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21.1 Introduction

Mesothelioma is an uncommon tumor arising from
the mesothelial cells lining the pleura, peritoneum,
pericardium, and tunica vaginalis layer of testis [1].
Peritoneal mesothelioma (PM) represents about
one-fifth to one-third of all forms of mesothelioma.
The definition of PM includes a constellation of
disease entities with different clinical presentation,
biological behavior, and prognosis. Localized PM
is uncommon and generally benign. On the con-
trary, diffuse malignant peritoneal mesothelioma
(DMPM) is the commonest and more aggressive
variant. Well-differentiated papillary peritoneal
mesothelioma (WDPPM) and multicystic perito-
neal mesothelioma are exceedingly rare and bor-
derline malignant conditions. In its malignant
forms, the disease has been traditionally consid-
ered as an end-stage disseminated condition and
treated with debulking (DBK) and/or palliative
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systemic chemotherapy (sCT). Treatment options
were mainly palliative and minimally effective.
The interest in this disease on part of biological and
clinical researchers was poor. Only in recent years,
an increasing number of patients with PM have
been treated with cytoreductive surgery (CRS)
and hyperthermic intraperitoneal chemotherapy
(HIPEC), resulting in remarkable survival improve-
ments and increased interest in this disease. This
chapter reviews several relevant issues regarding
the surgical and local-regional management of
DMPM and the borderline PM sub-variants.

21.2 Epidemiology of Peritoneal
Mesothelioma

Age-adjusted incidence rates in the Surveillance,
Epidemiology, and End Results (SEER) database
(1973-2003) for DMPM were 1.2 per 1,000,000
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person-year in men and 0.8 per 1,000,000
person-year in women. In Europe, crude inci-
dence based on the RARECARE database
(1995-2002) for both genders combined was 1.3
per 1,000,000 person-year [2]. In 2008 in Italy,
the incidence of DMPM in men and women were
2.6 and 1.2 per 1,000,000 person-year, respec-
tively, with wide variations within the country.
Higher rates are reported in smaller areas with
widespread past use of asbestos, such as the har-
bor city of Genoa or Casale Monferrato (age-
standardized incidence in men in 1995 was
5.5/1,000,000) (www.ispesl.it\renam\index.asp).
An increase of 5-10% in the annual mortality
rate will be observed worldwide at least until
2020. The disease has likely already reached its
incidence peak in the USA. On the contrary, in
Europe and Australia, the peak is expected during
this decade [3]. The role of asbestos exposure in
DMPM has not been clearly established as in the
pleural forms. It is estimated that 58% of men
and only 20% of women with DMPM had past
asbestos exposure [4]. Therefore, it has been sug-
gested that etiology of DMPM may differ
between men and women. Since no asbestos
exposure is documented in about 20-40% of
DMPM, it has been suggested that other factors
may be the determinants. Simian Virus 40 (SV40)
is a possible co-factor in mesothelioma oncogen-
esis, and the hypothesis of a genetic susceptibil-
ity with an autosomal dominant pattern is based
on observations gathered in Cappadocia [5, 6].

21.3 Molecular Biology

The molecular and cellular mechanisms underly-
ing the proliferative potential and resistance to
therapy of DMPM are still poorly understood.
The biology of this disease has been thoroughly
investigated by clinical and basic science
researchers in our institution during the last
decade. It has been demonstrated that p16 expres-
sion is frequently absent or reduced in DMPM,
and EGFR over-expression is more common in
peritoneal than pleural forms. However, no cor-
relation with prognosis of over-expression of
EGFR, matrix metalloprotease-2 (MMP-2), and

MMP-9 was found in patients treated in our
center [7, 8].

The Ki-67 is a nuclear antigen expressed dur-
ing all cellular cycle, except the quiescent (GO)
phase. The Ki-67 is an excellent marker of cellu-
lar proliferation and tumor aggressiveness. Our
group and other groups have shown low Ki-67
expression in DMPM, with a median of 0.6-10%
positive cells, but higher expression has been
demonstrated to be a strong prognostic factor
[8-12]. Analogously, mitotic count is generally
low in DMPM, but higher proliferative activity
predicts poor prognosis [8].

On the other side, over-expression of cytopro-
tective factors, such as telomerase activity (TA)
and anti-apoptotic mechanisms has been demon-
strated in DMPM. TA is expressed in the major-
ity of DMPM and negatively impact prognosis
[13]. In DMPM specimens from 38 patients
undergoing various therapies; we assessed TA
using the telomeric repeat amplification protocol.
The alternative lengthening of telomeres (ALT)
mechanisms was studied by assaying ALT-
associated promyelocytic leukemia nuclear bod-
ies. ALT or TA alone was found in 18.2 and
63.6% of cases, respectively; both ALT and TA
were positive in two cases. In the overall series,
TA expression was significantly associated with
disease relapse (p = 0.018) and cancer-related
death (p = 0.045). ALT was not associated with
outcome. The prognostic relevance of TA was
confirmed in patients uniformly treated by CRS/
HIPEC.

Over-expression of cytoprotective factors,
including survivin and members of the Inhibitors
of apoptosis protein (IAP) family was recently
demonstrated by Zaffaroni et al. [ 14]. The authors
have analyzed DMPM proliferative and apoptotic
features and tested a survivin knockdown
approach in a human DMPM cell line. DMPM
cells were transfected with small-interfering
RNA (siRNA) targeting survivin mRNA. Survivin
expression, growth rate, and ability to undergo
spontaneous and drug-induced apoptosis were
measured, showing low proliferation rates and
poor apoptotic activity in DMPM cells. Survivin
was expressed in 91% of cases, and the other
IAPs in 69-100%. Transfection of DMPM cells
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with survivin siRNA resulted in survivin inhibi-
tion, decrease in cell growth, and enhancement of
spontaneous and drug-induced apoptosis, sug-
gesting that survivin may be a potential target for
biological treatments of DMPM.

The above biological features contribute to the
lack of effective treatment options in DMPM. We
explored novel immunotherapy approaches in an
attempt to improve DMPM patients’ survival
[15]. We tested CpG-oligodeoxynucleotides
(CpG-ODN), synthetic DNA sequences recog-
nized by Toll-like receptor 9 and able to induce
innate/adaptive immune response, in two DMPM
orthotopic xenografts established in our center,
namely Mesoll and STO, which properly reca-
pitulate  the  dissemination  pattern  of
DPMP. Several combined immunodeficiency
mice carrying DMPM xenografts were treated at
different stages of tumor development with intra-
peritoneally delivered CpG-ODNI1826 for
4 weeks. CpG-ODN1826-induced modulation in
the composition of peritoneal immune infiltrate
was assessed by flow cytometry. When adminis-
tered to early-stage tumors (i.e., 4 days after i.p.
DMPM cell injection in mice), the agent com-
pletely inhibited tumor growth and ascites devel-
opment (no evidence of tumor masses and ascites
in 6/6 mice at necropsy), and also impaired STO
tumor uptake and growth (4/6 tumor-free mice;
i.p. tumor masses reduced by 94% in the two
remaining mice, p = 0.00005). Interestingly,
when tested against late-stage STO tumors (i.e.,
11 days after i.p. DMPM cell injection in mice),
CpG-ODN1826 was still able to reduce the
growth of i.p. tumor masses by 66% (p = 0.0009).
Peritoneal washings of tumor-bearing mice
revealed a strong increase of macrophage infiltra-
tion together with a decrease in the presence of
B-1 cells and a reduced IgM concentration after
CpG-ODN1826 treatment. These data suggest
that locally administered CpG-ODN1826 is able
to markedly affect the growth of both early- and
late-stage DMPM orthotopic xenografts in the
absence of severe side effects, and suggest a pos-
sible clinical role for the agent in the therapy of
DMPM.

An additional line of research has involved
the expression of tyrosine kinases receptors

(TKRs) [16]. In surgical samples from 20 DMPM
patients undergoing CRS/HIPEC in our center,
Perrone analyzed TKRs and TKRs downstream
pathways, with mTOR and its effectors S6 and
4EBPI1, through biochemical and mutational
analysis and fluorescent in situ hybridization
(FISH). Activation/phosphorylation was shown
in 90% of cases for EGFR, in 75% of cases for
PDGFRB, and 45% of cases for PDGFRA by
immunoprecipitation/Western blot technique. In
100% of cases, no EGFR, PDGFRA, and
PDGFRB mutation and gene amplification were
demonstrated. AKT, ERK1/2 mTOR, S6, and
4EBP1 were most highly expressed and acti-
vated. No mutations of PI3KCA, PTEN, KRAS,
and BRAF were seen. The ligand and
heterodimerization-dependent activation/expres-
sion of EGFR and PDGFRB were demonstrated.
Taken together, these findings strongly suggest
the potential of TKR receptors and their down-
stream effectors as targets for molecularly tai-
lored treatments. Based on the concurrent
activation of TKR and their downstream effec-
tors, we have designed a clinical-biological study
to test the combination TKRs and mTOR inhibi-
tors. In a further analysis, we evaluated the EGFR
inhibitor gefinitib, the mTOR inhibitor RADOO1,
and the multiple TKR inhibitor sorafenib in a
DMPM cell line: gefitinib and RADOOI alone
showed poor cytotoxic activity; sorafenib had a
stronger effect on cellular proliferation and
sequential treatment with RADOOI followed by
sorafenib-induced a marked synergistic effects in
DMPM cells [16].

21.4 Pathology of Peritoneal
Mesothelioma

The correct pathological diagnosis of PM is nec-
essary as a variety of other abdominal and pelvic
malignancies may present with peritoneal seed-
ing. For example, the majority of patients with
papillary serous ovarian cancer do have perito-
neal seeding. A high index of suspicion is needed
on the part of the pathologist to properly integrate
clinical, morphological, and immunostaining
findings in order to recognize PM.
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Table 21.1 Classification of peritoneal mesothelioma

Clinical presentation | Biological behavior | Histological subtype Histological pattern | Prevalence %
Localized Benign Adenomatoid tumor Uncommon
Solitary fibrous tumor Uncommon
Diffuse Borderline Multicystic Uncommon
Papillary well-differentiated Uncommon
Malignant Epithelial Tubulopapillary 75-80%
Solid
Small cells
Adenomatoid
Acinar
Clear-cells
Signet-ring cells
Deciduoid
Rhabdoid
Biphasic (mixed) 10-15%
Sarcomatoid Desmoplastic 4-6%
Limpho-histiocytoid
Anaplastic
Giant-cell

Tumors arising from the mesothelial cells lin-
ing the abdominal cavity demonstrate a wide
spectrum of biological aggressiveness [17].
Adenomatoid tumor and solitary fibrous tumor
are truly benign lesions that very unlikely recur
after simple excision. The former is a solitary
asymptomatic lesion which most often involves
genital region peritoneum in reproductive-aged
women. Solitary fibrous tumor affects primarily
men in their sixth decade [18]. The multicystic
variant of PM (MCPM) and well-differentiated
papillary variant of PM (WDPPM) are uncom-
mon entities with uncertain malignant potential.
At the other extreme, DMPM is a rapidly lethal
malignancy, with a median survival of only 1 year
when treated with standard therapies. Borderline
mesotheliomas and DMPM attract more interest
on the part of the medical community and pose
substantial problems in the clinical practice.

Classification of PM according to clinical pre-
sentation, biological behavior, and pathological
features is shown in Table 21.1.

21.4.1 Diffuse Malignant Peritoneal
Mesothelioma

DMPM is macroscopically characterized by mul-
tiple variably sized grey-white nodules through-

out the abdominal cavity. As the disease
progresses, the nodules become confluent to form
plaques, masses, bowel encasement, or uniformly
cover the peritoneal surfaces. Abundant effusion
is often present.

Similar to its more frequent pleural counter-
part, DMPM is classified as epithelial, sarcoma-
toid, or biphasic (mixed) [19]. However, the
incidence of biphasic tumors is lower than in
pleural disease, and pure sarcomatoid DMPM is
rare. Epithelial DMPM is composed of polygo-
nal, oval, or cuboidal cells exhibiting cytonuclear
features and architectural formations ranging
from well-differentiated to anaplastic/pleomor-
phic appearance. Sarcomatoid tumors and the
sarcomatoid component of biphasic DMPM con-
sist of spindle cells arranged in fascicle or stori-
form pattern [20, 21].

Epithelial DMPM can be further categorized
according to the patterns of the epithelial compo-
nent. The tubulopapillary pattern is one of the
most common patterns. It consists of a mixture of
small tubules and papillary structures with
fibro-vascular cores lined by bland flat, cuboidal,
or polygonal cells. The solid pattern consists of
nests, cords, or sheets of round, oval, or polygo-
nal cells with abundant eosinophilic cytoplasm
and round, vesicular nuclei with prominent
nucleoli. The adenomatoid (micro-glandular),
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acinar, clear-cell, deciduoid, signet-ring cell,
small-cell, and rhabdoid patterns are rare
[18-21].

Sarcomatoid DMPM may demonstrate ana-
plastic, giant-cell, and desmoplastic features, or
osteosarcomatous/chondrosarcomatous  areas.
Atypical histiocytoid-appearing cells within an
intense lymphoplasmacytic infiltrate can be seen.

Lymph-node metastases within and outside
the abdominal cavity can occur even at the initial
manifestation of DMPM. Node involvement has
been reported in 7-14% of patients undergoing
extensive cytoreductive surgery. By contrast,
metastatic disease outside the abdominal cavity
is uncommon, except for direct invasion of pleu-
ral spaces through the diaphragm [22].

21.4.2 Multicystic and Well-
Differentiated Papillary
Peritoneal Mesothelioma

Both of these rare disease entities generally affect
reproductive-aged women with no history of
asbestos exposure and show indolent clinical
behaviors. MCPM is often associated with previ-
ous abdominal surgery, inflammation, or endo-
metriosis. However, early recurrences requiring
multiple surgical interventions, transformation
into truly malignant disease, lymph-node involve-
ment, and even death have been described. This,
along with the reported clear evidence of diffuse
disease distribution throughout the peritoneum
and invasion into peritoneal surfaces, suggest that
MCPM and WDPPM should be considered as
borderline or low-malignant potential conditions,
rather than benign tumors [23, 24].

At macroscopic examination, MCPM forms
multiple variably sized thin-walled cysts involv-
ing primarily the pelvis, but often spreading
throughoutthe abdominal cavity. Microscopically,
these cysts are separated by fibrous/adipose
septa, and lined by single layers of flattened to
cuboidal cells with no or little atypia. WDPPM is
characterized by multiple small nodules and, at
microscopic level, by well-developed papillary
structures with fibrovascular core. The papillae
are covered by bland cuboidal cells. Mitoses and
atypia are rarely present. The differential diagno-

sis of WDPPM from the histologically similar
but more aggressive tubulopapillary epithelial
DMPM is important [25].

21.4.3 Diagnosis and Pathologic
Assessment

According to the consensus of expert pathologists
from the International Mesothelioma Interest
Group (Chicago, IL, October 2006), the diagnosis
of DMPM must always be based on an adequate
biopsy in the context of appropriate clinical,
radiological, and surgical findings [18]. Cytology
still plays a limited role in the primary diagnosis,
despite the increased accuracy of immunohisto-
chemical and ultrastructural techniques.

The objectives of the pathological workup are:

e Separating benign from malignant mesothelial
proliferations.

e Differentiating DMPM from other metastatic
or primary peritoneal malignancies.

¢ Defining the histological sub-variant and other
relevant prognostic determinants.

The first step for the diagnosis is hematoxy-
lin—eosin staining. Demonstration of stromal
invasion into visceral or parietal peritoneum (or
beyond) is the key feature in the differential diag-
nosis with reactive mesothelial proliferations.
However, invasion must be carefully differenti-
ated from entrapment, and the distinction
between the rare desmoplastic DMPM and reac-
tive fibrosis may be difficult [25, 26].

Any gastrointestinal carcinoma and, in
women, ovarian, primary peritoneal, and, more
rarely, lobular breast carcinoma should be con-
sidered for the differential diagnosis of epithelial
DMPM. The differential diagnosis for
sarcomatoid DMPM includes sarcoma and other
spindle cells neoplasms, such as sarcomatoid
renal carcinoma and, particularly for biphasic
DMPM, synovial sarcoma [18]. Since no immu-
nohistochemical marker is entirely specific and
sensitive for mesothelioma, the standard is to use
panels of positive and negative markers.
Mesothelioma is characterized by positive stain-
ing for EMA, calretinin, Wilms tumor-1 antigen,
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Table 21.2 Immunostains of adenocarcinoma and peri-
toneal mesothelioma. The data summarize the percent
positive staining to be expected

Gastrointestinal

adenocarcinoma | Mesothelioma
VIMENTIN 0-6 40
CEA 90-100 0-10
EMA 83 80-100
PAN-cytokeratin 100 100
B72.3 81 0-5
BER-EP4 90-100 0-11
CD15 (LEU-MI) 58-100 0-10
PLAP 50 0
Calretinin 6-9 42-100
S-100 31 0-11
CA125 90 14-94
P53 43-53 45

cytokeratin 5/6, HBME-1, podoplanin, and
mesothelin. Depending on the tumor being con-
sidered in the differential diagnosis, CEA, Leu-
M1, Ber-Ep4, claudine, B72.3, Bg8, and MOC-31
can be used as negative marker (see Table 21.2)
[18-22]. Electron microscopy may help in diffi-
cult cases [27].

To date, PM lacks of a grading system.
However, histomorphologic parameters can be
used to estimate survival. Biphasic/sarcomatoid
histology and MCPM/WDPPM have poorer and
better prognosis, respectively, than epithelial
DMPM. However, the low incidence of biphasic/
sarcomatoid and borderline mesotheliomas
restricts the clinical utility of this variable.

An exhaustive clinicopathological analysis of
62 patients undergoing comprehensive treatment
at the Washington Cancer Institute revealed that
nuclear and nucleolar size (rated by a four-tiered
score) correlated with survival [28]. Clinical data
from our Institution demonstrated that both patho-
logically involved lymph nodes and inadequate
nodal sampling correlate with poor prognosis.
Accordingly, careful examination of lymph nodes
that drain the visceral and parietal peritoneum is
recommended, including bilateral iliac, right gas-
troepiploic, and ileocolic nodes [22]. Proliferative
activity has been reported to be useful for prog-
nostic stratification. It may be quantified either by
means of mitotic count or immunohistochemical
staining with Ki-67 antigen, an excellent marker

of cellular proliferation. Proliferative activity is
generally low in PM, but higher rates correlate
with poor outcome [7-11].

21.5 Diagnosis of Peritoneal
Mesothelioma

DMPM growth is characterized by peritoneal
seeding, eventually leading to death due to bowel
encasement, obstruction, and intractable ascites.
Patients are usually diagnosed at an advanced
disease stage.

21.5.1 Clinical Presentation

The initial symptoms of DMPM were prospec-
tively recorded in 51 patients treated at the
Washington Cancer Institute [4]. Patients were
categorized into three groups: about one-third of
them presented with abdominal distention,
another one-third with abdominal pain, and the
remaining with combined symptoms of disten-
tion, pain, and other findings. The investigators
designated these three types as a “wet type” pre-
senting with symptoms of malignant ascites
causing an increase in abdominal girth, a “dry-
painful type” presenting with a focal mass seen at
computed tomography (CT) scan usually causing
pain, and a “combined type” characterized by
both pain and ascites.

In a more recent series of 81 DMPM Italian
patients, ascites, abdominal pain, and asthenia
were the most frequent symptoms, followed by
weight loss, anorexia, abdominal mass, fever,
diarrhea, and vomiting; 13% of patients presented
with abdominal hernia. Systemic symptoms,
such as thrombocytosis and anemia were present
in 73% of cases. About 25% of female patients
came to medical attention due to non-specific
gynecological symptoms [29].

21.5.2 Circulating Tumor Markers

Circulating tumor markers that could be used as
an adjunct to clinical and radiological assessment
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would be valuable tools in the initial evaluation
of peritoneal dissemination of unknown origin.
Literature data on serum markers of DMPM are
scarce. In 2006, our group reported CA125 above
normal limits in 53.3% and CA15.3 in 48.5% of
60 patients undergoing CRS/HIPEC. On the con-
trary, CEA and CA19.9 were mostly normal.
Also, serial CA125 measurements paralleled
with tumor growth or regression after CRS/
HIPEC, and preoperative CA125 showed border-
line prognostic significance only among patients
not previously treated with sCT [30]. More
recently, we have assessed the diagnostic and
prognostic role of mesothelin and osteopontin
(which are markers currently used in pleural
mesothelioma) [31]. Mean mesothelin levels
were 7.84 ng/dl (SD = 5.14) in DMPM group and
3.00 ng/dl (SD = 1.25) in control group
(p = 0.001). Mean CA19.9 levels were 5.3 ng/dl
(SD =4.7) and 61.96 ng/dl (SD = 112.5) in the
two groups (p = 0.008). No statistical difference
was seen for osteopontin (p = 0.738), CEA
(p = 0.081), CA125 (p = 0.600), and CA15.3
(p =0.365). The area under the receiver operating
characteristic (AUC-ROC) curves was 0.836 for
CA19.9, 0.812 for mesothelin, 0.793 for CEA,
and lower for CAI125 (0.652), osteopontin
(0.531), and CA15.3 (0.481). Using diagnostic
cut-offs selected by ROC methodology, mesothe-
lin attained 100% specificity and 100% positive
predictive value in the differential diagnosis of
DMPM and peritoneal disseminations of
unknown origin. These data suggest that serum
mesothelin, in combination with negative CEA
and CA19.9, would be especially useful during
the early assessment, in order to shorten the cur-
rent diagnostic delay of DMPM. Additionally,
osteopontin correlated with survival at multivari-
ate analysis (hazard rate 6.46; 95% CI 1.81-
23.05; p = 0.004), suggesting that it might be a
prognostic marker to select DMPM patients for
aggressive treatment approaches.

21.5.3 Imaging Studies

Contrast-enhanced CT scan is currently the pre-
ferred diagnostic radiological tools for

DMPM. CT features of PM have been defined as
“dry” and “wet,” with the dry appearance consist-
ing of peritoneal-based lesions and the wet
appearance consisting of ascites, irregular, or
nodular peritoneum thickening and an omental
mass that may scallop or directly invade adjacent
abdominal viscera (see Fig. 21.1) [32, 33]. The
two clinical types, wet or dry-painful type, cor-
respond well to these different CT appearances.
In the wet type, there is little or no evidence of
solid tumor. The CT/radiologic presentation of
the dry-painful type may disclose several mass
lesions, but often there is a dominant mass iso-
lated to one part of the abdomen.

Yan examined the CT imaging of a series of
33 patients with PM and described the presence
of pleural abnormalities in 8 out of 33 patients

Fig.21.1 Abdominal-pelvic CT scan showing the typical
appearance of “wet” DMPM. The radiological picture is
characterized by abundant ascites in all the abdominal-
pelvic quadrants, with relatively limited peritoneal solid
nodules
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(24%), 91% of patients having involvement of
the greater omentum, 97% of patients having pel-
vic involvement, and 66% of patients having
ascites. This predominant central abdominal and
pelvic disease burden observed may be the char-
acteristic pattern of disease presentation [34].

The CT appearance of cystic PM can be a con-
trast to the CT appearance of DMPM. Despite a
severe distortion of the abdominal and pelvic
space by fluid-filled cysts and ascites, there is no
disruption of intestinal function or segmental
bowel obstruction. Small bowel compartmental-
ization may be seen [34].

CT scan is also useful in patient selection for a
comprehensive surgical approach. Thirty-nine CT
scan parameters were statistically analyzed to
determine their association with the likelihood to
perform an adequate surgical cytoreduction (resid-
ual lesions < 2.5 cm), that is a predominant prog-
nostic variable. Seven patients (64%) undergoing
suboptimal cytoreduction and two patients (11%)
undergoing adequate cytoreduction had a tumor
mass > 5 cm in the epigastric region (p = 0.004). In
9 patients (82%) of the suboptimal group and 2
(11%) of the adequate cytoreductive surgery
group, CT scans showed loss of normal architec-
ture of the small bowel and its mesentery (p
< 0.001) (see Fig. 21.2). In a composite analysis,

Fig. 21.2 Contrast-enhanced abdominal- pelvic CT scan
showing massive disease involvement of the small bowel
and its mesentery, with loss of the normal anatomical
architecture. This radiological picture is associated with a
very low probability to obtain an adequate surgical cytore-
duction. This patient is a poor surgical candidate

none of the patients with tumor mass >5 cm in the
epigastric region and loss of normal architecture of
the small bowel and its mesentery had adequate
cytoreduction. Patients who lacked these two pre-
operative CT scan findings had a 94% probability
of an adequate cytoreduction [35].

The role of fluorine-18 fluorodeoxyglucose
(18F-FDG)-PET has been recently tested in 9
patients with MCPM and 14 with Epithelioid
PM. PET scan showed mild focal uptake in 1 of 8
cases of MCPM, and was positive in 12 of 14
cases of Epithelioid PM. Sensitivity, specificity,
and accuracy were 86%, 89%, and 87%, respec-
tively (p = 0.002). Multicystic histology was sig-
nificantly associated with lower SUV (p = 0.006).
SUV was significantly associated with PFS in
epithelioid PM (p = 0.028) [36].

21.5.4 Laparoscopy

Esophagogastroduodenoscopy and colonoscopy
may exclude a primary gastrointestinal malig-
nancy. A diagnostic laparoscopy is a tool to per-
form biopsies, especially when there is no tumor
deposit amenable to imaging-guided percutane-
ous biopsy, due to the unfavorable anatomic sites
or small volume disseminated disease. Diagnostic
laparoscopy can also provide an opportunity to
evaluate the peritoneal disease burden and to
assess the feasibility of optimal cytoreductive
surgery. However, an important caveat accompa-
nies the recommendation for laparoscopy in the
diagnosis of PM. In outpatient follow-up, port
site recurrence is frequently observed at trocar
sites. It is recommended to limit the trocar sites
along the linea alba.

In a series of 33 patients with DMPM who
underwent CRS/HIPEC, we assessed laparos-
copy effectiveness in predicting complete cytore-
duction (residual tumor nodules <2.5 mm). At
preliminary laparoscopy, peritoneal disease was
considered amenable for complete CRS in 30 of
33 patients (91%). In this group, cytoreduction
was complete in 29 patients and incomplete in
one patient. Cytoreduction was grossly incom-
plete in the remaining three patients who were
deemed not amenable for complete CRS. Our
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data suggest that laparoscopy can integrate clini-
cal and radiological information in the selection
process of patients with DMPM for combined
treatment [37].

21.6 Treatment of Peritoneal
Mesothelioma

Historically, PM has been treated by palliative or
debulking surgery. Systemic/intraperitoneal che-
motherapy and abdominal irradiation have been
used in malignant variants. These treatments
were disappointing, resulting in a median sur-
vival of about 12 months (Table 21.3). In the last
two decades, the approach to PM radically
changed with the introduction of a surgical treat-
ment with curative intent. PM remains confined
within the peritoneal surfaces of the abdominal
cavity for most of its history. Lymph node and
extra-abdominal metastases appear to develop
later in the course of disease progression. This is
the rationale base supporting a comprehensive
local-regional approach to treat DMPM with
CRS and intraeritoneal administration of chemo-
therapic drugs including the most commonly
used methodology named hyperthermic intraper-
itoneal chemotherapy (HIPEC) direct targeting
the disease, achieving peritoneal disease control,
and prolonged disease-free survival. CRS may be
seen as a tool to maximize response to intraperi-
toneal chemotherapy, because the penetration
depth in tumor tissue of locally delivered drugs is
only 2-3 mm [47]. On the other side, the role of
local-regional chemotherapy is to preserve the

macroscopically complete surgical response by
eradicating microscopic residual disease.

21.6.1 Systemic Therapies

Due to its rarity and inherent difficulties of radio-
logic assessment, few studies of sCT have been
conducted in DMPM. A variety of systemic drugs
has been extrapolated from pleural mesothelioma
treatment. The most commonly used agents were
cisplatin, gemcitabine, doxorubicin, and peme-
trexed. Historical Dana-Farber Cancer Institute
and Brigham and Women’s Hospital’s series of
180 mesothelioma patients (37 with PM) reported
a median survival of 15 months following various
palliative sCT [48]. A randomized cancer and leu-
kemia group B (CALGB) trial comparing cisplatin
and mitomycin with cisplatin and doxorubicin in
79 patients with pleural or PM reported an overall
response rate of 26% with median time-to-failure
of 3.6-8.8 months according to different schedules
[49]. More recent studies have demonstrated
improved outcomes with pemetrexed in combina-
tion with cisplatin/carboplatin. In the expanded
access program, 109 patients with DMPM were
treated with pemetrexed or pemetrexed-containing
sCT. Response rates for the combination of cispla-
tin/carboplatin with pemetrexed appeared to be
higher than pemetrexed alone (24.1% versus
12.5%). One-year survival was 57.4% versus
41.5% [50]. Pemetrexed is a multi-targeted antifo-
late that inhibits thymidylate synthase (TS), dihy-
drofolate reductase (DHFR), and glycinamide
ribonucleotide formyltransferase (GARFT) was

Table 21.3 Selected historical series of palliative/debulking surgery and/or systemic/intraperitoneal chemotherapy

Authors Year |Pts(n.) | Treatment Median surv. (months)
Rogoft [38] 1973 |12 Debulking, RT, ip 32P 13

Jones [39] 1979 7 Syst. CT 6
Chahinian [40] 1982 |12 Syst. CT, RT 7

Antman [41] 1988 |16 Debulking, ip cisplatin + doxorubicin, RT 16.4
Kirmani [42] 1988 |19 Ip cisplatin 12

Van Gelder [43] | 1989 |19 Surgery, syst. CT 6
Markmann [44] 1992 |19 Ip cisplatin, ip mitomycin-C 9
Neumann [45] 1999 |74 Not stated 12 (mean)
Etabbakh [46] 1999 |15 Debulking, syst. CT, ip CT 12.5

De Pangher [29] | 2009 |81 CRS + HIPEC (n = 7), debulking (n = 23), syst. CT |13
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approved for use in pleural mesothelioma based on
results of a phase III trial [S1]. Activity of peme-
trexed in PM was observed in two expanded access
programs (EAPs) which allowed access to peme-
trexed for eligible patients prior to its regulatory
approval in pleural mesothelioma, suggesting a
role for pemetrexed-based combinations in
DMPM [50, 52].

In the international EAP, 109 patients with
chemo-naive or previously treated surgically
unresectable DMPM received pemetrexed alone
or with cisplatin or carboplatin. Response rate
and 1-year survival rate were 18.7 and 47.4%,
respectively. Combination chemotherapy was
well-tolerated [50]. In the USA EAP, 73 patients
with chemo-naive or previously treated surgi-
cally unresectable PM received 6 cycles of peme-
trexed alone or combined with cisplatin.
Response rates were 26, 19.2, and 29.8% in the
overall population, pemetrexed and pemetrexed/
cisplatin groups, respectively. Median survival
was 13.1 months for patients who received peme-
trexed with cisplatin and 8.7 months for peme-
trexed alone [52]. In a phase II study, 6 cycles of
pemetrexed (500 mg/m? on day 8) plus gem-
citabine (1250 mg/m? on days 1 and 8) were eval-
uated in 20 chemo-naive patients. Response rate
was 15%, median time to disease progression
was 10.4 months, and median overall survival
(OS) was 26.8 months. However, toxicity from
this treatment was significant, including one
treatment-related death. Grade 3—4 neutropenia
and febrile neutropenia were observed in 60 and
10% of patients, respectively [53].

There are isolated reports of the role of whole-
abdominal radiation. However, this treatment
such a treatment is highly associated with mor-
bidity. Nonetheless a series of patients treated
with surgery, HIPEC, and whole abdominal radi-
ation was reported to achieve improved disease-
free survival [54].

Limited data are available to guide the use of
sCT in combination with CRS/HIPEC in the
adjuvant or neoadjuvant setting. Since CRS/
HIPEC does not achieve complete cytoreduction
in all patients and recurrence is common even
after complete cytoreduction [55], sCT is given
in combination with intraperitoneal chemother-

apy by several groups. We have retrospectively
analyzed data from our institutional prospective
database regarding 116 DMPMs treated with
CRS/HIPEC from 1995 to 2011. Sixty cases had
preoperative sCT, 30 had postoperative sCT, and
26 had no sCT. Platinum and pemetrexed were
given to 55 cases. Preoperative sCT was not asso-
ciated with complete cytoreduction or severe
morbidity. There was no significant difference in
survival among preoperative, postoperative, and
no sCT groups, suggesting that operative and
long-term outcomes were not influenced by peri-
operative CT. Only a weak correlation was seen
between use of perioperative platinum and peme-
trexed and improved survival. However, the
potential bias associated with the retrospective
study design has to be taken into account [56].

In a recent study, 126 DMPM patients under-
going CRS/HIPEC from 1991 to 2014, at 20
French tertiary centers were divided into four
groups: (1) preoperative sCT; (2) postoperative
sCT; (3) perioperative (both pre and postopera-
tive sCT; (4) no sCT. At multivariate analysis,
preoperative sCT was associated with worse sur-
vival (HR =2.30;95% CI=1.07-4.94; p =0.033),
with no impact on treatment toxicity [57]. In
summary, sCT with pemetrexed and cisplatin
should be considered in patients with surgically
unresectable DMPM. Carboplatin may be a rea-
sonable alternative to cisplatin in elderly patients
and those with poor performance, given its better
safety profile. No conclusive data are available
regarding perioperative sCT in patients undergo-
ing CRS/HIPEC.

21.7 Cytoreductive Surgery
and Intraperitoneal
Chemotherapy

CRS for peritoneal tumors was developed by
Sugarbaker who described six peritonectomy
procedures to surgically remove all of the perito-
neal linings of the abdominopelvic cavity [47].
The loose attachment of parietal peritoneum
allows for stripping of the serosal layers by
means of bilateral diaphragmatic, anterior
abdominal wall, pelvic peritonectomy, and plus



21 Peritoneal Mesothelioma: Diagnosis and Management 31

Fig. 21.3 Clinical appearance of a typical case of
advanced DMPM at surgical exploration. A massive
omental-cake is covering the central and lower abdominal
quadrants. The anatomical structures in the upper abdo-
men are extensively involved by the disease

omental bursa stripping. Greater and lesser
omentectomy are usually performed for both
oncologic reasons and to facilitate intra-
abdominal drug circulation. Because visceral
peritoneum is more intimately attached to under-
lying structures, tumor implants on visceral sur-
faces require organ resections, except for liver
and pancreatic capsulectomy. Figure 21.3 shows
the amount of disease as it can be seen during the
early phase of the CRS procedure in a typical
case of high-volume DMPM. Figure 21.4 is an
intraoperative picture of the same patient show-
ing large disease involving pelvic peritoneum,
uterus, sigmoid colon, and both ovaries. Massive
disease involving the sub-hepatic/perigastric
region is displayed in Fig. 21.5.

The adaptation of the original technique to
DMPM is still a challenge, and several modifica-
tions have been undertaken. In the next para-
graphs, CRS procedures performed in our center
are described (see Table 21.4), with a focus on

Fig. 21.4 Intraoperative picture of the same patient as in
Fig. 21.3, showing large disease massively involving the
pelvic peritoneum, uterus, sigmoid colon, and both
ovaries

the modifications emerged during a 20-year
experience, and a special attention on the most
debated issues.

21.7.1 Importance of Complete
Cytoreduction

The current literature consistently supports the
notion that CRS must be aimed at removing all
visible tumors. The completeness of cytoreduc-
tion (CCR) is classified at the end of the surgical
phase according to Sugarbaker, as CCR-0 (macro-
scopically complete); CCR-1 (residual disease
<2.5 mm in any region); CCR-2 (residual disease
>2.5 mm and <25 mm), and CCR-3 (residual dis-
ease >25 mm) [58]. Numerous studies have strati-
fied survival on the basis of this surgical endpoint,
and CCR is the major prognostic factor in all PSM
[59]. Near complete cytoreduction, leaving behind
millimetric residual tumor may be pursued only
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Fig. 21.5 Massive disease involving the sub-hepatic/
perigastric region. Confluent disease localizations involve
massively the lesser omentum close to the vascular arcade
along the lesser gastric curvature, and the pyloric area. An
impressive omental-cake is seen

when complete cytoreduction is not feasible, in
order to preserve organ functions postoperatively.
We have demonstrated the survival advantage of
macroscopically complete cytoreduction, over
minimal residual disease in 70 patients with
DMPM undergoing CCR-0 or CCR-1 and HIPEC
by analyzing clinicopathological factors correlat-
ing to disease progression in 13 abdominopelvic
regions [55]. Residual tumor < 2.5 mm (versus
non-visible tumor) was the only independent risk
factor for disease progression in epigastric region
(p = 0.047), upper ileum (p = 0.029), upper jeju-
num (p = 0.034), and lower jejunum (p = 0.002).
Before our study, the definition of optimal cytore-
duction for DMPM was controversial as other
authors suggested that a residual disease up to
25 mm could be adequate. On the contrary, we
demonstrated that minimal residual disease, com-
pared with macroscopically complete cytoreduc-
tion, correlated to failure in critical anatomical
areas, and supporting the need for maximal cyto-
reductive surgical efforts. The final results of
macroscopically complete CRS are shown in
Fig. 21.6. The results of complete CRS in the sub-
hepatic region and pelvis are shown in Figs. 21.7
and 21.8.

Table 21.4 Cytoreductive surgical procedures commonly performed at the National Cancer Institute, Milan (Italy)

Abdominal regions Peritonectomies

Visceral resections

1. Right upper

liver ligaments

Right sub-phrenic peritonectomy
Resection of round, falciform and triangular

Glisson’s capsule dissection

2. Left upper/anterior Left sub-phrenic peritonectomy Splenectomy
Greater omentectomy Distal pancreatectomy
3. Right-lateral Stripping of right paracolic gutter Appendectomy

Right colectomy

4. Sub-hepatic Lesser omentectomy

Stripping of the omental bursa

Gastric antrectomy
Total gastrectomy

Dissection of the duodenal-hepatic ligament | Cholecystectomy
5. Pelvis Pelvic peritonectomy Sigmoidectomy
Stripping of left paracolic gutter Hysterectomy

Bilateral adnexectomy

6. Small bowel/mesentery | Mesenteric peritonectomy

Small bowel resection(s)

7. Other

Transverse, subtotal/total colectomy
Retroperitoneal and pelvic
lymphadenectomy

Diaphragmatic muscle resection(s)
Liver resection(s)

Previous scar or port site resections
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Fig. 21.6 Final results at the end of the surgical cytore-
duction. All the macroscopic disease has been completely
resected. The entire parietal peritoneum has been
removed. Complete peritonectomy of both aspects of the
mesentery has been performed, together with radical
greater omentectomy and round and falciform liver liga-
ment resection

Fig.21.7 Sub-hepatic region after macroscopically com-
plete surgical cytoreduction in the same patient as
Fig. 21.5. Both the greater and lesser gastric curvature
have been made clear of tumor, sparing the blood supply
through the left gastric artery. The gall bladder has been
removed and the serosal layer covering the hepato-
duodenal ligament has been dissected

Fig. 21.8 Complete surgical cytoreduction in the pelvic
region. The peritoneum has been surgically removed from
the anterior aspect of the bladder, and lateral and posterior
pelvic walls. The bladder is suspended to show the sig-
moid colon, proximal rectum, and vaginal stump. No sig-
moid colon resection has been performed in this case. The
peritoneum of the Douglas pouch has been surgically
removed. Both ureters, iliac arteries, and veins have been
dissected and preserved. Bilateral iliac and obturatory
lymphnodes have been removed

21.7.2 Complete Versus Selective
Parietal Peritonectomy

Parietal peritonectomy is generally limited to
surfaces involved by visible tumor, as well as
organ resections, to preserve sufficient
postoperative function. We have reported that
systematic complete parietal peritonectomy
(including both macroscopically involved and
normal surfaces) regardless of disease distribu-
tion is associated with better survival in DMPM
because of its biological characteristics and dis-
semination pattern with frequent microscopic
(not visible) peritoneal disease. In a retrospective
matched case-control study, we compared 30
patients with DMPM undergoing selective pari-
etal peritonectomy with 30 matched controls
undergoing routine complete parietal peritonec-
tomy. Median overall survival was 29.6 months
in the selective peritonectomy group and not
reached in the complete peritonectomy group;
5-year overall survival was 40.0% and 63.9%,
respectively (p = 0.027). At multivariate analysis,
complete versus selective peritonectomy was rec-
ognized as an independent prognostic factor,
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along with complete cytoreduction, negative
lymph nodes, epithelial histology, and lower
MIB-1 labeling index. Morbidity rates were not
different between groups. Furthermore, patho-
logic examination detected disease involvement
on parietal surfaces with no evident tumor at sur-
gical exploration in 12 of 24 patients undergoing
complete parietal peritonectomy [60].

21.7.3 Lymph Node Assessment

The importance of nodal sampling and its impact
on outcome has been shown to be important in
DMPM. In our experience, negative lymph nodes
are independent predictor of improved survival,
after adjustment for other prognostic variables. In
our study, negative nodes, as compared to posi-
tive or non-assessed nodes, were associated with
increased survival. Since then, we use to perform
careful nodal sampling during CRS for
DMPM. Although node positivity ultimately
bears a poorer outcome and is unlikely to be
modified through extended lymphadenectomy,
an approach to standardized lymph node sam-
pling would assist in disease staging [22].

21.7.4 Small-Bowel Mesentery
Cytoreduction

The involvement of the small-bowel mesentery
by neoplastic cells is regulated by factors, such as
cell biological aggressiveness and peritoneal fea-
tures, such as the presence of a relatively low
density of lymphatic lacunae, stomata, and milky
spots [59]. With low or moderately aggressive
malignancies, this typically results in sparing of
small bowel surfaces or isolated small tumor
implants, that can be locally resected. Conversely,
high-grade malignant tumors may massively
involve small bowel and its mesentery, thus ham-
pering an adequate cytoreduction. In intermediate-
grade tumors, small-to-medium-sized nodules
and plaques are observed on the mesentery sur-
face up to the transition line between the mesen-
tery and the small bowel, with minimal deep
tissue invasion. In these circumstances, we per-

form a partial or a complete peritonectomy on
both sides of the mesentery. The serosal layer
may be stripped up to the limits of bowel wall by
either blunt or sharp dissection. It is important to
avoid any vascular injury (especially close to the
small bowel), as it could result in disruption to
the blood supply. This procedure is made easier
by finding the space between the serosal layer
and the mesenteric fat tissue; it is possible at that
time to use the fingers to perform a complete
mesenteric peritonectomy by blunt dissection. In
our experience, no major surgical complication
appeared to be related to the mesenteric perito-
nectomy, except for a moderate prolongation of
postoperative ileus [61]. In Fig. 21.6, the final
results of complete parietal peritonectomy with
complete mesentery peritonectomy are shown.

21.7.5 Intraperitoneal Perioperative
Chemotherapy

Local-regional chemotherapy is performed either
as intra-operative hyperthermic intraperitoneal
chemotherapy (HIPEC), or normothermic early
intraperitoneal chemotherapy (EPIC) [59]. The
pharmacological advantage of intraperitoneal
administration consists in higher local-regional
drug concentration with minimal systemic toxic-
ity. Intra-operative or early postoperative time
settings allow optimal distribution of chemother-
apeutic agents before the development of postop-
erative adhesions and tumor cell entrapment in
scar tissue, which can contribute to disease recur-
rence. Additionally, mild hyperthermia (41—
43 °C) has a direct cytotoxic effect, increases the
efficacy of antiblastic agents, such as mitomycin-
C and platinum compounds, as well as their pen-
etration into tumor tissue.

HIPEC techniques vary widely among cen-
ters, in terms of closed versus open abdomen
technique, drug(s), drug dosage, target tempera-
ture, duration, flow rate, type, and volume of car-
rier solutions. However, no technical variation
has demonstrated an advantage in comparative
trials. The choice of drugs is based on their clini-
cal efficacy and pharmacokinetics variables, such
as hydrophilic properties, high molecular weight
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to limit passage through the peritoneal-plasma
barrier, high plasma clearance, and mechanisms
of action potentiated by hyperthermia. Also, only
cell cycle phase non-specific agents are indicated
for this single-shot treatment. Currently, cisplatin
alone or cisplatin in combination with doxorubi-
cin are often used to treat DMPM.

When performing EPIC, the administration of
normothermic antiblastic agents is started imme-
diately after surgery using a peritoneal Tenckhoff
catheter or a subcutaneous port, and continued
for 1-5 days. Generally, 2-4 closed suction
drains placed at surgery are maintained closed for
23 h and opened for 1 h a day, to take out the
perfusate solution. Drugs with a high rate of
hepatic extraction and no significant heat
enhancement may be used for EPIC, such as
5-fluoruracil, doxorubicin, or taxanes [61].

A treatment protocol of adjuvant bidirectional
chemotherapy with intraperitoneal pemetrexed
combined with intravenous cisplatin has been
developed at the Washington Cancer Institute.
Peritoneal ports are placed at the time of CRS/
HIPEC. The treatment consists of pemetrexed
500 mg/m? given intraperitoneally and cisplatin
50 mg/m? given intravenously simultaneously on

day 1 of every 21-day cycle for 6 cycles. Nine of
10 patients were reported to be able to complete
all 6 cycles of therapy without delays or dose
modifications. One patient developed a catheter
infection after 3 cycles and required catheter
removal. He was switched to intravenous peme-
trexed and cisplatin for 1 cycle, then a new peri-
toneal catheter was placed and the remaining
2 cycles were completed. Mild fatigue, nausea,
and abdominal pain were observed [62].

21.8 Results of Treatment
and Prognostic Factors

Treatment results of DMPM have been reported
by a small number of referral centers only in
recent years, but this disease has become a classi-
cal CRS/HIPEC indication. The most relevant lit-
erature series are reported in Table 21.5. Median
survival ranged from 30 to 92 months and it
appears to improve with growing experience, as
the most recent updates report median survival of
4-5 year and more. One French, one American,
and one International multi-institutional series
have been published, collecting 249, 211, and 405

Table 21.5 Selected literature series of CRS/HIPEC for peritoneal mesothelioma

Centre (ref.) Ptsn. | HIPEC EPIC Fup |Median OS | 5-year OS
Winston-Salem, NC [63] 34 CDDP or MMC | — 72 41 17%
Bethesda, MD [12] 49 CDDP 5FU +taxol 28 92 59%
Turin, It [64] 42 CDDP + DX - 72 65 44%
New York, NY [8] 54 CDDP + MMC | — 48 55 50%
Washington, DC [28] 62 CDDP + DX Taxol 37 79 50%
Villejuif, Fr [65] 26 OX = IRI - 54 NS 68%
Sydney, Au [66] 20 CDDP + DX - 18 30

Basingstoke, UK [67] 76* CDDP + DX CDDP + DX |NS 98 NS
Milan, It [11] 108 CDDP + DX — 49 63 52%
International [68] 401 Various Various 33 53 47%
Bethesda, Pittsburgh, Baltimore [69] | 211 CDDP or MMC | 5FU +taxol | NS 38 26%
Lyon, FR [70] 28 CDDP + MMC | — 34 37 NE
Pittsburgh, PA [71] 65 CDDP + MMC | - 37 46 39%
Washington, DC [72] 205 CDDP + DX Taxol 31 77 52%
RENAPE [73] 249 Various - 24 NR 80%"

CDDP cisplatin, DX doxorubicin, MMC mitomycin-C, OX oxaliplatin, /R irinotecan, NS not stated, NR not reached,
5FU 5 fluorouracil, OS overall survival, HIPEC hyperthermic intraperitoneal chemotherapy, EPIC early postoperative
intraperitoneal chemotherapy

*Thirty-nine patients were affected by multicystic or papillary well-differentiated mesothelioma

"Three year survival
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patients, respectively [68, 69, 73]. The
International study was sponsored by the
Peritoneal Surface Oncology Group International
(PSOGI) and included patients treated in eight
centers from 1989 to 2009. Major operative mor-
bidity of 46%, mortality of 2%, median survival
of 53 months, and 5-year survival of 47% were
reported [68].

We reported operative long-term outcomes for
108 patients treated with complete CRS/HIPEC
(post-cytoreductin residual disease <2.5 mm).
Treatment-related morbidity and mortality were
38.9% and 1.9%, respectively. Median survival
was 63.2 months. Interestingly, there were 19
(43.6%) actual survivors of the 39 patients with
potential follow-up >7 years, suggesting that
patients surviving >7 years may be cured. On
multivariate analysis, epithelioid histology and
negative lymph node correlated with both overall
survival and progression-free survival [11].

Several predictive factors for overall survival
in patients with DMPM have been identified.
Consistently with the notion that HIPEC penetra-
tion depth in residual tumor tissue is only a few
millimeters, complete cytoreduction is manda-
tory for successful treatment [47]. Achievement
of CCR-0/1 cytoreduction is highly dependent on
the extent of peritoneal disease, involvement of

crucial anatomic regions, and tumor aggressive-
ness [30]. Outcomes from numerous studies have
supported this finding: disease stage based on
percutaneous coronary interventions (PCI) was
identified as a prognostic factor by Yan [74],
Schaub et al. created a nomogram to predict sur-
vival that was partly based on PCI [75]. Magge
found similar finding with lower PCI being pre-
dictive of increased survival [71]. Male sex and
older age have been also associated with poorer
prognosis [69, 71, 76].

Significant pathological and biological prog-
nostic factors reported in the literature are sum-
marized in Table 21.6. One of the most consistent
factors is the histological type. Significantly,
worse outcomes have been reported for sarcoma-
toid and biphasic DMPM than the epithelioid
subtype [11, 68, 75]. Both Schaub and Alexander
further sub-categorized the epithelioid subtype
into tumors with significant solid component as a
marker for worse outcomes, as compared with
epithelioid DMPM with a tubule-papillary pat-
tern [69, 75]. Magge showed that there may be no
benefit from CRS-HIPEC in the sarcomatoid and
biphasic groups, with a median survival of 10.5
versus 51.5 months for epithelioid DMPM [71].
On the contrary, a recent PSOGI registry study
reported better results, with a median survival of

Table 21.6 Significant prognostic factors of peritoneal mesothelioma

Author (ref) Pts Factors HR (95% CI) p Value (Cox)
Feldman [12] 49 Deep invasion 4.24 (1.06-16.9) 0.041
Borczuk [8] 54 P16 3.65 (1.3-10.2) 0.014
Mitotic count 3.07 (1.05-9.0) 0.04
Deraco [7] 49 Mitotic count 10.46 (1.98-5.23) 0.01
Villa [13] 38 Telomerase 3.30 (1.23-8.86) 0.018
Cerruto [28] 62 Histology NA 0.01
Nuclear size NA 0.01
Yan [68] 402 Histology 7.54 (2.91-10.36) 0.001
Node status 3.93 (1.75-6.02) 0.001
Baratti [11] 110 Histology 3.70 (1.69-7.69) 0.001
Node status 2.10 (1.08-4.09) 0.003
Ki67 2.94 (1.38-6.24) 0.005
Alexander [69] 211 Histology 2.14 (1.17-3.91) 0.01
Hommell-Fontaine [70] 28 GLUT-1 21.5(2.7-171.4) 0.004
Pillai [84] 28 Ki-67 4.8 (1.2-14.2) 0.016
Magge [71] 65 Histology 5.4 (2.1-14.0) 0.001
Themelandu [72] 205 Histology 6.1 (2.7-14.0) 0.001

HR hazard rates, NA not assessed



21 Peritoneal Mesothelioma: Diagnosis and Management

317

Fig. 21.9 Conditional inference tree
method. Three prognostic groups are
identified, based on Ki-67 and peritoneal

Cancer Index (PCI): (I) Ki-67 < 9%; (1)
Ki-67 > 9% and PCI < 17; and (III) |
Ki-67 > 9% and PCI > 17. The median OS YES
for the three group was, 86.6, 63.2, and |

10.3 months, respectively Patients n. = 67

Median survival
= 86.6 months.

7.8 years in patients with biphasic histology
undergoing CCR-0 cytoreduction, thus suggest-
ing that biphasic DMPM should not be consid-
ered as an absolute contraindication [78].

The prognostic impact of lymph-node metas-
tases has been reported in both single center and
multi-institutional series [11, 68, 74]. Individual
studies have also identified mitotic rate [8, 11,
79], GLUT-1 expression [80], preoperative
CA-125 [30, 75], telomere maintenance mecha-
nisms [13], estrogen receptors [81], BCL2 [77],
MUC-1 [82], BAP1, NF2, CDKN2A [83], PD-L1
[80], and preoperative thrombocytosis [84] as
predictors of survival.

We recently developed an algorithm by means
of conditional inference tree model [9]. This
model relies on pre-cytoreduction PCI and tumor
proliferative index measured by Ki-67 using
immunohistochemistry. Three prognostic subsets
were defined: (I) Ki-67 < 9%; (II) Ki-67 > 9%
and PCI 17; and (IIT) Ki-67 > 9% and PCI > 17.
The median OS for subsets I, II, and III were,
86.6, 63.2, and 10.3 months, respectively. The
model had an acceptable discriminant capacity
with a bootstrap-corrected Harrell c-index of
0.74 (see Fig. 21.9).

21.8.1 Low-Grade Peritoneal
Mesotelioma

MCPM and WDPM are rare variants of mesothe-
lioma. In a few centers, these disease entities

Ki-67
< 9%
|
NO
|
PCI
<17
|
[ |
YES NO

Patients n. = 15 Patients n. = 32
Median survival Median survival
=63.2 months. =10.3 months.

have been treated by CRS/HIPEC due to their
tendencies to give multiple local-regional recur-
rences and reported potential to evolve into truly
malignant DMPM. In 2007, we reported a series
of four women with MPM and eight with
WDPPM undergoing cytoreduction and close-
abdomen HIPEC with cisplatin and doxorubicin.
Seven of them were treated for recurrent disease
after previous debulking. After a median follow-
up of 27 months (range 6-94), 5-year overall and
progression-free survival were 90.0% and 79.7%,
respectively. Transition of typical WDPPM to
malignant biphasic mesothelioma was docu-
mented in one patient who died of disease pro-
gression following incomplete cytoreduction and
HIPEC. We were able to calculate median
progression-free survival of 24 months (range
2-87) following previous debulking surgery in 7
patients (one operation in five patients, two oper-
ations in one, and four operations in one), that
was statistically worse than the corresponding
figure after CRS/HIPEC in the same patients
(p =0.0156) [24].

Outcomes of MPM were also studied as a sub-
group analysis from the PSOGI registry. There
were 26 patients (6.4%) with a large preponder-
ance of females (n = 20). Following a median fol-
low up of 54 months (range 5-129), all patients
treated were alive and free of disease [85]. In our
most recent institutional update, we reviewed 19
patients with MCPM who underwent 20 CRS/
HIPEC procedures in our center between August
1997 and October 2017. The majority of the
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patients were females (n = 17, 89%), and mean
age was 42. Mean PCI was 15.5 £ 9.9 and total
number of procedures performed 6.7 + 2.6. Major
complications occurred in 3 (15%) patients, with
no perioperative mortality. After a median of fol-
low-up of 69 months (range 4-220) all patients
were alive and four patients had recurrence
(21%). Patients with high PCI (defined by median
PCI) had shorter recurrence-free survival
(106.4 = 6.6 months versus 125.6 += 34.1;
p=0.03) [86].

21.8.2 Staging of Peritoneal
Mesothelioma

No staging system exists for DMPM, because of
its rarity and unique clinical presentation with
diffuse disease dissemination throughout the
peritoneum, and no primary lesion. As a curative-
intent treatment has become available, the inter-
national PSOGI registry collecting 292 DMPM
patients undergoing CRS/HIPEC has been used
to formulate a new tumor-node-metastasis
(TNM) staging system [74].

Yan assessed tumor (T) category according to
the extent of peritoneal involvement, as scored
intraoperatively by PCI. PCI was categorized into
T1 (PCI 1-10), T2 (PCI 11-20), T3 (PCI 21-30),
and T4 (PCI 30-39). Node (N) and metastasis
(M) factors were defined according to the pres-
ence versus absence of positive intra-abdominal
lymph nodes and hepatic or extra-abdominal
involvement. The T1, NO, MO defined stage 1.
T2-3, NO, MO defined stage 2. T4, NO, MO, and
N1 or M1 with any T, defined stage 3. Five-year
survival associated with stage I, II, and III was
87, 53, and 29%, respectively. The proposed
TNM staging was associated with survival in the
multivariate analysis, together with histological
subtype, and complete cytoreduction.

Based on the evidence that prognosis of
DMPM is predominantly dependent on patho-
logical and biological features, such as histologi-
cal subtype and proliferative activity, we
hypothesized that the prognostic stratification of
the recently proposed TNM could be improved
by the incorporation of a pathological grading

system. We defined pathological grading as
follows:

— Grade 1: mitotic count (MC) < 5/10 high
power fields (HPF), or Ki-67 index < 5%
(percentage of positive cells among 2000
tumor cells).

— Grade 2: MC 5-25/10 HPF or Ki-67 index
>5%.

— Grade 3: MC > 25/10 HPF or Ki-67 index
> 25% or presence of any spindle cell
component.

Stage grouping was revised as follows: T1-3,
NO, MO, G1 defined stage I; T4, NO, MO, G1, or
T1-3, NO, MO, G2 defined stage II. Stage III was
defined by any of the following: (1) G3; (2) N1,
(3) M1; (4) T4, NO, MO, G2.

For stage I, median overall survival was not
reached (71.6% at 5-year). For stage II and III,
median survival was 39.5 months (95%
CI =34.6-44.4) and 12.6 months (95% CI = 6.8—
18.5), respectively. In a Cox multivariable model,
modified TNM (hazard ratio (HR) = 2.3, 95%
CI=1.7-3.3; p <0.001), completeness of cytore-
duction (HR =2.0;95% CI =1.4-2.9; p <0.001),
and major complications (HR = 1.7; 95%
CI=1.1-2.8; p =0.030) independently correlated
with survival. The previously proposed TNM was
not significant (p = 0.507) [87].

By means of 25 demographic, laboratory,
operative, and histopathological variables, Schaub
developed a nomogram using machine-learned
Bayesian belief networks with stepwise training,
testing, and cross-validation to predict prognosis
of DMPM patients who underwent CRS/
HIPEC. Among 104 patients treated at the
National Cancer Institute/NIH, Bethesda, MD,
mean PCI was 15, 66% of patients had a CCR-0/1
cytoreduction, and 87% of patients had epitheli-
oid histology. Median follow-up was 49 months
(1-195), and 3- and 5-year survival rates were 58
and 46%, respectively. Histological subtype, PCI,
and preoperative serum CA-125 had the greatest
impact on survival and were included in the
nomogram. The mean areas under the ROC curve
for the ten-fold cross-validation of the 3- and
5-year models were 0.77 and 0.74, respectively.
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This nomogram may potentially individualize
patient care and prevent CRS in patients unlikely
to achieve favorable outcomes [75].

21.9 Conclusion

Even in the absence of controlled data, the cur-
rent evidence suggests that the comprehensive
approach of CRS/HIPEC is now the benchmark
against which other treatments have to be evalu-
ated. The optimization of several important clini-
cal issues is still ongoing, including patient
selection for treatment, adaptation of CRS tech-
niques to this peculiar disease, and role of inte-
grated systemic and local-regional therapies in
the individual patients. CRS/HIPEC and sCT
should be applied according to histology, tumor
biology, disease stage, and patient condition as
follows:

e CRS/HIPEC is recommended for low-grade
PM (WDPM and MCPM) with no need of fur-
ther treatment.

e Patients with not resectable or metastatic
DMPM, and/or poor general status not allow-
ing major abdominal surgery, should be con-
sidered for sCT.

e Patients with DMPM confined to the perito-
neum and not fit for major abdominal surgery
or with disease not fully resectable or resect-
able with extensive surgery conditioning
higher risk of postoperative morbidity should
be proposed for neoadjuvant sCT. In these
patients, CRS/HIPEC should be considered
after sCT in case of important response.

e Patients with DMPM confined to the perito-
neum fit for major abdominal surgery, and
with disease amenable to complete resection.
This is the group of patients in whom CRS
HIPEC is indicated as first-line treatment.

We believe that the rarity of this disease entity
and complexity of its treatment approaches
would make it necessary to be treated these
patients in highly qualified referral centers. Novel
systemic combination chemotherapy warrants
further assessments as an adjunct to intraperito-

neally delivered drugs. Basic science research is
rapidly evolving and future developments may
come from integrating innovative molecular and
cellular approaches into comprehensive treat-
ment strategies.
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