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Mesothelioma is an insidious mesothelial neoplasm originating in the pleura, pericardium,
peritoneum, or tunica vaginalis, with approximately 80% of cases involving the thorax. The
predominant cause of malignant mesothelioma is exposure to asbestos. The incidence of
mesothelioma in the United States is estimated to be approximately 2,000–3,000 cases per
year, with an increasing incidence worldwide, secondary to the proliferation and poor
regulation of industrial and household utilization of asbestos.1–6

A nihilistic attitude regarding mesothelioma has persisted among many physicians because
of significant associated morbidity and mortality, as well as poor response to standard
therapeutic interventions. Novel treatment paradigms, however, offer hope for enhanced
palliation, improved tumor responses, and prolonged survival.6,8,9 This review will focus on
standard therapeutic interventions for malignant pleural mesothelioma (MPM) such surgery,
chemotherapy, and radiation therapy, as well as experimental approaches such as targeted
therapy, immunotherapy, and gene-based therapies.

Surgery for MPM
Surgery for malignant pleural mesothelioma (MPM) can be diagnostic, palliative, or
cytoreductive, although potentially associated with significant morbidity and mortality. The
development of thoracoscopy has allowed for earlier diagnosis of mesothelioma. The vast
majority of patients with MPM however, have advanced disease at diagnosis, as well as co-
morbid medical illnesses, which often preclude aggressive surgical intervention.

Dyspnea from the accumulation of a pleural effusion is the most common presenting
symptom of MPM. For symptomatic effusions in MPM, the optimal palliative approach is
maximal drainage of the effusion and subsequent pleurodesis. The most widely-used
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compound for pleurodesis in MPM is sterile talc, administered either as a powder
(“poudrage”) via thoracoscopy or slurry via tube thoracostomy.10 The presence of bulky
tumor in the pleural space, or entrapment of the lung by a thick visceral pleural peel, is a
contraindication to pleurodesis in patients with MPM. Attempts at talc pleurodesis in the
setting of lung entrapment can lead to a multiloculated pleural space with a high risk of
empyema. In this setting of lung entrapment in MPM, the preferred intervention is insertion
of a tunneled intrapleural catheter to drain recurrent effusions and provide effective
palliation of dyspnea [Figure 1].11 The primary concern regarding the use of tunneled
pleural catheters (TPCs) in mesothelioma is the development of tumor implants at the
insertion site or along the subcutaneous tunnel.11, 12 Recent reports of TPCs for MPE show
equivalent results for the control of effusions compared with talc slurry pleurodesis.
Therefore, TPCs should be considered for management of symptomatic effusions in patients
with MPM, even in those whose lungs are unable to expand.13 Pleuro-periotoneal shunting,
an alternative approach for dealing with lung entrapment in pleural mesothelioma, carries
the overt risk of malignant seeding of the peritoneal cavity, and is therefore infrequently
utilized.

Thoracoscopic parietal pleurectomy is an alternative to talc pleurodesis in reducing the
recurrence of pleural effusions in mesothelioma, and with less morbidity than open
pleurectomy.14 Complete parietal and visceral pleurectomy (pleurectomy/decortication) may
palliate dyspnea in mesothelioma patients with bulky intrapleural disease with or without
lung entrapment, but by itself has not been shown to prolong survival.15

Extrapleural pneumonectomy (EPP) –en bloc resection of the lung, the parietal and visceral
pleurae, and portions of the ipsilateral pericardium and diaphragm - provides maximal tumor
cytoreduction and facilitates higher radiation dosage to the involved hemithorax. EPP alone
has no influence on survival in the absence of adjuvant therapy. In most surgical series of
EPP in MPM, median survival is less than two years, with average 5 year survival rates of
10–20%.15–18 There are, however, long-term survivors following EPP for maximal
cytoreduction as a component of multimodality treatment involving adjuvant radiation
therapy and postoperative chemotherapy.19–21 Unfortunately, the benefits of EPP with
adjuvant chemotherapy +/− local radiotherapy are limited to otherwise healthy patients with
early-stage disease, epithelial histology, and no mediastinal lymph node involvement.
Patients with biphasic or sarcomatoid histology and/or mediastinal or hilar node positivity
have an ominous prognosis.19

Several approaches for adjuvant therapy in conjunction with EPP have been studied.
Investigators at Brigham and Women’s Hospital in Boston initially combined EPP with
sequential postoperative chemotherapy and adjuvant external beam radiation therapy to the
ipsilateral hemithorax.19,20,21 More recently, the Brigham group has investigated the role of
hyperthermic intracavitary chemotherapy as an adjuvant to maximal cytoreductive surgery,
in combination with hemithoracic irradiation and systemic chemotherapy. 22, 23 Other novel
multi-center clinical trials combine maximal surgical debulking with adjuvant intensity-
modulated radiation therapy (IMRT), or alternatively assess the role of neoadjuvant
chemotherapy prior to cytoreductive surgery to improve long-term outcomes.24

Other investigators have evaluated the utility of post-resectional photodynamic therapy
(PDT) [Figure 2]. The single randomized trial of this technology in MPM, conducted by
Pass and colleagues at the National Cancer Institute in the early 1990’s, failed to confirm
any benefit for adjuvant PDT compared to surgery alone with or without adjuvant chemo/
immunotherapy. More recent data by Friedberg et al. showed improvements in overall
survival compared with historical controls and improved outcomes with PDT after radical
pleurectomy compared with outcomes post EPP.25, 26 Novel photosensitizers are currently
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under study that may provide better local control, decreased photosensitivity, and perhaps
improved induction of systemic anti-tumor immune responses.

There have been several recent reports about the use of radical pleurectomy as a maximal
debulking procedure in multimodality protocols that hold great promise [Figure 3], with
various adjuvant intraoperative therapies such as intrapleural photodynamic therapy (PDT),
intrapleural hyperthermic chemotherapy (Cisplatin, Gemcitabine), and hyperthermic
perfusion with Povidone-Iodine.26,27 These have also been administered in association with
IMRT in the presence of intact lung with demonstration of preserved/improved pulmonary
function.28

Radiation Therapy for MPM
Contrary to the prevailing wisdom that malignant pleural mesothelioma is a radio-resistant
neoplasm, mesothelioma cell lines in vitro may be more responsive to ionizing radiation
than non-small cell lung cancer cell lines. External-beam radiation therapy for mesothelioma
is, however, limited by the large treatment volumes required and the radiation sensitivity of
the surrounding organs (heart, lung, esophagus, spinal cord).

Although palliative radiotherapy with an attempt to treat the entire involved pleural surface
is technically difficult and associated with a high risk of radiation pneumonitis, myelitis,
hepatitis, and myocarditis, it can provide effective local palliation in up to 50 percent of
patients.29 There are also anecdotal reports of long-term survivors following high-dose
external beam irradiation and even intrapleural administration of radioactive isotopes.29.
Furthermore, radiation therapy may play a role by preventing chest wall recurrences after
thoracoscopy/thoracotomy and in improving local control after pleurectomy or extrapleural
pneumonectomy. Mesothelioma frequently implants along the tracts of biopsies, chest tubes,
thoracoscopy trocars, and surgical incisions, producing uncomfortable subcutaneous
nodules. This can be prevented with prophylactic radiotherapy. In a small randomized trial,
Boutin and colleagues demonstrated that 21 Gy administered in three daily fractions, 10 to
15 days after thoracoscopy, significantly decreased local recurrence at incision sites. These
findings have been confirmed by other investigators as well.30, 31

Multimodality approaches commonly include adjuvant radiation following surgery, although
there are no randomized trials that demonstrate its efficacy. Because the lung remains in
place after pleurectomy, radiotherapy doses must be lower than when EPP is performed.29

The Radiation Oncology group at the University of Texas M.D. Anderson Cancer Center
reported encouraging results using IMRT following EPP. Using careful treatment planning
and IMRT, radiation doses of up to 50–60 Gy were possible without severe toxicity. With
the combination of EPP and IMRT, local recurrences after surgery were virtually eliminated;
however, novel distant disease patterns have begun to emerge. These data suggest that the
combination of EPP and IMRT requires an additional treatment modality (i.e. chemotherapy
or immunotherapy) to limit distant tumor growth. Although IMRT following EPP appeared
to be more effective for local disease control in this initial series, a second series suggested
there was a significant increase in severe toxicity (6 of 13 patients developed fatal
pneumonitis).34 More recent studies have demonstrated safety of IMRT in MPM, even in
the presence of an intact lung in the adjuvant setting.24,28 Novel forms of radiation therapy,
including proton-beam therapy, are currently under investigation for treatment of MPM.

Chemotherapy for MPM
The current standard of care for first-line systemic therapy in good performance status
patients with unresectable MPM is combination chemotherapy with Pemetrexed and
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Cisplatin. Pemetrexed (Alimta®, Eli Lilly and Company, Indianapolis, IN) is an multi-
targeted anti-folate compound which blocks several enzymes in the folate metabolism
pathway. Pemetrexed is a potent inhibitor of thymidylate synthase (TS), the rate-limiting
enzyme in the synthesis of thymidylate, which is required for DNA synthesis. TS is also the
enzyme inhibited by the cytotoxic agents 5-Fluorouracil and Raltitrexed. 9, 35

In 2003, Vogelzang and colleagues reported the results of a phase III randomized clinical
trial in 456 chemotherapy-naive MPM patients comparing treatment with Pemetrexed and
Cisplatin to Cisplatin monotherapy.9 Response rates were 41.3% in the Pemetrexed/
Cisplatin arm versus 16.7% in the control arm (P <0.0001). Median time to progression was
significantly longer in the Pemetrexed/Cisplatin arm: 5.7 months versus 3.9 months (P
=0.001). Median survival time in the Pemetrexed/Cisplatin arm was 12.1 months versus 9.3
months in the Cisplatin-only arm (P =0.020, two-sided log-rank test). The hazard ratio for
death of patients in the combination arm versus those in the control arm was 0.77. Another
randomized Phase III study of Cisplatin and Raltitrexed in unresectable MPM showed
similar increases in median survival.36

The combination of Gemcitabine and Carboplatin is also an acceptable first-line option for
systemic therapy of MPM due to its acceptable toxicity profile, good response rate, and
palliative effects. A single-arm Northern Italian Phase II study of Gemcitabine and
Carboplatin in patients with pleural mesothelioma reported a 26% partial response rate, a
median response duration of 55 weeks, and significant palliative benefits. Median survival
for patients in this study was 66 weeks.37–39 A recent randomized clinical trial showed no
benefit from the addition of Bevacizumab to this regimen40

There is, however, no current standard of care for second-line chemotherapy in
mesothelioma following treatment with Cisplatin and Pemetrexed. The most commonly used
second-line regimens include Gemcitabine or other drugs with single-agent activity such as
Vinorelbine. There exists insufficient evidence to recommend second-line chemotherapy as
a standard treatment. Patients with adequate performance status should be enrolled into
clinical trials of second-line treatment.41–45 A large, double-blinded, randomized clinical
trial of the histone deacetylase (HDAC) inhibitor Vorinistat in second line therapy for MPM
showed no survival benefit for study drug over placebo.46

“Targeted” Therapy
The presence of active platelet derived growth factor (PDGF) and epidermal growth factor
(EGF) pathways in some mesothelioma cell lines in vitro implied that novel inhibitors of
these pathways might prove useful clinically, either as monotherapy, or in combination with
chemotherapy. Unfortunately, early-phase clinical trials of imatinib mesylate and gefitinib
(and erlotinib), inhibitors of the tyrosine kinases critical to the PDGF and EGF pathways,
respectively, failed to demonstrate any significant clinical benefits in MPM.47–50 Clinical
trials were conducted with other novel “targeted” agents, such as the anti-angiogenic agents,
bevacizumab and thalidomide, and the copper-chelating agent, tetrathiomolybdate, which
depletes copper, a key co-factor in tumor angiogenesis. Only the latter compound has
demonstrated any benefit in human trials.51–53

NEW THERAPEUTIC APPROACHES
Despite the improvements in survival achieved with surgery-based multimodality therapy
and combination chemotherapy for MPM, less morbid, more effective interventions are
needed. Addressing the focality of the disease process within the involved hemithorax, many
investigators have attempted to treat MPM by direct instillation of chemotherapeutic and
other therapeutic agents into the pleural space, but without much success.54–56 Based upon
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case reports of spontaneous tumor remissions and associations of intratumoral lymphocytic
infiltration with improved median survival rates, several groups have investigated
immunotherapeutic approaches for MPM as an potential means of achieving better tumor
response rates.2

Immunotherapy
The use of compounds to stimulate an antitumor immune response against pleural
malignancy stemmed from the observation that patients who developed post-operative
empyemas after lung cancer resection had improved survival rates.57,58 Subsequently,
intrapleural bacille Calmette-Guérin (BCG) was studied as a surgical adjuvant, but no
significant clinical benefits were noted.59 Several systemic immunotherapies have been
administered to patients with MPM, including interleukin-2 (IL-2) and interferon-gamma
(IFN-γ), both of which demonstrated limited efficacy and significant side effects.
Subcutaneous IFN-α-2a was found to be somewhat efficacious and reasonably well-
tolerated, with a 14% overall response rate as monotherapy for MPM.60 One European
phase I–II study of intrapleural IL-2 administered by continuous infusion via an indwelling
catheter revealed a 19 percent partial response rate, but with marked dose-related toxicity,
primarily the development of empyemas.61

Boutin and colleagues in Marseilles, France pioneered the intrapleural administration of
immunostimulatory cytokines to treat MPM, demonstrating significant local tumor
responses with both intrapleural IL-2 and IFN-γ. Most impressive were the results of
intrapleural IFN-γ in patients with early-stage mesothelioma (tumor localized to the parietal
+/− visceral pleural surfaces), with an overall response rate of 20 percent. Furthermore, 17
of 89 patients treated had histologically-confirmed partial or complete responses on follow-
up thoracoscopy. Overall, patients with stage I disease had a response rate of 45
percent.62–63

Other groups demonstrated only limited activity with intrapleural IL-2, and with the
combination of intrapleural interferon-gamma and autologous activated macrophages.
Immunotherapy trials in Australia demonstrated some significant tumor regression with
repeated intratumoral injection of granulocyte-monocyte colony stimulating factor (GM-
CSF), but with complications related to the catheters used for cytokine instillation.64, 65,66

Gene Therapy
In the absence of curative therapies for MPM, several groups have investigated the nascent
technologies of gene transfer as a potential mediator of anti-tumor responses in MPM [Table
1].67 Intrapleural gene therapy for mesothelioma is attractive as the disease typically
remains localized for the majority of its course, and access to the tumor in the pleural cavity
is relatively easy and safe. Gene transfer delivery systems (“vectors”) utilized in pre-clinical
and clinical studies were either liposomal/DNA complexes or modified viruses, included
herpes, vaccinia, and adenoviruses. Therapeutic genes delivered by these vectors included
so-called “suicide” genes, cytokines, tumor suppressor genes (ie. p53), and pro-apoptotic
genes. Studies have also been conducted using replication-restricted, “tumor-selective”
adeno- and herpes viruses, as well as carrier cells, such as modified ovarian carcinoma cells
(OVCAR-3).67, 68 \

Clinical Investigations of Gene Therapy in MPM
“Suicide” Gene Therapy—Suicide gene therapy involves transduction of tumor cells
with a gene encoding an enzyme that induces sensitivity to an otherwise benign therapeutic
agent. In essence, a “prodrug” is transformed into a toxic metabolite by introduction of the
enzyme into the malignant cells with subsequent accumulation leading to tumor cell death or
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“suicide.”69, 70 A major advantage of suicide gene therapy is the induction of a “bystander
effect”— the killing of neighboring cells not transduced with the vector. A commonly
studied suicide gene is the herpes simplex virus-1 thymidine kinase (HSVtk) gene which
makes transduced cells sensitive to the nucleoside analog ganciclovir (GCV). GCV is
metabolized poorly by mammalian cells and thus is usually non-toxic. However, after
conversion to GCV-monophosphate by HSVtk, it is metabolized rapidly by endogenous
kinases to GCV-triphosphate which acts as a potent inhibitor of DNA polymerase and
competes with normal mammalian nucleosides for DNA replication.69,70

Based on data from extensive preclinical studies, our group at the University of
Pennsylvania in 1995 initiated a series of Phase 1 clinical trials of adenoviral suicide gene
therapy (Ad.HSVtk/GCV) in patients with advanced MPM to assess toxicity, gene transfer
efficiency, and immune response induction.71–73 Subsequent to a single intrapleural
administration of Ad.HSVtk vector, GCV was given intravenously twice daily for two
weeks. Dose-related intratumoral HSVtk gene transfer was demonstrated in 23 of 30 patients
with those treated at a dose ≥3.2×1011 plaque forming units (pfu) with evidence of HSVtk
protein expression up to 30–50 cell layers deep by immunohistochemical assessment.
Overall, the suicide gene therapy was well-tolerated with minimal side effects and no dose-
limiting toxicity. Anti-tumor and anti-adenoviral vector immune responses, including
induction of high titers of anti-adenoviral neutralizing antibody and proliferative T-cell
responses, were generated in both serum and pleural fluid. A number of clinical responses
were seen at the higher dose levels, with two patients showing long periods of survival (one
seven years and one still alive after 14 years). One of the two surviving patients had
demonstrable reduction of tumor metabolic activity as assessed by serial 18-
fluorodeoxyglucose positron emission tomography (18FDG PET) scans over several months.
This long response period was hypothesized to be due to induction of a secondary immune
bystander effect of the Ad.HSVtk/GCV instillation.71–73

Schwarzenberger and colleagues at Louisiana State University conducted a Phase 1 trial
using irradiated ovarian carcinoma cells (OVCAR-3) retrovirally-transfected with HSVtk
(PA1-STK cells) that were instilled intrapleurally followed by GCV for 7 days. Minimal
side effects were seen, although there were some post-treatment increases in the percentage
of CD8+ T lymphocytes in the pleural fluid. However, no significant clinical responses were
documented.74,75

Cytokine Gene Therapy—The rationale for cytokine gene therapy is that high level
expression of immunostimulatory cytokines (such as interleukin 2 [IL-2], IL-12, tumor
necrosis factor [TNF], GM-CSF, or interferons) from tumor cells will activate the immune
system in situ, resulting in a more effective anti-tumor immune response without having to
target specific antigens. The advantages of cytokine gene delivery over systemic
administration of these agents included lower toxicity, higher local concentrations, and
longer persistence of the cytokine.67

Robinson and colleagues conducted the first clinical trial of intratumoral cytokine gene
delivery in MPM patients using a replication-restricted vaccinia virus (VV) expressing the
human IL-2 gene. Serial VV-IL-2 vector injections over a period of 12 weeks into chest wall
lesions of six patients with advanced MPM resulted in minimal toxicity, but no significant
tumor regression. Modest intratumoral T-cell infiltration was detected on post-treatment
biopsy specimens. V-IL-2 mRNA was detected in biopsy specimens for up to six days post-
injection despite the generation of significant levels of anti-VV-neutralizing antibodies.68, 76

Based upon success of in vivo experiments77, 78 our group at the Hospital of the University
of Pennsylvania conducted the first human trial of intrapleural interferon gene therapy for
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MPM and malignant pleural effusions (MPE).79 The study evaluated the safety and
feasibility of a single-dose intrapleural IFN-beta gene transfer using an adenoviral vector
(Ad.IFN-β) in patients with MPM and MPE. Ad.IFN-β was administered via an indwelling
pleural catheter in escalating doses in two cohorts of patients - MPM (7 patients) and MPE
(3 patients). Subjects were evaluated for toxicity, gene transfer, immune responses, and anti-
tumor responses via 18FDG PET scans and chest computed tomography (CT) scans.
Intrapleural Ad.IFN-beta was well tolerated with transient lymphopenia as the most
common side effect. Other side effects included hypoxia and liver function abnormalities.
Gene transfer was documented in 7 of the 10 patients by demonstration of IFN-β mRNA or
protein expression in pleural fluid. Antitumor immune responses were demonstrated in
seven of the 10 patients and included the detection of cytotoxic T cells, activation of
circulating natural killer cells, and humoral responses to known tumor associated antigens as
well as to allogenic mesothelioma cell lines. Four of 10 patients showed meaningful clinical
responses defined as disease stability and/or regression on PET and CT scans at day 60 after
vector instillation.79 This study demonstrated that administration of intrapleural Ad.IFN-β
was feasible and well-tolerated, and resulted in successful gene transfer. Lastly, the study
also demonstrated that a single intrapleural dose of IFN-β vector induced demonstrable
antitumor immune responses as well as anecdotal clinical responses in a heavily- pretreated
MPM patient population.79

A second Phase I trial was then conducted to determine whether using two doses of Ad.IFN-
β vector would prove superior to a single dose.80 Ten patients with MPM and seven with
MPE received two doses of Ad.IFN-β through an indwelling pleural catheter. Repeated
doses were generally well tolerated. The most common adverse events were lymphopenia,
hypoalbuminemia, hypotension, anemia, hypocalcemia, and mild cytokine release syndrome
(CRS). One patient developed pericardial tamponade but pericardial fluid analysis did not
reveal tumor cells or elevated IFN-β levels.80

In this repeat dose gene transfer study, high levels of IFN-β were detected in pleural fluid
after the first dose, however, absent intrapleural IFN-β expression after the second dose
correlated with the rapid induction of neutralizing Ad antibodies (Nabs). Antibody responses
against tumor antigens were induced in most patients. At 2 month follow-up imaging, 1
MPM patient had a partial response, 2 had stable disease, and 9 had progressive disease. On
PET scanning, 2 patients had mixed responses and 11 had stable disease. There were 7
patients with survival times longer than 18 months. Overall, repeated intrapleural instillation
of Ad.IFN-β vector was safe, induced immune responses, and some evidence of clinical
responses. However, rapid development of Nabs prevented effective gene transfer after the
second dose, even with a shortened dose interval of 7 days.80

We then designed another Phase I trial to evaluate a shortened dosing interval by
administering a second dose of intrapleural Ad-IFN vector 3 days after the first dose, prior
to the expected peak of Nab production.81 For this trial, our group utilized a recombinant,
replication-incompetent adenovirus vector expressing the human interferon-α2b gene
(Ad.IFN-α2b) obtained from Schering-Plough/Merck (SCH721015). Ad.IFN-α2b was
instilled on study days 1 and 4 via a tunneled pleural catheter. The starting vector dose was
1×1012 viral particles, but this dose was reduced to 3×1011 after the first 3 patients
developed significant CRS symptoms. Subjects were assessed for anti-tumor responses at
day 60 day using CT and PET scans. Pleural fluid and serum IFN-α2b levels, mesothelin-
related protein (SMRP) levels and Nabs were measured. In general, although most patients
developed some CRS symptoms, Ad.IFN-α2b vector instillation was well tolerated.
Elevated and sustained serum IFN-α levels were occasionally associated with protracted
“flu-like symptoms” lasting 1–2 weeks. Pleural catheter-related infections occurred in two
patients and both were treated successfully with antibiotics. Successful gene transfer and
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high IFN-α levels in pleural fluid were demonstrated even in patients who received a lower
dose of vector. Furthermore, there was evidence that the second Ad.IFN-α2b dose resulted
in successful gene transfer. There were encouraging immunologic responses, such as new or
increased intensity bands on immunoblots containing extracts of mesothelioma cell lines, in
seven of 8 patients, as well as up-regulation of the activation marker CD69 on circulating
NK cells.81

At initial radiographic assessment using modified RECIST criteria (Response Evaluation
Criteria in Solid Tumors) on day 60, 3 subjects had progressive disease, 4 had stable disease,
and 2 had partial responses. Two patients had sufficient improvement that they were
subsequently able to undergo successful radical pleurectomy (RP), with no signs of
recurrence now 21 and 33 months post-surgery. One patient, who has been previously
treated with radical pleurectomy and chemotherapy, had an impressive radiographic and
metabolic tumor response in that many of the pleural-based malignant foci had regressed on
PET/CT by two months after vector instillations. On six month follow-up PET/CT post
Ad.IFN-α2b, many lesions had completely resolved, most at sites distant from vector
instillation. The crucial result of the study was the recognition of low levels of Nabs at the
shortened dosing interval with prolonged intrapleural interferon expression.81 The
combination of a better dosing strategy as above as well as the higher potency and sustained
levels of IFN-α may result in better anti-tumor response in future clinical trials.

Thus, although these strategies seem to be successful in initiating anti-tumor immunes
responses, they are limited by large tumor volumes and significant immuno-inhibitory
networks, even beyond Nabs. These networks, created by the tumors, involve cytokines such
as TGF-beta, interleukin-10, prostaglandin E2, vascular-endothelial cell growth factor, and
additionally by inhibitor cells such as T-regulatory cells and myeloid derived suppressor
cells. Ongoing clinical trials with the Ad.IFN-α2b vector involve combination with front-
line and second line chemotherapy, as well as a brief course of high-dose cyclo-oxygenase-2
(COX-2) inhibitor (Celecoxib) for modification of the tumor microenvironment and these
inhibitory networks. [Figure 4] Future trials are going to likely require combination
approaches that stimulate the immune system, reduce tumor burden (surgery and/or
chemotherapy) and “inhibit the inhibitors” (with agents such as COX-2 inhibitors or anti-
TGF-beta antibodies).

Another major direction of the field is to use adoptive transfer of gene-modified autologous
lymphocytes that have been altered ex vivo by using retroviruses or lentiviruses to augment
their ability to attack mesothelioma cells. This can be done by transfection of T-cell
receptors with altered specificity or by the introduction of totally artificial chimeric T-cell
antigen receptors (CARs) that use single chain antibody fragments to define antigen
specificity and intracellular fragments of both the T-cell receptor and accessory molecules
(such as CD28 or 4-1BB) to enhance activation.82 Our group at Penn, and others at
Memorial Sloan Kettering Cancer Center and the National Cancer Institute, are designing
CARs to target T-cells to the tumor antigen mesothelin for use in the treatment of
mesothelioma. The approach has worked well in preclinical models,82 and clinical trials
utilizing this approach have been initiated at several centers over the past two years.

Novel treatments such as gene therapy for MPM have not yet reached routine clinical
practice. An appropriate analogy may be the development of monoclonal antibodies where it
took more than 20 years from discovery to actual clinical applications. Despite what some
perceive as a slow start, we feel that progress in clearly being made and novel therapeutic
tool will find their place in the armamentarium against MPM in the next decade.
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Summary
Over the past decade, advances have been made that have improved our ability to treat
malignant pleural mesothelioma. We have evidence that these treatments are increasing the
quality and quantity of life for patients with mesothelioma. Multimodality treatment
programs that combine maximal surgical cytoreduction with novel forms of radiation
therapy and more effective chemotherapy combinations may offer significant increases in
survival for certain subgroups of mesothelioma patients. Lung-sparing surgery may allow
for improvements in pulmonary function after surgery-based multimodality therapy, and
potential longer overall survival than that seen with EPP. Experimental treatments such as
immunotherapy and gene therapy present a window of hope for all mesothelioma patients,
and in the future, may be combined with “standard therapy” in multimodality protocols.
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1. Over the past decade, advances have been made that have improved our ability
to treat malignant pleural mesothelioma.

2. We have evidence that these treatments are increasing the quality and quantity
of life for patients with mesothelioma.

3. Multimodality treatment programs that combine maximal surgical cytoreduction
with novel forms of radiation therapy and more effective chemotherapy
combinations may offer significant increases in survival for certain subgroups of
mesothelioma patients.

4. Lung-sparing surgery may allow for improvements in pulmonary function after
surgery-based multimodality therapy, and potential longer overall survival than
that seen with EPP.

5. Experimental treatments such as immunotherapy and gene therapy present a
window of hope for all mesothelioma patients, and in the future, may be
combined with “standard therapy” in multimodality protocols.
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Figure 1.
Panel A: Tunelled pleural catheters (TPC) can be an important method of palliation in
patients with mesothelioma and recurrent symptomatic pleural effusions. Panel B:
Thoracoscopic placement of TPC’s can be performed even in the setting of prior talc
pleurodesis to facilitate intrapleural instillation of experimental therapies. Images courtesy
of Dr. Joseph Friedberg, Division of Thoracic Surgery, Perelman School of Medicine of the
University of Pennsylvania.
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Figure 2.
Intrathoracic photodynamic therapy (PDT) has demonstrated promise in clinical trials as an
intra-operative adjunctive therapy after maximal cytoreductive surgery. PDT can improve
local control by direct cell killing of microscopic residual disease in the post-operative
hemithorax as well as induce systemic anti-tumor responses which may result in
prolongation of median survival. Images courtesy of Dr. Joseph Friedberg, Division of
Thoracic Surgery, Perelman School of Medicine of the University of Pennsylvania.
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Figure 3.
Radical Pleurectomy as lung-sparing modality of maximal surgical debulking in malignant
pleural mesothelioma. Panel A: Dissection of visceral pleura off surface of lung. Panel B:
Radical pleurectomy specimen in patient with early-stage mesothelioma. Panel C: View of
right lower lobe after completion of radical pleurectomy with full re-expansion. Images
courtesy of Dr. Joseph Friedberg, Division of Thoracic Surgery, Perelman School of
Medicine of the University of Pennsylvania.
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Figure 4.
Panel A: Chest CT scan of patient newly diagnosed with biphasic mesothelioma involving
the left pleural space and extending through left chest wall and left hemidiaphragm. Panel B:
Chest CT scan status post 2 weeks of high-dose cyclo-oxygenase-2 (COX-2) inhibitor
(Celecoxib) and 2 doses of intrapleural Ad.IFN-α2b vector and 4 cycles of combination
chemotherapy with Pemetrexed and Cisplatin. Near-complete response of intrathoracic and
chest wall tumor demonstrated.
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