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Abstract: Malignant peritoneal mesothelioma (MPM) is a rare neoplastic condition that arises, usually
diffusely, from the serosal membranes of the abdominal cavity. MPM represents about 7% to 10% of all
mesothelioma diagnoses and this translates into approximately 800 cases per year in the United States. The
disease has variable tumor biology but progression, when it occurs, is almost always within the abdominal
cavity. Although many patients can be successfully treated at initial presentation, the disease is almost always
fatal in time. It afflicts men and women almost equally and the median age at presentation is 50 years.
The diagnosis is made when a diffuse malignant process within the abdominal cavity is observed and a
tissue sample reveals the characteristic histopathology and immunohistochemical profile of mesothelioma.
Initial staging is usually via a cross sectional imaging study of the abdomen and pelvis making sure that the
lower thorax is also assessed. If the disease burden and distribution is favorable then operative exploration,
cytoreduction, and hyperthermic intraperitoneal chemotherapy (HIPEC) are considered first line treatment

in selected patients. Systemic pemetrexed and cisplatin (or gemcitabine) have modest response rates that are

of limited duration. Research advances with novel systemic or intraperitoneal agents hold promise.
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Introduction

Malignant peritoneal mesothelioma (MPM) represents
approximately 7% to 10% of all mesothelioma diagnoses
with the majority being the pleural variant. It is a rare
cancer that is eventually fatal is most afflicted individuals.
There are approximately 800 new cases of MPM diagnosed
annually in the United States with both males and females
having an equal incidence of the disease (1-3). There
are several risk factors that have been implicated in the
development of MPM; data indicating a strong association
between asbestos exposure and the development of disease
have been known for decades (4).

The first description of MPM was likely in a case report
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from over 100 years ago in which a 32-year-old male
miller who presented with abdominal pain and ascites
was described (5). The authors reported that the patient
harbored a condition that was an extensive and diffuse
intraperitoneal neoplastic process not amenable to surgical
resection. He was treated palliatively and succumbed to
disease one year later. Fifty years later, a review of the
literature identified only 13 pathologically confirmed cases
of MPM (6). However, after that detailed description of
the tumor’s pathological features, there was a marked
increase in the number of subsequently documented cases.
In 1972, Moertel published a comprehensive review of the
subject and described the clinical presentation, histological
features, and biological behavior of 169 cases documented
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in the literature (7). One of the earliest studies evaluating
a regimen specifically for MPM patients was published
by Antman and colleagues in 1983 (8). In that report,
18 treatment naive patients with MPM were treated with a
multi-disciplinary regimen including cytoreduction (CRS)
and a systemically administered doxorubicin containing
regimen. Fourteen had measurable or evaluable disease and
six (43%) had a measurable response. The median survival in
the six responding patients was 22 months while survival for
the remaining eight patients who had stable or progressive
disease was 5 months. The doxorubicin containing regimens
were associated with significant toxicity.

Opver the next 30 years, a number of institutional reviews
established the foundation for CRS and hyperthermic
intraperitoneal chemotherapy (HIPEC) as the preferred
first-line therapy in selected patients due to the long term
survival associated with the procedure and the limited
benefit of systemic therapy. More recently, there have been
remarkable discoveries into the molecular biology of MPM
that will undoubtedly serve as the springboard for more
effective intervention. It has been shown that the tumor
suppressor gene, BAP-1 is mutated in high frequency
in patients with MPM and that BAP-1 mutation may
predispose individuals to the development of MPM (9,10).
"This review will cover the current concepts in the diagnosis
and management of patients with this condition.

Diagnosis and initial evaluation

Patients with MPM usually present with signs and
symptoms that reflect a diffuse progressive abdominal
condition; these symptoms include bloating and abdominal
pain which are frequently caused by ascites as well as early
satiety, weight loss, and decrease in energy (8,11,12). In
some cases, a palpable abdominal mass has been described
on examination. In contrast to the pleural form of the
disease, genders are afflicted equally and the median age at
diagnosis is approximately 50 years although the condition
can arise in teenagers and the elderly (13).

Two hallmark features of the disease are the heterogeneity
of it biological behavior, that is, the rate of disease
progression is highly variable, and its propensity to remain
confined to the abdominal cavity throughout the course of
disease (14). Extra-abdominal disease is unusual and when it
occurs is manifested by disease progression either into the
pleural space (via direct extension or trans-diaphragmatic
lymphatics) or extra-abdominal lymph node metastasis (15).
Extra-abdominal disease will usually occur when there
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is long-standing and advanced disease in the abdomen
(16,17). Nevertheless, almost all patients succumb to the
consequences of disease progression in the abdominal
cavity.

The diagnosis of MPM should be considered in any
individual with evidence of a diffuse malignant process in
the abdomen on initial clinical evaluation. It is confirmed
based on suspicion of findings on cross-sectional imaging
and tissue biopsy with appropriate immunohistochemical
staining. Computed tomography (CT) scan is the imaging
modality most commonly used although magnetic resonance
imaging (MRI) using specific acquisition protocols may
be increasingly used in the future (18,19). The value of
positron emission tomography (PET) or PET/CT in initial
diagnosis or staging is not clear (20). Radiographically, the
disease may or may not be associated with ascites. There
are usually diffuse omental masses, mesenteric nodules or
nodularity, or parietal peritoneal thickening (21). Generally,
the most favorable findings are ascites associated with
minimal soft tissue masses and preserved normal anatomy
of the small bowel and its mesentery (Figure I). The most
unfavorable radiographic findings include the absence of
ascites and large diffuse nodular thickening of the peritoneal
surfaces with marked distortion of the normal architecture
of the bowel (Figure 2). Intermediate CT findings include
an imageable layer of tumor on the small bowel and its
mesentery. CT findings consistent with bowel obstruction
are very ominous (19). CT scan is important not only to
assess the extent of disease and assist in treatment planning
but may also provide findings that distinguish MPM
from other malignancies that can present with peritoneal
dissemination such as stomach, pancreas, colon, and ovarian
neoplasms.

Tumor specimens may be obtained through diagnostic
laparoscopy or CT guided biopsy; diagnostic laparoscopy
has the added advantage of allowing for direct visualization
of tumor burden and, consequently, the identification of
patients whose disease is amenable to operative intervention.
Abdominal paracentesis may be diagnostic; however, there
are usually only scant numbers of malignant cells present in
ascites for diagnosis. Upper and lower endoscopy should be
performed as clinically indicated.

There are three histological subtypes of MPM:
epithelioid, sarcomatoid, and the mixed/biphasic type; the
epithelioid subtype is the most common and associated
with the best prognosis (Figure 3) (22-25). A panel of
immunohistochemical antibodies must be employed to
definitively establish the diagnosis. Antibodies that usually
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Figure 1 (A) Top panel shows diffuse nodularity of the mesentery;
(B) computed tomography in a patient with MPM showing diffuse
ascites but preservation of normal mesenteric architecture. MPM,

malignant peritoneal mesothelioma.

Figure 2 Computed tomography in a patient with MPM showing
findings that are associated with unresectable disease such as
diffuse small bowel mesenteric nodularity and solid masses. MPM,

malignant peritoneal mesothelioma.

stain positive in MPM and are most commonly used are
calretinin, cytokeratin 5/6, and vimentin. Others that may
be used include epithelial membrane antigen (EMA), and
Wilms tumor 1 (WT-1). CEA, B 72.3, MOC-31, and Ber-
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epithelioid (B), and sarcomatoid (C) mesothelioma.

EP4 are used to exclude a carcinoma from another primary
source (22-25). It is recommended that two or more
mesothelial immunohistochemical markers be used when
establishing the diagnosis of MPM (26).

Serum laboratory studies may reveal an elevated cancer
antigen (CA)-125; however, this marker alone is not tumor
specific and is typically best used to monitor for disease
recurrence or progression in those with a confirmed
diagnosis (16,27). Consequently, morbidity and mortality
from DMPM occurs from regional disease progression
secondary to progressive intestinal obstruction and
cachexia (11). The median survival in untreated patients is
approximately 6 months after diagnosis (28).
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Table 1 Proposed staging system for patients with MPM
Stage T stage PCI N stage* M stage® 5y OS (%)

[ 1 1-10 0 0 87

[ 2 11-20 0 0 53
3 21-30 0 0

I 4 21-39  0-1 0-1 29
1-4 1-39  0-1 1

*N stage, presence of extra-abdominal nodal metastases;
*M stage, extra-abdominal metastases. MPM, malignant
peritoneal mesothelioma; PCI, peritoneal cancer index; OS,
overall survival.

Staging and patient selection for operative CRS
and HIPEC

First-line intervention for selected patients with MPM is
widely acknowledged to be operative CRS and HIPEC with
chemotherapy. Patient selection for CRS and HIPEC is
influenced by the overall physiological health of the patient
and a careful estimation regarding the ability to achieve a
complete or near complete cytoreduction. The peritoneal
cancer index (PCI), which is derived from radiographic
imaging or intraoperative evaluation codifies the extent of
disease by assigning an extent of disease score of 0 to 3 to
13 different regions of the abdominal cavity (29). In general
a PCI of less than 20 is considered low to moderate burden
disease, 21 to 30 as moderate, and above 30 as high burden of
disease.

Based on the diffuse nature of MPM and its propensity to
remain confined to and progress within the abdominal cavity,
a traditional TNM staging system has limited utility. One
such system has been proposed that stratifies the PCI into
quartiles (1-10, 11-20, 21-30, and above 30) as a surrogate
for T-stages 1 to 4. The presence of intra-abdominal nodal
disease constitutes N disease and any extra-abdominal disease
is M (30). This staging system shows an association with
decreasing survival with increasing stage (Table ).

CRS and HIPEC for patients with MPM

Most data detailing outcomes in selected patients
undergoing CRS and HIPEC or EPIC (early post-operative
intraperitoneal chemotherapy) are retrospective single of
multi-center reports. In selected patients the morbidity
and mortality range from 30-40% and 2-4%, respectively
(13,15,29,31). Median overall survival ranges from 30 to
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92 months and this most likely reflects variations in patient
selection rather that differences in therapeutic approach
(13-15). The best survival has been uniformly observed in
patients for whom a complete or near complete (minimal
residual disease) can be achieved; this has been codified
as completeness of cytoreduction (CCR) score 0 or 1,
respectively. Patients who have limited or diffuse gross
residual disease are scored as a CCR 2 or 3, respectively;
outcomes for these patients are significantly worse.

Two large multi-center studies have been reported
(Table 2) (29,31). The largest is a multi-institutional review
that combined data from 29 centers worldwide and included
405 MPM patients; although the goal of operative CRS
was complete resection of all visible disease, the selection
criteria for CRS and HIPEC were not uniformly defined
and a variety of intraperitoneal chemotherapeutic agents
were utilized during HIPEC including cisplatin, mitomycin
C, and doxorubicin (29). The median actuarial overall
survival was 53 months with three and five-year survival
rates were 60 and 47 percent, respectively. A second multi-
institutional report that included 211 patients treated at
three centers in the United States (which were not part
of the previous study) showed an actuarial overall survival
of 38 months and 5- and 10-year survival rates of 41 and
26 percent, respectively (31). All patients underwent CRS
and HIPEC using either cisplatin or mitomycin C. Both
studies evaluated potential prognostic factors associated with
improved survival. Factors independently associated with
improved survival in both studies included a CCR score of
0 or 1 and histologic grade of tumor. In the second study,
the use of cisplatin versus mitomycin C during HIPEC
was associated with improved survival ; interestingly, the
benefit was most marked in those who had a CC 0 or 1, and
there was no benefit to HIPEC with either agent in patients
who had a suboptimal surgical cytoreduction (CC >2).
The association between improved survival and the use of
cisplatin has also been reported by another group (33).

Additional studies, mostly single center reports have
provided additional information related to the use of CRS
and HIPEC in patients with MPM. Based on reports from
the University of Maryland, the degree of tissue invasion
based on histopathology appears to be an important
predictor of aggressive tumor biological behavior and
shortened patient survival (24,25). In an analysis of factors
associated with outcome in 73 patients treated with CRS
and HIPEC factors independently associated with poor
outcome included sarcomatoid growth pattern, degree
of tissue invasion (codified at the time of histopathologic

www.thejgo.org 7 Gastrointest Oncol 2016;7(1):79-86



Journal of Gastrointestinal Oncology Vol 7, No 1 February 2016

Table 2 Summary of selected publications of patients with MPM

83

Study Type N Summary findings
Yan (29) International multi-center retrospective 405  Factor associated with best OS were CCR 0-1,
review histopathology
Alexander (31) United States, 3 centers retrospective 211 Factors associated with best OS were CCR 0-1,
review histopathology, cisplatin versus mitomycin HIPEC
Miura (32) SEER database review [1973-2010] 1,591 OS increased over time in patients undergoing operation;
over 60% of MPM patients received no surgical therapy
Helm (13) Meta-analysis 20 CRS and HIPEC 1,047 Median age: 51 years; 59% female gender; median PCI: 19;

publications

CCR0-1: 67%

MPM, malignant peritoneal mesothelioma; OS, overall survival; PCI, peritoneal cancer index; CCR, completeness of cytoreduction.

analysis as absent (0), into stroma (), into fat (I), or into
adjacent structures (II)), and surgical CCR score of >2.
Several studies have reported on variations of treatment
regimens such as neoadjuvant or adjuvant systemic
chemotherapy or prolonged intra-peritoneal administration
of chemotherapy after CRS. Based on the uncontrolled
nature of these reports it is conclude that more ambitious
treatment regimens offer any additional benefit over CRS
and HIPEC alone. An aggressive multimodality two-
staged operative approach for patients with MPM has
been reported (34). In this phase II trial, 27 patients had
initial CRS and placement of an IP catheter, followed by
IP cisplatin, doxorubicin, and gamma interferon for four
months. Subsequently, a second laparotomy was performed
with attempted complete cytoreduction of residual disease
and HIPEC using cisplatin and mitomycin C, followed by
whole abdominal radiotherapy (RT) in approximately half
of patients. There were no perioperative deaths; grade 3 or
4 toxicities included small bowel obstruction, fistula,
chemical peritonitis, and catheter infection in one patient
each, and ototoxicity in two patients. The median overall
survival was 70 months, with a three-year survival of
67 percent. The Washington Hospital Center has reported
outcomes of a study using adjuvant IP pemetrexed and
IV cisplatin for six cycles after CRS and HIPEC in ten
patients with MPM (35). Treatment was well tolerated,
and there was an apparent pharmacokinetic advantage to
IP pemetrexed. No long term survival data are reported.
Investigators at NCI Milan reported outcomes in 116
MPM patients, some of whom received neoadjuvant and/or
adjuvant systemic chemotherapy in addition to HIPEC (36).
There was no association between use of chemotherapy
and CCR, operative morbidity, or survival. Several studies
have shown that HIPEC can palliate malignant ascites in
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over 90% of patients with MPM, even in those who have
suboptimal or no surgical cytoreduction (37,38).

Two recent population based studies have been reported
on the use of surgical intervention in patients with MPM
(Table 2). In an analysis of 1,591 patients diagnosed
with MPM between 1973 and 2010 obtained from the
Surveillance, Epidemiology, and End Results database (32),
a number of parameters associated with increased risk of
shortened survival were identified including advancing
age, male gender, histology (biphasic versus epithelioid),
and extent of disease. The study also found that surgical
resection was associated with improved survival overall, that
survival after surgical resection improved over time, and
that currently almost 57% of individuals with a diagnosis
of MPM do not undergo any type of surgical resection.
Together the data suggest that over time improvement
in patient selection has resulted in better outcomes after
surgical resection but that many individuals who may be
good candidates for surgical resection are not presented
with that option. A meta-analysis of 20 publications
reporting on 1,047 patients with MPM undergoing
CRS and HIPEC reported a complete or near complete
cytoreduction (CCO or CC1) in 67% of patients (13). The
estimated 5-year survival in the cohort was 42%; treatment
factors associated with improved survival included the use
of early post-operative intraperitoneal chemotherapy (EPIC)
and the use of cisplatin alone or in combination during
HIPEC or EPIC. Some of the publications included in the
meta-analysis were sequential reports from one institution
which may have included overlapping cohorts of patients.

For patients with recurrence after initial CRS/HIPEC,
repeat CRS and HIPEC in selected patients is associated
with long term survival. Two studies have shown that in
selected patients, outcome after repeat CRS and HIPEC
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is associated with long term benefit. A study from the
Washington Hospital Center reported the outcomes of
44 patients out of 205 with MPM who underwent a
second CRS and HIPEC (35). Median overall survival was
54 months in those undergoing a second DRX and HIPEC
versus 77 months for those after initial CRS and HIPEC.
Notably, the ability to achieve a complete or near complete
(CCO or CC1) resection was significantly lower in patients
undergoing a second CRS and HIPEC highlighting the

need for careful patient selection.

Systemic therapy for patients with MPM

Systemic chemotherapy for patients with MPM is most
commonly use in those who are not good operative
candidates. Two reports have presented the results of an
expanded access program that evaluated pemetrexed alone
or in combination with cisplatin for patients with MPM
who were deemed surgically unresectable (39,40). Patients
received pemetrexed alone or in combination with cisplatin
for six cycles or until disease progression. The response
rates for chemotherapy naive patients versus those who
had previously received chemotherapy were similar (25%
and 23.3%, respectively). The median survival of patients
who received pemetrexed alone was 8.7 months compared
to 13.1 months for patients who received the combination
regimen. The rate of disease control (CR + PR + SD)
among all patients was 71.2%. The disease control rate
and similar response rates between chemotherapy naive
and previously treated patients indicate that pemetrexed
has reasonable clinical activity as a first or second line
chemotherapeutic agent. As a result of these studies,
pemetrexed with cisplatin has been widely adopted as the
preferred initial chemotherapeutic regimen for DMPM
patients with surgically unresectable disease.

An alternate regimen has been tested and reported from
phase II trial which evaluated the efficacy of pemetrexed and
gemcitabine in surgically unresectable and chemotherapy
naive patients with (41). Patients received this combination
regimen for six cycles or until disease progression. The
overall response rate with this regimen was 15% with an
estimated one year survival rate of 67.5%. The median time
to disease progression was 10.4 months. Unfortunately, the
toxicity associated with this regimen was significant; 25%
of patients did not finish the planned course of therapy and
there was one treatment related death. Despite the similar
disease control rates and the longer median overall survival
for patients in this study compared to those who received
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the pemetrexed/cisplatin combination in the previous study,
the severe toxicity associated with this regimen limits its
clinical utility for patients with MPM.

There are limited other systemic options for patients
with MPM although current research studies may alter
the landscape in this regard very markedly. Although a
high proportion of MPM tumors express or over-express
the epidermal growth factor receptor (EGFR) (42); data
from a phase II study using an EGFR inhibitor have not
demonstrated clinically meaningful activity (43). Other
reports have shown that the phosphatidylinositol-3-kinase
and mammalian target of rapamycin (P13K/mTOR) signaling
pathways may be targets in this disease but no clinical
data have been published (44,45). The use of bevacizumab
with systemic chemotherapy showed no benefit in a multi-
center trial random assignment trial (46,47). A monoclonal
antibody that targets the cytotoxic T-lymphocyte antigen 4
(CTLA4), was evaluated in a phase II trial in patients with
previously-treated pleural or peritoneal mesothelioma (48).
In 29 evaluable patients the overall response rate was low
(7 percent) but disease-control was seen in 31 percent of
patients with a median progression-free survival of six
months. The overall toxicity profile was favorable.

Summary and conclusions

MPM is a rare and diffuse condition of the peritoneal cavity. In
selected patients, CRS and HIPEC has been associated with
long term survival; factors associated with the best outcome
are female gender, age less than 60 years, favorable histology,
and complete resection of all visible disease at operation
(CCR 0). Systemic chemotherapy has some efficacy but
is usually held in reserve for patients who are not good
operative candidates. Immune checkpoint inhibitors and
other targeted agents are in clinical development.
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