at least 24 h postopera-
tively. The patients that received EPIC remained in the 
ICU during the first 5 postoperative days of treatment. 
All surgical specimens were histopathologically exam-
ined in detail. The classification of the specimens was 
possible according to the latest definition of PMP [4] in 
which there are 4 distinct types: 1) acellular mucin, 2) 
low-grade mucinous PMP or disseminated peritoneal 
adenomucosinosis (DPAM), 3) high-grade mucinous 
carcinomatosis or peritoneal mucinous carcinomatosis 
(PMCA), and 4) high-grade mucinous carcinomatosis 
with signet-ring cells (PMCA-s).

Statistics

 Statistical analyses were performed using the 
SPSS17. The proportions of patients with a given charac-
teristic were compared by chi-square test or by Pearson’s 
test. Differences in the means of continuous measure-
ments were tested by the Student’s t-test. Kaplan-Meier 
method was used for the construction of the survival 
curves. The comparison of curves was possible using the 
log-rank-test. For multivariate analysis of survival the 
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Cox proportional hazard model for the identification of 
the prognostic variables of survival was used. Univariate 
regression analysis was used to identify the prognostic 
variables of recurrence. A two-tailed p value <0.05 was 
considered statistically significant.

Results

 From 1999 until 2018, 41 patients with pseu-
domyxoma peritonei underwent CRS+HIPEC. The 
mean patient age was 57.2+14 (28-84) years. There 
were 9 males (22%) and 32 females (78%). The gen-
eral patient characteristics are listed in Table 1 in 
which it is obvious that the majority of them were 
in acceptable performance status, and had large-
volume disease. No CC-2 surgery was performed. 
However, 3 patients underwent palliative surgery 
(CC-3) because high-grade tumor was found seed-
ing extensively the peritoneal surfaces of the small 
bowel among other sites. No patient with CC-3 sur-
gery received perioperative intraperitoneal chemo-

therapy. Two patients with CC-1 surgery received 
early postoperative intraperitoneal chemotherapy 
(EPIC) in addition to CRS+HIPEC.
 The 30-day in-hospital mortality rate was 2.4% 
(1 patient), and the in-hospital morbidity rate 29.3% 
(12 patients). Grade 1 complications were record-
ed in 1 patient (2.4%), grade 2 in 1 patient (2.4%), 
grade 3 in another one (2.4%), and grade 4 com-
plications in 9 patients (22%). The histopathologic 
examination showed that only one specimen was 
found with acellular mucin. For statistical reasons 
this case was integrated in low-grade mucinous 
PMP. Consequently, the low-grade tumors were ap-
proximately equal to high-grade tumors (Table 1).

Survival

 The overall5- and 8-year survival rates were 
68.3% (Figure 1). The median survival was not 
reached. Univariate analysis showed that the CC-
score, the extent of peritoneal dissemination (PCI), 
the extent of previous surgery (PSS), and the his-
tologic type were all related to survival. However, 
only the completeness of cytoreduction (CC-score) 
and the extent of previous surgery (PSS) were found 
to be prognostic indicators of survival (Table 2).

Disease recurrence

 During follow-up 13 patients (32.5%) were 
recorded with recurrence. The median follow-up 
time was 30 months. The failure sites were local-
regional in 6 (46.2%), and distant in 7 (53.8%) 
cases. The histopathologic type of the tumor, the 
completeness of cytoreduction, and the extent of 
the peritoneal disease were found to be related to 
recurrence. However, the prognostic indicators of 
recurrence were found to be the histopathologic 
type of the tumor and the completeness of cytore-
duction (Table 3). 

Characteristics No of patients
n (%)

M/F 9/32 (22/78)

Performance status

90-100% 31 (75.6)

70-80% 8 (19.5)

50-60% 2 (4.9)

Tumor volume

Small volume 4 (9.8)

Large volume 37 (90.2)

PSS

PSS-0 5 (12.2)

PSS-1 15 (36.6)

PSS-2 16 (39)

PSS-3 5 (12.2)

CC score

CC-0 26 (63.4)

CC-1 12 (29.3)

CC-2 3 (7.3)

CC-3

PCI

0-13 12 (29.3)

14-20 13 (31.7)

21-39 16 (39)

Histology

Acellular mucin 1 (2.4)

DPAM 19 (46.3

PMCA 11 (26.8)

PMCA-s 10 (24.5)

Table 1. Patient general characteristics

Figure 1. The overall 5- and 8-year survival rates of 41 
patients with PMP. 
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Discussion

 In 1994, the Mayo Clinic experience showed 
that PMP was a predominantly spread disease 
that required aggressive treatment although it ap-
peared indolent [11]. The author of the editorial 
of the same issue of the journal congratulated the 
authors of this study and showed that PMP should 
definitely be considered a local-regional disease. 
In addition, he compared the survival curves of 
patients with PMP treated in 3 large volume USA 
centers and was conducted to the conclusion that 
PMP should be treated only in special centers dedi-
cated exclusively in the management of patients 
with peritoneal malignancy [12].
 The initial results of aggressive cytoreduc-
tive surgery in which HIPEC was integrated in 
the treatment of PMP were very promising [13]. 
Since then, a huge number of retrospective pub-
lications reproduced exactly the same results in-
dicating that aggressive cytoreduction combined 
with perioperative intraperitoneal chemotherapy 
should be the standard treatment of PMP [14-
20]. One multicentric study with 2298 patients 
showed that the median survival was 196 months, 

and the 15-year survival rate 59% [21]. In con-
trast, in the past, the prognosis of PMP was unfa-
vorable with the median survival never exceeding 
24 months and with only a small percentage of 
patients remaining alive at 5 years [11,22]. De-
spite the favorable results of the last 30 years 
it was not possible to identify the exact role of 
surgery and intraperitoneal chemotherapy. So 
far, it has not been clear whether cytoreduction 
with standard peritonectomy procedures [10], or 
HIPEC alone, or even the integration of HIPEC 
to surgery has drastically improved survival in 
PMP patients. The answer to these questions has 
been expected to be given by prospective rand-
omized trials but until now, no randomized trial 
has been performed. It is important to note that 
one retrospective Australian multicentric study 
has provided much evidence that the most sig-
nificant prognostic variable of long-term survival 
is the completeness of cytoreduction while the 
use of HIPEC is significant in controlling the dis-
ease locally and regionally [21]. Nevertheless, the 
British NHS has accepted cytoreductive surgery 
and intraperitoneal chemotherapy as the standard 
treatment for PMP.

Variables Univariate Multivariate

p value HR p value 95% CI

Gender 0.206

Age 0.856

Histology <0.001

Tumor volume 0.219

PSS 0.002 5.631 0.018 1.56-106.263

PCI 0.002 3.938 0.043 1.03-123.432

CC-score <0.001 6.943 0.008 3.991-12351.989

Performance status 0.554

Table 2. Analysis of survival

Variables Univariate Multivariate

p value HR p value 95% CI

Gender 0.314

Age 0.211

Histology 0.017 5.23 0.022 0.216-0.889

Tumor volume 0.192

PSS 0.534

PCI 0.002

CC-score 0.034 4.407 0.036 0.041-0.886

Performance status 0.364

Table 3. Analysis of recurrence. The prognostic indicators of recurrence were found to be the histopathologic type of 
the tumor and the completeness of cytoreduction
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 The prognostic variables of PMP have been 
definitely identified over the past 30 years. The ma-
jority of publications have demonstrated that the 
histologic type of the tumor, the extent of perito-
neal dissemination, the extent of previous surgery, 
the completeness of cytoreduction, the postopera-
tive morbidity, the gender, and the use of neo-adju-
vant chemotherapy are the most significant prog-
nostic variables of long-term survival [7,13-21]. In 
the present study the gender and the morbidity 
were not found to be related to survival, while the 
completeness of cytoreduction and the extent of 
previous surgery were found to be prognostic of 
survival. A small number of patients received neo-
adjuvant chemotherapy and as a consequence this 
variable was not correlated to survival.
 The purpose of complete cytoreduction using 
the standard peritonectomy procedures is the re-
moval of the entire macroscopically visible tumor. 
The purpose of HIPEC integrated in surgery is the 
eradication of the residual microscopic tumor. 
Despite this treatment strategy recurrence is still 
recorded in a respectable percentage. In one study 
from the United Kingdom 512 patients with com-
plete cytoreduction were followed-up with a me-
dian time of 26.3 months and 137 of them (26.4%) 
were recorded with recurrence. One fourth of them 
underwent repeat surgery while the others were 
considered inoperable. Of those that underwent re-
peat surgery complete cytoreduction was possible 
in 57.7% of the cases [23]. In other series the re-
currence rate varies from 28% to 41% [24-26]. The 
histologic type of the tumor, the extent of previous 
surgery, the infiltration of lymph nodes, and the ex-
tent of peritoneal dissemination of the disease have 
been identified as the prognostic variables of fail-
ure [26]. In our study the incidence of recurrence 
was 32.5%. The histopathologic type (tumor grade), 
and the completeness of cytoreduction were iden-
tified as the prognostic indicators of recurrence. 
The most frequent sites of failure have been the 
intra-abdominal (local-regional) [24,26]. The local-

regional failures are related either to incomplete 
cytoreduction or inability of the intraperitoneal 
chemotherapy to eradicate the microscopic residu-
al emboli because of the resistant to chemotherapy 
clones that remain in the abdomen. Another rare 
reason of early failure is the clinically aggressive 
type of disseminated peritoneal adenomucosinosis 
(DPAM) that was identified in 2004. There were 11 
patients with DPAM among 501 PMP patients that 
underwent complete cytoreduction and developed 
recurrent disease repeatedly [27].
 One of the initial studies from Washington 
Hospital Center reported grade III and IV morbid-
ity of 27% and mortality rate of 1.5% following 
CRS+HIPEC [28]. The most frequent complica-
tions were peripancreatitis, fistulas, postoperative 
bleeding, and hematologic toxicity. There have 
been studies reporting as high as 51% morbid-
ity with the use of perioperative intraperitoneal 
chemotherapy attributed particularly to EPIC [29]. 
In 2006, Sugarbaker updating his results reported 
that the incidence of hospital mortality was 2%, 
and the morbidity rate declined to 19% [30]. One 
of the most significant factors that make possible 
the decrease of both morbidity and mortality is the 
learning curve [31]. In our study, the hospital mor-
tality was 2.4% (1 patient), and the morbidity rate 
29.3% (12 patients) with the majority of complica-
tions reaching 22% (9 patients) of grade 3 and 4.

Conclusions 

 A 20-year experience with CRS combined 
with perioperative intraperitoneal chemotherapy 
showed that this is an effective and safe method 
offering 68.3% 8-year survival rate although half 
of the patients had high-grade disease.
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