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Abbreviations
PMP Pseudomyxoma peritonei
DPAM Disseminated peritoneal adenomucinosis
PMCA Peritoneal mucinous carcinomatosis
CRS Cytoreduction surgery
HIPEC Hyperthermic intraperitoneal chemotherapy
CEA Carcinoembryonic antigen
NCCN National Comprehensive Cancer Network

Introduction/Background

Pseudomyxoma peritonei (PMP) is a disorder characterized
by an intra-abdominal accumulation of mucin secondary to
the growth of neoplastic mucin-secreting cells on peritoneal
surfaces [1, 2]. PMP is a rare condition with an estimated
incidence of one to two cases per million per year [3, 4].
Patients have an average age of 53 years at the time of diag-
nosis, being more commonly seen in females [5, 6]. In most
cases, the neoplasm originates in the appendix and later
spreads through the wall of the appendix into the peritoneal
space [7, 8]. Reproduction and aggregation of free and im-
planted tumor cells lead to a progressive peritoneal mucinous
tumor and ascites [9]. In other reported cases, the primary
tumor origin has occasionally developed in other organs in-
cluding the ovary, colorectum, gallbladder, stomach, pancreas,
urachus, fallopian tube, lung, and breast [10, 11]. Initial pre-
sentation varies and consists of unspecified signs and symp-
toms that relate to the progression of the disease [12]. These
include increased abdominal girth, an appendicitis-like syn-
drome, a new-onset hernia, presence of a pelvic mass, or non-
specific abdominal or pelvic pain [8, 13, 14]. Progressive

accumulation of mucinous material gradually fills and can
compress vital organs within the peritoneal cavity, which
can result in abdominal distention, ascites, bowel obstruction,
and nutritional compromise [8, 15, 16].

In 1995, two diagnostic categories were suggested by
Ronnett et al. [17], which correlated the prognosis with the
histological features (Table 1). These included disseminated
peritoneal adenomucinosis (DPAM) and peritoneal mucinous
carcinomatosis (PMCA). DPAM consisted of peritoneal le-
sions composed of abundant extracellular mucin containing
scant simple to focally proliferative mucinous epithelium with
little cytologic atypia or mitotic activity, with or without an
associated appendiceal mucinous adenoma. PMCAwas com-
posed of peritoneal lesions containing more abundant mucin-
ous epithelium with the architectural and cytologic features of
carcinoma, with or without an associated primary mucinous
adenocarcinoma [17].

In 2010, the World Health Organization (WHO) and
the American Joint Committee on Cancer (AJCC) also
proposed a pathological classification regarding a histo-
logical distinction between a low-grade or high-grade le-
sion (Table 1) [8]. This criterion is based on the histogen-
esis, molecular and cytological features [8]. Low-grade
mucinous adenocarcinoma is characterized by mucin
pools with low cellularity (< 10%), bland cytology, and
non-stratified cuboidal epithelium [8]. High-grade mucin-
ous adenocarcinoma contains mucin pools with cellulari-
ty, moderate/severe cytologic atypia, and signet ring mor-
phology with desmoplastic stroma [8]. Studies correlating
the histological classification to the prognosis of the dis-
ease determine that those with DPAM have much better
outcomes when compared to patients with high-grade
PMCA tumors [8, 18].

Treatment has generally consisted of repeating interven-
tions of debulking procedures; however, long-term survival
and possibility of cure have had limited expectations [7, 11].
Proposed treatment in the setting of peritoneal involvement
consists of complete cytoreduction surgery (CRS) and hy-
perthermic intraperitoneal chemotherapy (HIPEC) [19, 20].
In this aggressive treatment approach, surgery aims to make
a complete macroscopic cytoreduction and lysis of
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adhesions, while adjuvant HIPEC works to eradicate any
macroscopic or microscopic tumor residue and, in this
way, reduce tumor recurrence [21].

Case Presentation

This is the case of a 54-year-old male that presented with early
satiety after meals. Patient has a history of hypothyroidism and
no other previous medical history conditions. Patient denies to-
bacco, alcohol, or drug use. Family history is pertinent for un-
specified cancer in his father and diabetes mellitus in his mother.

Colonoscopy was performed and was pertinent for divertic-
u l o s i s a n d i n t e r n a l h e m o r r h o i d s . A n
esophagogastroduodenoscopy (EGD) performed revealed a
small hiatal hernia and a prominent extrinsic compression seen
at proximal gastric body. Further evaluation with an
abdominopelvic CT scan with contrast showed a very large
15-cm multi-cystic multi-septated mass in the left upper quad-
rant, infiltrating the distal pancreas and spleen with scattered
calcified septations and abundant upper abdominal fluid. Also
present was a 3- to 4-cm similar rim calcified cystic lesion in the
right paracolic gutter, and likely a related peritoneal implant.
Carcinoembryonic antigen (CEA) was 17.8 ng/ml. A distal
pancreatectomy and splenectomy were performed. The exci-
sion of an abdominal cavity mass revealed mesothelium lined
fibrous tissue with extensive mucin deposits, chronic inflam-
mation, and hemosiderin laden macrophages. In addition, a
mucous cyst composed of mesothelium lined fibrous tissue
with extensive mucin deposits was identified. Pathology resec-
tion of the distal pancreas and spleen revealed a low-grade
mucinous carc inoma, of at leas t 14 cm in size .
Immunohistochemical stains for CK7 and CK20 show staining
for CK20 only. The patient received adjuvant systemic chemo-
therapy of 5-FU/LV. CEAmarker 2 months after surgery was at

16 ng/ml. The patient was followed with serial imaging and
tumor markers. Diagnosis of appendiceal adenocarcinoma
was not suggested at this time.

Abdominopelvic CT scan performed 17 months after sur-
gery revealed an abnormally dilated appendix, measuring up
to 26 mm in thickness (Fig. 1). It had some mural calcifica-
tions, suspicious for an appendiceal mucocele. CEA levels at
the time were 11.8 ng/ml. A diagnostic laparoscopy was per-
formed. Findings were consistent with mucin deposits without
gross evidence of solid organ or peritoneal metastasis.
Pathology from peritoneal fluid and peritoneum biopsy re-
vealed mucoid material with atypical cells, consistent with
pseudomyxoma peritonei. Immunohistochemical staining
was negative for CK20, CDX-2, WT1, and desmin.

A right hemicolectomy, cytoreductive surgery, and HIPEC
with mitomycin C were performed. Final pathology revealed
primary high-grade mucinous appendiceal adenocarcinoma.
Evaluation 6 months after CRS and HIPEC revealed no major
postoperative complications. Imaging, laboratory testing, and
CEA levels were without evidence of disease following 3 and
7 months after CRS and HIPEC procedure.

Discussion

Pseudomyxoma peritonei (PMP) is a rare and poorly under-
stood disease characterized by disseminated mucinous ascites
and peritoneal, serosal, and omental mucinous implants [22].
PMP is difficult to diagnose clinically or by current imaging
options due to its variable presentation, course, and nature;
nevertheless, CT scan is able to identify the tumor in an early
state and is considered the best diagnostic noninvasive modal-
ity [23]. Typical appearance on CT includes areas of low at-
tenuation, with islands of higher attenuation due to solid ele-
ments within mucinous material. Also, visceral surfaces show

Table 1 Histological
classifications of PMP Classification Year Histological

classification
Characterization

Ronnett et al.
[4]

1995 Disseminated peritoneal
adenomucinosis
(DPAM)

Peritoneal lesions composed of abundant extracellular
mucin containing scant simple to focally proliferative
mucinous epithelium with little cytologic atypia or
mitotic activity, with or without an associated
appendiceal mucinous adenoma.

Peritoneal mucinous
carcinomatosis
(PMCA)

PMCAwas composed of peritoneal lesions containing
more abundant mucinous epithelium with the
architectural and cytologic features of carcinoma, with
or without an associated primary mucinous
adenocarcinoma [4].

AJCC and
WHO [8]

2010 Low-grade mucinous
adenocarcinoma

Mucin pools with low cellularity (< 10%), bland
cytology and non-stratified cuboidal epithelium.

High-grade mucinous
adenocarcinoma

Mucin pools with high cellularity, moderate/severe cy-
tologic atypia, and signet ring morphology with
desmoplastic stroma
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a Bscalloping^ form, especially of the liver and spleen, that
distinguishes mucinous from fluid ascites [23]. The peritoneal
cancer index (PCI) has been used for the detailed evaluation of
the peritoneal spread in tumors of gastrointestinal origin and
has been found to be a prognostic indicator of survival [24].
To determine the PCI, the peritoneal cavity must be divided
into 13 quadrants, and the presence or absence of tumors
within each quadrant is assessed. If no tumor is detected, the
score is B0,^ and if a tumor is detected, the lesion size score
given can fluctuate from 1 to 3, depending on the size of the
tumor. Bigger tumors have a higher number of lesion size
score [25, 26]. Scores of PCI go from 1 to 39, and the higher
the number calculated, the worse the prognosis [27]. If the
estimated preoperative PCI is greater than 20, in the presence
of high-grade histology, complete surgical resection can be-
come very challenging [23]. Therefore, high PCI might be
prognostic of operative time and morbidity, but it is still asso-
ciated with a good long-term outcome [28].

In the past, management of pseudomyxoma peritonei in-
volved repeated drainage of mucinous ascites or surgical
debulking through removal of mucinous material and the pri-
mary tumor [5]. It was not until the1990s when Sugarbaker
peritonectomy procedures showed better outcomeswhen CRS
treatment and HIPEC were used combined [29]. Further stud-
ies conducted nowadays by Chua et al. [5] demonstrated the
efficacy of this combined modality strategy approach, with
acceptable morbidity and mortality in a specialized unit set-
ting of 63%, with patients surviving beyond 10 years. Bevan
et al. [4] observed that following a CRS and HIPEC combined
treatment, low-grade mucinous adenocarcinomas had a 5-year
survival range from 62.5 to 100%, while high-grade mucinous
adenocarcinomas had 0–65%. Therefore, this approach is uti-
lized as the current medical care treatment; clinical response of
reported patients who received CRS in combination with
HIPEC is summarized in Table 2.

HIPEC is used at 42 °C as it elicits a cytotoxic effect, as
well as it synergistically enhances the effect of chemotherapy
[55]. Intraperitoneal chemotherapy provides the benefit of de-
creased systemic effects and therapeutic concentrations
reached at lower doses [56]. The most common chemothera-
peutic agents used are mitomycin C, 5-fluorouracil, cisplatin,
and oxaliplatin [57]. Chua et al. [5] demonstrated that HIPEC,
despite being associated with an improved rate of progression-
free survival, was not shown to be a statistically significant
independent factor, when the overall survival was analyzed.
Therefore, although HIPEC may improve disease control,
complete cytoreduction seems to be an influential factor asso-
ciated with long-term survival.

Cytoreduction surgery involves a complex series of
peritonectomies executed in one single operation, with the
purpose to resect all visible tumors from intra-abdominal sur-
faces [58, 59]. The degrees of cytoreduction completeness
(CC score) assess the presence or absence of peritoneal carci-
nomatosis after CRS [60]. The score goes from 0 to 3, B0^ to
B1^ meaning a complete CRS with no nodules visible or nod-
ules less than 0.25 cm, and B2^ to B3^meaning an incomplete
CRS with nodules greater than 0.25 cm [61]. Extensive dis-
ease is prone to scores of incomplete cytoreduction and com-
plicated postoperative recoveries [21]. In a study conducted in
2004, it was shown that patient with complete CRS had a
greater median survival time (32.4 months) than those with
incomplete CRS (8.4 months) [61]. Therefore, essentially
complete cytoreduction surgery is preferred for long-term sur-
vival outcomes [58].

Comparing patients with incomplete cytoreduction,
Sugarbaker et al. [62] reported a significant 5-year surviv-
al difference of 86% in favor of patients with a complete
cytoreduction. However, complete cytoreduction and
postoperative complications may be affected by prior op-
erations due the formation of intra-abdominal adhesions

Fig. 1 Abdominopelvic CT scan.
Dilated appendix measuring
26 mm in thickness, with mural
calcifications, concerning for an
appendiceal mucocele. a
Transverse plane. bCoronal plane
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and scars [5]. The adhesions create multiple barriers that
limit access of the chemotherapy solution to visceral sur-
faces and prevent direct contact with the cancer [5, 63].
Moreover, free intraperitoneal cancer cells can become
entrapped within the scar tissue matrix, making it impen-
etrable by intraperitoneal chemotherapy [63].

An elevation of tumormarkers CEA,CA19.9, andCA125 in
mucinousmalignanciesmay indicate the presence or progression
of the disease or, after treatment, an increased risk of recurrent
disease [23]. Therefore, tumor marker measurements after sur-
gery are highly recommended to correlate their levels with treat-
ment outcomes. Epithelial appendiceal cancer was observed to
have a 56.1% positive CEA and a 67.1% positive CA 19.9 [64].
An elevated CEA tumor marker at the time of recurrence might
be indicative of a worsening prognosis, and decreased or normal
levels can be suggestive that there is no recurrence of the

condition [23]. However, despite the fact that CEAwas initially
increased in a higher percentage of PMP cases, van Ruth et al.
[65] reported there was no relation between preoperative CEA
and extent of tumor or recurrence. Instead, only CA 19.9 in-
creased in patients with recurrent disease [65].

Performing a CT scan as soon as the disease is suspected,
followed by an accurate histological sampling, is critical for
early and proper identification and diagnosis of PMP, and it
directly influences the outcomes and treatment of course.
Patients with an inappropriate diagnosis may have non-
definitive treatments like debulking surgery or chemotherapy,
affecting long-term outcomes and survival [8]. Clinical aware-
ness of this variable and rare condition is essential for a suc-
cessful management and improved outcomes. Case reports are
pivotal for improving our understanding of the disease, and
for the clinical awareness needed to treat patients with PMP.

Table 2 Clinical response after combining surgical cytoreduction with HIPEC in patients diagnosed with PMP

Author Year Sex Age Procedure Intraperitoneal treatment Clinical response

Li et al. [22] 2006 M 63 CRS Given, not specified Recurrence at 4 years

Haase et al. [30] 2009 F 30 CRS HIPEC—mitomycin C NED at 60 months

Zappa et al. [31] 2009 F 48 DS and a subsequent CRS HIPEC—mitomycin C Disease progression at 28 months

Khan et al. [32] 2010 M 48 Complete CRS HIPEC—mitomycin C NED at 18 months

El-Safadi et al. [33] 2010 F 24 DS HIPEC—mitomycin C Recurrence at 5 months

Da Fonseca et al. [34] 2010 F 40 CRS Mitomycin C Deceased at 1 month

Morris-Stiff et al. [35] 2011 M 56 DS HIPEC—mitomycin C NED at 6 months

Bouchereau et al. [36] 2011 F 46 Complete CRS HIPEC—oxaliplatin NED at 5 years

Laskov et al. [37] 2012 F 33 DS HIPEC—mitomycin C Recurrence at 18 months
(treated with CRS and intraperitoneal
infusion of 5-FU; NED at 7 years)

Kitai [38] 2012 F 60 CRS HIPEC Deceased at 12 months

Sugarbaker et al. [39] 2014 F 44 DS HIPEC—mitomycin C Death at 1 month

Singh et al. [40] 2014 F 26 CRS HIPEC—mitomycin C NED at 12 months

Murughan et al. [41] 2014 F 52 DS HIPEC—mitomycin C –

Tempfer et al. [42] 2014 F 62 – PIPAC—cisplatin and doxorubicin Stable after 6 months

Peixoto et al. [43] 2014 F 53 Complete CRS HIPEC Metastatic carcinoma at 18 months

Campanati et al. [44] 2014 F 35 CRS HIPEC—mitomycin C NED at 5 years

Sabbagh et al. [45] 2015 F 55 DS HIPEC—mitomycin C NED at 12 months

Chauhan et al. [46] 2015 M 75 DS HIPEC—mitomycin C Clinical remission

Anania et al. [47] 2015 F 45 DS HIPEC NED at 1 month

F 42 DS HIPEC –

Chiruvella et al. [48] 2016 F 61 CRS HIPEC—mitomycin C NED at 14 months

Gohda et al. [49] 2016 F 38 Complete CRS HIPEC—mitomycin C No recurrence at 2 years

Ababneh et al. [50] 2016 M 44 CRS HIPEC—oxaliplatin, 5-FU,
leucovorin

Mucinous adenocarcinoma
9 months after surgery

Mathur et al. [51] 2016 F 27 CRS HIPEC—mitomycin C and EPIC NED at 5 months

Vavinskaya et al. [52] 2016 F 41 Complete CRS HIPEC NED at 2 years

McGrath et al. [53] 2017 F 54 CRS HIPEC—mitomycin C Deceased at 8 years

Liang et al. [54] 2017 M 44 CRS Given, not specified NED at 7 months

F, female; M, male; HIPEC, hyperthermic intraperitoneal chemotherapy; CRS, cytoreductive surgery; DS, debulking surgery; PIPAC, pressurized
intraperitoneal aerosol chemotherapy; NED, no evidence of disease
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With the present data available, we recommend the proposed
standard of care, the combination of CRS followed by HIPEC
for all PMP classifications, in order to avoid malignant pro-
gression and morbidity of subsequent debulking surgeries.

In March 2018, the National Comprehensive Cancer
Network (NCCN) published a guideline for patients with co-
lon cancer [66] and included information regarding PMP.
They indicated that in recent studies, HIPEC did not show a
correlation with an improvement in the overall survival of
patients, whereas completeness of CRS did [66]. Because
the present studies are still inconclusive and unclear as to
determine a standard approach, we stand by the optimal treat-
ment for patients with pseudomyxoma peritonei, the combi-
nation of HIPEC with CRS. However, because this combina-
tion therapy can be challenging for many patients, clinical
consideration of both classifications (Ronnet’s andWHO clas-
sifications) should be contemplated to ensure the treatment is
strictly appropriated. Indeed, because the current existing clas-
sifications can be considered within a broad umbrella, a re-
vised and integrated category of these two classifications can
prove to be beneficial resulting in a more effective and a less
adverse effect-related therapy approach for selected patients,
avoiding unnecessary harm. Also, a palliative therapy should
be included as part of the treatment to provide relief for eligi-
ble patients and to those whose treatment is more aggressive.
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