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ABSTRACT: The incidence of malignant pleural mesothelioma (MPM) has risen for
some decades and is expected to peak between 2010 and 2020. Up to now, no single
treatment has been proven to be effective and death usually occurs within about 12—
17 months after diagnosis. Perhaps because of this poor prognosis, early screening
has incited little interest. However, certain forms may have a better prognosis when
diagnosed early and treated by multimodal therapy or intrapleural immunotherapy.
Diagnosis depends foremost on histological analysis of samples obtained by thoracos-
copy. This procedure allows the best staging of the pleural cavity with an attempt to
detect visceral pleural involvement, which is one of the most important prognostic
factors. Although radiotherapy seems necessary and is efficient in preventing the
malignant seeding after diagnostic procedures in patients, there has been no rand-
omized phase III study showing the superiority of any treatment compared with
another. However, for the early-stage disease (stage I) a logical therapeutic approach
seems to be neoadjuvant intrapleural treatment using cytokines. For more advanced
disease (stages II and III) resectability should be discussed with the thoracic surgeons
and a multimodal treatment combining surgery, radiotherapy and chemotherapy
should be proposed for a randomized controlled study. Palliative treatment is indi-
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cated for stage IV. In any case, each patient should be enrolled in a clinical trial.

Eur Respir J 1998; 12: 972-981.

The term "mesothelioma" was first used in 1921 by
Eastwoop and Marty [1] to describe primary tumours of the
pleura. At that time, the primary nature of these
tumours was controversial without confirmation by au-
topsy. Today, the histological diagnosis of mesothelioma
remains problematic and differential diagnosis against ad-
enocarcinoma is difficult in 10-15% of cases despite the
routine use of histochemistry.

The first evidence implicating asbestos in the pathogen-
esis of mesothelioma was presented in 1960 by Wacner [2]
in South African miners. The incidence of malignant pleu-
ral mesothelioma (MPM) has risen for some decades and
is expected to peak sometime between 2010 and 2020 [3,
4]. This increase has been attributed to the widespread use
of asbestos in the period from World War II until the end
of the 1970s [5]. Pleural mesothelioma is more frequent
than peritoneal mesothelioma, possibly because in-hala-
tion is the usual route of the pathogenic fibres.

No single treatment has been proven to be effective for
malignant mesothelioma. Chemotherapy alone has no ef-
fect, radiation therapy simply provides palliation against
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pain, and surgery (even when performed at a relatively early
stage) is controversial [6—10]. The value of the current
staging system is questionable: after the first classification
by Burchart et al. [8] the number of successive classifica-
tions provides evidence for the difficulty in distinguishing
between the various stages of the disease [11-13].

Recent studies have reported good results using immu-
notherapy and surgery in patients graded as "early stage"
according to a new system of classification [14, 15]. The
purpose of the present article is to describe the current
knowledge on mesothelioma.

Epidemiology

In industrialized countries where asbestos was widely
used from the end of World War II until the end of the
1970s, the incidence per year of mesothelioma is presently
2 per million in females and 10-30 per million in males
[5]. Geographical variations in incidence are due to re-
gional differences in industrial activity. Regions with
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shipyards are at particularly high risk [16]. Another factor
influencing incidence is the type of fibre used, the inci-
dence being higher with crocidolite and amosite than with
chrysotile [17-19]. Details on occupational risks have been
reviewed recently [20].

In France, the exact incidence of mesothelioma is not
known since there is no national register for the disease.
According to a recent review by the National French In-
stitute for Medical Research (INSERM) [19] 950 new
cases per year are probably observed. In the authors reg-
ion (south-east France, which has a large number of ship-
yards) a study performed between 1989 and 1993 indicated
an annual incidence of 14.2 per million in males and 1 per
million in females in the Provence region and 1 per mil-
lion in females and 16.2 per million in males in Corsica
[21]. In Paris and suburbs [22] the incidence rate is 7.5 per
million for males and 1.5 per million for females. In the
USA the highest published annual rate per million is 13.3
[23, 24] for males and 2.5 for females and in Australia the
rates are 66 per million for males and 7 per million for
females [25].

In most other industrialized countries (e.g. Sweden,
Canada, Australia, the Netherlands) the annual incidence
increased 3.5-fold for males and 1.4-fold for females from
the end of the 1960s to the beginning of the 1980s [26—
28]. In the UK the epidemic will peak at about 2,700
deaths per year and will disappear rapidly after 2020 [4].
The USA epidemic has already reached its peak [29]: since
1980 USA rates have declined in both sexes.

Despite their unreliability these data seem to indicate a
major increase in the annual incidence of mesothelioma in
males and a smaller increase in females. This trend will
probably continue in many countries until the second dec-
ade of the 21st century. The long latency period for the
development of mesothelioma accounts for the rising inci-
dence of mesothelioma for up to 30-40 yrs after applica-
tion of strict laws on the use of asbestos.

The high sex prevalence for males in most countries is
strong evidence for occupational exposure to asbestos,
since females are less likely to have worked in contami-
nated areas. Mesothelioma due to nonoccupational envi-
ronmental exposure has been reported in various places
including Corsica [21], New Caledonia [30], Cyprus [31],
Greece [32] and Turkey [33]. Cases due to exposure in
buildings with asbestos insulation seem to be extremely
rare [34, 35].

Pathogenicity of asbestos fibres

Asbestos fibres that reach the respiratory bronchioles
and alveoli are subject to different fates. Chrysotile fibres
can undergo fragmentation by organic acids, and progres-
sive clearance, whereas amphibole fibres may remain un-
changed for decades [36]. High concentrations of asbestos
fibres in the lung are associated with asbestosis and bron-
chial carcinoma [37]. In patients with these conditions,
asbestos bodies, mostly formed on amphibole fibres, are
usually found in lung sections and bronchoalveolar lavage
fluid [38]. Fibres may also migrate towards the periphery
of the lung, especially the lower lobes [39], into mediasti-
nal lymph nodes [40] and the pleura.

Benign pleural plaques are the most common manifes-
tation of asbestos exposure [26]. They usually develop on

the parietal or diaphragmatic pleura. Malignant pleural
mesothelioma probably also originates from the parietal
pleura. Up to now, however, very few studies have de-
tected significant amounts of asbestos fibres in the parietal
pleura [18]. Experiments by Stanton ef al. [41] demon-
strated that the risk for mesothelioma is related to the con-
centration of long (>8 um) amphibole fibres. Other animal
experiments using intracavitary injections of asbestos con-
firmed that the most carcinogenic fibres were those meas-
uring >5 mm in length and <0.25 mm in diameter [42, 43].
In sharp contrast to these data, all previous mineralogical
studies have shown that short chrysotile fibres are the
most common type of asbestos present in the parietal
pleura [44], where amphibole fibres meeting the criteria of
Stanton for carcinogenicity are uncommon or absent [45].

A possible explanation for this paradox could be that
fibres are heterogeneously distributed in the parietal pleura.
This would explain why random sampling in unselected
areas yields poor concentrations. Indeed, when samples were
taken from pathological zones such as pleural plaques or
tumours [46], more fibres were found.

Several findings led to the speculation that these asbes-
tos fibres could accumulate in certain areas of the parietal
pleura. In mice, subcutaneously injected fibres are known
to concentrate in the milky spots of the parietal pleura [47].
In humans, milky spots are almost invisible in the healthy
pleura. However, thoracoscopy sometimes visualizes foci
of parietal anthracosis near lymphatic vessels of parietal
pleura [48], which have been called "black spots". Indeed,
these black spots could correspond to the milky spots des-
cribed by Kanazawa et al. [47] in mice and be rendered visi-
ble by trapped coal dust.

Thoracoscopic biopsy samples were collected from
these black spots [18] and from normal areas of the pari-
etal pleura and lung from 14 subjects (eight with and six
without asbestos exposure). Asbestos content was deter-
mined by transmission electron microscopy. In exposed
subjects mean fibre concentrations were 12.4+9.8 x 106
fibres-g of dry tissue-! in lung, 4.1+1.9 in black spots and
0.5+0.2 in normal pleura. In unexposed patients, these con-
centrations were 0, 0.3+0.1 and 0, respectively. Amphib-
oles outnumbered chrysotile in all samples. A total of 22.5%
of the fibres were >5 mm in length in black spots. These
findings could explain why the parietal pleura is the target
organ for mesothelioma and plaques.

Clinical manifestations

The mean age of patients is approximately 60 yrs. A
few cases have been described before the fourth decade of
life in patients exposed to asbestos during childhood. The
tumour can occur rarely in children [49] and a number of
these cases probably has no relation to asbestos. The pre-
viously mentioned strong male predominance is due to the
fact that exposure to asbestos is less common in females.

Clinical manifestations depend on the stage of the dis-
ease. Recently, an international staging system was pro-
posed by the International Mesothelioma Interest Group
(IMIG) on a new tumour, node, metastasis (TNM) basis
[12] (table 1). In early-stage disease general symptoms
such as fatigue, weakness and weight loss are rare (15%)
[50]. The pain which is extremely frequent in advanced
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Table 1. — New international staging system for diffuse malignant pleural mesothelioma

Stage

Description

T1 T1a: Tumour limited to the ipsilateral parietal pleura including mediastinal and diaphragmatic pleura. No involvement of the

visceral pleura

T1b: Tumour involving the ipsilateral parietal pleura, including mediastinal and diaphragmatic pleura. Scattered foci of tumour

also involving the visceral pleura

T2 Tumour involving each of the ipsilateral surfaces (parietal, mediastinal, diaphragmatic and visceral pleura) with at least one of

the following features:
Involvement of diaphragmatic muscle

Confluent visceral pleural tumour (including the fissure) or extension of the tumour from visceral pleura into the under-

lying pulmonary parenchyma
T3 Locally advanced but potentially resectable tumour

Tumour involving all of the ipsilateral pleural surfaces (parietal, mediastinal, diaphragmatic and visceral pleural) with at least

one of the following features:
Involvement of the thoracic fascia
Extension to the mediastinal fat

Solitary, completely resectable focus of the tumour extending into the soft tissues of the chest wall

Nontransmural involvement of the pericardium
T4 Locally advanced technically unresectable tumour

Tumour involving all of the ipsilateral pleural surfaces (parietal, mediastinal, diaphragmatic and visceral pleura) with at least

one of the following features:

Diffuse extension or multifocal masses of tumour in the chest wall, with or without associated rib destruction
Direct transdiaphragmatic extension of the tumour in the peritoneum

Direct extension of the tumour to the contralateral pleura

Direct extension of the tumour to one or more mediastinal organs

Direct extension of the tumour into the spine

(From International Mesothelioma Interest Group [12].)

stages is less common in stage Ia. In contradiction to
descriptions given in manuals pleurisy may be unremar-
kable and often occurs without radiologically detectable
tumour. Massive effusion at the time of presentation is
possible, but moderate effusion is more likely. The fact
that pleurisy may not recur for weeks or months after ini-
tial drainage can lead to a delay in diagnosis. Moderate
tightness followed by progressive pain, cough and short-
ness of breath are the most common presenting signs.
Since the symptoms are nonspecific, practitioners in reg-
ions exposed to industrial or environmental asbestos fibres
should keep mesothelioma in mind and not rule out the
possibility even if the initial cytological or histological
findings are negative.

In our series the initial thoracic radiograph leading to a
diagnosis of mesothelioma showed a pleural effusion in
92% of cases, where the thoracentesis showed a clear or
haemorrhagic fluid [50]. In 0.5% thoracentesis revealed
an empyema. Radiography showed in 0.5% a spontaneous
pneumothorax and in 7% multinodular pleural tumour
without fluid. Three patients had a history of radiation ther-
apy for lymphoma. An association between irradiation of
the thorax and mesothelioma has been reported previously
[51]. In another series [27] only 1% of diagnoses were
made coincidentally on routine radiographic images with
no thoracic symptoms.

The pleural fluid is an exudate with little evidence of in-
flammation: cell counts reveal a high number of mesothe-
lial cells [52] without a significant increase in neutrophils
or lymphocytes. Cytological examination of pleural effu-
sions, which is one of the first diagnostic techniques at-
tempted in patients with MPM, is usually positive in only
30% of the cases [53].

At stage I, pleural effusion is the prominent feature seen
on radiography and computed tomographic (CT) scan. This

is not specific. Removal of fluid improves the recognition
of more specific signs: irregular or nodular pleural thick-
ening is the more frequent feature seen on the CT scan
[54] (fig. 1). Spread of the tumour is difficult to assess for
staging or evaluation of treatment response in the follow-
ing sites: diaphragmatic pleura, chest wall, pericardium,
mediastinum and lymph nodes [55-57].

Thoracoscopy allows assessment of the parietal and
visceral pleura and is the most reliable method by which
to achieve early diagnosis. CT scan and thoracoscopy are
complementary for establishing classification and progno-
sis [56]. Magnetic resonance imaging (MRI) seems to be
promising [57, 58].

Fig. 1. — Successive computed tomographic scans in a mesothelioma
patient at stage I. A) Pleural effusion without any specific aspect. The
patient received steroids for 2 months; B) resolution of the effusion.
Small nodules are seen in the costovertebral gutter; C) evolution after 3
months, showing several nodules on the parietal pleura. (Internal scale
bar=50 mm.)
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Diagnosis

In our series [50, 59] diagnosis was achieved by cytol-
ogy alone in 26% of cases, by closed pleural biopsy in
20.7% and by a combination of the two methods in 38.7%.
These poor results are comparable to those obtained in
previous studies with the Cope needle [60]. A recent trial
in which immunohistochemical markers were used in an
effort to improve the results of blind biopsy was disap-
pointing [52].

Medical diagnostic thoracoscopy is indicated in any
patient without precise histopathological diagnosis in whom
clinical and laboratory findings raise the suspicion of me-
sothelioma: cardinal characteristics are age between 55
and 60 yrs, previous exposure to asbestos, pleural effusion
or radiological images showing irregular and nodular les-
ions of the parietal pleura, especially in the posterior and
inferior part of the costovertebral gutter.

Macroscopically, the lesions range from 1-3 mm to 1
cm, in diameter or even larger, depending on the stage. In
most patients nodules and masses are associated with pari-
etal pleural thickening up to several millimetres. In 20%
of cases nodules are small (1-5 mm in diameters). A typi-
cal aspect of mesothelioma is the grape-like aspect, which
consists of a patch of closely spaced, smooth, translucid,
poorly vascularized nodules 5-10 mm in diameter with a
clear or yellowish appearance. Upon biopsy these lesions
may either be friable and filled with sticky fluid or hard
and difficult to remove. The grape-like aspect is typical of
mesothelioma, generally at the advanced stage, but it is
not specific since it is also encountered in patients with
metastatic cancer of the pleura. Unlike benign inflamma-
tion, malignant thickening of the pleura associated with
mesothelioma is hard and unelastic. When biopsy samples
are taken, the cut edge is clear and there is little or no
bleeding.

In 10-15% of all cases and in 50% of stage la cases
[50], the lesions observed during thoracoscopy are macro-
scopically nonspecific: benign inflammation of the pari-
etal or diaphragmatic pleura with lymphangitis in some
cases. In these cases a more discrete sign is irregular thick-
ening located mainly in the posterior and inferior region
of the parietal pleura, where lymphatic vessels are most
numerous. The more nonspecific the lesions, the more
biopsies should be taken (up to 15 or 20).

An important diagnostic finding is the involvement of
the visceral pleura and lung [59]. These structures can be
easily visualized during thoracoscopy. The visceral pleura
is always less involved than the parietal pleura, with nod-

ules being not only less numerous but also smaller. In
many cases the visceral pleura appears macroscopically
normal but routine biopsy should be performed to confirm
or exclude the diagnosis.

Histological diagnosis is problematic because of struc-
tural variability between different tumours and even with-
in the same tumour. Furthermore, differential diagnosis
with adenocarcinoma is often difficult. Mesothelioma is
classified into various major histological types, i.e. epithe-
lial, sarcomatous, mixed and desmoplastic. The cell pat-
tern of epithelial tumours can be tubular, papillary or more
complex and differential diagnosis with reactive mesothe-
lial cells can require histochemical or immunohistoche-
mical techniques and even electron microscopy [61-64].
Diagnosis is further complicated by the fact that involve-
ment of the pleura is patchy and histological findings can
vary from one place to another. In this regard sampling
must be extensive, focusing on the most suspicious areas,
especially for the desmoplastic type.

In our series medical thoracoscopy allowed diagnosis in
185 of 188 cases (98.4%) [50]. The three failures occurred
when artificial pneumothorax was impossible to realize,
precluding the access to the pleural cavity. Thoracoscopy
is currently the technique of choice for the diagnosis of
mesothelioma and thoracotomy should be resorted to only
when medical thoracoscopy is unfeasible or inadequate.
Thoracoscopy is a safe technique [65]. Mortality is 1:
8,000 and complications are uncommon and usually min-
or (subcutaneous emphysema, localized pleural infection
and minor bleeding, <100 mL). The only major problem
associated with medical thoracoscopy in patients with me-
sothelioma is seeding of the chest wall along the path of
insertion of the trocar. Seeding, which has also been ob-
served after thoracenteses or blind pleural biopsies, can be
prevented by performing prophylactic radiotherapy after
healing of the point of entry [66].

Prognosis and classification

Median survival ranges from 12 to 17 months depend-
ing on the series [67, 68], while 5-yr survival is less than
5%. Several large studies involving multivariate analysis
have identified several factors for a more favourable prog-
nosis (table 2). More recently, an absence of weight loss at
the time of diagnosis, absence of involvement of the vis-
ceral pleura, stage I and epithelial histopathological type
were found to be the most favourable factors in an analy-
sis according to a Cox model [59]. The absence of symp-
toms in general and pain in particular depends on the stage.

Table 2. — Multifactorial analysis of prognostic factors for malignant pleural mesothelioma: data from the literature

First author [ref.]

CHAHINIAN ALBERTS ANTVAN Rurrie Ruscs Boutn
[68] [10] [67] [27] (6] [59]
Year 1982 1988 1988 1989 1991 1993
Patients n 57 262 136 170 83 188
Median survival months 13 9.6 15 9 10 16
Favourable factors Epithelial PS PS Stage | None Epithelial
Age <65 yrs Treatment Epithelial Platelets Stage Ia
PS White race No chest pain  No weight loss PS
Surgery Sdg >6 months  Sdg >6 months Lesions <5 mm
Response CT Stage I Surgery

PS: Performance status; Sdg: interval between first symptom and diagnosis; CT: computed tomography.
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The first published classification by Burcharr et al. [8] is
frequently used owing to its simplicity. However the early
stage of malignant pleural mesothelioma is not part of this
classification. Thus, different types of stage I are mixed in
that classification. Spontaneous survival is long-er if the
visceral pleura and the lung are not invaded (stage Ia) and
careful examination of visceral pleura must be conducted
during thoracoscopy [12]. Several classification systems
have been proposed for mesothelioma [11].

The most recent system is the TNM classification of the
IMIG [12]. This TNM classification is close to the one pro-
posed by Crannian [69] and includes a full range of stages
from an isolated lesion of the parietal pleura or diaphragm
(stage Ia, as previously mentioned) to advanced-stage mes-
othelioma. The main advantage of this classification is to
provide clinicians with a standard allowing comparison of
study data and results. Although this TNM system still
requires further refinement, it constitutes a solid founda-
tion. However, several remarks may be made concerning
this system. One point of discussion is the importance of
node status. In the series of Sucarsaker et al. [70] the long
survival of patients without node involvement (NO) could
have been due to the fact that these patients had earlier
stage disease. Since metastasis iS an uncommon late
occurrence, it is not an important criterion in the class-
ification. It must also be determined whether the TNM
classification should be clinical, made on the basis of en-
doscopic and radiological findings, or postoperative, made
on the basis of surgical findings. It should also be said that
the distinction between T2 and T3 is of little practical
value since the difference in survival is minimal, as shown
in a recent series [13].

Evolution

As previously mentioned, the possible disappearance of
the initial effusion after drainage is a special feature of
early mesothelioma. Owing to this misleading develop-
ment the disease may be wrongly diagnosed as benign
pleurisy and allowed to progress untreated for up to 1 yr
or more. Thus, caution is always necessary with regard to
the diagnosis of benign pleurisy in subjects between the
ages of 50 and 60 yrs with a history of exposure to asbes-
tos and for these patients early thoracoscopy is required.

Mesothelioma develops locally, sometimes for a long
time, before invading surrounding organs. Diaphragm and
lung involvement usually occur first, with progressive re-
traction of the hemithorax and development of trapped
lung. Involvement of the liver occurs later. The periton-
eum is infiltrated either through the diaphragm or through
its posterior openings with secondary ascites. Paraneo-
plastic syndrome is uncommon; this involves migrating
phlebitis, thrombocytosis, haemolytic anaemia, hypogly-
caemia, hypercalcaemia and pulmonary hypertrophic osteo-
arthropathy.

Spreading to the endothoracic fascia (T2) and intercos-
tal spaces (T3) is frequent and has been noted in 30-50%
of patients who have undergone invasive surgical or diag-
nostic procedures (e.g. thoracentesis and biopsy). Parietal
involvement can be massive and painful and parietal pain
is extremely frequent.

Clinically detectable secondary lesions in bone, subcu-
taneous and brain sites are uncommon, as is involvement
of the contralateral pleura or lung. However, it should be

noted that metastasis is more frequent after surgery, more
often after pleuropneumonectomy than after pleurectomy
[71, 72]. According to the authors this could reflect the
disease stage and prevalence of nodal stages. However, it
can also be hypothesized that during thoracotomy han-
dling of tumour tissue releases isolated cells into blood
and perhaps lymphatic circulation. Our pathologists found
a large number of isolated cells in the washing of the pleu-
ral cavity after pleurectomy or pleuropneumonectomy. To
reduce the risk of metastasis the surgeon must carefully
wash the operative cavity after resection. At autopsy meta-
static spread has been observed in 50% of patients [73].
Death is usually due to progressive dyspnoea and respira-
tory insufficiency with extensive weight loss and muscle
wasting.

Treatment
Surgery

To ensure that surgery will be as curative as possible, it
should be emphasized that resection must include the pleura
(in stage Ia) and lung (in stages Ib, II and III) and in many
cases the diaphragm, pericardium and portion of chest
wall. Under these conditions it may be rightfully asked
whether surgery actually improves the survival of patients.
Worn [74] reported a series of 248 surgical cases in which
survival was the same after palliative and curative surgery.
Prosst et al. [75] described a series of 111 patients in which
median survival was longer after extended pneumonec-
tomy than other methods, but the difference was only 1.4
months. Since operative mortality is high, pat-ients must
be selected carefully (age <60 yrs, early-stage disease,
epithelial histology). However, even after careful selection
the 5-yr survival is only 11%. The main reason for these
disappointing results is that complete resection is possible
only in patients with early-stage disease with no mediasti-
nal lymph node involvement. However, such cas-es are
uncommon and surgeons are rarely satisfied because most
resections remain incomplete. Rusch and coworkers [13,
71] reported better results after pleurectomy (18.3 month
survival) than after extrapleural pneumonectomy (9.9 month
survival), but this procedure often leaves residual malig-
nant tumour in the lung or visceral pleura.

A review of surgical series suggests that treatment pro-
tocols including surgery extend survival. The median 2-yr
survival rate is 11-35% after pleurectomy and 10-37%
after extrapleural pneumonectomy. These findings have been
confirmed by the only prospective study involving pneu-
monectomy without postoperative treatment, in which 2
yr survival was 33% and median survival was 10 months
[76]. Is surgery really useful for the patients? Can it be
curative and able to prolong survival? It is impossible at
the present time to ascertain whether survival is improved
after radical surgery. A prospective randomized, phase III
study is needed to answer this question.

Radiation therapy

Although radiation therapy has shown efficacy on me-
sothelioma cell lines [77], it has proven disappointing in
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mesothelioma patients and poor results have been des-
cribed in several series [78, 79]. One of the major prob-
lems in performing radiation therapy is determining the
volume of the target area, which includes the diaphragm,
mediastinum, and chest wall and excludes the lung.

Radiation therapy is also performed palliatively [80] to
control pain. Irradiation is effective when pain is due to a
direct extension of the tumour into the chest wall and ribs.
Conversely, it is not effective and may even be harmful if
pain originates from compression of the intercostal nerve
as a result of retraction of the chest wall. Postradiation
fibrosis can aggravate pain in these cases.

Prophylactic local radiation therapy to prevent parietal
seeding after diagnostic examinations has been shown to
be effective [66, 81]. After thoracoscopy we wait for 10—
12 days to allow the point of entry to heal and then apply
21 Gy in three sessions of 7 Gy each over 48 h. Target
fields of 4-12 cm on each side are selected around the
incision, drainage and previous puncture scars. A rand-
omized trial of this technique was carried out in 40
patients with mesothelioma [66]. Seeding was not
observed in any of the 20 patients who underwent prophy-
lactic radiation therapy, whereas seeding was observed in
eight of the 20 patients who did not undergo prophylactic
radiation therapy. Based on these findings we now per-
form prophylactic radiation therapy routinely after thora-
coscopy and have not observed any seeding at entry or
drainage sites.

Chemotherapy

Chemotherapy has also been disappointing in patients
with mesothelioma. In the best series, objective responses
after single-agent treatment were achieved in 20-30% of
cases, but there was no significant impact on overall sur-
vival.

Despite their good reputation, doxorubicin and other
anthracyclines achieve responses in no more than 15% of
cases [82]. Similarly, cisplatin alone achieves a response
rate of only 14% of cases at standard dosage and up to
33% at high dosage [83-87]. High doses of methotrexate
alone obtain responses in 37% of cases [88].

Several groups began using cisplatin-mitomycin after a
randomized study showing that it was more effective than
doxorubicin-cisplatin [89]. A response rate of 44% was
reported with mitomycin-bleomycin-cysplatin-doxorubicin
combined with systemic and intrapleural hyaluronidase [90].
A response rate of 66% was obtained using high-dose
methotrexate and folinic acid with vincristine or cisplatin
[91]. A combined protocol involving platinum-mitomycin-
5-fluorouracil and etoposide (PMFE) was tested and res-
ponses were obtained in 33% of cases [92].

Table 3 summarizes the complete and partial response
rates obtained using single-agent chemotherapy protocols
and table 4 summarizes studies in which response rates of
25% or more were achieved using combined-agent proto-
cols. The overall results of chemotherapy alone have been
disappointing since it has had no clear-cut effect on sur-
vival.

Intrapleural treatment (immunotherapy)

Intrapleural immunotherapy is a new weapon in the ar-
senal against mesothelioma [93]. The antitumoural action

Table 3. — Response rates (complete or partial) after
single-agent chemotherapy

Response rate

Class Agent %
Anthracyclines Doxorubicin 040
Pirarubicin 22
Detorubicin 26
Epirubicin 5-15
Mitoxantrone 3
Antimetabolites Methotrexate hd 37
5-Fluorouracil 5
Edatrexate 25
Trimetrexate 12
Alkylants Cisplatin 14
Cisplatin hd 13-33
Carboplatin 7-16
Cyclophosphamide 0
Ifosphamide 3-24
Mitomycin 21
Alkaloids Vincristine 0
Vindesine 0-65
Etoposide 041

hd: high dose.

of immunotherapy is complex and remains poorly under-
stood. Two cytokines, interferon-gamma (IFN-Yy) and inter-
leukin-2 (IL-2), have been tested in patients with malignant
mesothelioma and have shown several objective antitum-
oural responses [15, 94].

One property of interferon is its ability to facilitate cell
differentiation [95]. This mechanism could explain the
efficacy of interferon on pleural mesothelial cell cultures
[96]. Moreover, several studies have shown a possible dir-
ect cytotoxic effect on mesothelial cells [97-99] and stim-
ulation of the activity of natural killer lymphocytes and
macrophages [100-102].

The rationale for using IL-2 is based on the fact that
it activates lymphokine-activated killer (LAK) cells and
induces a cytolytic response [103]. In vitro studies have
shown that human natural killer (NK) cell activity is sup-
pressed by asbestos fibres, but restored by IL-2 [104], and
human malignant mesothelioma cells lines were reported
to be lysed by NK and LAK cells [105].

The intrapleural route of administration has several
advantages. The pleural cavity acts as a reservoir where
the injected drugs remain concentrated for several days or

Table 4. — Response rates $25% after combined che-
motherapy

Combined-agent protocol

Doxorubicin-dacarbazine

Doxorubicin-cisplatin
Doxorubicin-cyclophosphamide-cisplatin
Doxorubicin-cyclophosphamide-vincristine
Doxorubicin-cyclophosphamide-vincristine-dacarbazine
Doxorubicin-ifosphamide
Doxorubicin-vincristine-methotrexate

Mitomycin-cisplatin
Cyclophosphamide-vincristine-5-fluorouracil-methotrexate
Cisplatin-R-fluorouracil-mitomycin-etoposide
Mitomycin-bleomycin-cisplatin-doxorubicin+hyaluronidase
Methotrexate hd-vincristine

Methotrexate hd-cisplatin
Doxorubicin-vincristine-methotrexate
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weeks [106]. This limits side-effects and ensures that the
drug is applied to the tumour site.

Since 1987, more than 150 patients have been treated
via the intrapleural route with either IL-2 [107] or IFN-y
[15]. No data are available showing that one of these drugs
is superior to the other and that the combination allows an
increasing number of objective responses. INF-y was
infused at a dose of 40x10¢ IU for 6 h twice a week for 8
weeks [15]. IL-2 was infused continuously for 5 days at a
mean dose of 21x106 IU-day! for 5 days [107]. Infusion
was performed through an implantable port to avoid mul-
tiple punctures and infection [108].

The predictive factors for a good outcome of intrapleu-
ral immunotherapy appear to be as follows. 1) Stage: the
overall percentage of complete or partial responses for the
patients treated with IFN-y was 19.1%, but the response
rate varied greatly depending on disease stage; 44.8% of
patients with stage I disease and 6% of patients with stage
IT disease achieved responses. The mean duration of par-
tial responses was 19 months. For 22 patients treated with
IL-2, one complete response and 11 partial responses (two
with stage I and nine with stage II) were seen. The me-
dian+se survival time of responders differed significantly
from that of nonresponders: 28+12.12 and 8+5.07 months,
respectively (p<0.01). The 24- and 36-month survival rates
of responders were 58% and 41%, respectively [109]. 2)
Tumour size: the best results have been achieved in pat-
ients with nodules <5 mm in diameter. 3) Epithelial histo-
logical type: immunotherapy failed quickly in two patients
with fibrosarcomatous mesothelioma. 4) Absence of weight
loss at the time of diagnosis.

Gene therapy

Recently, trials have been carried out in mesothelioma
patients to evaluate gene therapy consisting of transfer of
the thymidine kinase gene from herpes virus using adeno-
virus [110, 111]. It is too early to judge the outcome of
these trials.

Multimodal treatment

In view of the poor results obtained with the different
treatments used individually, Axtvan et al. [112] prop-osed
a multimodal approach at the beginning of the 1980s. In
their series of 180 patients the best results were ob-tained
by combining extrapleural pneumonectomy with chemo-
therapy and radiation therapy. Survival was longer in
patients with early-stage epithelial tumours. The best
results reported so far were by Sucarsaker et al. [14, 72],
who obtained a 5-yr survival rate of 45% in a group of
patients with epithelial mesothelioma without mediastinal
lymph node involvement. Rusci and Venkarraman [13] also
reported excellent local control in six of 13 patients
treated by pleuropneumonectomy followed by radiation
therapy. However, it should be noted that in The series of
Rusch and  Venkatraman  [13]  distant recurrences were
observed in 11 patients, indicating that after surgery me-
sothelioma may become a generalized disease that re-
quires systemic treatment.

Conclusions

Early-stage disease appears to be the most important
factor for the success of treatment. The only way to ach-

ieve early diagnosis in industrialized countries and geo-
graphically exposed areas is to bear in mind the possibility
of mesothelioma in any patient with pleural fluid who was
exposed to asbestos 30 yrs earlier. This possibility should
not be ruled out even if the patient does not present with
fibrohyalin or calcified pleural plaques.

After diagnostic procedures, prophylactic local radia-
tion therapy is always recommended to prevent spreading
to the wall or secondary sites.

In stage I and especially stage Ia, the disease is still
intrapleural and thus can be treated by neoadjuvant intra-
pleural treatment. Pilot studies are still under way but
pharmacological assays have consistently shown that in-
trapleural concentrations are up to 1,000 times higher than
serum concentrations. This enhancement of drug concen-
tration greatly increases the chance of obtaining a resp-
onse. Both IFN-y and IL-2 have shown promising results
in prospective phase I-II trials. The best response is seen
in epithelial type mesothelioma with nodules or thicken-
ing not >5 mm, in patients whose general status is still
good. However, such results must be confirmed in com-
parative studies with surgery.

The role of adjuvant surgery performed after intrapleu-
ral treatment to improve local control (pleurectomy or ex-
tended pleuropneumonectomy) or adjuvant chemotherapy
to prevent distant metastasis is still unknown and further
studies are needed.

In patients with stage II and III mesothelioma no rand-
omized study has shown the superiority of any treatment
over another; thus, the clinician has the choice between: a
multimodal approach including radical surgery, radiation
therapy, and chemotherapy. The result depends on the ex-
pertise of the surgeons to maintain low perioperative mor-
tality (range 4-8%); and a medical treatment including
talc pleurodesis if necessary [113], palliative radiation ther-
apy and combined chemotherapy, taking into account that
no regimen has shown a superiority.

In patients with stage I'V disease only conservative, pal-
liative treatment to control pain is indicated.

Mesothelioma is difficult to detect at an early stage.
Nevertheless, early detection is the key to prolonged sur-
vival. All possible diagnostic modalities must be applied
to achieve this end. Thoracoscopy appears to be one of the
most effective diagnostic techniques.
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