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Malignant pleural mesothelioma (MPM) is an aggressive tumor, with a poor
prognosis and an increasing incidence as a result of widespread exposure
to asbestos. Approximately 80% of MPM can be attributed to asbestos fiber
exposure. Surgery and radiotherapy have a limited role in highly selected
patients and systemic therapy is the only potential treatment option for
the majority of patients. Unfortunately, despite some definite activity of
the novel antifolates such as pemetrexed and raltitrexed, the results even in
combination with platinating agents are still modest. The median survival of
these patients remains of approximately 1 year. Improvements in surgical
and radiotherapy techniques, in tumor assessment and staging and in the
knowledge of the major molecular pathways involved in MPM are needed to
increase the survival of these patients.
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Malignant pleural mesothelioma (MPM), the most common primary tumor of the
pleura, is an aggressive tumor with a poor prognosis and a median survival of approxi-
mately 12 months. MPM is a rare disease, but its incidence has been increasing in several
countries as a result of widespread exposure to asbestos, and it is predicted to peak in the
next 1015 years [1], especially in the developing countries where use of asbestos has not
yet been banned (2. Although the mechanism of carcinogenesis is not fully understood,
approximately 80% of MPM can be attributed to asbestos fiber exposure. The other
potential carcinogenic factors are exposure to simian virus 40, radiation and erionite [3].
. Adifficulty in diagnos-
ing and staging the disease, especially in its early stages, has hindered the development

The management of patients with MPM is controversial (4]

of a generally accepted stage-related approach. Moreover, MPM is a heterogeneous
disease with a variable clinical course. A number of prognostic factors have been
described and two major prognostic scoring systems have been proposed [s.6]. The
majority of patients (80%) are diagnosed in stage III/IV (7] and these patients are not
amenable to radical surgery with extrapleural pneumonectomy (EPP). Improvements
in surgical approaches, postoperative care and new radiotherapy techniques, such as
intensity-modulated radiation therapy (IMRT), have increased the number of patients
that could be candidate to locoregional treatment, reducing morbidity and mortality
rates [89]. However, systemic therapy is the only treatment option for the majority
of these patients, but their poor performance status and the low chemo- and radio-
sensitivity of this tumor reduce attempts at medical interventions [10]. Furthermore,
the relatively low incidence of the disease has made it difficult to conduct randomized
controlled trials with an adequate number of cases.

Presently, the combination of antimetabolites plus platinum compounds is
considered the standard of care as a front-line chemotherapy in MPM patients
because it was shown to significantly improve response rates (RRs), time to
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progression (TTP), overall survival (OS) and quality
of life [11]. Unfortunately, all MPM patients progress
after first-line treatment. Second-line chemotherapy is
being increasingly used in the clinical practice, because
patients are frequently still healthy at the time of dis-
ease progression. Until recently, most MPM chemo-
therapy trials have focused on chemo-naive patients,
with few providing results to guide decisions regarding
second-line therapy [12].

Nevertheless, advances in the understanding of the
molecular biology of MPM have identified promis-
ing new candidates for targeted treatments [13-15].
Consequently, several biological agents have been
explored or are currently under evaluation.

This review summarizes the current management
of MPM and outlines the therapeutic approaches
in development.

Current management

m Diagnosis & staging

Correlation between clinical, imaging, and patho-
logical findings is critical to a correct and rapid
diagnosis. However, difficulty in diagnosing and
staging the disease, especially in its early stages, has
thwarted the development of a generally accepted
stage-related approach.

Malignant mesothelioma can be referred to three
principal histological types: epithelial, sarcomatoid and
mixed (or biphasic). MPMs are exclusively epithelial in
approximately 50—67% of cases, sarcomatoid in 7-21%
and mixed in 24-35% [16]. In order to obtain adequate
tissue for histologic diagnosis and to facilitate staging,
the investigation of choice is a thoracoscopic exami-
nation, by which excessive fluid can be drained, fol-
lowed by pleurodesis. Thoracoscopy yields a diagnosis
in at least 80% of patients without committing the
patient to a major surgical procedure [(17]. The major
difficulty in MPM diagnosis is the differential diag-
nosis between MPM and lung cancer. MPM do not
stain with carcinoembryonic antigen and thyroid tran-
scription factor-1, both of which are typically positive
in adenocarcinomas [18]. The immunohistochemical
staining for epithelial membrane antigen, the calcium-
binding protein calretinin, Wilm’s tumor 1 antigen,
cytokeratin 5/6, HBME-1 or mesothelin are useful in
identifying MPM. 9p21 (locus harboring the p16 gene)
homozygous deletion assessed by FISH on paraffin-
embedded tissue may be very useful for differentiating
MPM from reactive mesothelial hyperplasia [19]. The
rate of deletion of the 9p21 is approximately 60% of
all cases of MPM [20]. Furthermore, immunostaining
pattern for membranous podoplanin immunoreactivity,
in conjunction with calretinin, would be more specific

than CK5/6 and Wilm’s tumor 1 in differentiating
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epithelioid malignant mesothelioma from primary
neoplasm of the lung, breast, and ovary [21]. Finally,
the commercial FISH-test UroVysion test, originally
designed for the cytological diagnosis of bladder cancer,
can be used to accurately distinguish malignant and
reactive cells in effusions, particularly when cytology
is inconclusive [22].

A correct staging is mandatory in the treatment
of MPM. CT and PET scan should be considered as
complementary to define the extent of disease, select-
ing the optimal patients for a multimodality approach
and to assess the response to treatment. CT scan is
currently the most accurate noninvasive method to
stage patients, to assess response to treatment and to
detect recurrent disease postoperatively, but it is often
inaccurate in diagnosing chest wall involvement or
extension through the diaphragm. A study compar-
ing CT scan and MRI for preoperative staging showed
that MRI is not significantly better than CT scan in
defining the local extent of the tumor [23). The use of
8E-fluorodeoxyglucose (FDG) PET for the diagnosis
of MPM has been described recently. In one study of
65 MPM patients, this imaging technique correctly
detected extrathoracic metastases but failed to reliably
identify the locoregional (tumor and mediastinal nodal)
status of MPM [24]. Integrated CT-PET with coregistra-
tion of anatomic and functional imaging data increases
the accuracy of MPM staging for T4 disease (sensitivity
67%, specificity 93%), while it remains inaccurate in
the evaluation of nodal metastases (sensitivity 38%,
specificity 78%) [25.26].

At present, the recommended classification for clini-
cal use is the International Mesothelioma Interest Group
Classification [27], which is mainly surgical-pathological
and may not be completely applicable to cross-sectional
imaging and to the complex lymphatic drainage of the
pleura (28,29]. The distinction between N1, N2 and
N3 nodes is currently preserved in this staging system
in order to facilitate further studies of the prognostic
implications of nodal metastasis (Tables 1 & 2).

m Prognosis

The median survival of patients with MPM is
12 months, ranging from 8 months for stage IV
patients to 40 months for stage I [30]. The clini-
cal course of these patients varies widely, ranging
from slowly progressive to more aggressive disease.
Two prognostic scoring systems have been devised
(Table 3). Poor prognosis was associated with a poor
performance status (according to Eastern Cooperative
Oncology Group or Karnofsky scores), a high white
cell count, a probable/possible histologic diagnosis of
MPM, male gender and having sarcomatous tissue as
the histologic subtype. Taking these five factors into

www.future-science.com

future science group



Treatment of malignant pleural mesothelioma Review: Clinical Trial Outcomes

Table 1. International staging developed by the International Mesothelioma Interest Group: descriptor characterization.

Descriptor  Region involved

Tla Limited to the ipsilateral parietal
pleura, including the mediastinal and
diaphragmatic pleurae

T1lb Ipsilateral parietal pleura, including the
mediastinal and diaphragmatic pleurae

T2 Each ipsilateral pleural surface

T3 Locally advanced but potentially
resected tumor
(each ipsilateral pleural surface)

T4 Locally advanced, technically
unresectable tumor (each ipsilateral
pleural surface)

NX
NO
N1
N2

N3

MX
MO
M1

Characteristics

No involvement of the visceral pleura

Scattered tumor foci that also involve
the visceral pleura

At least one of the following:
= Involvement of the diaphragmatic muscle
= A confluent visceral pleural tumor (including fissures) or tumor extension
from the visceral pleura into the underlying pulmonary parenchyma

At least one of the following:
= Involvement of the endothoracic fascia
= Extension into mediastinal fat
= A solitary, completely resectable focus of tumor that extends into the
soft tissues of the chest wall
= Nontransmural involvement of the pericardium

At least one of the following:
= Diffuse tumor extension or multiple tumor foci in the chest wall with or
without associated rib destruction
Direct transdiaphragmatic extension to the peritoneum
Direct extension to the contralateral pleura
Direct extension to the mediastinal organs
Direct extension to the spine
Extension to the internal surface of the pericardium with or without
pericardial effusion or involvement of the myocardium

Regional lymph nodes not assessable
No regional lymph node metastases
Metastases in ipsilateral bronchopulmonary or hilar lymph nodes

Metastases in subcarinal or ipsilateral mediastinal lymph nodes, including
ipsilateral internal mammary lymph nodes

Metastases in contralateral mediastinal, contralateral internal mammary,
and ipsilateral or contralateral supraclavicular lymph nodes

Distant metastases not accessible
No distant metastases

Distant metastases

Table 2. International staging developed by the International Mesothelioma Interest Group: stage and

corresponding tumor, node and metastasis.

Stage Tumor Node Metastasis
Ia Tla NO MO0
Ib Tlb NO MO
II T2 NO MO
II Any T3 Any N1 or N2 MO
IV Any T4 Any N3 M1

consideration, patients were classified by the European
Organisation for Research and Treatment of Cancer
into two groups: a good-prognosis group (1-year sur-
vival rate: 40%) and a poor-prognosis group (l-year

survival 12%) [5]. Female gender was strongly associ-
ated with a better OS rate (p < 0.001) and the effect
of gender on OS did not seem to be related merely
to the fact that the majority of female patients had
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Table 3. European Organization for Research and Treatment of Cancer and Cancer and Leukemia Group B prognostic

scoring systems.

EORTC

PS: 1 or 2 (score: +0.60)

Histologic diagnosis (score: +0.52)

Sarcomatoid histological subtype (score: +0.67)
Male gender (score: +0.60)

Group Description Medium survival 1-year survival 2-year survival Ref.
(months; 95% CI) (%; 95% CI) (%; 95% CI)

Low risk (score <1.27) WBC >8.3 x 10%I (score: +0.55) 10.8 40 (30-50) 14 (C16-22) [5]

PS: 1 or 2 (score: +0.60)

Histologic diagnosis (score: +0.52)

Sarcomatoid histological subtype (score: +0.67)
Male gender (score: +0.60)

CALGB

PS: 0, age >49 years, HGB >14.6 g/dI

PS:1/2, WBC <15.6 x 10%I, chest pain,

no weight loss, HGB >12.3 g/dl
PS:1/2,9.8<WBC <15.6 x 10%/I, chest pain,
weight loss, HGB >11.2 g/dlI

no weight loss, HGB <12.3 g/dl
PS:1/2,9.8< WBC <15.6 x 10%/I, chest pain,
weight loss, HGB <11.2 g/dI

PS:1/2, WBC <9.8 x 10%/I, chest pain,
weight loss

High risk (score >1.27) WBC >8.3 x 10%I (score: +0.55) 5.5

1 PS: 0, age <49 years 139 (11.1-314) 63 (46-77) 38 (23-55) (6]

2 PS: 1/2, WBC <8.7 x 10%I, no chest pain 9.5 (6.9-14.7) 41 (26-57) 21 (10-37)
3 PS: 0, age >49 years, HGB <14.6 g\dI 9.2 (7.5-10.5) 30 (23-37) 10 (6-16)

4 PS:1/2, 8.7<WBC <15.6 x 10%I, no chest pain 6.5 (3.7-9.4) 25 (14-42) 6 (2-17)
5 PS:1/2, WBC <15.6 x 10%I, chest pain, 4.4 (3.4-51) 7 (3-15) 0

6 PS: 1/2, WBC >15.6 x 10%I 1.4 (0.5-0.36) 0 0

12 (4-20) 0

Cooperative Oncology Group); WBC: White blood cells.

CALGB: Cancer and Leukemia Group B; EORTC: European Organization for Research and Treatment of Cancer; HGB: Hemoglobin; PS: Performance status (Eastern

pure epithelial cumors [31]. Immunohistochemical ana-
lysis revealed intense nuclear ERP staining in normal
pleura that was reduced in tumor tissues. Conversely,
neither tumors nor normal pleura stained positive for
ERo.. Multivariate analysis of 78 MPM indicated that
ERp expression is an independent prognostic factor of
better survival. Preclinical data supports the hypoth-
esis that ERP acting as a tumor suppressor is of high
potential relevance to prediction of disease progression
and to therapeutic response of MPM patients [32]. The
Cancer and Leukemia Group B has reported that the
key prognostic factors in MPM include performance
status, age, hemoglobin, white blood cell count, chest
pain and weight loss, and that these may be useful in
predicting outcomes for chemotherapy-treated patients.
As performance status, age and white blood cell count
increase, survival decreases [6]. Prospective validation of

these prognostic groupings and, in particular, the worst
prognostic Cancer and Leukemia Group B cohorts has
been reported [33].

Treatment

m Surgery

The role of surgery in MPM is still controversial and the
optimal procedure for resection is not standardized. Its
results are difficult to interpret because of the relatively
small number of patients, the variable patient selection,
the lack of randomized trials, and often the addition
of another treatment modality to surgery. In general,
patients with stage I disease can be considered can-
didates for radical surgery. Pleurectomy/decortication
(P/D) and EPP are the two major types of operation.
EPP involves an en bloc resection of lung, pleura, peri-
cardium and diaphragm, while P/D involves resection
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of the parietal and visceral pleurae and the pericardium
and diaphragm when necessary, but spares the lung.
Both EPP and P/D are cytoreductive treatment options
with the aim to remove all gross disease and to achieve
macroscopic complete resection [34]. Despite a height-
ened interest in EPP over the past decade, concerns
about the morbidity and mortality of this surgical pro-
cedure, and its efficacy, have delayed a consensus in its
practice. In addition, there is a lack of robust clinical
data on prognostic factors for OS and quality of life
evaluation. To date, no randomized controlled trials
have been conducted to examine the potential benefits
of EPP. As macroscopic incomplete R2-resection is
associated with increased mortality, the similar per-
formance of P/D and EPP in achieving RO/R1 resec-
tion is of critical importance [3s). Originally P/D was
a palliative option for controlling pleural effusion [36].
Recently, lung-sparing surgery for MPM seems to be
an alternative for patients unsuitable to undergo EPP,
depending on co-morbidities, stage of disease and his-
tology. EPP is a rather complex operation, which should
be performed by skilled surgeons and in selected cen-
ters. The operative mortality is 5-9%, but morbidity is
approximately 25%. P/D has the advantage of limiting
the procedure related morbidity, thus allowing patients
to maintain physiological reserve, and is applicable in
all stages and all types of histology. Indeed, advanced
disease was associated with poorer survival, but per-
forming EPP in advanced stages of MPM did not lead
to superior survival. In a recent retrospective analysis,
Flores and colleagues investigated the outcomes of EPP
and P/D, with OS as the primary end point, observing
that patients who underwent P/D had a better survival
than those who underwent EPP. However, the authors
suggested that the reasons are multifactorial and sub-
ject to selection bias and the choice of resection should
be tailored to the extent of disease, patient comorbidi-
ties, and type of multimodality therapy planned [30].
The ongoing randomized Mesothelioma And Radical
Surgery (MARS) trial in the UK is attempting to deter-
mine the benefit of surgery in the treatment of mesothe-
lioma. In this study, 50/112 (45%) of patients entering
the evaluation and induction phase of the trial went
on to be randomized. The authors have shown that
this randomization between surgery and no surgery is
feasible [37].

Surgery alone has not been extensively tested yet,
and the use of combined modality approaches has been
better investigated.

m Radiotherapy
The role of radiation therapy (RT) in the management
of MPM is still debated and RT alone has probably no

major role in disease control and survival. RT is often
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used for palliation of pain, and it has often been added
to surgery in an attempt to improve local control and
reduce local failure.

Adjuvant hemithoracic RT was studied as a way of
improving local control after EPP, especially because a
higher dose of radiation can be achieved without risk of
pneumonitis, as the lung has been removed. Memorial
Sloan-Kettering Cancer Center investigators conducted
a prospective trial in which 54 patients underwent EPP
followed by RT (54 Gy). This therapeutic approach
resulted in a dramatic reduction in local relapse and pro-
longed survival in patients with early-stage disease [38].
However, the diffuse nature of the tumor, which often
covers most of the lung and the interlobular fissures,
is the principal limitation to radiotherapy. The recent
improvements in radiation treatment techniques, such
as IMRT, have provided the potential to conform radia-
tion doses tightly to target volumes reducing normal
tissue toxicity. Ahamad and colleagues showed how
IMRT after EPP was feasible, with modest toxicity and
excellent local control [39]. There is a report of severe
toxicities attributable to IMRT after EPP. This report
raised serious safety concerns and has resulted in a much
more cautious exploration of IMRT techniques in this
patient population. In particular, the authors recognized
the acute respiratory distress syndrome as a combined
modality toxicity, which underscores the lowered pul-
monary reserves of patients who undergo trimodality
treatment [40]. Furthermore, RapidArc (RA) demon-
strated, compared with conventional IMRT, similar
target coverage and better dose sparing to the organs
at risk. The number of monitor units and the time
required to deliver a 2-Gy fraction were much lower
for RA, allowing the possibility to incorporate this
technique in the treatment options for mesothelioma
patients [41].

m Chemotherapy

Systemic therapy is the only potential treatment option
for the majority of MPM patients. There are few ran-
domized data assessing the role of chemotherapy ver-
sus best supportive care (BSC). Sponsored by The
British Thoracic Society and Cancer Research UK, a
large three arms Phase III trial comparing polichemo-
therapy (mitomycin 6 mg/m?, vinblastine 6 mg/m? and
cisplatin 50 mg/m? schedule) plus BSC versus vinorel-
bine plus BSC versus BSC alone started in 2000. This
study did not show any significant advantage in terms
of OS among the three arms [42]. Although the study
was not powered to detect a difference between che-
motherapy arms, exploratory analysis suggested that
vinorelbine merits further investigation. Moreover, in
this trial BSC were compared with the ‘old’ chemo-
therapeutic schedules: no data are available about the
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actual standard treatment (cisplatin/antifolate combi-
nation) compared with BSC. O’Brien and coworkers
observed how the early versus delayed use of chemo-
therapy (mitomycin 6 mg/m?, vinblastine 6 mg/m? and
cisplatin 50 mg/m?* schedule) in the management of
patients with stable symptoms provided an extended
period of symptom control, and a trend to survival
advantage [43]. A more recent clinical trial reported
that cisplatin and vinorelbine first-line chemotherapy
in nonresectable MPM is an active regimen with a RR
of 29.6% and a median survival of 16.8 months [44].
Several new cytotoxic agents with definite activity in
mesothelioma have recently been evaluated, including
gemcitabine and the antifolates raltitrexed and peme-
trexed. The cisplatin/gemcitabine combination has
showed modest activity with an acceptable toxicity pro-
file in a Phase II clinical trial, as frontline treatment of
patients with MPM [4s5]. Two Phase II studies described
the therapeutic effect of carboplatin and gemcitabine in
the first-line setting: it resulted as a valid option in the
treatment of MPM due to its acceptable toxicity profile
and the good RRs (26 and 20%, respectively) [46.47).
The multitargeted antifolate pemetrexed and ralti-
trexed were shown to have activity in MPM as a single
agent and in combination with platinum compounds
(11.48.49]. In a multicenter Phase III study involving 448
chemo-naive patients, those treated with pemetrexed
plus cisplatin had a longer median OS (12.1 months)
than those treated with cisplatin alone (9.3 months) and
had an objective RR (shrinkage of the tumor by >50%)
of 41 versus 16.7% [11]. Furthermore, the raltitrexed/
cisplatin combination also improved OS compared
with cisplatin alone in a population of 250 patients in a
randomized Phase III study [49]. The magnitude of the
survival benefit was similar in both studies: a 2.8-month
increase in median survival in the pemetrexed study
(from 9.3 to 12.1 months) and a 2.6 months increase in
the raltitrexed study. However, in the pemetrexed trial
this difference was statistically significant, while in the
other study the survival improvement had borderline
significance, probably due to the more limited sample
size. With the demonstration of a survival advantage in
these two Phase 11 studies utilizing the combination of
cisplatin with an antifolate versus cisplatin alone, other
combinations — such as cisplatin/gemcitabine — are
not being further studied for patients with untreated
advanced MPM. Even though no randomized clinical
trials comparing these regimens has been conducted so
far, available data suggest that cisplatin with an anti-
folate should be the reference regimen in patients with
MPM. Considering that many MPM patients are unfit
to receive a cisplatin-based chemotherapy, a number
of schedules used carboplatin, instead of cisplatin, in
an attempt to reduce toxicity maintaining the same

Zucali, De Sanctis, De Vincenzo et al.

survival benefit. In fact, MPM is a disease of the older
patient, with a median age of onset of 74 years [s0]. The
typical nonhematological toxicity profile of cisplatin
(gastrointestinal, neurologic and renal) is questionable
in the context of a palliative treatment, especially for
poor performance and elderly patients. Carboplatin has
the potential advantages of having a better adverse effect
profile and better ease of administration. The combi-
nation of pemetrexed and carboplatin was found to be
synergistic in preclinical models and active and well
tolerated in a Phase I trial in MPM patients, with a
reported RR of 32% [s1]. Starting from these data, some
combined schedules containing carboplatin, instead of
cisplatin, were tested in MPM patients in an attempt
to reduce toxicity maintaining the same survival out-
comes [52,53]. In a Phase II trial of 102 MPM patients
treated with pemetrexed plus carboplatin, a similar TTP
(6.5 months) and OS (12.7 months) were observed as
in the Phase III trial of pemetrexed/cisplatin [52]. The
toxicity profile seemed to be better in the pemetrexed/
carboplatin trial than in the pemetrexed/cisplatin trial,
especially considering the nonhematological toxicity. A
76-patient Phase II study reported a TTP of 8.0 months,
a median survival of 14 months, and a RR 0f 25% using
the same regimen [53]. Moreover, no significant differ-
ence was observed in terms of overall disease control
(60.4 vs 66.9%, p=0.47), TTP (7.2 vs 7.5 months,
p=0.42) and survival (10.7 vs 13.9 months, p=0.12)
between elderly patients compared with younger indi-
viduals in a retrospective analysis of pooled data from
the two Phase II trials of pemetrexed and carboplatin
as first-line therapy [s4]. Data from the International
Expanded Access Program (EAP) confirmed the activ-
ity of pemetrexed plus cisplatin and pemetrexed plus
carboplatin in 1704 chemo-naive MPM patients not
amenable to curative surgery, demonstrating clinically
similar time to progressive disease and 1-year survival
rates. In particular, the pemetrexed plus cisplatin group
demonstrated a RR of 26.3% compared with 21.7%
for the pemetrexed plus carboplatin group, with 1-year
survival rates of 63.1 versus 64.0% and median TTP
disease of 7 versus 6.9 months [55].

Unfortunately, all MPM patients progress after first-
line treatment. Second-line chemotherapy is being
increasingly used in the clinical practice, because
patients are frequently still healthy at the time of dis-
ease progression. Until recently, most MPM chemo-
therapy trials have focused on chemo-naive patients,
with few providing results to guide decisions regarding
second line therapy (56]. Therefore, its role in MPM is
to be proved yet. A noteworthy activity of pemetrexed,
both alone and combined with carboplatin, as second-
line treatment following prior platinum-based chemo-
therapy was reported [57]. In a randomized, multicenter
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Phase III study examining pemetrexed as second line
chemotherapy versus BSC, treatment with pemetrexed
provided clinical benefit with a statistically significant
improvement in TTP (3.8 vs 1.5 months), whereas
improvement in OS was not seen, possibly due to the
influence of poststudy therapy on the BSC arm [ss].
However, because the cisplatin/pemetrexed regimen has
recently become standard in the treatment of first line
MPM patients [11], second line chemotherapy should
focus on other compounds. Very few prospective trials
of second-line chemotherapy in pemetrexed-pretreated
MPM patients have been undertaken (Table 4).

m Combined modality treatment

Multimodality approaches have been developed in
order to reduce local recurrence and systemic spread.
Surgery was employed in the form of P/D or EPP in
combination with various forms of radiation treat-
ment and chemotherapy [31.59-63]. Surgical resection
with intrapleural and systemic chemotherapy showed
disappointing results with a high morbidity rate. EPP
followed by high-dose external beam RT (54 cGy)
achieved a median survival of 33.8 months in stages I
and II compared with a median survival of 10 months in
stages 111 and IV, demonstrating the best local control
ever achieved in mesothelioma (39]. The Brigham and
Women’s Hospital in Boston reported that the median
survival of 183 patients treated between 1980 and
1997 was 19 months with 2- and 5-year survival rates

lignant pleural mesothelioma Review: Clinical Trial Outcomes

of 38 and 15%, respectively [64]. This safe approach
offered improved survival only for certain subgroups
of patients. In particular, patients with epithelial cell
type, lack of extra-pleural nodal involvement and nega-
tive surgical margins have a median survival approach-
ing 5 years [8]. This and other studies indicate that
more effective strategies should be sought to increase
local control and better staging procedures should be
developed [63].

Another interesting approach is the use of preopera-
tive chemotherapy. In the neo-adjuvant setting, chemo-
therapy seems to improve the resectability rates and sur-
vival without altering the surgery mortality rates [66.67).
The Swiss pilot study administered three cycles of gem-
citabine/cisplatin followed by EPP in 19 patients with
stages [-1II MPM. Induction therapy RR was 32%.
EPP was performed in 16 patients without periopera-
tive mortality and 13 patients received postoperative
RT. Median survival time was 23 months. The other
neoadjuvant Phase II study using gemcitabine/cisplatin
was performed at Memorial Sloan-Kettering (NJ, USA),
but focused on patients with stage III and IV disease;
induction therapy RR was 26%. All patients underwent
postoperative external beam radiation therapy (54 cGy).
Patients who underwent EPP had a median survival
of 33.5 months, while patients who were unable to
undergo resection had a median survival of 9.7 months
(p = 0.01), suggesting that neoadjuvant chemotherapy
is feasible and also helps to select patients who would

Table 4. Second-line therapy in pemetrexed pretreated malignant pleural mesothelioma patients.

Regimen Patients (n) RR(%) CBR (%) MediumTTP Medium OS Ref.
(months) (months)
Re-challenge with pemetrexed-containing chemotherapy
Pemetrexed/platinum 17 NR 65 NR NR (148]
Pemetrexed + carboplatin 31 19 48 3.8 10.5 (149]
Chemotherapy with other agents
Oxaliplatin + gemcitabine 18 22 50 NR NR (150]
Vinorelbine + gemcitabine 30 10 433 2.8 10.9 (151]
Erlotinib + bevacizumab 24 50 2.2 5.8 (152]
Oxaliplatin + gemcitabine 29 45 2.2 5.6 (153]
Weekly vinorelbine 63 16 84 NR 9.6 (154]
NGR-hTNF 57 2 42 2.8 121 (135]
Vinorelbine 43 116 39.5 21 5.3 (155]
Thalidomide 22 6 56 3.6 11 (156]
Sorafenib 31 4 64 37 14.6 (157]
Sunitinib 22 27 NR 3.7 8.2 [158]
Belinostat 13 0 15 1 5 (109]
CBR: Clinical benefit rate (partial response + stable disease); NR: Not reported; OS: Overall survival; RR: Response rate TTP: Time
to progression.
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benefit most from surgical resection. These results also
led to the development of a Swiss trial and a multi-
center US trial testing the standard first-line regimen
for MPM — pemetrexed/cisplatin — as induction therapy
for stage I to III MPM patients before EPP and RT.
Krugand colleagues demonstrated the feasibility of this
trimodality approach. The toxicities were comparable
to those reported in the prior Phase II1 trial (1] without
any impact on surgical and radiation therapy risks. The
pathological complete RR was 5% and the radiological
RR was 33%. Although this seems slightly less than
41% RR reported in the Phase III trial, response is par-
ticularly difficult to assess in this population with early-
stage MPM. The median OS was 16.8 and 21.9 months
in all enrolled patients and in patients undergoing EPP,
respectively. The 2-year survival was 37% and approxi-
mately 20% of patients were estimated to survive more
than 3 years. This suggested that a subgroup of patients
is more likely to benefit from this aggressive approach.
An exploratory subgroup analysis indicated that radio-
logical response, but not other factors, were associated
with improved survival. Complete or partial response
were associated with nearly twice the median survival
when compared with stable or progressive disease (26.0
vs 13.9 months) [68]. Hoffmann and colleagues inves-
tigated the feasability in stage III MPM patients of
the implementation of cold-plasma coagulation on the
pleura, pericardium and diaphragm into an established
therapeutic algorithm consisting of P/D and hyperther-
mic intrathoracal chemoperfusion therapy. The under-
lying rationale was the prevention of cardiotoxic effects
during hyperthermic intrathoracal chemoperfusion as
well as accidental translocation of malignant cells to
the abdomen. Until now the authors observed 1-year
relapse-free survival without severe side effects [69].
Nowadays, multimodality treatment is far from
perfect and it should be studied further through

clinical trials.

Future perspective

= Biomarkers

There are no biomarkers in clinical use for MPM. In
fact, MPM remains a rare disease and indeed the small
number of patients plus the accessibility of a uniform
tumor population renders the search for biomarker very
difficult. However, biomarkers would be helpful in man-
aging three clinical aspects of MPM: early diagnosis,
prognosis, and treatment outcome prediction.

Diagnostic biomarkers

The biomarkers osteopontin, soluble mesothelin-related
protein (SMRP), and megakaryocyte potentiating fac-
tor (MPF) currently show the most promise for diag-
nosis, but each has some limitations [70,71]. Osteopontin
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is a glycoprotein regulated by proteins in cell-signaling
pathways that are associated with asbestos-induced
carcinogenesis. Mesothelin, a cell-surface glycoprotein
that functions in cell-to-cell adhesion, is expressed by
normal mesothelial cells and highly overexpressed in
MPM as well as in other malignancies such as lung
cancers. It is synthesized as a precursor 69-kDa protein
and forms membrane-bound mesothelin and a soluble
MPF. Abnormal splicing events and enzymatic cleavage
from membrane-bound mesothelin lead to the synthe-
sis of a soluble mesothelin, and that the SMRP found
in serum include both the soluble mesothelin and the
soluble MPF. Osteopontin is a marker of the duration
of asbestos exposure, but lacks specificity for mesothe-
lioma, while both SMRP and MPF lack sensitivity for
detecting nonepithelial subtypes. In a recent study,
serum SMRP, MPF, and osteopontin levels were mea-
sured in 66 patients with mesothelioma, 20 healthy con-
trol subjects, and 81 others with asbestos-related lung
disease, benign pleural effusions, or other cancers. At
a specificity of 95%, the sensitivity for detecting meso-
thelioma was 34% for MPF, 47% for osteopontin, and
73% for SMRP; combining the three biomarkers did
not improve sensitivity [72].

Prognostic biomarkers

Elevated SMRP was found to be a significant negative
prognostic marker in MPM patients (73]. However, the
prognostic impact of SMRP in MPM is not yet conclu-
sive. Recent studies have shown that loss of p16 is associ-
ated with poor survival [74.75]. In particular, microarray
analysis of 99 specimens of malignant mesotheliomas
found homozygous deletion of pl6 to be a significant
independent adverse prognostic factor in pleural meso-
theliomas, with a median survival of 10 months for
pl6-deleted cases versus 34 months for nondeleted cases
(p = 0.001) (74]. This is consistent with a prior study
by Borczuk and colleagues that identified loss of p16
immunoreactivity to be an independent predictor of
poor survival in peritoneal mesotheliomas (76].

The high microvessel density has been associated
with poor survival [77], and proteins involved in regu-
lating angiogenesis have been implicated in the prog-
nosis of MPM. A reduced level of BAX, a tumor sup-
pressor gene downregulated by tumor hypoxia (the
engine of angiogenesis), has been associated with a
poor outcome [78]. Elevated levels of VEGF in pleu-
ral effusion are associated with diminished survival in
MPM patients [79], and VEGF overexpression as moni-
tored by IHC independently predicts short survival in
MPM patients (p = 0.0002) [80]. High levels of VEGF
and FGF2, or co-expression of TGF-B, VEGF, FGF1,
and FGF2 are also associated with a poor outcome [81].
PTEN expression was found as a strong predictor of
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survival in 126 mesothelioma patients [s2]. In particu-
lar, comparing any PTEN expression versus no expres-
sion, median survival time was significantly longer (log
rank test p = 0.0001) in patients with PTEN expres-
sion (15.5 months; 95% CI: 3.8; 27.2 vs 9.7 months;
95% CI: 7.9; 11.7) and the cox regression analysis
revealed an association between PTEN expression and
survival (p = 0.003) independently from the histologi-
cal subtype (p = 0.7). Microarray technology has been
used to investigate gene signatures that could be used to
predict MPM survival and progression. A four-gene sig-
nature comprising KIAA097, GDP-dissociation inhibi-
tor 1, cytosolic thyroid hormone-binding protein and an
expressed sequence tag similar to the L6 tumor antigen
(which correctly classified a training sample into good
and poor prognostic groups [83] predicted the correct
outcome in a significant number of cases, supporting the
identification of novel disease-specific and treatment-
specific prognostic molecular marker candidates [84].
The presence of an 11-gene, oncogene-driven-pathway
signature, correlated with a stem-cell-like expression
profile, is associated with a poor prognosis in patients
with MPM {ss]. In the same way, a large gene-expres-
sion analysis identified and validated aurora kinases as
predictive of outcome. In fact, mitosis or proliferation,
diploidy, and S-phase fraction were identified as sig-
nificant indices, and increased expression of regulators
of mitosis and cell-cycle control were observed in more
aggressive cancers [77). Pass and colleagues investigated
whether specific microRNAs could segregate a largely
surgically treated group of mesotheliomas into good
or bad prognosis categories [86]. A training set of 44
and a test set of 98 mesothelioma tumors were ana-
lyzed by a custom microRNA platform, along with nine
mesothelioma cell lines and three normal mesothelial
lines. Functional implications as well as downstream
targets of potential prognostic microRNAs were inves-
tigated. Increased expression of hsa-miR-29¢* predicted
a more favorable prognosis, and overexpression of the
microRNA in mesothelioma cell lines resulted in signifi-
cantly decreased proliferation, migration, invasion, and
colony formation. Moreover, major epigenetic regula-
tion of mesothelioma is mediated by hsa-miR-29¢* and
was shown through downregulation of DNA methyl-
transferases as well as upregulation of demethylating
genes. Nevertheless, the clinical use of biomarkers in
MPM is still inconclusive and needs further evaluation.

Predictive biomarkers: pharmacogenomic
There are no established predictive factors that can be
used to optimize treatment in MPM.

For targeted therapy, low VEGF serum levels may
be useful in predicting the response to treatment with
bevacizumab. In fact, in a Phase II randomized trial
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evaluating the addition of the anti-VEGF monoclonal
antibody bevacizumab to gemcitabine plus cisplatin,
an higher baseline plasma VEGF levels correlated with
shorter progression-free survival (PES) (p = 0.02) and
OS (p = 0.0066) [87].

For chemotherapy, few studies have identified
predictors of the responsiveness to pemetrexed and/
or cisplatin/carboplatin treatment in patients with
MPM. It is hypothesized that low expression of exci-
sion repair cross-complementation group 1 (ERCC1)
might predict increased sensitivity to platinum-based
chemotherapy; conversely, high levels of ERCC1 may
predict a resistance to platinum-based chemotherapy.
However, a high-ERCC1 level might also be a posi-
tive prognostic variable because it may increase the
removal of carcinogenic DNA lesions. Pemetrexed is
a multitarget agent that enters the cell via the reduced
folate carrier. It is converted to a series of active poly-
glutamate derivatives by folylpolyglutamate synthe-
tase. These metabolites inhibit three folate-dependent
enzymes, thymidylate synthase (TS), dihydrofolate
reductase (DHFR), and glycinamide-ribonucleotide
formyl transferase (GARFT). However, pemetrexed
is a weak inhibitor of GARFT, and when TS (its pri-
mary target) is inhibited, tetrahydrofolate oxidation
stops and there is no longer a need for DHFR activity.
Therefore, most studies have focused on pemetrexed
effects on TS. TS mRNA expression levels has been
inversely correlated with pemetrexed activity in dif-
ferent tumor cells, whereas other studies have sug-
gested a correlation between high levels of TS protein
expression and reduced sensitivity to pemetrexed in
colon and lung cancer cells (88,89]. Furthermore, TS
mRNA and protein expression were predictive of
responsiveness in patients with advanced breast can-
cer treated with pemetrexed alone and in patients with
non-small-cell lung cancer treated with pemetrexed/
gemcitabine neoadjuvant therapy, respectively [90]. In
a recent retrospective analysis, Righi ez a/. investigated
the correlation between baseline expression levels of T'S
and ERCCI1 genes, which were evaluated by real-time
polymerase chain reaction and by immunohistochem-
istry (using the H-score) in MPM patients treated with
pemetrexed-based chemotherapy [91]. They observed
that low TS protein levels are predictive of improved
TTP (p=0.02) and OS (p = 0.019) when patients were
divided according to the median H-score. Conversely,
the researchers did not find a significant correlation
between TS mRNA and outcome. Another retrospec-
tive analysis of TS and ERCC-1 protein expression by
immunohistochemistry in 99 MPM patients treated
with the carboplatin/pemetrexed regimen found that
TS expression was a predictor of clinical outcome [92].
In particular, the immunohistochemical detection of
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TS expression was found predictive of clinical out-
come. In fact, compared with patients with high TS
expression, the patients with low TS expression had
a significantly higher probability to achieve disease
control to carboplatin/pemetrexed chemotherapy
(p=0.027), a significantly longer PFS (p = 0.017) and
a significantly longer OS (p = 0.022). Moreover, the
TS-mRNA analysis confirmed immunohistochemi-
cal data. Retrospective studies on candidate predictive
biomarkers in MPM specimens may provide strong
rationale for future trials. However, the optimization/
standardization of methodologies, as well as the use of
large and uniformly treated cohorts and the incorpora-
tion of both emerging candidate biomarkers and geno-
type studies, are critical before prospective trials can
identify the best biomarkers for personalized MPM
chemotherapy [93]. Probably, considering the rarity of
MPM, the creation of a collaborative network which
would allow analyzing the role of several biomarkers
in a greater number of uniformly treated patients with
MPM may be a good strategy.

m Assessment of tumor response

Assessment of the response with conventional crite-
ria based on CT scan measurements is challenging,
owing to the circumferential and axial pattern of
growth of MPM. However, adequate response evalu-
ation is crucial for the identification of active drugs.
The modified RECIST criteria have been developed
and validated by Byrne and Nowak [94]). Although they
are already being used in current clinical trials, they
have been criticized based on the high grade of inter-
observer variability documented in the assessment of
tumor response classification in MPM [94-97] and on
theoretical studies of mesothelioma growth according
to nonspherical models [98]. Furthermore, some mor-
phological characteristics of MPM, such as growth in
the axial direction or along the lung fissures, cannot
be captured by any of the proposed CT-based response
criteria. Therefore, alternative measurement modalities
are being developed [99,100]. FDG-PET seems to be use-
ful to assess the response to treatment. In fact, there
is growing evidence that therapy-induced changes in
tumor FDG uptake might predict response and patient
outcome early in the course of treatment. In a study of
22 patients evaluated by FDG-PET and CT imaging
at baseline and after two cycles of therapy, eight out
of 20 evaluable patients showed a decrease of 25% or
more in tumor FDG uptake (as measured by standard
uptake value [SUV]) and were defined as having a met-
abolic response. Metabolic response correlated to PFS,
which was 14 months in responders and 7 months in
nonresponders. By contrast, no correlation was found
between PFES and the radiological response evaluated

Zucali, De Sanctis, De Vincenzo et al.

by CT imaging. Patients with a metabolic response
had a trend towards a longer OS [101]. A total glycolytic
volume (TGV) analysis of FDG-PET uptake could rep-
resent an interesting development in the assessment of
response and prediction of patient outcome in MPM. In
17 MPM patients evaluated after two cycles of first-line
chemotherapy with carboplatin and pemetrexed, the
metabolic response, defined as any TGV reduction, was
significantly correlated to TTP, with a median TTP
for metabolic responders of 15.8 versus 5.6 months for
nonresponders (p = 0.004). Moreover, patients with
a metabolic response had a trend towards longer OS
(mean OS 25.4 vs 17.5 months), but this difference
did not reach statistical significance (p= 0.20). The
sensitivity of this method in comparison to a single-
pixel evaluation (SUV_ ) should be evaluated in larger
prospective series [102]. In an other study, 30 patients
were suitable for both radiological and "®F-FDG PET
analysis after one cycle of chemotherapy. Cox regres-
sion analysis demonstrated a statistically significant
relationship between a fall in TGV and improved
patient survival (p = 0.015), whereas neither a reduction
in the maximum standardized uptake value (p = 0.097)
nor CT (p = 0.131) demonstrated a statistically sig-
nificant association with patient survival [103]. Yoshida
and coworkers proposed that Cu-labeled Fab could be
useful for ERC/mesothelin-specific PET imaging, thus
facilitating improved diagnosis of patients with early-
stage mesothelioma [104). Therefore, metabolic imag-
ing has the potential to improve the care of patients
receiving chemotherapy for mesothelioma by the early
identification of responding patients. This technology
may also be useful in the assessment of new systemic
treatments for mesothelioma.

Percentage changes in SMRP levels were recently
found as a potentially useful marker of disease course
(105]. In fact, in a series of 21 patients receiving systemic
therapy, percentage change in SMRP more than 10%
correlated with the radiologic assessment by a trained
thoracic radiologist (p < 0.001), by formal RECIST
(p = 0.008), or by modified RECIST (p < 0.001).
Furthermore, all seven patients who underwent surgical
resection with negative margins had elevated preopera-
tive SMRP levels that fell to normal postoperatively and
rising SMRP was observed in all patients with radio-
logic disease progression. These findings should be vali-
dated prospectively for a role as an objective adjunctive
measure of disease course in both clinical trials and
clinical practice.

m Target therapy

Malignant mesothelioma cells show an increased or dys-
regulated growth. The knowledge of molecular path-
ways alterations specific for MPM is basic to discover

www.future-science.com

future science group



Treatment of ma

biomarkers as useful predictive or prognostic tools and
to develop and test novel targeted agents [7.13]. Although
not entirely comprehensive, the most intriguing molec-
ular pathways for the imminent targeted therapeutic
strategies are pointed out as follow. The main ongoing
clinical trials are showed in Table 5.

Histone regulation

Epigenetic regulation of tumor suppressor genes
through chromatin condensation and decondensa-
tion has emerged as an important mechanism that
leads to tumorigenesis. A family of histone acetyl-
transferases and deacetylases (HDACs) regulates this
balance, with the latter facilitating chromatin conden-
sation, thus preventing gene transcription, resulting

Table 5. Molecular pathways and clinical trials for malignant pleural mesothelioma.

lignant pleural mesothelioma Review: Clinical Trial Outcomes

in the loss of heterozygosity of tumor suppressors.
Inhibition of this process, coupled with a similar
inhibition of nonhistone protein deacetylation, ulti-
mately leads to the promotion of apoptosis, cell cycle
arrest, and inhibition of angiogenesis. Preclinical
data highlighting the effectiveness of HDAC inhibi-
tion in MPM cell lines and mouse xenograft models
has led to early phase clinical trials in patients with
MPM [106). Suberoylanilide hydroxamic acid (vori-
nostat), an oral inhibitor of class I and II HDACS,
also represses expression of the 7§ gene, which is the
principal target of pemetrexed. There were two objec-
tive responses to suberoylanilide hydroxamic acid in
the 13 MPM patients enrolled in a Phase I trial [107].
A double-blind, placebo-controlled Phase III trial is

Study design Agents Target
Setting: I line
Phase II, III Bevacizumab + CDDP + pemetrexed vs placebo VEGF
+ CDDP + pemetrexed
Phase II Bortezomib + CDDP Ubiquitine proteosome
Phase II Vatalanib PDGFRB, VEGFRL, 2 and 3
Phase II Bevacizumab + CDDP + pemetrexed VEGF
Phase II Bevacizumab + CBDCA + pemetrexed VEGF
Phase I/1I Cediranib + CDDP + pemetrexed vs placebo + CDDP + VEGFRs
pemetrexed
Phase I Vs PDGFRp and KIT
Setting: I & II line
Phase II Placebo + CDDP + pemetrexed PDGFRP and KIT
Phase II Semaxanib VEGFR2
Setting: I line
Phase III Doxorubicin + Onconase® NF-kB nuclear translocation
Phase III Vorinostat Class I'and II histone deacetylases
Phase II Bortezomib Ubiquitine proteosome
Phase II Bortezomib + oxaliplatin Ubiquitine proteosome
Phase II Onconase NF-«B nuclear translocation
Phase II Belinostat Class I 'and II histone deacetylases
Phase II Everolimus mTOR
Phase II Imatinib + gemcitabine PDGFRp and KIT
Phase II Sunitinib PDGFRB, VEGFR1, 3, KIT and RET
Phase II Vandetanib vs vinorelbine VEGFR2, 3, RET and EGFR
Phase II NGR-hTNF CD13
Phase I SS1P Mesothelin
Phase I MORAb-009 Mesothelin
Setting: maintainance CT
Phase II NGR-hTNF CD13
Phase III Thalidomide VEGF, FGF and TNFa
fsg future science group Clin. Invest. (2011) 1(7) 1009
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ongoing in which patients are randomized to receive
vorinostat 300 mg oral twice daily for three consecu-
tive days of every 7-day period (repeated weekly in
a 21-day cycle), plus BSC or placebo plus BSC. The
primary end points of the vorinostat trial are OS and
tolerability. Patient accrual is underway, recruitment
continues after two interim analyses and the results
remain blinded [108].

Ramalingam and colleagues conducted a Phase 11
study with belinostat, a class I and II HDAC inhibitor,
in patients with relapsed MPM [109]. Patients received
belinostat at 1000 mg/m? intravenously on days 1-5
of a 3-week (21-day) cycle as second-line therapy. The
primary end point was RR. No objective responses were
observed, thus indicating that belinostat is not active as
monotherapy against recurrent MPM.

Preclinical data suggest that the coupling of HDACi
therapy to chemotherapy should be more effec-
tive [110,111]. A Phase I trial of vorinostat in combina-
tion with cisplatin and pemetrexed in advanced solid
tumors found an overall RR of 10%, with 58% of
patients exhibiting stable disease, including three of
five patients (60%) with MPM (112]. In a Phase II trial,
valproic acid plus doxorubicin appeared an effective
chemotherapic regimen in patients with refractory or
recurrent MPM and with a good performance status
(Karnofsky 80-100) showing a RR of 16% and a disease
control rate of 36% [113].

Cell cycle regulators & apoptosis: NF-kB pathway

Within the NF-kB pathway, the activated p65 subunit
of NF-«B translocates to the nucleus to activate genes
that protect the cell from apoptosis (inhibitors of apop-
tosis). Moreover, activation of the NF-kB pathway can
stimulate proliferation and reduce the effectiveness of
chemotherapy and ionizing radiation. Therapeutic tar-
geting of TNF-a./NF-kB signaling (e.g., bortezomib
and ranpirnase) decreases drug resistance and increases
cytotoxicity in MPM cells [114,115). However, ranpir-
nase and bortezomib affect many other targets apart
from NFkB pathway: tRNA, rRNA, mRNA as well
as the noncoding RNA (microRNAs), proteasome and
focal adhesion kinases. Bortezomib is currently being
evaluated in three mesothelioma trials, both as a single
agent and in combination with cisplatin [201]. The drug
ranpirnase has shown promising results: in a Phase II
MPM trial, single-agent ranpirnase resulted in a 5%
RR, a 43% stable disease rate, and a median OS of
6 months [116]. A Phase III trial compared the efficacy
and safety of doxorubicin 60 mg/m?* (doxorubicin was
one of the most active single agents at the time the study
was planned) every 3 weeks with or without ranpir-
nase 240 pg/m?* weekly in cycle one and 480 pg/m?
in subsequent cycles (for a maximum of six cycles). A
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total of 413 MPM patients were involved, 203 treated
with ranpirnase and doxorubicin and 210 treated with
doxorubicin alone [117]. The primary end point was OS,
and secondary end points included PFS, RR, safety,
and disease-related symptoms. There was no signifi-
cant difference in OS (median survival time: 11.1 versus
10.7 months; hazards ratio 1.02, 95% CI 0.82-1.26)
in the intent-to-treat population, but there was a sig-
nificant advantage in survival in favor of doxorubicin
plus ranpirnase in a preplanned analysis that included
130 pretreated patients (median survival time: 10.5 ver-
sus 9 months; hazards ratio 1.49, 95% CI 1.02-2.17).
The combination of ranpirnase and doxorubicin was
safe and feasible in unresectable MPM and showed a
significant impact on survival of pretreated patients
compared with doxorubicin alone. However, at present
doxorubicin does not represent the most active drug
in the armamentarium available to the clinicians to

treat MPM.

The phosphoinositide 3-kinase/AKT/mTOR pathway

The phosphoinositide 3-kinase-AKT pathway is
activated by many growth factors and interacts with
mTOR. Activation of mTOR results in phosphory-
lation of its effectors, the best studied of which are
eukaryotic initiation factor 4E-binding protein 1 (4E-
BP1) and S6 kinase 1 (S6K1). Hyperphosphorylation
of 4E-BP1 inhibits 4E-BP binding to eukaryotic initia-
tion factor 4E (eIF4E), activating selective translation
of cyclin D1, Bcl-2, BelxL, and VEGF mRNA, among
others. Rapamycin, a natural macrolide approved for
human use to prevent allograft rejection, is a potent
inhibitor of mTOR. Temsirolimus and everolimus are
nonimmunosuppressive analogues of rapamycin that
show activity in patients with metastatic renal can-
cer [117118]. In the clinical setting, a Phase II study
of everolimus is ongoing in patients with relapsed
MPM [201]. The primary end point of this study is
to determine the 4-month PFES in unresectable MPM
patients treated with everolimus. The secondary end
points are the RR and disease control rate in patients
with measurable disease by RECIST and modified
RECIST criteria; to determine OS of these patients;
and to evaluate the frequency and severity of toxicities
associated with this treatment regimen. The patients
receive oral everolimus once daily on days 1-28. There
is another ongoing Phase II study of everolimus as
a second- or third-line therapy for the treatment of
advanced MPM. This study, starting from preclinical
data that revealed a strong correlation between loss of
NF2 and activation of mMTORC1 (coherent with sen-
sitivity to the growth-inhibitory effect of rapamycin),
will also evaluate NF2 loss as a biomarker for predict-
ing sensitivity to everolimus [201]. In fact, there is loss
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of heterozygosity of 22q12 in almost 100% of MPM
cases with mutations of the neurofibromatosis type 2
gene (NF2) and of the INK4a/ARF locus (encoding
pl6 and p14/ARF) 119,120]. The functional inactivation
of NF2 leads to tumor development in a ‘permissive’
(INK4a/AREF deficient) background, thus representing
a new potential therapeutic target [121]. Furthermore,
NF2-negative MPMs display unregulated mTORC1
signaling and are sensitive to rapamycin, thus provid-
ing a preclinical rationale for prospective, biomarker-
driven clinical studies of mMTORCI inhibitors in these
tumors [122].

The PDGFR pathway

MPM cell lines express PDGFR-B, while normal
mesothelial cells express PDGFR-a [123). Despite
promising preclinical data, early studies that tested
imatinib mesylate failed to achieve any responses in
untreated and pretreated patients in four Phase II tri-
als (124-127]. The poor expression of c-Kit could explain
the resistance to imatinib in MPM patients. /n vitro
experiments demonstrated that imatinib enhances sen-
sitivity of MPM cell lines to chemotherapy, and syn-
ergizes selectively with gemcitabine and pemetrexed
in PDGFR-B-positive mesothelioma cells [128,129].
In animal models, imatinib mesylate enhances the
therapeutic effects of gemcitabine in human malig-
nant mesothelioma xenografts [129]. A Phase II trial
has been launched to study imatinib combined with
low-dose gemcitabine as a second-line treatment in
MPM expressing either PDGFR- B or c-Kit [201]. In
this trial, patients receive oral imatinib at a dose of
400 mg/day, together with intravenous gemcitabine at
a dose of 500 mg/m?*on days 1 and 8 of a 21-day cycle,
for a maximum of six cycles. The primary end point
of the study is RR. A Phase I trial testing the combina-
tion of cisplatin/pemetrexed plus imatinib in a first-line
setting is ongoing [201].

The VEGF & VEGFR pathway

There is a strong rationale for inhibition of VEGF
signaling in MPM because mesothelioma patients
have the highest VEGF levels of any solid tumor
patients [130]. Elevated VEGF levels in pleural effu-
sion are associated with diminished survival in MPM
patients [77]. Similarly, VEGF overexpression, as
detected by IHC, independently predicts short sur-
vival in MPM patients (p = 0.0002) [79]. Moreover,
VEGF and VEGF-C expression in mesothelioma cor-
relates with microvessel density, and high microves-
sel density is associated with poor survival (80]. Thus,
several antiangiogenic agents that target the vascular
VEGF pathway, such as semaxanib (SU5416), vata-
lanib (PTK787), thalidomide, bevacizumab, sorafenib,
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and sunitinib have been evaluated or are still being
evaluated for MPM. Phase II studies of semaxanib
(SU5416), vatalanib (PTK787), thalidomide, and
sorafenib have demonstrated only modest single agent
activity that is comparable to other single agents used
to treat MPM. The final results of sunitinib, a multi-
targeted TKI of VEGFR and PDGEFR, in a Phase II
trial as a second-line therapy in patients with progres-
sive MPM during or after first-line chemotherapy with
platinum and an antimetabolite (pemetrexed or gem-
citabine) were recently presented [131]. Unfortunately,
sunitinib showed only modest activity in previously
treated, giving a partial response in five patients (10%)
out of 53 patients. The median TTP was 3.4 months
and the median OS was 6.7 months. Another trial
testing sunitinib as both front-line and salvage therapy
settings is ongoing at the National Cancer Institute in
Canada [132].

Angiogenic inhibition with the monoclonal antibody
bevacizumab provides a survival benefit in colorectal
carcinoma and non-small-cell lung cancer. However,
a front-line Phase II randomized trial (n = 115) using
cisplatin and gemcitabine with or without bevacizumab
did not show an improvement in RR or survival with
the addition of bevacizumab [87]. A subgroup analysis
noted that higher baseline plasma VEGF levels were cor-
related with shorter progression-free (p = 0.02) and OS
(p =0.0066). This suggests that antiangiogenic therapy
could benefit some patients with MPM, and several
ongoing MPM studies with bevacizumab may further
define which patients should receive antiangiogenic
treatment [133,201].

A randomized Phase II trial of vandetanib (a selective
inhibitor of VEGFR-2, VEGFR-3, RET and EGFR)
versus vinorelbine is still ongoing to evaluate the effi-
cacy and safety in 66 pretreated MPM patients [201].
NGR-hTNEF, a novel antiangiogenic drug, is still in
development. The antivascular effects of TNF-a pro-
vided the rationale for developing a vascular targeting
strategy that aimed to increase local antitumor activ-
ity and enable systemic administration of therapeutic
doses. Towards this end, a recombinant fusion protein
of human TNF-a and a NGR peptide that binds spe-
cifically to CD13 expressed on the tumor blood ves-
sels of MPM was engineered [134]. In a Phase II trial,
NGR-hTNF administered at a low dose (0.8 mg/m?
intravenously every 3 weeks) in a second-line setting
in MPM patients showed some efficacy in terms of
PES (2.8 months) and OS (12.1 months), with a good
toxicity profile [135]. Other antiangiogenic agents in
ongoing clinical trials include AZD2171, which tar-
gets KDR, Flt-1 and -4, and PDGFR, and pazopanib
or GW786034, which targets VEGFR-1, -2, and -3 and
PDGER [201].
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Targeting mesothelin

One of the more prominent areas of research in MPM
targeted therapies is the use of monoclonal antibod-
ies to mesothelin. Mesothelin is a 40-kDa cell sur-
face protein that is attached to the cell membrane
by a glycosylphospatidylinositol anchor. Mesothelin
is an attractive candidate for targeted therapy given
its limited expression on normal tissues and high
cell surface expression in several tumors especially
malignant mesothelioma. To target mesothelin, a
recombinant immunotoxin, SS1P, was developed
consisting of an antimesothelin Fv (SS1) fused to
PE38, a 38-kDa portion of Pseudomonas exotoxin
A. Hassan and colleagues conducted a Phase I trial
of SSIP as a intravenous bolus infusion to patients
with mesothelin-expressing MPM, demonstrating that
SSIP is well tolerated with an initial evidence of activ-
ity in a subgroup of heavily pretreated patients [136].
Recent studies about continuous infusion of antime-
sothelin recombinant immunotoxin SS1P showed no
significant advantage over bolus dosing, and further
clinical development of SSIP is proceeding by bolus
dosing in combination with chemotherapy [137). There
have been developed a mouse-human chimeric IgG1k
monoclonal antibody, MORADb-009, antagonizing
human mesothelin. Preclinical data were promis-
ing [138] and a Phase I trial enrolling patients with
mesothelin-positive expressing cancers has been con-
ducted, demonstrating that MORADb-009 is well toler-
ated [139]. Phase II studies of MORAb-009 in differ-
ent mesothelin-expressing cancers are ongoing. A high
affinity fully human mesothelin-antibody, M912, has
been developed. Preclinical data suggests that M912
specifically lyses mesothelin-positive cells likely by
antibody-dependent cellular cytotoxicity (ADCC),
without affecting mesothelin-negative cells [140].

The HGF/MET pathway

The c-Met receptor is a tyrosine kinase located
on Chr 7q31. It is the only known receptor for
HGPF/SF, and it mediates all HGF/SF-induced bio-
logical activities. Multiple signaling pathways are
activated downstream of ¢-MET, including the Ras/
Erk, phosphoinositide 3-kinase/Akt, and ¢-Src kinase
pathways [141,142]. simian virus 40 infection of human
mesothelial cells induces Met receptor activation via
an autocrine loop [143]. Moreover, an HGF/SF/c-Met
autocrine loop has been demonstrated both in MPM
cell lines and in MPM tissue samples, and overex-
pression of HGF and c-Met has been associated with
increased microvessel density as well as with increased
matrix metalloproteinase expression [144]. In particu-
lar, c-MET is overexpressed in MPM tissues compared
with normal pleura, and the expression of the Met
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protein has been detected by IHC in 74% to 100%
of paraffin-embedded mesothelioma tumor specimens
but not in normal mesothelial cells. In addition, HGF/
SF expression has been detected by IHC in 40% to
85% of mesothelioma specimens [145]. HGF/SF can
also be detected by ELISA in the majority of pleu-
ral effusions from patients with mesothelioma [146].
In the preclinical setting, SU11274, a small molecule
tyrosine kinase/c-MET inhibitor, induced inhibition of
cell growth in some MPM cell lines but not in nonma-
lignant mesothelial cells [147). In particular, SU11274
induced inhibition of cell migration, cell motility, and
HGF-induced signal transduction. Moreover, cell lines
harboring the T1010I mutation (H513, H2596) exhib-
ited a dramatic reduction of cell growth in response to
SU11274. Interestingly, the nonresponding MPM cell
lines did not show a significant alteration in growth
with HGF. There are several strategies for inhibiting
c-Met. If additional preclinical tests verify c-Met as an
important target in mesothelioma, this receptor may
have promise as a target in future clinical trials. At
present, several cMET inhibitors are available in clini-
cal setting, even if no specific Met inhibitors have been
tested in clinical trials for MPM.

= Conclusion

MPM is a rare aggressive neoplasm with a poor prog-
nosis. Locoregional therapies have a limited role in
highly selected patients. Systemic therapy is the only
option for the majority of patients. Recently the use of
platinum compounds combined with an antifolate has
become the major clinical option in the first-line set-
ting. Second-line therapies are being increasingly used
in MPM patients, although their role and the opti-
mal regimens remain to be defined yet. An improve-
ment in the knowledge of the molecular alterations
that are specific for MPM will allow the discovery
of useful predictive and prognostic biomarkers and
the development of new targeted therapies. However,
the development of a more effective management of
this rare disease will derive from an integrated multi-
disciplinary approach involving the medical oncolo-
gist, the surgeon, the radiation oncologist and the
molecular biologist.
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Executive summary

= Malignant pleural mesothelioma (MPM), the most common primary tumor of the pleura, is an aggressive tumor with a poor
prognosis and a median survival of approximately 12 months.

m Approximately 80% of malignant pleural mesothelioma can be attributed to asbestos fiber exposure.

m Correlation between clinical, imaging and pathological findings is critical to a correct and rapid diagnosis.

m The clinical course of these patients varies widely, ranging from slowly progressive to more aggressive disease. Two prognostic
scoring systems have been devised according to European Organization for Research and Treatment of Cancer and Cancer and
Leukemia Group B.

Treatment

m Pleurectomy/decortication and extrapleural pneumonectomy are the two major types of surgical interventions. Surgery has a
limited role and only in highly selected patients.

m Radiotherapy alone has probably no major role in disease control and survival.

m Systemic therapy is the only potential treatment option for the majority of patients.

m Randomized trials have recently confirmed that combining antifolates with platinum compounds confers a survival benefit.

m There is increasing evidence from single-arm trials that second-line chemotherapy is not only feasible but also active. No
standard therapy has yet been defined in the second-line setting.

m A trimodality approach with the standard first-line regimen as induction therapy before extrapleural pneumonectomy and RT has
been proposed for selected stage I to IIl MPM patients.

m Adequate response evaluation is a cornerstone for the identification of active treatments.

Future perspective

= An improvement in the knowledge of molecular alterations and key pathways involved in MPM will allow the discovery of
biomarkers as useful predictive or prognostic tools and of novel targeted agents.

= Treatments tailored to the biological and genetic characteristics of a patient’s tissue will offer better outcomes in the future.

m A multidisciplinary approach and integration of preclinical studies into standard clinical practice is mandatory for improving
survival and quality of life for MPM patients.
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