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Abstract 

Background: This study explores the impact of cytoreductive Surgery and Hypertermic Intra PEritoneal 

Chemotherapy (HIPEC) on pseudomyxomaperitonei (PMP), appendiceal neoplasms through a safety 

analysis completed by evaluation of survival performances. 

Methods: Retrospective chart review of 111 patients were diagnosed with appendiceal neoplasms during 

the period November 2005 to November 2019. Safety was evaluated by means of procedural morbidity and 

mortality. Survival performances included disease-free survival (DFS), and overall survival (OS) as end 

points. 

Results: The median age of the patients was 52,5 years (range 28-72 years).  Among them, 62 were female 

(55,8%) and 49 male (44,2%). The median time interval between the initial diagnosis and the definitive 

treatment with CRS + HIPEC was 9 months (range 4-20 months). The majority of our cases were high grade 

mucinous adenocarcinomas (39,6%). Postoperative complications, type 3 and 4 according to the Clavie-

Dindo classification were identified in 10/111(9,2%) and postoperative deaths were observed in 

4/111(3,6%).  The cohort median overall survival (OS) for all patients was 57,1 months (95% CI, 42,8-

71,6m). Better OS was observed in mucinous only PSM which was estimated up to 142,8 months (CI 95% 

98,8-186,5 months) and worse in high grade signet-ring mucinous adenocarcinoma which was estimated 

down to 23,6 months  (CI 95% 20,2-27,1 months). Mean DFS was 36,44m (95% CI, 24,05-48,83m).  

Conclusion: PMP is a rare disease that presents with a wide range of histological types and disease 

behavior. When patients present with diffused abdominal disease and peritoneal spread, CRS plus HIPEC is 

an accepted treatment which showed that could improve survival in carefully selected patients treated by 

subspecialists in tertiary referral centers. 
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1. INTRODUCTION

Pseudomyxoma Peritonei (PMP) is a rare 

disease. The true incidence of PMP in the 

population in not known but estimated to be 

around 1 case per million populations per year (1), 

but this was not based on robust evidence (2). It is 

characterized by intra peritoneal disseminated 

mucons produced by adenomucinous tumor cells 

in implants on peritoneal surfaces. These implants 

are the final stage of a distribution process 

following the rupture of an intraperitoneal located 

mucinous neoplasm (3). While the epithelial 

neoplasms of the appendix remains the most 

common cause of PMP, similar features may 

originate from mucinous neoplasms of the 

colorectum, ovaries or any other abdominal organ. 

PMP of non-appendiceal origin probably have a 

worse prognosis but this evidence has failed to 

demonstrate in recent data (4). It is likely that the 

biological characteristic of the disease is the main 

determinant of outcome and not the site of origin. 

Clinically PMP is a slowly progressive disease 

which mainly expresses as so called “jelly belly” 

caused by the abundant intraperitoneal mucons. 

As PMP progresses, the excessive mucons 

accumulation causes compression of the 

intestines, compromised gastrointestinal motility 

and eventually obstruction is imminent (5). 

Traditionally PMP has been treated with 

serial debulking procedures but repeated surgeries 

become increasingly difficult and lead to more 

complications (6). A more aggressive approach 

combining cytoreductive surgery (CRS) and 

Hyperthermic Intraperitoneal Chemotherapy 

(HIPEC) is being used. More specifically, CRS is 

performed with peritonectomy procedures 

according to Sugarbaker’s protocol combined with 

HIPEC that targets the microscopic residual 

disease and free neoplastic cells (7). Combining 

CRS plus HIPEC can greatly improve survival 

with average five year survival rate around 76% 

(8). 

The aim of this work is to present our 15 

year experience with PMP regarding the clinical, 

pathological and treatment characteristics 

retrospectively.  

2. PATIENTS AND METHODS

From November 2005 to November 2019, 

111 patients were diagnosed with PMP based on 

clinical symptoms, excessive abdominal mucinous 

with characteristic distribution on CT and 

identified in the final histopathology. Both 

primary and recurrent PMP were included in the 

study. Patients with evidence of liver or lung 

metastasis on CT scan were excluded from 

treatment. Demographic characteristics including 

age, gender number of previous surgeries that 

were related to PMP diagnosis and management 

time between initial diagnosis and definitive CRS 

+ HIPEC are presented.  

Type of neo-adjuvant or postoperative systemic 

chemotherapy, histological type of PMP according 

to the last nomenclature (classification) was also 

included (9-11) and postoperative Clavien-Dindo 

complications were included in the study.  

Statistical analysis 

 Data analysis was performed using the 

statistic software SPSS, Version 25.0. We used 

summary statistics to describe the data. Medians 

(range) or means (standard deviation) were used 

for continuous variables. Mann-Whitney U test for 

comparing median values and Student's t-test for 

comparing mean values were used after the 

Shapiro-Wilks test to confirm normal 

distributions.The point biserial correlation 

coefficient (rpb) was used as a correlation 

coefficient. Survival rates were calculated using 

the Kaplan–Meier method. Cox regression 

analysis was used to identify independent risk 

factors for OS. A p-value<0.05 was considered to 

be statistically significant. 

3. RESULTS

This study included 111 patients with 

appendiceal neoplasms. Their median age was 

52,5 years (range 28-72 years).  Among them, 

there are 62 female (55,8%) and 49 male patients 

(44,2%). The initial diagnosis was performed 

either with open biopsy – as an incidental finding 

- during abdominal surgery in 55 cases (49,5%) or 

core biopsy under CT scan in 18 cases (16,2%) or 

laparoscopic biopsy in 30 cases (27,1%) and 
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cytology in 8 cases. More specifically, the 

abdominal operations which incidentally 

identified PMP included hysterectomy in 25 cases 

(22,5%), adnexectomy in 12 patients (10,8%), 

cholecystectomy in 12 cases and hernia repair in 4 

patients. Mucinous ascites was manifested in 61 

patients (54,9%) ranging from mild to massive. 

Also 30 patients (27,1%) were presented with 

abdominal or pelvic mass. Moreover 10 patients 

(9%) were found with pelvic cysts while liver 

scalloping in CT scan was reported in 74 patients 

(66,7%). 

In Table 1, we demonstrate patient’s 

characteristics during hospitalization. The most 

important data is the time interval between the 

initial diagnosis and the definitive treatment with 

CRS + HIPEC with a median time the 9 months 

(range 4-20 months).  

TABLE 1: Patients Characteristics during 

hospitalization. 

Patients Characteristics 

Age 
Range  28-

72years 

Median 52,5 

Years 

Time from initial 

diagnosis and 

CRS+HIPEC 

4-20m 9m 

Total hospital stay 8-72d 14d 

ICU stay 1-22d 4d 

Follow up 8-123m 55m 

In Table 2, we present the histological 

subtypes of PMP. It should be noted that the 

majority of our cases are high grade mucinous 

adenocarcinomas n=44 (39,6%).  

TABLE 2: Histological subtypes of PMP. 

HISTOLOGY 

PMP N 

Acellular mucin 

only 
10 4 6 

Low grade 

mucinous 

adenocarcinoma 

27 13 27 

High grade 

adenocarcinoma 
44 17 27 

High grade signet-

ring 

adenocarcinoma 

15 7 8 

 Peritoneal 

Carcinoma 
15 8 7 

In table 3, we present the intra-operative 

findings regarding the age, the peritoneal cancer 

index (PCI) and the completeness of cytoreduction 

as well as our morbidity and mortality. More 

specifically, postoperative complications, type 3 

and 4 according to the Clavie-Dindo classification 

are 10/111(9,2%) with enterocutaneus fistulas in 4 

patients bleeding in 2 cases and 2 cases with 

pulmonary emboli and 2 cases of catheter sepsis. 

Postoperative deaths were observed in 

4/111(3,6%).   

TABLE 3: Intra-operative findings 

Intra-Operative Findings 

N 

Age <45 

>45 

13 

52 

PCI 0-10 

>10-20 

>20 

28 

30 

7 

CompleCyto 

CCo 

CC1 

CC2 

CC3 

34 

22 

8 

1 
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At the time of data analysis 49 patients (44,1%) were alive while 62 patients (65,9%) had died (table 

4)

TABLE 4:At the time of data analysis 49 patients (44,1%) were alive while 62 patients (65,9%) had died. 

More specifically in this study, the cohort median overall survival (OS) for all patients was 57,1 

months (95% CI, 42,8-71,6m) (table 5).  

TABLE 5: Median overall survival (OS) for all patients. 

 It 

should be highlighted that better OS was observed in mucinous only PSM which was estimated up to 142,8 

months (CI 95% 98,8-186,5 months) and the worse in high grade signet-ring mucinous adenocarcinoma 

which was estimated down to 23,6 months  (CI 95% 20,2-27,1 months). 

TABLE 6: Disease Free Survival (DFS) of the different types of PMP 

PairwiseComparisons 

Histologicalty

pe 

Mucinousonly Lowgrade Highgrade High Grade Sig net Ring 

Chi-Square Sig. Chi-Square Sig. Chi-Square Sig. Chi-Square Sig. 

LogRank 

(Mantel-Cox) 

Mucinousonly 2.007 .157 3.697 .055 9.079 .003 

Lowgrade 2.007 .157 .875 .350 4.928 .026 

Highgrade 3.697 .055 .875 .350 4.250 .039 

HighGradeSig

netRing 

9.079 .003 4.928 .026 4.250 .039 
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All these findings are presented in fig. 1 

which depicts Kaplan Meier curve for OS. Log 

rank test indicated statistically significant 

difference between mucinous only PMP and all 

the other types (p=0,064) and also between low 

grade mucinous adenocarcinoma and high grade 

signet-ring cell (p=0,081).  

FIGURE 1: Kaplan Meier curve for OS. 

Moreover, table 6 and fig. 2 demonstrate 

the Disease Free Survival (DFS) of the different 

types of PMP despite that mean DFS was 36,44m 

(95% CI, 24,05-48,83m). Long-rank test showed 

statistically significant difference between the 

tumors as above (p=0,034). 

FIGURE 2: Kaplan Meier curve for Disease Free 

Survival (DFS) of the different types of PMP 

No statistically significant relationship was 

found between PCI and severity of complications 

(ρ-Spearman(111)=.082, p=.395) (fig. 3).  

FIGURE 3: PCI and severity of 

complications 

But, there is a strong relationship between 

the PCI and the completeness of cytoreduction (ρ-

Spearman(111)=.770, p<.001)(fig. 4).  

FIGURE 4: PCI and completeness of 

cytoreduction 

4. DISCUSSION

Appendiceal neoplasms are rare 

gastrointestinal malignancies. They can be 

subdivided into non-epithelial and epithelial 

tumors and hyperthermic intraperitoneal 

chemotherapy has a role in the latter group. 

Epithelial tumors can further be subdivided in 

low-grade appendiceal mucinous neoplasms 

(LAMNs) and invasive adenocarcinomas (11). 

LAMNs do not invade beyond the lamina propria 

but can still disseminate into peritoneal cavity via 

appendiceal rupture (11,12). 
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In the past the lack of a common 

consensus regarding the most beneficial treatment 

approach offered short term survival results (11). 

Most recent data proposed an aggressive 

cytoreductive surgery plus intra peritoneal 

chemotherapy which offered a long term survival 

up to 20 years (13). Patients who have LAMNs 

with a non-ruptured appendix are adequately 

treated by appendicectomy, but in cases of 

appendiceal adenocarcinoma, the completion of 

operation includes right hemicolectomy (14). 

For patients with intra-abdominal  spread 

of a disseminated mucinous adenocarcinoma the 

role of CRS plus HIPEC is controversial as these 

tumors are more aggressive and many times the 

CRS plus HIPEC is difficult to control 

intraperitoneal recurrence, but when we compare 

with debulking surgery plus or not systemic 

chemotherapy, CRS and HIPEC offer a benefit in 

overall survival (15). 

Our study demonstrates 

Our study demonstrated that in our cohort 

of patients the median OS for all the patients was 

57,1 months (95% CI, 42,8-71,6m). However, 

better OS was identified in the group of patients 

with mucinous only PSM which was estimated up 

to 142,8 months (CI 95% 98,8-186,5 months) and 

worse OS in those with high grade signet-ring 

mucinous adenocarcinoma which was estimated 

down to 23,6 months  (CI 95% 20,2-27,1 months). 

The benefit of this surgical approach 

(CRS+HIPEC) is very controversial in the signet-

ring subtype and is only referred to highly selected 

individuals with special characteristics as age, low 

PCI and responders in neo-adjuvant systemic 

chemotherapy that means in patients with limited 

and not metastatic disease. 

The OS and DFS in signet-ring tumors of 

our study were 28 months and 0 months 

respectively and the results are similar with other 

previous clinical studies (16,17). Also, for patients 

with low-grade mucinous neoplasms, grade I, 

CRS plus HIPEC in our study is the treatment of 

choice (DFS 22 months).  

Excellent long term survival we achieved 

even in patients with high burden of disease if 

complete cytoreduction can be achieved with 

median OS of 60 months and PFS of 16 months 

respectively. 

Our results found to be similar with 

previous clinical trials in the aspect of overall 

survival (18-20). Patient with primary peritoneal 

carcinomas compared to those with low-grade 

neoplasms and peritoneal disease were less likely 

to have complete cytoreduction and we found to 

have worse survival rates when a high PCI was 

present and for this reason maybe preoperative 

predictive scoring system can be helpful in 

selection and decision making (21). Our study also 

demonstrated that outcomes in appendiceal tumors 

were highly histological depended.  

While the efficacy of CRS and HIPEC for 

appendiceal mucinous neoplasms is well 

established the role of systemic chemotherapy is 

not well documented. Due to the rarity of the 

disease there are no prospective trials to guide the 

physicians in the decision concerning systemic 

chemotherapy.Two retrospective studies included 

mucinous appendiceal carcinomas and evaluated 

the possible role of systemic chemotherapy (SC) 

in conjuction with cytoreductive surgery and 

HIPEC. The first study demonstrated that post-

operative SC appears to improve PFS in patients 

with high-grade tumors. In contrast there is no 

evidence to support the routine use of 

perioperative SC in low-grade disease (22). The 

other study revealed a survival benefit in OS and 

DFS of patients with appendiceal neoplasm (23). 

This result is in concordance with the findings of 

Blackham et al (24) and Milovanov et al (25) in 

both of which the administration of systemic 

chemotherapy was found to be beneficial in 

patient with low-grade disease.  

Moreover, we have observed that patients 

with present signet-ring cells (SRC) in histology 
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who received systemic chemotherapy had 

prolonged OS vs SRC-negative patients. 

Additionaly, the SRC-positive group of patients 

who received perioperative systemic 

chemotherapy had a survival benefit (both in OS 

and DFS) compared to patients treated with CRS 

and HIPEC alone. This finding also agrees with 

the study by Milovanov et al (25). 

In conclusion, appendiceal cancer is a rare 

disease that presents with a wide range of 

histological types and disease behaviors (26). 

When patients present with diffused abdominal 

disease and peritoneal spread, CRS plus HIPEC is 

an accepted treatment which showed that could 

improve survival in carefully selected patients. 

On the other hand, teams performing 

cytoreductive surgical procedures must be expert 

in assessing all of the peritoneal surfaces. They 

need to have expertise in performing multiple 

visceral resections and peritonectomy procedures. 

They also need to have expertise in complications 

of hyperthermia and regional chemotherapy and 

must be selecting the patients with excellent 

documentation of the burden of disease (13). 

Despite the promising results of our 

patient cohort treated with CRS and HIPEC, we 

have to acknowledge the limitations of the study, 

including the small number of patients and its 

retrospective character. Nevertheless, we showed 

a significant survival benefit for our cohort of 

patients. Although the study group is small, it is in 

line with other recently published studies.  

Future trials evaluating the role of CRS 

plus HIPEC in different appendiceal tumors are 

needed. Due to the rarity of the tumors multicenter 

trials with the involvement of tertiary referral 

centers are proposed. 
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