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Abstract: Malignant peritoneal mesothelioma (MPM) is a rare, aggressive malignancy that
typically presents with vague symptoms, ascites, and/or diffuse peritoneal studding. Despite
ﬁndings of advanced disease within the peritoneal cavity, spread beyond the abdomen is
uncommon. Although advances in systemic chemotherapy have been made, cytoreductive
surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) remain the mainstay
of treatment. Median overall survival of approximately 50 months with CRS/HIPEC has
been demonstrated, with age, gender, histologic subtype, peritoneal carcinomatosis index,
comorbidities, nodal and extra-abdominal metastases, and completeness of cytoreduction all
playing a role in prognosis. In patients with refractory malignant ascites and unresectable
disease, complete resolution of ascites and improvement in quality of life have been
demonstrated with palliative HIPEC. In appropriately selected patients, CRS/HIPEC plays
a critical role in the treatment and palliation of MPM.
Keywords: malignant peritoneal mesothelioma, cytoreductive surgery, hyperthermic
intraperitoneal chemotherapy, peritoneal surface disease

Introduction
Mesothelioma is an unusual malignancy of the serosal membrane, with potential
involvement including the pleura, peritoneum, pericardium, and tunica vaginalis testes.
First described over a century ago by Miller and Wynn,1 malignant peritoneal mesothelioma (MPM) is a rare lesion, with an estimated incidence of approximately 400 new
cases per year in the United States.2 MPM typically presents with vague symptoms
related to ascites and/or diffuse peritoneal studding with uncommon spread beyond the
abdomen. Unlike its more common pleural counterpart, most research on MPM
includes single-institution case series or multi-institutional cohort studies, with no
randomized controlled trials. This review provides an overview of the epidemiology,
diagnosis, treatment options, and prognosis of MPM.
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Salem, NC 27157, USA
Tel +1 336 716 0954
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Epidemiology
With an incidence in the United States of 1.94 and 0.41 cases per 100,000 for men
and women, respectively, mesothelioma is a relatively uncommon disease.3,4 The
vast majority of mesothelioma arises from the pleura, with only 7–30% of cases
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arising from the peritoneum.3–6 In contrast to pleural
mesothelioma where there is a signiﬁcant predominance
of men diagnosed with the disease, there is an equal
distribution of MPM among men and women.3,4
Mesothelioma has been linked to radiation,7 infection
with simian virus 40,8 and mineral exposure, speciﬁcally
erionite,9 but the most common and well-known carcinogen remains asbestos exposure.10,11 Unlike pleural
mesothelioma where asbestos exposure accounts for
approximately 80% of cases,10,12 MPM is less clearly
associated with asbestos, if at all, and patients present at
a younger age.13–15 Only 33–50% of patients with MPM
report any prior asbestos exposure,10,11 and time and duration of exposure do not correlate with the development of
the disease.16 It is noteworthy that at our institution, ferruginous, or asbestos bodies have never been found in any
pathologic specimens from resections of MPM. Risk of
developing MPM due to exposure to other minerals or
pollutants has not been well quantiﬁed simply due to the
rarity of the disease.

Diagnosis
Typically, MPM is diagnosed between 40 and 65 years of
age17 and may present with vague, nonspeciﬁc symptoms
that can be quite variable depending on the extent and
distribution of disease throughout the peritoneum. Patients
most commonly complain of increasing abdominal distension and abdominal pain. In the majority of patients, the
increase in abdominal girth is due to ascites.18,19 Abdominal
pain is generally diffuse and nonspeciﬁc, although occasionally a palpable mass or malignant bowel obstruction is
discovered.19,20 Early satiety, weight loss, and nausea are
also common complaints. Occasionally, MPM is discovered
incidentally during laparoscopy for other indications.21
Because of the nonspeciﬁc presentation of MPM, diagnosis
is often signiﬁcantly delayed. Average time from onset of
symptoms to diagnosis is 4–6 months.22 Not surprisingly,
most patients have diffuse disease throughout the abdomen
by the time of diagnosis; however, hematogenous and nodal
metastases are rare occurrences.23
Diagnosis of MPM ﬁrst begins with a thorough history
and physical, with careful attention to asbestos and chemical exposures. Potential physical examination ﬁndings
may include a protuberant abdomen with a ﬂuid wave or
palpable mass. Serum chemistry and tumor makers have
a limited role. CA-125 may be elevated, but this is nonspeciﬁc for diagnosis and best used only as a marker for
disease recurrence or progression.24,25
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The most common modality used in detecting MPM is
contrast-enhanced CT scan, although MRI with contrast can
also be a useful alternative. MPM appears as a contrast
enhancing, heterogeneous, solid, soft tissue mass in the
peritoneum or omentum.26,27 It often lacks a distinct primary site as well as lymph node involvement or extraabdominal metastasis, which may help to differentiate it
from other malignancies.28 Peritoneal thickening, omental
caking, and scalloping of solid organs indicative of tumor
inﬁltration are often discovered,27 and ascites is present in
over 60% of the patients (Figure 1).29,30 If the disease
inﬁltrates the small bowel mesentery, the mesentery may
have a pleated appearance while the mesenteric vessels
have an uncharacteristically straight course.31 Late ﬁndings
of MPM include small bowel obstruction and replacement
of mesenteric fat by solid tumor (Figure 2).32
To deﬁnitively diagnose MPM, pathologic evaluation is
required. As the majority of patients present with ascites, it
is tempting to send this ﬂuid for cytologic examination.
However, due to the low number of malignant cells in the
ﬂuid, such analysis has a low diagnostic yield and is often
inconclusive.10,19,33 Even if diagnostic paracentesis is suggestive of MPM, a pathologic specimen is still required for
immunohistochemical staining to conﬁrm a diagnosis. Fineneedle aspiration of peritoneal implants can conﬁrm
a diagnosis, but for improved accuracy, the preferred diagnostic modality is core-needle biopsy or direct tissue sampling by diagnostic laparoscopy.34 Diagnostic laparoscopy
also offers the advantage of direct visualization of the
abdominal cavity with an improved assessment of tumor
burden, as CT scans often underestimate the volume of
disease.28 If undertaken, it is incumbent upon the surgeon
to deﬁne the extent of disease as well as to obtain tissue
sufﬁcient for accurate pathologic analysis.
MPM is divided into three histopathological subtypes:
epithelioid, sarcomatoid, and biphasic. Approximately
75% of MPM is epithelioid, 25% is biphasic, and sarcomatoid is rare and associated with very poor outcomes.35
Histologically, epithelioid MPM cells resemble normal
mesothelial cells in a tubulopapillary or trabecular pattern
with rare mitotic ﬁgures.31,36 Because of occasional signet
ring cells and desmoplastic response, it can be difﬁcult to
distinguish from adenocarcinoma.37 In contrast, sarcomatoid MPM has tightly packed spindle cells with malignant
osteoid, chondroid, or muscular elements. As the name
suggests, the biphasic subtype contains both epithelioid
and sarcomatoid cellular components, with each contributing to at least 10% of the overall histology.31,36 There are
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Figure 1 CT scan demonstrating liver scalloping and ascites.

Figure 2 Extensive epithelioid malignant peritoneal mesothelioma involving the omentum.

also indolent varieties of peritoneal mesothelioma, such as
cystic and tubopapillary, which may not progress. The
utility of expert pathologic consultation in these cases
cannot be understated.
Because cellular histology is often similar to other
tumors, immunohistochemical staining plays an important
role in the diagnosis of MPM. No single marker is speciﬁc
for MPM, but panels of antibodies are used to differentiate
MPM from other tumors with similar cellular features, such
as papillary serous carcinoma of the peritoneum, serous
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ovarian carcinoma, colorectal adenocarcinoma of the peritoneum, and borderline serous tumors.16 MPM stains positive for cytokeratin 5/6 (CK 5/6), calretinin, vimetin,
epithelial membrane antigen, Wilms tumor 1 (WT-1),
mesothelin, and anti-mesothelial cell antibody-1.38–40
Negative staining for CEA, Ber-EP4, thyroid transcription
factor 1, PAX-2, LeuM1, Bg8, and B72.3 supports the
diagnosis of MPM. Analysis for BAP1 mutation can also
be helpful in assessing newly diagnosed patients. Current
histopathologic recommendations include using two
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mesothelioma markers and two carcinoma markers for
diagnosis.38–40
Pathologic characteristics of MPM are also prognostic
even within the epithelioid group. We have found that
histomorphologic features of the epithelioid subtype of
MPM convey strong prognostic information.37
Speciﬁcally, using nuclear features and mitotic rate, the
epithelioid MPM cases can be divided into low-risj and
high-risk groups with signiﬁcantly different 5-year survival rates after CRS/HIPEC of 57% versus 21% survival
at 5 years.

Staging
The most widely used and accepted classiﬁcation scheme
to quantify the peritoneal disease burden is the peritoneal
carcinomatosis index (PCI). In this system, the abdomen is
divided into nine regions by two transverse planes and two
sagittal planes (Figure 3). The regions are numbered in
a clockwise fashion with 0 at the umbilicus and 1 encompassing the space beneath the right diaphragm. The small
bowel is divided into four regions (upper and lower jejunum, upper and lower ileum) and numbered 9–12. Each
region is assigned a lesion size (LS) score based on the
amount of disease present. If no macroscopic tumor is
present, the region is assigned LS 0. If the maximum
diameter of the lesions is less than 5 mm, the region is
given an LS 1. Tumor with a maximum diameter greater
than 5 mm but less than 5.0 cm is assigned LS 2, and any
tumor greater than 5.0 cm or conﬂuence is given LS 3. The
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total score for all 13 regions is the PCI, with a minimum of
0 and maximum of 39.
Due to its diffuse spread throughout the abdomen and
rare nodal or extra-abdominal metastatic spread, MPM
does not logically ﬁt into typical tumor-node-metastasis
(TNM) staging systems. The 8th edition of the American
Joint Committee on Cancer (AJCC) staging manual has
a staging system for pleural mesothelioma, but does not
have a staging system for MPM.41 To address this issue,
a novel TNM staging system was proposed by Yan and
colleagues.42 In this system, T was assigned based on the
extent of disease burden quantiﬁed by intraoperative PCI
and divided into four subgroups: T1 (PCI 1–10), T2 (PCI
11–20), T3 (PCI 21–30), and T4 (PCI 31–39). Node status
(N) was assigned based on presence (N1) or absence (N0)
of positive lymph nodes on histopathology of surgical
specimens. Any extra-abdominal metastasis discovered
on pre-operative imaging was assigned M1. Stage
I disease included T1N0M0, stage II included T23N0M0, and stage III included T4N0M0 and N1 or M1
disease.42 Using this staging system, 5-year survival for
stage I, II, and III disease was 87%, 53%, and 29%,
respectively.42

Treatment
MPM is an aggressive disease and without treatment is
uniformly fatal, with an estimated survival of 6–16
months from time of diagnosis.22,43 Due to its rarity,
there are no randomized controlled trials evaluating the

Lesion size score

Lesion size

LS 0
LS 1
LS 2
LS 3

Central
Righr upper
Epigastrium
Left upper
Lefg flank
Left lower
Pelvis
Right lower
Right flank

9 Upper jejunum
10 Lower jejunum
11 Upper Ileum
12 Lower Ileum

11

PCI

No tumour seen
Tumour up to 0.5 cm
Tumour up to 0.5 cm
Tumour > 0.5 cm
or confluence

9

10
12

Figure 3 Regions for calculating the peritoneal carcinomatosis index (PCI).
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best treatment strategies. Recommendations for therapy
are based on single institutional cohort studies and retrospective data from multi-institutional registries.
Systemic chemotherapy, immunotherapy, and surgical
resection are potential treatment strategies. Precision
medicine for advanced disease is an evolving option.
For patients who are not candidates for surgical resection but suffer from refractory ascites, HIPEC can, in
selected patients, provide durable palliation. The use of
bidirectional chemotherapy or pressurized intraperitoneal
aerosol chemotherapy (PIPAC) to convert unresectable
MPM to resectable disease has also recently been
suggested.

Systemic chemotherapy
Most of the data on systemic therapy for MPM is extrapolated
from experience with pleural mesothelioma. Early trials of
systemic chemotherapy for MPM used a doxorubicin-based
regimen, but demonstrated a measurable response in only 43%
of the patients.44 Of those who responded, median overall
survival (OS) was 22 months; median OS for those with stable
or progressive disease was 5 months.44 Since that time,
a randomized clinical trial demonstrating longer median OS,
longer disease-free progression, and higher rate of clinical
response using pemetrexed plus cisplatin in treatment of
pleural mesothelioma has prompted further study in MPM.45
Efﬁcacy of pemetrexed alone or in combination with
cisplatin on surgically unresectable MPM was reported by
Janne et al.46 They found a median survival of 13.1
months for patients who received combination pemetrexed
and cisplatin, compared to 8.7 months for those who
received pemetrexed alone. Additionally, they showed
the response rate by RECIST criteria for patients who
received the combination was greater than for patients
who received pemetrexed alone (30% versus 19%, respectively), and all patients with a complete response received
the combined treatment. Pemetrexed was well-tolerated,
with low rates of grade 3 or 4 toxicities. These results
established pemetrexed in combination with cisplatin as
ﬁrst-line systemic chemotherapy for MPM.
Other chemotherapeutic drug combinations have also
been investigated. Campbell and colleagues studied carboplatin instead of cisplatin in combination with pemetrexed
and demonstrated a similar efﬁcacy, with a 24% objective
response rate and a 76% disease control rate.47 As carboplatin is often better tolerated than cisplatin, they proposed
the use of carboplatin in older patients and for palliation.
Gemcitabine in combination with pemetrexed was
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investigated as part of a larger study for pleural mesothelioma, but results were dismal.48 Due to toxicity, only 75%
of the patients completed the planned treatment, and
response rate and disease control rate were inferior to
that of platinum-based regimens. As a result, pemetrexed
in combination with a platinum agent remains ﬁrst-line
systemic treatment.
A trial reported at the European Society of Medical
Oncology meeting from the Francophone trials group evaluated the utility of adding bevacizumab to pemetrexed and
platinum for pleural mesothelioma.49 That study found
that adding bevacizumab increased the median OS from
2.7 months to nearly 19 months. As a result, this threedrug regimen has become the current standard for MPM at
many centers, including ours.

Immunotherapy
Immunotherapeutic approaches are being considered in
MPM, similar to other malignancies. Tremelimumab, an
anti-CTLA-4 agent, was studied as a second-line agent in
patients with MPM who progressed on a platinum-based
regimen.50 A modest beneﬁt was shown, with a median
OS of 10.7 months and median progression-free survival
of 6.2 months. Investigations targeting epidermal growth
factor receptor and phosphatidylinositol-3-kinase/mammalian target of rapamycin pathways are underway.51–54

Surgical resection
Despite advances in chemotherapy and immunotherapy,
surgical resection provides the mainstay for treatment of
MPM. A study of patients treated in the US and recorded
in the National Cancer Database found that only 50% of
MPM patients underwent CRS with or without HIPEC,
and CRS/HIPEC offered the best survival when compared
to CRS alone, systemic chemotherapy alone, or
observation.55 Other studies have shown prolonged survival in well-selected patients, demonstrating a median survival of 34–92 months and 5-year survivals of
29–59%.17,19,21,55–63 There is a wide range of surgeon
variability and CRS/HIPEC technique, although the overall goal of resecting all intra-abdominal disease is the
same. Our techniques have been published in detail elsewhere, but are brieﬂy outlined below.64
At our institution, prior to CRS/HIPEC, we ﬁrst conﬁrm a histologic diagnosis of MPM with a
pathologic second opinion. Patients with the sarcomatoid
variant of MPM are not candidates for resection; however,
epithelioid and highly selected biphasic cases are.35
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Exclusion criteria for CRS/HIPEC include comorbid conditions that signiﬁcantly decrease functional status, extraabdominal metastasis, or poor performance status
(ECOG >2).
An estimation of residual tumor after CRS is important
for prognosis and treatment and also determines eligibility
for CRS/HIPEC. Two scoring systems are commonly used
to quantify residual tumor after CRS: the completeness of
cytoreduction (CC) score and the residual disease score (R
score) from the AJCC staging manual.41 When no peritoneal disease is seen after CRS, a CC score of 0 is assigned.
CC-1 indicates peritoneal nodules less than 2.5 mm in
diameter remaining after CRS. A CC-2 is assigned if
nodules are between 2.5 mm and 2.5 cm, and CC-3 indicates nodules greater than 2.5 cm or conﬂuence of an
unresectable tumor. CC-0 and CC-1 are considered
a complete cytoreduction because CC-1 tumor size is
thought
to
be
penetrable
by
intraperitoneal
65
chemotherapy. Alternatively, the R score quantiﬁes residual disease by resection margin. After CRS, an R0 resection is considered complete macroscopic resection with
negative margins on ﬁnal pathology.41 Complete macroscopic resection with positive microscopic margins is classiﬁed as R1. An R2 resection is considered an incomplete
macroscopic resection and is subdivided based on the
maximal size of residual disease (R2a ≤5 mm, R2b
5 mm to 20 cm, R2c >2 cm). Since the peritoneal (radial)
margins are positive by deﬁnition in MPM, we classify all
complete cytoreductions as R0/R1. If a patient has a tumor
burden so extensive on preoperative imaging or diagnostic
laparoscopy as to preclude an R2a resection or better, at
our institution they are not a candidate for CRS/
HIPEC,57,64 although palliative HIPEC for refractory
ascites may still be a consideration. Patients with voluminous ascites or high PCI are referred for upfront systemic
chemotherapy aiming to downstage their volume of disease and increase the potential of complete cytoreduction
in the future.
Anesthesia is secured with arterial line monitoring, and
nasogastric and urinary catheters are routinely placed. If
the patient has signiﬁcant pelvic disease volume or
a complex history of prior surgery, we arrange for temporary external ureteral stents to be placed at the outset of the
case to facilitate retroperitoneal dissection. A wide prep
including the lower chest is performed, and antibiotics and
venous thrombosis prophylaxis are routine. We start with
a midline laparotomy incision to thoroughly explore the
abdomen and quantify the PCI. We perform a routine
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supracolic omentectomy and resection of all gross disease.
Peritoneal stripping and resection of intra-abdominal
organs are performed only as indicated by the presence
of visible disease. Small tumor implants on the small
bowel or mesentery are treated with resection, electrofulguration or ultrasonic surgical aspiration if they are too
numerous or diffuse to be removed with small bowel
resection.
Following CRS, we use a closed abdomen HIPEC
technique and perfuse with cisplatin according to the
National Cancer Institute (NCI)–described protocol
with sodium thiosulfate given intravenously.58 Due to
a paucity of trials and comparison studies, there is no
standardized HIPEC technique, and a variety of chemoperfusion regimens are currently used. In their series,
Deraco et al found no statistically signiﬁcant difference
between cisplatin plus mitomycin versus cisplatin plus
doxorubicin on OS or progression-free survival (PFS).60
In a study conducted at our institution, Blackham et al
compared DFS, PFS, event-free survival (EFS), and OS
in patients who underwent HIPEC with mitomycin versus cisplatin.57 Prior to 2004, we perfused with
30–40 mg/m2 of mitomycin; however, based on data
from the NCI, we began using cisplatin in 2004. When
comparing survival with cisplatin or mitomycin perfusion, we demonstrated a statistically signiﬁcant OS beneﬁt at 1, 2, and 3 years in patients perfused with
cisplatin (80% vs 47%, 80% vs 47%, and 80% vs
42%, respectively).57 Median OS for cisplatin and mitomycin was 40.8 months and 10.8 months, respectively,
although this difference did not reach statistical signiﬁcance. DFS, PFS, and EFS showed a trend of better
outcomes for those perfused with cisplatin, but likely
due to the small number of patients in the study and
shorter follow-up period of the cisplatin cohort, these
differences were not signiﬁcant.
Recent work by the RENAPE study group showed
improved OS when a two-drug combination was used versus one chemotherapeutic agent.66 This retrospective cohort
study used the RENAPE database and included 249 patients
with MPM from 20 tertiary referral centers. Six commonly
used chemoperfusion regimens were investigated: cisplatin
alone, cisplatin + doxorubicin, cisplatin + mitomycin, mitomycin alone, oxaliplatin alone, and oxaliplatin + irtinotecan.
There was no signiﬁcant difference in OS among the
groups; however, when comparing patients who received
a single chemotherapeutic agent to patients who received
two, OS was signiﬁcantly better in patients who received
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a combined regimen (HR 0.54, 95% CI 0.31–0.95). There
was no difference in major morbidity between patients who
received one drug versus those who received two chemotherapeutic agents (29.5% vs 29.8%, p=0.16).

Precision medicine
Using tumor DNA to identify actionable genetic mutations for use in adjuvant treatment is an emerging strategy in precision oncology. At our institution, work is
underway to develop micro-engineered 3D tumor organoids from fresh tissue specimens to provide patientspeciﬁc models with which treatment optimization can
be performed in vitro prior to initiation of adjuvant
therapy. Speciﬁcally, Mazzocchi and colleauges have
demonstrated the viability of this organoid platform in
tumor specimens resected from two patients with
MPM.67 They showed the results of in vitro chemotherapy on the organoids mimicked the response to chemotherapy observed in the patients themselves.
Moreover, they identiﬁed a speciﬁc genetic mutation in
one patient which conferred susceptibility to a nonstandard treatment and further conﬁrmed its effectiveness in tumor regression. Although a limited study, the
results are promising for a personalized treatment strategy in MPM, and potentially other diseases.

Refractory malignant ascites
Malignant ascites is a common comorbid condition
accompanying peritoneal surface disease and can occur
with a wide range of neoplasms, including MPM.68,69
Loss of proteins and electrolyte disorders can cause diffuse
edema, and the accumulation of ﬂuid can facilitate sepsis,
all contributing to a signiﬁcant loss in patients’ quality of
life.70 Treatment options include diuretics, paracentesis,
immunotherapy, and shunts, all with varying, but limited,
degrees of efﬁcacy and morbidity.
HIPEC is a potential treatment strategy for patients
who have refractory malignant ascites who are not candidates for curative CRS.69,71 Our institution examined
the efﬁcacy of HIPEC in controlling malignant ascites in
patients in whom complete CRS was attempted but was
not completed as a result of the distribution or volume of
disease.71 Malignant ascites was found in 299 patients
that underwent 310 procedures. The majority of the
patients had an appendiceal primary (46%), followed by
colorectal (17%), and MPM (15%). Most patients underwent a 120-min perfusion (78%) with mitomycin
C (83%). Complete resolution of malignant ascites
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occurred in 93% of the patients, and 84% of these still
had a residual macroscopic disease (R2 resection). In the
7% of the patients where the ascites did not completely
resolve, the majority (86%) were R2 resections. There
was no statistically signiﬁcant difference in resolution of
ascites based on resection status, primary tumor, perfusion duration, or perfusion agent, suggesting that resolution of malignant ascites is more likely a function of
HIPEC rather than CRS. We also suggest that if ascites
is unexpectedly discovered at the time of a planned CRS/
HIPEC in which only an R2b or R2c resection can be
achieved, patients may still beneﬁt from proceeding with
the HIPEC portion of the procedure to control the ascites.
In cases where a complete CRS is not possible, organ
resections should be avoided.

Bidirectional chemotherapy and PIPAC
In patients who are deemed surgically unresectable due to
high tumor burden, current treatment modalities are limited. Two groups in France, however, have proposed
intraperitoneal chemotherapy strategies aimed at decreasing overall tumor burden to convert unresectable MPM to
disease amenable to CRS/HIPEC. After diagnostic
laparoscopy demonstrated unresectability, LeRoy and
colleagues placed intraperitoneal catheters with subcutaneous ports through which they instilled multiple cycles
of intraperitoneal pemetrexed combined with intravenous
(IV) cisplatin/carboplatin or intraperitoneal oxaliplatin
combined with IV gemcitabine.72 After a median of 5
cycles, 73.3% of the patients had a reduction of PCI and
went on to CRS/HIPEC; in the remaining 26.7%, the
peritoneal disease remained unresectable. In a study
with similar aim, Alyami et al reported their results
with PIPAC in decreasing intraperitoneal disease in
a heterogenous group of unresectable tumor primaries,
including MPM.73 After performing an exploratory
laparoscopy, a pressurized aerosol containing cisplatin
followed by doxorubicin, oxaliplatin alone, or mitomycin
C alone, was applied intraperitoneally using a highpressure injector inserted into the abdomen through
a trocar. PIPAC was alternated with systemic chemotherapy every 6–8 weeks for multiple cycles. By the third
PIPAC cycle, PCI decreased in 64.5% of the patients, but
ultimately only 11.0% of patients went on to CRS/
HIPEC. Clearly, more experience and long-term followup will be required for both modalities, but they may
provide potential treatment options in patients with otherwise limited alternatives.
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Prognosis
Due to the rarity of the disease, the best data on MPM
following CRS/HIPEC stem from large single-institution
studies, multi-institutional registries, and national databases.
The largest multi-institutional registry of patients with MPM
treated with CRS/HIPEC included eight international institutions during a 10-year period and accrued 405 patients.23 The
median OS was 53 months, and 1-, 3-, and 5-year survival
rates were 81%, 60%, and 47%, respectively. Epithelioid
subtype, absence of lymph node metastasis, CC0/CC1 resection, and HIPEC itself were independently associated with
improved survival. The overall complication rate was 46%,
of which 31% were grade 3 or 4 complications, and perioperative mortality was 2%. Another multi-institutional study
with patients from three US institutions included 211 patients
and demonstrated a median OS of 38.4 months with a 5-year
survival rate of 41%.61 Independent predictors of survival
included age, sex, histology, resection status, and chemoperfusate. A similar perioperative mortality rate (2.3%) and
complication proﬁle were found.
More recently, a meta-analysis that included 20 studies
and 1,047 patients found a median OS ranging from 19 to 92
months, median PFS of 11–28 months, and median DFS
from 7.2 to 40 months.62 OS at 1 and 5 years was 84% and
42%, respectively. There was a wide range of morbidity
(8.3–90%) and mortality (0–20%), however, likely related
to the steep learning curve in some reporting institutions.
Histologic subtype of MPM has remained one of the most
consistent factors in predicting survival. Multiple studies
have demonstrated that the epithelioid subtype confers
a more favorable OS (51.5 months)74 compared to sarcomatoid and biphasic subtypes (10.5 months).23,74–76 The sarcomatoid subtype carries such a dismal prognosis that most
centers, including ours, consider it a contraindication to CRS/
HIPEC, as there is no proven survival beneﬁt.74 Recent work
at our institution, however, has demonstrated that for the
biphasic subtype, long-term survival can be achieved in
patients with a complete cytoreduction (CC-0) and
HIPEC.35 The previously nihilistic view of the biphasic subtype likely stemmed from its rarity and traditional practice to
group it with the sarcomatoid subtype. Median OS for biphasic subtypes with a CC-0 resection was 6.8 years but dropped
off steeply with an incomplete resection (2.8 years for CC-1
resection). This study demonstrated that the biphasic subtype
should not be considered an absolute contraindication to
CRS/HIPEC as long-term survival can be attained with
a complete cytoreduction.
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The completeness of cytoreduction or resection status
is also a well-established independent predictor of survival
in patients with MPM who undergo CRS/HIPEC. In the
largest analysis by Yan et al, the CC score had
a statistically signiﬁcant impact on survival, with
a median OS of 94, 67, 40, and 12 months for CC 0, 1,
2, and 3, respectively.23 Alexander and colleagues had
similar ﬁndings, showing that patients with a CC of 2 or
3 had nearly twice the risk of death compared to those
with a CC of 0 or 1 (HR 1.81, p=0.02).61 In biphasic
cohorts, survival depends so greatly on resection status
that even a CC 1 resection has a shorter survival by
4 years.35 Thus, at many institutions, if a complete or nearcomplete cytoreduction cannot be obtained, CRS/HIPEC
is considered contraindicated.
Staging systems, by deﬁnition, should include factors
prognostic for survival. With the creation of a novel TNM
staging system for MPM, Yan and colleagues identiﬁed
seven prognostic factors previously shown to impact survival: age, gender, histologic subtype, CC score, PCI, and
lymph node metastasis.42 As age, gender, and histologic
subtype were intrinsic and not affected by disease progression, and CC score could only be determined postoperatively,
only PCI, nodal status, and extra-abdominal metastasis were
included in the staging system. Previous studies demonstrated a median OS of 119 months for patients with a PCI
less than or equal to 20, but an only 39-month survival if the
PCI was greater than 20.23 Likewise, Magge et al demonstrated that preoperative PCI was predictive of OS.74
Although a rare ﬁnding, patients with nodal metastasis had
an OS of 20 months, as compared to 56 months in patients
without nodal metastasis. The poor prognosis of involved
lymph nodes was also conﬁrmed by Baratti and colleagues,
who found that pathologically negative nodes were independently correlated with increased OS.77 It is not surprising that
extra-abdominal metastasis is a poor prognostic indicator, as
this is true of all intra-abdominal malignancies. In their study,
Yan et al included 12 patients with disease that penetrated the
tendinous portion of the diaphragm. Despite resection of
extra-abdominal disease in all cases, the median OS of 20
months was poor and signiﬁcantly less than patients with no
metastatic disease.23

Conclusion
MPM is a rare disease typically localized only to the
abdominal cavity with low potential for lymphatic or
extra-abdominal metastases. CRS/HIPEC has provided
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the mainstay of treatment, demonstrating long-term survival, especially in patients with a favorable subtype, low
PCI, and complete cytoreduction. Treatment strategies will
continue to be reﬁned as more data emerge regarding
intraperitoneal perfusion options and adjuvant systemic
therapies. As targeted molecular therapies continue to
evolve, a multimodal strategy is likely to involve both
a surgical and systemic approach.
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