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Abstract
Malignant peritoneal mesothelioma (MPM) is a rare and aggressive neoplasm that is largely
resistant to traditional anti-cancer therapies. For years it has been considered a terminal condition
and once diagnosed, patients generally survived less than a year despite aggressive treatment.
Although rare, the worldwide incidence of MPM continues to rise, in part due to its association
with asbestos exposure. Patients usually present with non-specific symptoms of abdominal
distension and pain making the diagnosis challenging. In recent years, aggressive cytoreductive
surgery with the administration of hyperthermic intraperitoneal chemotherapy (HIPEC) has
improved survival in patients with MPM treated at multiple centers worldwide. This review article
briefly highlights the presentation, diagnosis, and natural history of MPM. We then explore the
available treatment options with primary focus on cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy.

Introduction
Malignant mesothelioma is a rare, aggressive malignancy that arises from serosal surfaces
such as the pleura, peritoneum, pericardium, and tunica vaginalis. It is found more
commonly in males and classically effects middle aged to elderly patients with a mean age
of 58 years[1]. The link between malignant mesothelioma and exposure to asbestos was first
recognized in 1960[2]. Malignant mesothelioma is a rapidly fatal disease and if left
untreated, survival rarely exceeds a year[3]. Although first described in 1908[4], advances in
traditional oncologic therapies such as palliative surgery, systemic chemotherapy, and whole
body radiation have produced little, if any, survival benefit[5-8].

Approximately 10-20% of malignant mesotheliomas arise from the peritoneum. Patients
with malignant peritoneal mesothelioma (MPM) generally present with vague abdominal
symptoms and most ultimately die from a bowel obstruction or cachexia. Over the past
fifteen years, significant improvements in overall survival and disease-free survival have
consistently been reported by treating MPM patients with aggressive cytoreductive surgery
(CS) combined with perioperative hyperthermic intraperitoneal chemotherapy (HIPEC).
Median overall survival (OS) between 36 and 92 months, with 5-year survival rates as high
as 59%, have been published[9]. In addition, long-term survivors without evidence of
recurrence have been reported suggesting a potential cure in a small subset of patients.
However, most of our knowledge regarding the management of MPM with CS plus HIPEC
comes from single institutional phase I/II studies[10-18], primarily because the rarity of the
disease makes large multi-institutional randomized trials nearly impossible. Beyond the
single institutional experiences, only one meta-analysis[9] and one multi-institutional
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registry analysis[19] are available to analyze the efficacy of this procedure. However, by
comparing results from historic controls and traditional therapies, it is becoming
increasingly evident that CS plus HIPEC is the best treatment option for long-term survival
in patients with MPM.

Epidemiology
The overall incidence of malignant mesothelioma is significantly higher in men than in
females, most likely related to occupational exposure to asbestos. It generally occurs in
middle aged and elderly patients with a mean age of 58 years[1]. Age-adjusted rates of
mesothelioma in the 1990’s in the United States were approximately 20 per million for
males and 4 per million for females[20]. In contrast, the incidence of mesothelioma in Great
Britain is 70.9 per million in men which is one of the highest rates in the world[21]. The
peritoneum is the second most common site of mesothelioma comprising of 10-20% of all
malignant cases. Approximately 250-400 cases of MPM are diagnosed in the United States
each year[20,22].

Multiple studies have confirmed the association between asbestos exposure (specifically
amphibole fibers) and malignant mesothelioma[3,22-25]. Temporal trends of asbestos use
and rates of malignant mesothelioma suggest a latency period of 20 to 40 years. As such,
asbestos exposure peaked in the early 1970’s in the United States and age-adjusted rates of
malignant mesothelioma appear to have peaked in the mid 1990’s[20]; however, the
worldwide incidence of malignant mesothelioma continues to rise and is not expected to
peak for another 15 to 20 years[26]. Peak incidences of mesothelioma in several European
countries have been estimated: 2010 in Norway[27]; between 2011 and 2015 in Great
Britain[21]; between 2012 and 2024 in Italy[28]; and 2030 in France[29]. The association
between asbestos exposure and MPM is much weaker compared to pleural
mesothelioma[22,24] especially in females. Only between 29-58% of males with MPM
report known asbestos exposure compared to 2-23% in females[25,30]. In addition, lung
fiber analysis suggests that 75% of MPM in men were asbestos-related, where as only 33%
of MPM in women were asbestos-related[31]. Exposure to erionite, thorotrast, simian virus
40 have also been implemented in malignant mesothelioma, however their exact roles
remain unclear[23,32]. In some rural areas of Turkey, malignant mesothelioma is endemic
due to environmental exposure from asbestos-contaminated soil[33]. Some genetic studies
of Turkish families living in these remote villages in Turkey suggest that some individuals
may also possess a genetic predisposition to developing mesothelioma[34].

Clinical Presentation and Natural History
Classically, patients who are diagnosed with MPM present with ascites, abdominal pain,
abdominal distension, fatigue and/or an abdominal mass. Some patients present with a new
abdominal wall hernia relating to the intra-abdominal ascites and pressure. Lymph node and
distant metastases are rare but patients often present with advanced disease resulting in
bowel obstruction and widespread peritoneal dissemination[35]. In addition, a subset of
patients with MPM present primarily with medical symptoms including fevers, diarrhea,
weight loss, abdominal pain, and fatigue[36]. Thrombocytosis and hypercoagulability are
also commonly associated with MPM. Prior to modern treatment options, median survival
for patients with MPM was between 6 and 8.2 months[37-38]. The most common causes of
death from MPM are bowel obstruction, cachexia, and pulmonary thromboembolism[36,39].

Diagnosis and Pathology
Computed tomography (CT) with intravenous, oral and rectal contrast is the imaging
modality of choice and often reveals serous ascites, peritoneal and/or omental thickening/
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nodularity and an abdominal mass(es), although the full extent of disease is difficult to
appreciate because of its diffuse nature (see figure 1). Magnetic resonance imaging and
positron emission tomography provide little additional information and their roles in
evaluating MPM remains unclear. In addition to imaging, tumor markers are helpful in some
patients. CA 125 and CA 15.3 tumor markers have been shown to have a sensitivity of 53%
and 49%, respectively, in patients with MPM[40] and when elevated can be used as a
marker for response to treatment and disease progression/recurrence. New tumor markers
are being evaluated and appear to be more specific for mesothelioma, including;
mesothelin[41], soluble mesothelin related proteins (SMRP)[42] and osteopontin[43].

The pathologic diagnosis of MPM can be challenging and is sometimes made by peritoneal
fluid cytology or radiographic guided biopsy but definitive diagnosis most often requires
laparoscopy or laparotomy. Macroscopically, MPM is characterized by thousands of white
nodules on the peritoneal surface (see figure 2). When performing diagnostic procedures,
biopsies and laparoscopic ports should be placed through the linea alba because of case
reports of tumor implantation within needle tracts and abdominal incisions[44].

The cytologic and histologic features of MPM have been described in recent articles[45-46].
The tumor arises from mesothelial cells lining the peritoneal cavity. Three broad subtypes of
MPM have been described: epithelioid, mixed/biphasic, and sarcomatoid. Epithelioid MPM
is by far the most commonly found subtype, diagnosed in approximately 75-92% of cases;
while mixed/biphasic comprises 8-22% [47-48]. Sarcomatoid MPM is very rare. This
distinction is important because biphasic and sarcomatoid MPM are extremely resistant to
treatment and are associated with a poor prognosis[10,14-16]. In addition, nuclear/nucleolar
size, chromatin pattern, mitotic index, atypical mitosis, pattern of necrosis, depth of bowel
invasion, and lymph node involvement are histomorphologic parameters with prognostic
value[48]. There are many immunohistochemical markers that aid pathologists in
distinguishing MPM from nongynecologic adenocarcinomas and papillary serous
carcinoma. The most useful positive immunohistochemical markers are calretinin, WT-1,
and D2-40, while common negative markers include CEA, MOC-31, BG8, B72.3, and Ber-
EP4[46].

Traditional Treatment Strategies
Historically, palliative surgery and systemic chemotherapy have yielded disappointing
results when treating MPM patients with median survival ranging from 6 to 15
months[1,8,37-39,49]. Response rates for single-agent chemotherapy are only 10-15% while
combination chemotherapy regimens claim response rates up to 25%[50]. MPM is also
largely resistant to whole abdominal radiation with similar survival rates[51]. In addition,
intraperitoneal chemotherapy without surgical debulking has not significantly influenced the
natural history of MPM yielding median survival between 5 and 9 months[52-53]. In a more
recent series, Manzini, et al.[36] analyzed the natural history of MPM in 81 patients. Thirty
patients (37%) were treated with surgery but only seven (9%) were treated with concomitant
HIPEC. Over half (45 patients) were treated with systemic chemotherapy and 21 patients
(26%) were treated with surgery and systemic chemotherapy. The median survival in this
group of patients was only 13 months.

Recent randomized trials using modern combination chemotherapy regimens to treat pleural
mesothelioma[49,54] have sparked renewed interest in the systemic treatment of MPM and
several phase I/II studies have shown modest clinical improvements. Jänne, et al.[55]
recently reported outcomes on 73 patients with MPM from multiple institutions in the
United States who were treated with pemetrexed with or without cisplatin. Disease control
(complete response, partial response or stable disease) was achieved in 71% of patients and
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median survival was 13.1 months in patients who received the combined regimen. These
results are comparable to a multi-institutional European study[56] that analyzed 109 patients
with MPM who received pemetrexed with or without cisplatin or carboplatin. The disease
control rate was 68% with one-year survival of 47%. While median OS for patients
receiving combined therapy had not been reached, median survival for patients receiving
pemetrexed alone was 10.3 months. As part of another phase II trial[57], pemetrexed plus
gemcitabine yielded a 50% disease control rate with a time to disease progression of 10.4
months, a median OS of 26.8 months and a two-year survival of 50% in twenty patients with
MPM not amendable to curative surgery.

Cytoreductive Surgery with Intraperitoneal Hyperthermic Chemotherapy
Over the past twenty years, the locoregional therapeutic approach of aggressive surgical
cytoreduction with the perioperative administration of HIPEC has gained increasing
attention in treating pseudomyxoma peritonei and peritoneal carcinomatosis from a variety
of malignancies including ovarian, appendiceal, colorectal, and gastric cancers. Because
MPM is also confined to the peritoneal cavity, this treatment modality is being utilized with
curative intent in patients diagnosed with MPM. The rationale of CS plus HIPEC stems from
considering the peritoneum as a unique organ system that can be treated by local resection.
Aggressive cytoreduction involves complete lysis of adhesions, omentectomy,
peritonectomies, and various organ resections when required to eliminate as much
macroscopic disease as possible. Microscopic residual disease is then treated with
intraperitoneal heated chemotherapy at doses much higher than could be given
systemically[58-59]. It is generally accepted that intraperitoneal chemotherapy only
penetrates a few millimeters into tissue which underscores the importance of aggressive
surgical cytoreduction of all macroscopic disease when safely possible. Hyperthermia has
direct cytotoxic effects and increases the depth of chemotherapy penetration[60-62]. A
variety of administration technique of HIPEC exist but at our institution it involves placing
two inflow and two outflow cannulas into the peritoneal cavity before temporarily closing
the midline laparotomy skin incision. Using a perfusion pump the chemotherapeutic agent is
pumped in and out of the abdominal cavity maintaining a constant temperature (40° Celsius)
and flow rate (1 liter/minute) while gentle external massage is used to facilitate
chemoperfusate flow throughout the peritoneal cavity. After 60 to 120 minutes, the abdomen
is drained, the midline incision reopened, the cannulas removed, and the abdomen closed in
the usual fashion. Regimens involving early postoperative intraperitoneal chemotherapy
(EPIC) require cannulas, ports, or drains to be left within the abdominal cavity.

Wake Forest University Medical Center is one of the largest peritoneal malignancy
programs in the United States and we recently published our results treating MPM with CS
and HIPEC[10]. Over a fifteen year period, thirty-eight patients with MPM were treated
with CS and HIPEC. Our initial intraoperative chemoperfusions utilized mitomycin C,
however for the past seven years, we have used cisplatin. The mean age was 55 years and
the male to female ratio was 2:1. Twenty-two patients (65%) were considered to be disease
free after undergoing either R0/1 or R2a cytoreduction (residual tumor ≤ 5mm). Median OS
was 40.8 months and 3- and 5-year survival of 56% and 17%, respectively. Although not
statistically significant, we found a trend towards better OS in patients treated with cisplatin
(40.8 months vs 10.8 months). In fact, there was a significant difference in 3-year survival
between patients perfused with cisplatin compared to mitomycin (80% vs 42%). This is the
first study to suggest that the chemoperfusion regimen of HIPEC may make a difference in
clinical outcomes. The longest surviving patient in our series is alive without evidence of
disease over 14 years after his procedure, suggesting that cure may be possible in a subset of
cases.
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Other recently published single institutional series have reported similar results treating
MPM with CS and HIPEC (see table 1). Brigand, et al.[11] from France, reported results
treating fifteen MPM patients with CS and HIPEC. Cytoreduction of all macroscopic disease
(CC-0) or residual nodules less than 2.5mm (CC-1) was achieved in 73% of patients.
Patients were perfused with cisplatin and mitomycin C. Mild perioperative complications
occurred in six patients (40%) but no patient experienced a complication requiring
reintervention and there were no postoperative deaths. Median OS was 36 months with 1-,
3-, and 5-year survival rates of 69%, 43%, and 29% respectively. Patients who received a
CC-0 or CC-1 resection had a median OS of 37.8 months and a 5-year survival of 43.8%,
compared to patients who underwent a CC-2 CC-3 resection (residual nodules greater than
2.5mm) whose median OS was 6.5 months and 5-year survival was 0%.

A recent report from the National Cancer Institute in Milan, Italy[12] analyzed results
treating 83 MPM patients with CS and HIPEC. Patients were perfused with either cisplatin +
mitomycin C or cisplatin + doxorubicin. Grade III-V complications occurred in 27.7% of
patients and operative mortality was 2.4%. Median OS was 44 months with 5- and 10-year
survival rates of 49.5% and 45.5% respectively. This same group from Italy studied
outcomes of thirty-eight patients who developed progressive disease following CS and
HIPEC[63]. Median time to progression was 9 months and median survival from
progression was 8 months. In thirty-one patients (81.6%) only peritoneal progression was
found with small bowel and its mesentery involved in all cases except four. Disease
progression was noted in 21% of anatomical regions where CC-0 cytoreduction were
performed, while it was seen in 78% and 71% of regions where CC-1 and CC-2/3 resections
were achieved. They noted a trend toward better outcomes in patients treated with repeat CS
with or without HIPEC compared to systemic chemotherapy.

Other cancer centers have combined HIPEC with early postoperative intraperitoneal
chemotherapy (EPIC). In their most recent publication on MPM, Feldman, et al.[13] at the
National Cancer Institute in the United States, describe combining CS plus cisplatin-based
HIPEC and a single intraperitoneal administration of 5-fluorouracil and paclitaxel between
postoperative days 7 and 10. Their mean operative time was 6.5 hours and an RD0 or RD1
cytoreduction (less than 100 residual lesions all less than 5mm) was achieved in 47% of
patients. Post-operative complications occurred in 25% of patients with two patients
requiring reoperation for fascial dehiscence or gastric perforation. Median PFS was 17
months and median OS was 92 months with 5-year estimated survival of 59%.

The experience treating 100 patients with MPM at the Washington Cancer Institute by
Sugarbaker and colleagues was recently reported[14]. While their HIPEC protocol has
evolved over time, their current protocol involves intraperitoneal cisplatin and doxorubicin
at the time of cytoreduction followed by EPIC using paclitaxel on post-operative days 1
through 5. Sixty-nine patients underwent adequate cytoreduction. Mean duration of surgery
was 7.9 hours and mean hospital stay was 22 days. Grade III and IV morbidity rates were
24% and 11% respectively. Post-operative mortality was 5%. Median OS was 52 months
with 1-, 3-, 5-, 7-year survival rates of 78%, 55%, 46% and 39%, respectively. In a report
analyzing only patients treated with their current regimen[64], sixty-two patients had a
median OS of 79 months with 3- and 5- year survival rates of 58% and 50% respectively.

Kluger, et al.[15] from Columbia University in New York recently proposed a two-stage
procedure to reduce the morbidity and mortality of CS plus HIPEC. They reported results
from forty-seven patients with MPM who received partial cytoreduction followed by eight
weekly intraperitoneal courses of alternating cisplatin ± gemcitabine and doxorubicin,
followed by four weeks of intraperitoneal gamma interferon. Patients were then treated with
a second laparotomy and complete cytoreduction if necessary, followed by HIPEC using
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cisplatin and mitomycin C. Eight patients did not undergo the second procedure and four
additional patients did not undergo intraoperative HIPEC. The mean length of stay for both
operations was 16 days. In total, perioperative complications occurred in 16 patients (34%)
while major complications occurred in 24% of patients. One patient died following the first
operative (2% overall mortality). Median OS was 54.9 months and 3- and 5- year survival
rates were 62% and 49% respectively. Seventeen patients were also treated with whole
abdominal radiation, however due to treatment-related complications, radiation therapy was
discontinued.

In 2008, a multi-institutional data registry on MPM was established and outcome data was
recently published including 401 patients treated at eight institutions worldwide[19]. The
mean age was 50 years and 56% were men. Median follow-up was 33 months. One hundred
eighty-seven patients (46%) underwent complete cytoreduction. As expected a variety of
different HIPEC regimens were used at each institution. Thirty-three patients (8%) did not
receive intraoperative HIPEC. The mean operation duration was 8 hours. The mean hospital
length of stay was 22 days. One hundred eighty-eight patients (46%) suffered a
perioperative complication; including 127 patients (31%) who had grade III/IV
complications. Post-operative mortality was 2%. Overall median survival was 53 months
with 3- and 5-year survival rates of 60% and 47% respectively.

Prognostic Factors
While the available studies include relatively small numbers of patients and the treatment
regimens differ at most institutions, several clinical, operative, and histopathologic factors
have consistently shown prognostic value. Completeness of cytoreduction has been
associated with improved survival in all major studies[10-17,63]. This underscores the
importance of patient selection pre-operatively, as well as surgical technique and clinical
experience. Most centers have identified histologic subtype as a significant predicator of
survival. Specifically, biphasic and sarcomatoid MPM are very resistant to treatment and
patient prognosis is extremely poor[10,14-16,64]. Mitotic count ≥ 5 per high power
field[12,17] and nuclear grade[17] have also been associated with survival. Nuclear size was
recognized as the dominant histopathologic prognostic factor by Yan et al.[64]. The 3-year
survival rate with nuclear size <20μm was 100% while 3-year survival in patients with
nuclear size > 40μm was 0%. Finally, although uncommon, lymph node metastasis
correlates with a poor prognosis and some authors have recommended lymph node sampling
at the time of cytoreduction[12,14].

From the multi-institutional MPM data registry,[19] variables associated with improved
survival were identified on univariate analysis and included: age ≥ 50, female gender,
epithelial subtype, absence of lymph node metastasis, absence of extra-abdominal
metastasis, CC-0 or CC-1 cytoreduction, peritoneal cancer index of ≥ 20, use of HIPEC,
transfusion of ≤ 5 units, and absence of cardiac complication. Only epithelial subtype,
absence of lymph node metastasis, completeness of cytoreduction and use of HIPEC were
independently associated with improved outcomes in multivariate analysis. Interestingly, the
HIPEC delivery technique (open vs closed), the chemoperfusion regimen and the use of
EPIC were not associated with significant differences in survival.

Using the data from this multi-institutional registry, a TMN staging system has recently
been proposed for MPM[65]. In this proposed system (see Table 2), the T factor is based on
the peritoneal cancer index (PCI) which assesses tumor size (0 to 3) in 13 intraabdominal
anatomical regions yielding a score between 0 and 39. Applying this staging system to the
data registry showed five-year survival rates for Stage I, II, and III of 87%, 53%, and 29%
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respectively. While this proposed staging system requires further validation, it provides
clinicians and patients with valuable prognostic information that otherwise would not exist.

Challenges and Future Directions
The improved outcomes from CS plus HIPEC in treating MPM are accompanied with
significant challenges. One of the greatest challenges in treating MPM is selecting which
patients are able to undergo optimal treatment prior to laparotomy. Unlike other forms of
peritoneal carcinomatosis, MPM often does not spare the small bowel making resectability
difficult to assess prior to surgery. As described above, patients who cannot receive adequate
cytoreduction because of disease location or extent have poorer outcomes. For this reason,
Yan et al.[66] analyzed preoperative CT scans in patients who underwent adequate
cytoreduction compared to suboptimal cytoreduction. They found significantly larger tumors
in the epigastric region and proximal small bowel in patients who underwent suboptimal
surgical cytoreduction. Based on these results, they developed a prediction model where
patients who have tumor > 5 cm in the epigastric region and have nodular thickening of the
small bowel with mesentery involvement have a 100% probability of a suboptimal resection,
whereas patients who lack these two CT scan findings have a 94% probability of adequate
cytoreduction.

Another significant challenge in treating MPM patients is that adequate cytoreduction is
technically demanding and results in significant morbidity for patients. An extensive
learning curve exists in performing CS plus HIPEC and experience over time has been
associated with improved survival rates[67]. In fact, a recent study[68] suggests that as
many as 130 procedures may be required before peak performance (graded by percentage of
complete cytoreduction) is reached.

Morbidity from CS plus HIPEC has been reported to be as high as 46%[19]. Despite the
high morbidity, quality of life studies suggest that most patients are able to attain acceptable
quality of life with return of functional status and reduced pain between 3 and 6 months after
surgery[69-70]. At experienced centers, improved patient selection and refined surgical
technique will continue to improve clinical outcomes and decrease the morbidity and
mortality of this procedure. As more medical oncologist and surgeons become increasingly
aware and knowledgeable about CS and HIPEC and its potential benefits in treating MPM
patients, more patients will be diagnosed earlier and referred to peritoneal surface
malignancy programs. As a result, more surgical oncologists will become proficient in this
procedure and it will become more widely available.

Lastly, due to the rarity of MPM, there is an absence of “level 1 evidence” comparing
efficacy and safety of CS plus HIPEC compared to traditional modalities. Selection bias is
an obvious consequence of the available phase I/II single institutional studies. In addition,
each institution utilizes a different perioperative HIPEC regimen, making direct comparisons
between studies difficult. Clearly, randomized controlled trials are needed; however, they
will be difficult, if not impossible to obtain. Years will be required at multiple centers to
recruit enough patients as evident by the largest available study[19] on MPM in which
twenty years of experience at eight international institutions were required to accumulate
400 patients. Additionally, based on the current evidence it would be difficult, if not
unethical, to randomize patients between a potentially curative procedure and a palliative
traditional therapy. In the meantime, quality multi-institutional prospective studies are vital
to establish consistent prognostic criteria to improve patient selection and identify the most
efficacious HIPEC regimen. Multi-modality studies are also needed to establish the role of
systemic chemotherapy in addition to CS plus HIPEC in patients with MPM.

Blackham and Levine Page 7

European J Clin Med Oncol. Author manuscript; available in PMC 2013 September 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Summary
A recent consensus statement regarding MPM was published based on questionnaire
responses from health care providers who attended the 5th International Workshop on
Peritoneal Surface Malignancies[71]. In summary, it recommends that patients with MPM
should be referred to a peritoneal malignancy program to be evaluated for CS plus HIPEC.
Patients should undergo pre-operative chest and abdominal CT scans to assess the extent of
disease and determine resectability. As histology is a strong prognostic factor, the diagnosis
should be confirmed by highly qualified centers with adequate experience with the disease.
Tissue biopsy should be obtained via laparoscopy and if disease is found incidentally during
another operation, cytoreduction should not be performed so as to preserve the integrity of
the peritoneal barrier until definitive cytoreduction with HIPEC can be performed. Patient
age, histologic subtype, mitotic count, nuclear grade or size, deep tissue invasion, previous
debulking, performance status, and completeness of resection are the most significant
prognostic factors that influence clinical outcomes in patients with MPM treated with CS
and HIPEC. Based on current evidence, systemic chemotherapy with cisplatin plus
pemetrexed or gemcitabine may be considered as adjuvant therapy. A subset of inoperable
candidates may theoretically benefit from systemic chemotherapy and afterwards undergo a
second surgical evaluation. While no standard chemoperfusion regimen is recommended,
most experts agree that a combined regimen including cisplatin is preferred. While several
centers use EPIC and/or whole abdominal radiation, the contribution of such therapies in
addition to HIPEC is unknown. Follow-up visits should be performed every 3-4 months
during the first two years and every 6 months thereafter and should include an abdominal
CT scan and CA125 level for those patients with elevated levels pre-operatively.

Once considered a uniformly fatal condition, MPM is now a treatable malignancy by
utilizing aggressive CS and HIPEC. While this aggressive therapy can be associated with
significant morbidity, clinical outcomes have consistently revealed improved survival rates.
Increased awareness and acceptance is needed among oncology care providers and
prospective multi-institutional studies are required to better define patient selection criteria,
prognostic factors, the most efficacious HIPEC regimen, and the role of neoadjuvant/
adjuvant systemic chemotherapy. In the meantime, based on the available evidence, CS plus
HIPEC should be considered standard of care for patient diagnosed with MPM.
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Figure 1.
CT image of malignant peritoneal mesothelioma showing significant omental thickening and
ascites.
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Figure 2.
Malignant peritoneal mesothelioma characterized by small nodules covering peritoneal
surfaces most often resulting in diffuse intra-abdominal dissemination, omental thickening
and serous ascites.
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Table 1

Survival results from selected series using cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy to treat malignant peritoneal mesothelioma.

Study n= Median OS
(months)

Survival

3-year 5-year

Blackham 2010[10] 38 41 56% 17%

Brigand 2006[11] 15 36 43% 29%

Baratti 2010[12] 83 44 * 50%

Feldman 2003[13] 49 92 59% 59%

Yan 2006[14] 100 52 55% 46%

Kluger 2010[15] 47 55 62% 49%

Tudor 2010[16] 20 30 46% *

Yan 2009[19] 401 53 60% 47%

*
not reported
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Table 2

Proposed staging system for malignant peritoneal mesothelioma.

Tumor (T)

 T1 PCI 1-10

 T2 PCI 11-20

 T3 PCI 21-30

 T4 PCI 31-39

Lymph Nodes (N)

 N0 No lymph node metastases

 N1 Positive lymph node metastases

Distant Metastasis
(M) No extra-abdominal metastatic

disease M0

 M1 Extra-abdominal metastatic disease

Stage Tumor
(T)

Lymph Nodes
(N)

Distant Metastasis
(M)

Estimated
5-year Survival

I T1 N0 M0 87%

II T2-3 N0 M0 53%

III T4 N0/1 M0/1 29%

T1-4 N1 M0/1

T1-4 N0/1 M1

PCI—peritoneal cancer index
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