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Background 
 
Mesothelial cells normally line the body cavities, including the pleura, peritoneum, pericardium, and 
testis. Malignancies involving mesothelial cells in these body cavities are known as malignant 
mesothelioma, which may be localized or diffuse. Diagnosis is difficult because the results from fluid 
analysis of the effusion from the tumor are not usually diagnostic. Most, but not all, pleural malignant 
mesothelioma is associated with asbestos exposure. Of patients with pleural malignant mesothelioma, 
77% have been exposed to asbestos in the past. Mesothelioma is more common in males than in 
females and it occurs in the fifth and seventh decade of life. Most of malignant mesothelioma occur in the 
pleura (90% of the time). 
 
 
Pathophysiology 
 
The 3 major histological types of mesothelioma are sarcomatous, epithelial, and mixed. Pleural 
mesothelioma usually begins as discrete plaques and nodules that coalesce to produce a sheetlike 
neoplasm. Tumor growth usually begins at the lower part of the chest. The tumor may invade the 
diaphragm and encase the surface of the lung and interlobar fissures.  
 
The tumor may also grow along drainage and thoracotomy tracts. As the disease progresses, it often 
extends into the pulmonary parenchyma, chest wall, and mediastinum. Pleural mesothelioma may 
extend into the esophagus, ribs, vertebra, brachial plexus, and superior vena cava.  
 
Asbestos is the principal carcinogen implicated in the pathogenesis. The industries associated with 
asbestos exposure include ship building, construction, ceramics, paper mill, auto parts, railroad and 
insulation.  
 
Most malignant mesotheliomas have complex karyotypes, with extensive aneuploidy and rearrangement 
of many chromosomes. A loss of a single copy on chromosome 22 is the most common abnormality. 



 
 
Frequency  
 
In the US: Approximately 2500-3000 cases are diagnosed per year.  
 
Internationally: Frequency is 0.9 cases per 100,000 persons.  
 
Mortality/Morbidity  
 
Median survival for patients with malignant mesothelioma is 11 months.  It is almost always fatal.  
Median survival based on histologic type is 9.4 months for sarcomatous, 12.5 months for epithelial, and 
11 months for mixed.  Approximately 15% of patients have an indolent course.  
 
Asbestos exposure is linked to at least 50% of patients developing malignant mesothelioma.  
Approximately 8 million people in the United States have been exposed to asbestos in the workplace. 
Family members are also exposed to asbestos embedded in the worker's clothing. The combination of 
tobacco and asbestos exposure greatly increases the risk of developing pleural mesothelioma.  
Race:  
 
Race  
 
Mesothelioma has no racial predilection. Asbestos exposure is the most important factor. Race is not a 
factor.  
 
Sex  
 
Malignant mesothelioma is more common in men, with a male-to-female ratio of 3:1. It can also occur in 
children; however, these cases are not thought to be associated with asbestos exposure.  
 
With regard to women with mesothelioma, a 1996 case series by Ascoli et al showed 86% of tumors 
arising from the pleura, of which most were the epithelial type. Of the patients in this series, 75% had a 
history of exposure to asbestos and more than half developed the malignancy secondary to household 
contact with a worker exposed to asbestos.  
 
With regard to men with mesothelioma, the same case series demonstrated 45.5% with a history of 
exposure to asbestos and 53% with occupational exposure to asbestos. Most who were involved were 
construction workers, railroad workers, naval mechanics, bakers, explosive workers, and automobile 
mechanics.  
 
Age  
 
Malignant mesothelioma has a peak incidence 35-45 years after asbestos exposure. It commonly 
develops in the fifth to seventh decade of life.  
 
History  
 
Dyspnea and nonpleuritic chest wall pains are the most common presenting symptom. 
 
Chest radiographs show obliteration of the diaphragm, nodular thickening of the pleura, decreased size 
of the involved chest, radiolucent sheetlike encasement of the pleura, or a combination of these. 



 
A loculated effusion is present in more than 50% of patients, and a major portion of the pleura is 
opacified by the effusion. 
 
Chest discomfort, pleuritic pain, easy fatigability, fever, sweats, and weight loss are the other common 
accompanying symptoms. Patients may also be asymptomatic, with evidence of a pleural effusion noted 
incidentally on physical examination or by chest radiograph. Metastatic disease is uncommon at 
presentation and contralateral pleural abnormalities are usually secondary to asbestos-related pleural 
disease rather than metastatic disease. 
 
Approximately 60-90% of patients may have symptoms of chest pain or dyspnea. 
 
Physical  
 
Physical findings of pleural effusion are usually noted upon percussion and auscultation. 
 
In rare cases, malignant mesothelioma manifests as cord compression, brachial plexopathy, Horner 
syndrome, or superior vena cava syndrome. Death is usually due to infection or respiratory failure from 
the progression of mesothelioma. 
 
Primary sites include the pleura (87%), the peritoneum (5.1%), the pericardium (0.4%), and the right side 
of the thorax (more so than the left side, by a right-to-left ratio of 1.6:1). 
 
Causes 
 
A substantial proportion of patients were exposed to asbestos in asbestos mills, shipping yards, mines, 
or their homes. 
 
The crocidolite in asbestos is associated with mesothelioma in miners, manufacturers (using asbestos), 
and heating and construction workers. The rod-shaped amphiboles are more carcinogenic than the 
chrysotile. 
 
Malignant mesothelioma has also been linked to therapeutic radiation using thorium dioxide and zeolite, 
a silicate in the soil. 
 
An etiological role for simian virus 40 in malignant mesothelioma has also been suggested. Asbestos 
exposure alone was associated with malignant mesothelioma, but SV 40 alone was not. Thus giving 
some epidemiological evidence that SV 40 is a possible cocarcinogen. Its direct role at this point is still 
controversial. 
 
Interleukin 8 has direct growth-potentiating activity in mesothelial cell lines. 
 
Loss of one copy of chromosome 22 is the single most common karyotypic change in malignant 
mesothelioma. Other chromosomal changes commonly observed include 1p, 3p, 9p, and 6q. Several 
changes in the tumor suppressor gene p16 (CDKN2A) and p14 (ARF) and loss of function of 
neurofibromin 2 (NF2) or merlin are altered. 
 
Other Problems to be Considered 
 
Drug-induced pulmonary reactions 
Mesothelial hyperplasia 
Other primary lung neoplasms or metastatic disease 
Pulmonary fibrosis 



Pulmonary infection 
Reactive airway disease 
 
Lab Studies 
 
 
Pleural fluid findings in patients with mesothelioma typically are not diagnostic. The specific gravity of the 
pleural fluid is nondiagnostic. 
 
Typically, patients have less than 1000 leukocytes/mL, few erythrocytes, elevated protein levels, and 
normal lactate dehydrogenase levels. 
 
Results of cytologic examination are occasionally positive for malignant mesothelial cells; however, most 
often the plural fluid cytology results are not diagnostic. 
 
Diagnosis is made based on the following: 
 

o More than 90% of patients present with pleural effusion that decreases after thoracentesis. 
Cytologic examination findings are diagnostic in only 32% of patients and are suggestive in 56% 
of patients. Thoracoscopically guided biopsy should be performed if mesothelioma is suggested, 
and results are diagnostic in 98% of cases. 

 
o Careful scrutiny of routinely stained biopsy preparations is the most valuable diagnostic tool for 

making a diagnosis. A battery of commercial immunohistochemistry stains (eg, for cytokeratins, 
vimentin, human milk fat globulin 2, anti-Leu M1, BerEP4, and carcinoembryonic antigen) can be 
used. 

 
o Diagnostic features distinguishing malignant mesothelioma from adenocarcinoma include 

negative test results for periodic acid-Schiff stain, mucicarmine stain, carcinoembryonic antigen, 
and Leu M1 and positive test results for calretinin, vimentin and cytokeratin. Electron microscopy 
reveals that cells have long microvilli, in contrast to adenocarcinomas, which have short microvilli. 
One of the new most intriguing markers is serum mesothelin-related protein (SMRP) measured in 
fluid or serum. The circulating SMRP level was reported to be elevated in 84% of patients with 
malignant mesothelioma and in 2% of patients with lung cancer. 

 
o Recently, 4 new mesothelioma cell lines have been characterized based on ultrastructural and 

immunophenotypic analysis. Cell lines express vimentin, cytokeratins 8 and 18, and mesothelial 
antigen recognized by HBME-1 monoclonal antibody. Surface HLA class I and intercellular 
adhesion molecule I are present in all lines. 

 
o While HLA class II and CD 86 are undetectable, HLA class II is present after interferon gamma 

stimulation. All cell lines display abnormal karyotypes with chromosome 6 abnormalities. The 
persistence of large T antigen with HLA class I and intercellular adhesion molecule I suggests 
large T antigen as a target for cytotoxic-based immunotherapy. 

 
Imaging Studies  
 
Imaging studies may include a chest radiograph, CT scan of the chest, MRI of the chest, and positron 
emission tomography scan. The latter is still considered investigational for helping differentiate between 
benign and malignant mesothelioma. The value of fluorodeoxyglucose positron emission tomography 
(FDG-PET) was evaluated in 17 patients. The survival distribution in the group with high FDG uptake 
showed shorter survival compared with the low FDG group. 
 



The optimal preoperative staging procedures are debatable. In 1996, Sugarbaker et al recommend MRI 
as a standard part of staging. Others argue that laparoscopic thoracoscopy is the best way to determine 
the extent of the disease. Some argue that positron emission tomography scans may be helpful, but their 
role in staging needs to be defined. MRI performed with different pulse sequences and gadolinium-based 
contrast material can improve detection of tumor extension, especially to the chest wall and diaphragm. 
Positron emission tomography scans can provide metabolic and anatomic information, especially for 
those with extrathoracic or mediastinal metastasis. The appropriate role of PET scans in the 
management of this disease is still undefined. 
 
Determining the extent of disease by performing a laparoscopy or MRI and a cardiopulmonary evaluation 
is important, if the patient is amenable. 
 
Other Tests 
 
Measuring the diffusion capacity of the lung preoperatively is important because most patients have poor 
pulmonary reserve secondary to interstitial lung disease. 
 
A cardiopulmonary stress test with pharmacologic agents is a reasonable choice to eliminate the 
possibility of evidence of silent myocardial ischemia. 
 
Procedures 
 
See Lab Studies. 
 
Thoracoscopy or pleuroscopy should be performed to confirm the diagnosis. 
 
Laparoscopy is important for staging but is still investigational to evaluate for transdiaphragmatic 
involvement. 
 
Histologic Findings 
 
See Lab Studies. Gross pathology reveals that the pleural surfaces are seeded with malignant 
mesothelioma cells, which form grouped nodules. As the disease progresses, it covers the entire pleural 
space and invades the chest wall, mediastinum, and diaphragm. Microscopically, the 3 histologic types 
are epithelial, sarcomatous, and mixed. The epithelial type correlates with a better prognosis. 
 
Staging 
 
Six staging categories have been proposed. In 1996, Sugarbaker and associates proposed the Brigham 
staging system based on tumor resectability and nodal status, a system validated in a clinical trial. To 
date, the accepted system is the TNM classification accepted by the International Mesothelioma Interest 
Group (IMIG). 
 

o Stage I - Completely resected within the capsule of the parietal pleura without adenopathy (ie, 
ipsilateral pleura, lung, pericardium, diaphragm, or chest wall disease limited to previous biopsy 
sites) 

o Stage II - All stage I characteristics, with positive resection margins, intrapleural adenopathy, or a 
combination 

o Stage III - Local extension of disease into the chest wall or mediastinum, into the heart, through 
the diaphragm or peritoneum, or extrapleurally to involve the lymph nodes 

o Stage IV - Distant metastatic disease 



o Based on many clinical factors, 2 separate groups, the Cancer and Leukemia Group B and the 
European Organization for Research and Treatment of Cancer, had identified the following poor 
prognostic factors: 
o Performance status of 2 or greater 
o Nonepithelial histology 
o Chest pain 
o Age older than 75 years 
o Male sex  
o High platelet count  
o Lactate dehydrogenase greater than 500 IU/L  
o Low hemoglobin  
o High white count  
o Weight loss 

 
Medical Care 
 
Treatment options for the management of malignant mesothelioma include surgery, chemotherapy, 
radiation, and multimodality treatment. Surgery in patients with disease confined to the pleural space is 
reasonable. 
 
Chemotherapy  
 
Currently, cisplatin as a single drug has been used as the standard drug for phase III clinical trials. None 
of the standard treatment options has improved survival. The most active agents are anthracycline, 
platinum, and alkylating agents; each produces a response rate of 10-20%.  
 
Vogelzang et al presented the results of a phase III study of pemetrexed in combination with cisplatin 
versus cisplatin alone. Pemetrexed (500 mg/m2/d) and cisplatin (75 mg/m2/d) or cisplatin (75 mg/m2/d) 
was given on day 1. Both arms were given every 21 days. The median time to survival in the 
cisplatin/pemetrexed arm was 12.1 months versus 9.3 months for cisplatin alone. The response rate was 
41.3% for the cisplatin/pemetrexed arm and 16.7% for the cisplatin arm. Folic acid and vitamin B-12 were 
given routinely to prevent the adverse effects of pemetrexed. This trial established the regimen as the 
standard choice for this disease.  
 
A 1999 phase II study by Byrne et al using cisplatin (100 mg/m2) on day 1 and gemcitabine (1000 
mg/m2) administered intravenously on days 1, 8, and 15 of a 28-day cycle for 6 cycles showed response 
rates of 47.6% (complete and partial response), 42.8% (stable disease), and 9.5% (progressive disease). 
The median response duration was 25 weeks, progression-free survival was 25 weeks, and the overall 
survival was 41 weeks. Toxicity was mainly gastroenterologic and hematologic in nature.  
 
Several other combinations have been found to be active, including cisplatin/doxorubicin 
(Adriamycin)/mitomycin C, bleomycin/intrapleural hyaluronidase, cisplatin/doxorubicin (Adriamycin), 
carboplatin/gemcitabine, and cisplatin/vinblastine/mitomycin C. The cisplatin/gemcitabine combination 
has yielded the best results.  
 
Ranpirnase (Onconase) is a novel cytotoxic ribonuclease. It is a nonmyelossuppresive agent with 
minimal apparent toxicity to vital organs. It binds to the cell surface and penetrates the cell's interior 
through the energy-dependent endocytotic process. In the cytosol, it degrades tRNA and this damage 
constitute a signal for apoptosis and contributes to inhibition of cell growth and proliferation.  
 

o The dose-limiting toxicity was renal manifested by proteinuria, azotemia, peripheral edema, 
flushing, myalgia, dizziness and decreased appetite.  

 



o In a Phase II study by Miluski et al of 105 patients with 0-2 performance status were treated with 
ranpirnase. Median survival times was 6 months for the intent to treat and 8.3 months for the 
treatment target group. Among the 81 patients assessable for tumor response, 4 had partial 
response, 2 had minor regressions and 35 experienced stabilization of previously progressive 
disease. 

 
With the isolation of mesothelial cell lines, several chemotherapeutic agents are being tested actively to 
assess their efficacy. One explanation for the poor response to chemotherapy is the low apoptotic rate, 
as evidenced by low BCL2 and BAX expression. These data suggest that apoptosis is not a key 
phenomenon in mesothelioma development and histologic differentiation.  
 
Numerous trials of chemotherapeutic agents have been performed; however, until recently, the studies 
were small, the staging systems used were different, and the measurements of disease were inaccurate.  
 
Radiation  
 
Results with radiation therapy are also disappointing.  
 
Radiation has no effect on survival, but it has caused significant palliation in 50% of patients treated for 
chest pain and chest wall metastasis. 
 
Trimodality Therapy  
 
This involves a combination of all 3 standard strategies (ie, surgery, chemotherapy, radiation).  
 
One trimodality approach involved extrapleural pneumonectomy followed by combination chemotherapy 
and radiotherapy. Overall survival rates were 45% at 2 years and 22% at 5 years.  
 
Lymph node involvement was a significant negative prognostic factor. The epithelial type had a better 
survival rate compared with the sarcomatous or mixed type (65% vs 20% at 2 y and 27% vs 0% at 5 y).  
 
Survival based on the Brigham staging system was 22 months for stage I, 17 months for stage II, and 11 
months for stage III.  
 
Overall median survival was 17 months, yielding a 2-year survival rate of 36% and a 5-year survival rate 
of 14%. Epithelial cell type survival was better, with a 2-year survival rate of 68% and 5-year survival rate 
of 46%.  
 
Different chemotherapeutic regimens found to be useful in the trimodality treatment include 
cyclophosphamide/doxorubicin (Adriamycin)/cisplatin, carboplatin/paclitaxel, and 
cisplatin/methotrexate/vinblastine. External beam radiotherapy is delivered in a standard fractionation 
over 5.5-6 weeks. 
 
Surgical Care 
 
Surgical resection has been relied upon because radiation and chemotherapy have been ineffective 
primary treatments. The 2 surgical procedures used are pleurectomy with decortication and extrapleural 
pneumonectomy. 
 
Pleurectomy with decortication is a more limited procedure and requires less cardiorespiratory reserve. It 
involves dissection of the parietal pleura, incision of the parietal pleura, and decortication of the visceral 
pleura followed by reconstruction. It has a morbidity rate of 25% and a mortality rate of 2%. It is a difficult 
procedure because the tumor encases the whole pleura; the local recurrence rate is high. 



Extrapleural pneumonectomy is a more extensive procedure and has a higher mortality rate. Recently, 
the mortality rate has been lowered to 3.8%. It involves dissection of the parietal pleura; division of the 
pulmonary vessels; and en bloc resection of the lung, pleura, pericardium, and diaphragm followed by 
reconstruction. It provides the best local control because it removes the entire pleural sac along with the 
lung parenchyma. 
With surgery alone, the recurrence rate is very high and most patients die after a few months. At least 
half the patients who have local control with surgery have distant metastasis upon autopsy. 
 
Consultations 
 
If an infection is suggested initially, consultation with a pulmonary specialist is essential if the infection 
does not resolve within 2 weeks with adequate antibiotic treatment. 
 
Chest radiographs are mandatory for follow-up if the infection has resolved. If the patient has diffuse 
calcification of the pleura and a history of weight loss with chronic cough, a full evaluation by a 
pulmonary specialist and oncologist is necessary. 
 
A referral for thoracoscopy is warranted if the diagnosis is considered and the initial workup is not 
diagnostic. 
 
Occupational history is important, and family members with exposure to asbestos should also be 
evaluated. 
 
Diet 
 
Patients are usually cachetic after surgery, chemotherapy, and radiation. Good supportive care and a 
regular nutritional status assessment are warranted. Patients should be referred to a nutritionist. 
 
Activity  
 
Beginning physical activity as soon as possible is important to prevent postoperative complications. 
Pulmonary physiotherapy is very helpful because of the extensive lung resection in such patients. 
 
Medication  
 
Treatment options for the management of malignant mesothelioma include surgery, chemotherapy, 
radiation, and multimodality treatment. Currently, no therapy is considered standard. The standard 
methods of surgery, radiation, or chemotherapy alone have not improved survival (see Treatment).  
 
Pemetrexed disodium was recently approved by the US Food and Drug Administration to treat patients 
with malignant pleural mesothelioma in unresectable disease and those who are not candidates for 
curative surgery. Several trials from a combination drug to therapy with pemetrexed have been 
performed. Hughes et al showed a 32% response rate using pemetrexed 500 mg/m2 and carboplatin 
(AUC-5) on an every 21-day schedule. An interesting combination of drugs, including raltitrexed and 
oxaliplatin, has shown a response rate of 20% in previously treated patients. 
 
 
Drug Category 
 
Antineoplastic agents -- Interfere with cell reproduction. Some agents are cell-cycle specific, while others 
(eg, alkylating agents, anthracyclines, cisplatin) are not phase-specific. Cellular apoptosis (ie, 
programmed cell death) is also a potential mechanism of many antineoplastic agents. 



Drug Name 

Pemetrexed disodium (Alimta) -- Disrupts folate-
dependent metabolic processes essential for cell 
replication. Specifically inhibits thymidylate synthase 
(TS), dihydrofolate reductase (DHFR), and 
glycinamide ribonucleotide formyltransferase 
(GARFT), which are folate-dependent enzymes 
involved in de novo biosynthesis of thymidine and 
purine nucleotides. Indicated in combination with 
cisplatin to treat patients with malignant pleural 
mesothelioma in unresectable disease and those who 
are not candidates for curative surgery.  

Adult Dose 
500 mg/m2 IV infused over 10 min on day 1 of 21-d 
cycle; administer cisplatin 75 mg/m2 IV infused over 2 
h beginning 30 min after pemetrexed disodium 
infusion completed  

Pediatric Dose Not established  
Contraindications Documented hypersensitivity  

Interactions 

Coadministration with drugs that compete for renal 
tubular excretion (eg, probenecid) may decrease 
clearance; do not administer NSAIDs in cases of mild 
to moderate renal impairment (ie, CrCl, 45-79 
mL/min), NSAIDs with short elimination half-life should 
not be administered for 2 d before administration and 
2 d after; avoid NSAIDs with longer half-life 5 d before 
administration and 2 d after  

Pregnancy D - Unsafe in pregnancy  

Precautions 

Eliminated unchanged, primarily by renal excretion; 
insufficient data available with CrCl <45 mL/min; 
suppresses bone marrow function, dose-limiting 
toxicity is myelosuppression; common adverse effects 
include hematologic effects, fever, infection, 
stomatitis, pharyngitis, rash, and desquamation; 
pretreatment required with folate and vitamin B-12 
supplementation (decreases hematologic and GI 
toxicity) and corticosteroids (decreases rash 
incidence); aggressive hydration required before 
and/or after cisplatin administration 

Drug Name 

Cisplatin (Platinol) -- Platinum-based alkylating agent. 
Inhibits DNA synthesis and, thus, cell proliferation by 
causing DNA crosslinks and denaturation of double 
helix. Indicated in combination with cisplatin to treat 
patients with malignant pleural mesothelioma in 
unresectable disease and those who are not 
candidates for curative surgery.  

Adult Dose 75 mg/m2 IV infused over 2 h beginning 30 min after 
pemetrexed disodium infusion completed  

Pediatric Dose Not established  

Contraindications Documented hypersensitivity; preexisting renal 
insufficiency; myelosuppression; hearing impairment  



Interactions Increases toxicity of bleomycin and ethacrynic acid  
Pregnancy D - Unsafe in pregnancy  

Precautions 
Administer adequate hydration before and 24 h after 
cisplatin dosing to reduce risk of nephrotoxicity; 
myelosuppression, ototoxicity, nausea, and vomiting 
may occur 

Drug Name 

Ranpirnase (Onconase) -- Designated orphan drug to 
treat malignant mesothelioma. Shown in vitro and in 
vivo to target tumor cells while sparing normal cells. 
Internalized by endocytosis and released into 
cancerous cell cytosol, where selective rRNA 
degradation occurs. Results in protein synthesis 
inhibition, cell cycle proliferation cessation, and 
apoptosis induction. Administered in conjunction with 
doxorubicin.  

Adult Dose 480 mcg/m2 IV qwk initially; infuse over 30 min; modify 
dose based on tolerability  

Pediatric Dose Not established  

Contraindications Documented hypersensitivity; severe renal 
impairment; severe congestive heart failure  

Interactions Data limited; none reported  
Pregnancy D - Unsafe in pregnancy  

Precautions 

Nephrotoxicity is predominant adverse effect at doses 
higher than recommended; caution with mild or 
moderate renal impairment, liver disease (may 
decrease clearance), hypoalbuminemia, asthma, mild 
heart failure, hypertension, or other cardiovascular 
disease or conditions that peripheral edema would 
exacerbate; hydration recommended before infusion 

 

Further Outpatient Care 

Regular follow-up visits with an internist, pulmonary specialist, medical oncologist, and radiation 
oncologist are recommended. 

Complications 

The tumor recurrence rate is 50% for those treated with surgery. 

The mortality rate secondary to surgery has improved. Even with extensive surgery, the mortality rate as 
reported by Huncharek et al and by Sugerbaker et al in 1996 was 3.8%. 

Prognosis 

Without treatment, mesothelioma is fatal within 4-8 months. 



With trimodality treatment, some patients have survived 16-19 months. A few have survived as long as 5 
years, with rates of 14% for all types and 46% for the epithelial type. However, numbers are small. 

Medical/Legal Pitfalls 

This is a difficult diagnosis so warn the pathologist if the index of suspicion is high. The diagnosis could 
be work-related, and a thorough discussion with the patient is warranted. 

The legal implications are tremendous, primary prevention is important, and employers should limit the 
amount of asbestos exposure to the lowest levels possible. Having work standards in place is important. 

A good working relationship among the occupational medicine specialist, the environmental hazard team, 
and the community at large is important. 

Special Concerns  
Other modalities of treatment being studied include gene therapy, cytokine-targeted therapy, and 
photodynamic therapy. 

o Gene therapy: Phase I clinical trials have shown the safety of intratumoral gene transfer of 
recombinant adenovirus containing herpes simplex virus thymidine kinase, followed by ganciclovir 
treatment. Gene therapy trials are focusing on immunostimulation and using suicide gene therapy 
as a tumor vaccine. Studies are developing vaccines against simian virus 40, which is thought to 
be carcinogenic. Gene delivery of CD 40 ligand has shown promise in murine models of 
malignant mesothelioma. 

o Cytokine-targeted therapy: This includes several agents, such as interleukin 2, interferon alfa, 
and tumor necrosis factor. Interleukin 2 in stages I and II produces an overall survival rate of 16 
months. Interferon gamma has produced a partial response rate of 19%. 

o Photodynamic therapy has been tried but has not produced improvement in survival. 
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