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Abstract

To evaluate the clinical outcomes of patients of pseudomyxoma peritonei of appendiceal origin undergoing cytoreductive surgery
and HIPEC. Data collected from members, an independent collaborative group of Indian surgeons specializing in the management
of peritoneal surface malignancy (INDEPSO), was analyzed retrospectively. Clinicopathological and perioperative outcomes of
patients treated for pseudomyxoma peritonei (PMP) of appendicular origin were evaluated. Ninety-one patients were diagnosed
with pseudomyxoma peritonei of appendicular origin between March 2013 and December 2017. The median age was 53 years and
60% were females. The median PCI was 27 [range 3—39] and a CC-0/1 resection was achieved in 83.5% patients. The most
common histological grade was low-grade PMP, seen in 71.4% cases. The overall rate of grades 3—4 morbidity was 33% (30/91)
and the 90-day mortality rate reported was 6.5%. Pulmonary complications and systemic sepsis emerged as the most significant
factors affecting morbidity, mortality, and failure to rescue. At a median follow-up of 24 months, the median OS was not reached
and the median PFS was 53 months. On univariate and multivariate analysis, high-grade histology, prior chemotherapy, debulking
surgery alone without HIPEC, and high PCI > 10 were predictors of poor progression-free survival. The survival and morbidity
results of pseudomyxoma peritonei from appendicular origin following cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy are encouraging. With further awareness and understanding of the disease, and improvement in surgical expertise
and learning curve, there is scope for further reduction in morbidity and better improvement in survival.
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Pseudomyxoma peritonei (PMP) is a rare clinical syn-

' Department of Surgical Oncology, Jehangir hospital, 32, Sassoon drome characterized by the accumulation of mucin within
Road, Pune, Maharashtra 411001, India the peritoneal cavity. The clinical entity “PMP syndrome”
> Department of Peritoneal Surface Oncology, Saifee Hospital, or “jelly belly” represents a spectrum of disease that ranges
Mumbai, India from mucinous ascites to frank mucinous adenocarcinoma
>  Department of Surgical Oncology, Cancer Institute (WIA), [1, 2]. The origin of this mucin in most cases is from mu-
Chennai, India cinous tumors arising from the appendix, but is also known
4 Department of Surgical Oncology, MVR Cancer Center and to originate from mucinous tumors of the ovary, colon, and
Research Institute, Calicut, India seldom, the gall bladder. Around 94% of cases of PMP
> Department of Surgical Oncology, All India Institute of Medical develop from a mucinous tumor of the appendix [3, 4].
Sciences, New Delhi, India The pathological process of PMP starts with neoplastic
6 Department of Surgical Oncology, Manipal Hospital, transformation of mucin producing goblet cells of the ali-
Bangalore, India mentary tract, resulting in the formation of a primary
7 Department of Surgical Oncology, Zydus Hospital, mucinous tumor. As mucin levels increase within the
Ahmedabad, India tumor, there is eventual rupture. This is followed by
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“redistribution” of mucin that follows the pathway of perito-
neal fluid and given their lack of cell adhesion molecules, this
mucin passively circulates with ease within the peritoneal cav-
ity [5, 6]. Bulky masses comprised of mucinous tumor cells
are eventually deposited within the abdominal cavity, giving
rise to pseudomyxoma peritonei. This pattern of distribution is
unique to PMP and is different from peritoneal metastasis
from other cancers, in which metastatic implantation occurs
in a random fashion near the site of the tumor rupture/
perforation.

The clinical presentation of PMP is insidious and indolent
because of which, diagnosis of this clinical entity is made at
advanced stages, thus making cure a distant possibility. In the
past, the management of patients with PMP essentially com-
prised of debulking surgeries with the aim to alleviate symp-
toms arising due to excessive intraabdominal mucinous de-
posits. Often, multiple debulking procedures would be re-
quired to control symptom. This however resulted in dismal
S-year survival rates between 32 and 53% [7, §]. Attempts to
improve survival with the addition of systemic chemotherapy
were also unsuccessful. In 2005, Miner et al. reported a 10-
year survival of 21% and 12% disease-free survival in 97
patients treated by serial debulking, systemic chemotherapy,
and/or delayed intermittent intraperitoneal 5-fluorouracil over
a 22-year period in Memorial Sloan Kettering [9]. A paradigm
shift in the treatment approach for PMP was witnessed with
the introduction of radical cytoreductive surgery which com-
prised of leaving behind no/very small residual disease and
hyperthermic intraperitoneal chemotherapy (HIPEC) by Paul
Sugarbaker in the mid-nineties. The rational of HIPEC follow-
ing an ultra-radical surgery was to target residual microscopic
disease or small volume/size macroscopic disease (<
0.25 mm) [10]. An expert consensus panel discussion at the
Fifth International Workshop on Peritoneal Surface
Malignancy in Milan, Italy (December 46, 2006) concluded
that there was a survival benefit of the CRS + HIPEC for PMP
compared to only debulking surgery [11]. Due to the rarity of
this clinical entity, having a robust randomized evidence
supporting CRS + HIPEC seems impossible, but sufficient
non randomized evidence in literature exists to advocate
CRS + HIPEC as the gold-standard treatment for PMP.

The aim of our study was to critically evaluate the clinical
outcomes of patients of PMP of appendiceal origin and to add
to the continuously growing evidence in literature on the man-
agement of PMP.

Materials and Methods

To assess the clinical outcomes, a retrospective analysis of
data entered into the registry from March 2013 to Dec 2017
was performed. Data were collected from members of the
Indian Network for Development of Peritoneal Surface
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Oncology (INDEPSO). INDEPSO is an independent collabo-
rative group of Indian surgeons specializing in the manage-
ment of peritoneal surface malignancy (PM). The demograph-
ic data, disease characteristics, details of intraperitoneal che-
motherapy, perioperative outcomes, and follow-up details of
patients treated for pseudomyxoma peritonei of appendicular
origin were captured. The perioperative outcomes were eval-
uated and complications were graded according to the
CTCAE classification version 4.3. Ninety-day morbidity and
90-day mortality were both recorded. Failure to rescue (FTR),
defined as death following a complication (30- and 90-day
morbidity) was analyzed. We included major (grade 3-4)
complications following surgery in analyzing FTR rates.

The goal of CRS was to obtain a complete cytoreduction.
The disease extent was quantified using Sugarbaker’s perito-
neal cancer index (PCI). Completeness of cytoreduction score
(CC-score) was used to describe the residual disease status.
The technique of peritonectomy performed was as described
by Sugarbaker. The technical details are described elsewhere
[10, 12]. Completeness of surgical cytoreduction (CCR) was
classified as CCR-0: macroscopically complete; CCR-1: re-
sidual disease <2.5 mm; or CCR-2: residual disease >
2.5 mm. Only after complete cytoreduction, (CCO or CC1),
hyperthermic intraperitoneal chemotherapy (HIPEC) was per-
formed at 42.5 °C using the closed abdomen or open abdomen
technique. One of the following drugs were used for HIPEC,
cisplatin (75 mg/m2) for 60 min, mitomycin C (15 mg/m2) for
90 min, or Oxaliplatin (300 mg/m2) for 30 min. Post-
operative complications were graded according to the serious
adverse events score (NCI-CTCAE version 4). Postoperative
follow-up comprised of physical examination, thoracic and
abdominal contrast enhanced tomography, and tumor marker
measurements every 4 months during the first 2 years and
6 months thereafter.

Statistical Analysis Descriptive variables were analyzed using
nonparametric tests, x> test for categorical variables and
Mann-Whitney U test for continuous variables. Clinically rel-
evant variables, as well as variables with a p value <0.10 on
univariate analysis, were evaluated in multivariable logistic
regression model. The model was selected using a forward
stepwise method. All statistical tests were two-sided, and the
significance level was 0.05. Overall Survival (OS) was calcu-
lated from the date of surgery to the date of death or last
follow-up and progression-free survival (PFS) was deter-
mined from the date of surgery to the date of disease progres-
sion. Survival curves were calculated using the Kaplan—Meier
method and compared using the two-tailed log-rank test.
Factors with a p value of <0.10 on univariate analysis were
selected for the multivariate analysis. Multivariate analysis of
factors was performed using the Cox proportional hazard
model. All statistical analyses were conducted using SPSS
version 22.0.0 (IBM Corporation, Armonk, NY, USA).
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Results

Ninety-one patients were diagnosed with pseudomyxoma
peritonei of appendicular origin between March 2013 and
December 2017. The median age was 53 years and 60% were
females. More than 50% of patients had undergone prior lap-
arotomy before presenting for definitive treatment. All 91 pa-
tients had good performance status with an ECOG of 1.The
median PCI was 27 [range 3—-39] and a CC-0/1 resection was
achieved in 76 (83.5%) patients. Fifteen patients underwent
CRS alone or debulking (CC2/CC3 residual disease).
Mitomycin C was the commonest drug used for HIPEC
Table 1. The median hospital stay was 14 days [range 5—
54 days]. Histologically, PMP was graded as low grade, high
grade, and high grade with signet cell features. The classifica-
tion by the American Joint Committee on Cancer (AJCC) and
the WHO (2010) was used to grade the tumors. The most
common histological grade was low-grade PMP, seen in
71.4% cases. Signet cell histology was seen in 9 (9.9%) cases.
No cases of acellular mucin were documented. All patients
with high grade and signet cell histology received postopera-
tive adjuvant oxaliplation and 5-FU-based systemic chemo-
therapy. The demographic and clinical characteristic of these
91 patients are summarized in Table 1. The overall rate of
grades 3—4 morbidity was 33% (30/91) and the failure to res-
cue rate was 23.2%. Pulmonary complications were the most
common complications seen Fig. 1. Ninety-day mortality rate
reported was 6.5%. Although on univariate analysis, high
PCI>20 was associated with increased risk of mortality
(p=0.018) and failure to rescue (p = 0.03), on univariate and
multivariate analysis, pulmonary complications, and systemic
sepsis emerged as the most significant factors affecting mor-
bidity, mortality, and failure to rescue Table 2.

At a median follow-up of 24 months (range 0-72), the
median OS was not reached and the median PFS was
53 months (Fig. 2). The 3-year OS and PFS was 78.1% and
69.3% respectively. There were no factors influencing OS.
However on univariate and multivariate analysis, high-grade
histology, prior chemotherapy, debulking surgery alone with-
out HIPEC, and high PCI> 10 were predictors of poor
progression-free survival Table 3.

Discussion

At a median follow-up of 36 months, the largest multicentric
study of pseudomyxoma peritonei from appendiceal neoplasms
reported a median overall survival rate of 16.3 years with a 15-
year survival rate of 59% and a the long median progression-
free survival rate of 8.2 years. More importantly, this study
showed that the combined treatment of cytoreduction and
HIPEC was efficacious in prolonging survival [13].

Table 1 Demographic and patient characteristic

Characteristics All patients (n=91) (%)

Age (years)

<50 36 (39.6%)

>50 55 (60.4%)

Median age (years) 53
Gender

Male 31 (34.1%)

Female 60 (65.9%)
Year of surgery

Before 2014 18 (19.8%)

After 2014 73 (80.2%)
Histological subtype of (PMP)”

Low 65 (71.4%)

High 17 (18.7%)

Signet 9 (9.9%)
Prior chemotherapy

Yes 31 (34.1%)

No 60 (65.9%)
Prior surgery

Yes 47 (51.6%)

No 44 (48.4%)
Staging laparoscopy

Yes 17 (18.7%)

No 74 (81.3%)
PCI°

<20 28 (30.8%)

>20 63 (69.2%)

Median PCI (range) 27 (3-39)
CC-score”

0 40

1 36

2 8

3 7

CRS + HIPEC? 76 (83.5%)

CRS alone 15 (16.5%)
HIPEC regimen

Mitomycin C 39 (40.7)

Cisplatin 5(5.5)

Oxalipatin 8 (8.8)

Mitomycin + Adriamycin 24 (26.4%)
No of organ resections

<3 37 (40.7%)

>3 54 (59.3%)
Bowel resected

No 22 (24.2%)

Yes 69 (75.8%)
No of bowel anastomosis

<1 43 (48.4%)

>1 26 (28.6%)

Duration of surgery

<8h 17 (18.7%)

>8h 74 (81.3%)
Median duration of surgery (mins) 540

Median hospital stay (days) 14 (5-54)

Median ICU stay (days) 4(0-39)

90 day mortality 6 (6.5%)

90 day morbidity 9 (9.9%)

Grades 3—4 morbidity 30 (33%)

Failure to rescue rate 9/39 (23.2%)

#Pseudomyxoma peritonei

® Peritoneal carcinomatosis index

¢ Complete cytoreduction

4 Cytoreduction + hyperthermic intraperitoneal chemotherapy
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Fig. 1 Pie chart showing
distribution of types of
complications

In the largest single institution series of 1000 patients,
Moran et al. reported a 5- and 10-year overall survival was
87.4% and 70.3% respectively in the 738 patients who had
CC-0/1 compared with 39.2% and 8.1% respectively in pa-
tients who had a CC-2/3 resection [14].

Our retrospective multi-institutional registry study of
pseudomyxoma peritonei from appendiceal neoplasms
showed a median progression-free survival of 53 months
(4.5 years). The median overall survival was not reached
(NR) in our patients. In particular, in our study, the multivar-
iate analysis of factors affecting progression-free survival
demonstrated that debulking alone without HIPEC was asso-
ciated with poor of progression-free survival. Therefore, our
data suggests that optimal cytoreduction seems to be the stron-
gest factor associated with prolonged disease control and the
addition of hyperthermic intraperitoneal chemotherapy
(HIPEC) improves survival.

Proper selection of patients for treatment is important to
ensure that only those patients who actually benefit from the
procedure are subjected to it. The most important prognostic
indicator is the completeness of cytoreduction (CC) score; a
complete cytoreduction indicates that either there is no visible

Complication Distribution (n=30)
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residual disease (CC-0) or the residual tumor deposits measure
less than 2.5 mm in size and can be eradicated by the HIPEC
(CC-1) [15]. Any residual disease >2.5 mm (CC-2 residual
disease measuring 2.5 mm-5 cm or CC-3 residual disease
measuring > 5 cm) is considered debulking. Chua et al. report-
ed a 5-year survival of 85% in patients with CC-0, 80% in
patients with a CC-1 resection as opposed to only 24% in
patients with gross residual disease (CC-2/3) in the largest
multi-institutional study published so far. The difference was
statistically significant and was not influenced either by the
tumor grade or PCI [13]. Similarly in the largest single insti-
tutional study of 1000 patients, the 5 and 10-year overall sur-
vival was 87.4% and 70.3% respectively in the 738 patients
who had a complete CRS compared with 39.2% and 8.1%
respectively in patients with CC-2/3 resections. PCI is an im-
portant prognostic factor irrespective of the grade of PMP
[14]. In pseudomyxoma peritonei, unlike colorectal and gas-
tric cancers, there is no cut off of the PCI level beyond which a
complete cytoreduction should not be attempted. While there
is no standard definition of what constitutes extensive disease,
Elias et al. have defined it as a PCI of > 28 as “huge PMP”
[16]. Some would argue on the futility of performing an ultra-

Table 2 Multivariate analysis of factors affecting morbidity and mortality and failure to rescue

Variables Failure to rescue (95% CI) 90-day morbidity (95% CI) Grades 3—4 morbidity (95% CI) 90-day mortality (95% CI)
Anastomotic leak 0.007 (0.002-0.36)
Cardiovascular 0.016 (0.023-0.681)

Systemic sepsis 0.001 (0.003-0.18)

Pulmonary 0.043 (0.038-0.95) 0.001 (0.03-0.24)

0.004(0.003-0.346)
0.0069 (0.013-0.48)

0.004 (0.03-0.32)
0.001 (0.015-0.213)
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Overall Survival (OS)

Progression Free Survival(PFS)

Fig. 2 Kaplan-Meir survival
curves
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radical surgery on patients with a high PCI; however, even
with a high PCI, with complete/near complete cyotreduction,
a reasonable progression-free and overall survival can be
achieved. For some patients, rather than the actual PCI, it is
the anatomical location of the disease which is important.
Especially in cases of small bowel involvement where despite
a PCI that is not very high, it may be impossible to clear the
entire tumor from the bowel surface and its mesentery. The
presence of residual unresectable disease at crucial anatomic
sites like porta hepatis, small bowel, or its mesentery may
nullify the favorable effect of low PCI score on prognosis
[17].

The median PCI in our study was 27; in one fourth of our
patients, the PMP was high grade but despite this, a CCO/CC1
was achieved in 83% cases and our survival results are com-
parable to that in literature. In our study although PCI > 20 did
not influence OS (p=0.10) and PFS (p =0.092), patients
enjoyed a fair median OS (NR) and median PFS
(53 months) even when cytoreductive surgery was performed
with high PCIL. Our results therefore reflect a good patient
selection and sound surgical expertise in managing this rare
disease entity.

Another finding in our study that merits discussion is the
impact of prior chemotherapy on poor progression-free

T T T T T T
60 80 0 20 0 E)

survival. In our study, 34% of patients received prior chemo-
therapy. This may indicate that chemotherapy was adminis-
tered probably because of increase tumor burden or high-
grade histology. This seems logical, as in our study on univar-
iate analysis of factors associated with progression-free sur-
vival (PFS), high-grade histology, high PCI> 20, and the use
of prior chemotherapy, all were associated with poor PFS,
although the significance of a high PCI on PFS was lost on
multivariate analysis. This association of prior chemotherapy
and a poorer overall and disease-free survival and incidence of
higher morbidity has been elucidated in other studies [13, 18,
19].

There is no denying the fact that CRS + HIPEC is an ag-
gressive procedure with its associated morbidity. According to
recent reports, the grade, 3 and 4 complication rate range from
22 to 34% and mortality from 0.8—4.1% [20, 21]. A systematic
review on cytoreductive surgery and intraperitoneal chemo-
therapy reported a morbidity and mortality rate of 0-52%. In
the PSOGI and the French multicenter registry study, a 24%
and 40% major complication rate was observed [13, 22]. The
90-day mortality in our study was 6.5% and the overall grades
3—4 complication rate was 30%. These figures though high are
comparable to that reported in literature. The failure to rescue
rate 0f 23.2% in our study is much higher than that reported by

Table 3 Univariate and
multivariate analysis affecting
progression-free survival (PFS)

Variable

Median PFS (months)

Multivariable Cox
regression (95% CI)

Univariate log-rank p

Prior chemotherapy 0.040 0.008 (1.3-8.1)
Yes 41 months
No 53 months
CRS + HIPEC 53 months 0.05 0.016 (1.26-9.8)
CRS 16 months
PMP grade 0.001 0.03 (1.14-15.67)
Low Not reached
High 12 months
CcCo/CCl 53 months 0.001 0.008 (0.1-0.71)
Ccc2/cC3 14 months
PCI 0.092 Not significant
<20 Not reached
>20 53 months
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other centers (4.4%) [23]. The most common cause of failure
to rescue in our patients was sepsis and respiratory complica-
tions. Complications like bowel perforations and anastomotic
leak led to systemic sepsis and subsequently failure to rescue.
Mortality did not occur in most patients who did not develop
systemic sepsis.

We do acknowledge the limitations of our study. The study
is retrospective in nature and the median follow-up is short
and the number of patients is small to draw any robust con-
clusions. Nevertheless, this study provides a broad overview
of the clinical outcomes of treating a rare and difficult disease
like PMP at Indian centers.

Conclusion

The clinical outcomes for CRS with HIPEC in PMP are en-
couraging for patients with low-grade histology amenable to
complete cytoreduction. With further awareness and under-
standing of the disease, and improvement in surgical expertise
and learning curve, there is scope for further reduction in
morbidity and better improvement in survival.
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