aathan el

CLINICAL REVIEW

Pleural Mesothelioma: Clinical Features and Therapeutic

Implications

SEWA S. LEGHA, M.D, FACP.; and FRANCO M. MUGGIA, M.D., FACP;

Bethesda, Maryland

A detalled review of the litersture was done to define the
epidemiciogy, psthology, clinical features, and treatment of
pleursl mesothelioma. It sppears that pleural mesothelioms
accounts for approximately 400 desths sach year in the
United States. Asbestos has been definitely implicated in the
atiology of this disaase. The common clinical features
inctude chest pain, pleurs! effusion, and radiologic findings of
irregular ploursl thickening or pleursl densities. Therapeutic
modalities used In the past have inciuded surgery, radistion
therapy, and, more recently, chemotherspy. A combined
modality spprosch to trestment appears more promising.

ForTY-rrve YEARS AGO, largely because of difficulties in
diagnosis, there was little consensus supporting mesothe-
lioma as a distinct disezse entity. Because of wide varia-
tions in the appearance of the growth both grossly and
microscopically, pleural tumors either were believed to
arise in the chest wall and were variously named endothe-
liomas, pieural sarcomas, or endothelial carcinomas, or
they were presumed to be metastases from primary tu-
mors located elsewhere. In 1931, Klemperer and Rabin
(1) sdvocated genera! use of the term mesothelioma for
primary-pleural tumors originating from the surface lin-
ing cells or the mesothelium. The confirmation of the
origin of mesotheliomsa came in 1942 from the tissue cul-
ture studies by Stout and Murray (2), who showed that
mesothelial cells could differentiate into epithelial as well
a3 mesenchymal elements. They also showed the ability
of fibroblastic cells in mesotheliomas to transform into
epithelial elements and vice versa.

In eddition to their pleura] origin, mesotheliomas of
other serosal surfaces such as peritoneum pericardium
and tunica vaginalis of the testis are well known. The
pleural site is most frequently involved and accounts for
60% to 70% of all reported mesotheliomas, whereas peri-
toneal tumors occur in spproximately one third of the
cases (3-5). Pleural mesotheliomas are classified into the
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diffuse tumor type, which is present in about 75% of the.

cases, and solitary or localized tumors, which comprise
the remaining 25% (Table 1). The highly malignant dif-
fuse disease bas s rapidly fatal course but the solitary
tumors are generally benign.

Peritoneal and testicular mesotheliomas have been dis-
cussed recently (13, 14) but, despite many reports of indi-
vidual cases or institutional series of pleural mesothelio-
ma, no recent review of literature on this subject is avail-
able. This paper will discuss the natural history of the
disease, defing its diagnostic features, and evaluate vari-
ous treatment modalities that have been used. Because
Shabenah and Sayegh (10) have receatly reviewed the
topic of solitary pleural mesothelioma, we will concen-
trate principally on diffuse pleural mesothelioma and
mention the solitary type only as noteworthy differences
ariss.

Epidemiclogy

INCIDENCE )

Past estimates established by analyzing necropsy series
have shown a low incidence of mesothelioma; for exam-
ple, Hochberg (15) reported a rate of 0.07% based on 43
cases found in 60 042 autopsies. However, recent tumor
registries compiled by careful data collection in England,
Canada, and the United States indicate that the disesse is
really not 30 uncommon (Table 2). Two hundred forty-
six cases werg identified in England during 1967 and 1968
for an annual incidence of 2.29% cases per million popu-
lation (4). The current U.S. data from the Third National
Cancer Survey (1969-1971) of seven metropolitan areas
with s population of 21 million showed 131 cases for a
yearly incidence of 2.2 cases per million (16). Similarly,
the Connecticut Tumor Registry, which has recorded
cancer incidence by site since 1935, showed 24 cases in
1970-1972 for an snnual rats of 2.6 per million (personal
communicstion from J.T. Flannery, Connecticut State
Department of Health). The spparently equal mesotheli-
oma rates in the U.S. and England are twice as high as
the rate of 1.0 per million in Canada (5). The proportion
of pleural versus peritoneal tumors is 80% and 20% re-
spectively, in the United States, whereas corresponding
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Tadie 1. Frequency of Solitery Yersus Diffsse Mesotheiiomes

Reference 'l'gu.l Tumor Type

. Localized Diffuse
- . no. (%) a0. (%)
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rates in England are 88% and 12%. This preponderance
of pleural mesothelioma is unexpectedly higher than the
2:1 ratio of pleural versus peritonea! discase reported in
the older literature (13, 17). The incidence figures for
mesothelioma quoted here are most likely to be underes-
timated. The true incidence is expected to be higher be-
cause until recently mesothelioma was not well accepted
and not categorized as such.

ETIOLOGY

With the possible exception of lung cancer, the role of
carcinogenic environmenta! factors in neoplastic disease
is most clearly recognized in diffuse pleural mesothelio-
ma An association between exposure to asbestos and
subsequent development of malignant mesothelioms of
the pleura was first suggested by Wagner, Sleggs, and
Marchand (18) when they observed an unusually high
number of cases within a short time (1956-1960) among
the South African asbestos miners. Since this early report
many additional studies have clearly implicated asbestos
in pleural and peritoneal mesotheliomas found in miners
and other workers occupationally exposed in various
trades and industries (4, 3, 19-22). Interestingly, evidence
genenally is lacking for any relation between asbestos ex-
posure and the development of solitary or localized me-
sotheliomas (10).

Mesotheliomas have been found in all parts of the
world but most of the reports have come from areas in
England, South Africs, and the United States whers as-
bestos is mined or processed for its maay industrial uses.
Asbestos is a fibrous silicate of various chemical types
such as chrysotile, crocidolite, amosite, and anthophyllite
(23). Chrysotile accounts for about 90% of commercial
asbestos followed by crocidolite, amosite, and anthophyl-

Table 2. Incidence of Messthellems by Sis and Sex

lite in decreasing order. All types of asbestos have proved
to be carcinogenic in humans although there is evidence

" to suggest that crocidolite may be the mest potent (24,

25). Further evidence of the etiologic role of asbestos has
been shown in experimental animals where intrapleural

injection with asbestos fiber causes mesotheliomas, histo-

logically identical to the human tumor (26, 27). Under
these conditions all varieties of asbestos have been carci-
nogenic in from 8% to 66% of the animals, depending on
the dose.

The reported frequency of asbestos exposure
sothelioma cases varied from 11% t0 91% in 16 separate
studies reviewed and summarized by Rubino and associ-
ates (28). However, a careful analysis of 163 mesothelio-
ms cases in England and South Africa by Elmes (23)
placed the incidence of asbestos exposure at 70% (117
cases). Only one third (60 patients) of the total cases
could be associsted with direct cocupational exposure in-
tensive enough to cause asbestosis or lung carcinoma.
Another cne third (537 cases) were asbestos-related only
by trivial contact at work or in the home environment.
The remaining 51 cases had no history of contact with
asbestos but their exposure could have been forgotten or
overiooked (17, 23). Of course, it is possible that un-
known etiologic factors may induce the neoplasm. In this
connection, Chabot and colleagues (29) have shown the
induction of typical mesotheliomas in the chicketi by
strain MC29 avian leukosis virus.

Perhaps the most convincing evidence of asjociation of
asbestos with mesothelioma is brought out by Selikoff,
Chrug, and Hammond (19) who reviewed the post mor-
tem findings in more than 300 patients who had been
exposed to asbestos. They found a frequency of mesothe-
lioms of 3% in this group, as opposed to & frequency of
0.01 per cent in the general population, thus indicating a
300-fold increase in the frequency of pleural snd perito-
neal mesothelioms in those exposed to asbestos. In addi-
tion, the authors suggested a dose-effect relation by show-
ing 8 15% rate of mesothelioma in & separate analysis of
patients dying of asbestosis, a fivefold increase over the
rate in insulation workers without asbestosis. Similarly
Newhouse and Thompson (17) reported an inverse rela-
tion between the intensity of asbestos exposure and time
to death from mesothelioms, the mean interval between
first exposure and death being 29 years in factory workers
and 48 years in subjects living near the factory (17). Most
other series have reported a similar long interval averag-
ing 30 years between first exposure to asbestos and devel-

in me-,
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Reference Population Toul Sex Site . Rate \
(s_ugtah Mesotheliomas F Prurd Peritoncal (cases/million/yr]
0.
United States (16) 210 13 » 112 19 22
Connecticut® 31 y} L ] 17 ? 26
England (4) 536 146 21 43 216 k 29
Canada (9) 200 158 52 13 43 10
¢ Funsgay JT: Connecicut Suts Department of Health, Panons! communication.
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opment of mesothelioma (3, 4, 18, 30). The duration of
ayhestos exposure in mesothelioma cases of course has
vaned from < 1 year 1o more than 50 years.

Pathology

The sanable histologic appearance of pleural mesothe-
homa simulates other neoplasms 30 much 30 that some
insestigators have challenged the existence of the tumor
av a pathologic entity. Indeed, maay pathologists only
make the diagnosis of “probable mesothelioma,” with
confirmation resting on factors like failure to find another
primary tumor or a history of occupational exposure to
asbestos The pathologic findings have been detailed ina
number of recent papers (11, 30-33).

Ga0ss APPEARANCE

The solitary mesotheliomas are well circumscribed,
usually encapsulated, and can arise from parietal or vis-
ceral pleura. Most tumors are pedunculated and vary in
size from a small mass to one that may occupy the entire
hemithorax (10).

Diffuse mesothelioma has a very characteristic macro-
scopic sppearance, which is often of more disgnostic sig-
nificance than its microscopic features (34). In its earlier
stages. the lesions appear as multiple, small whits or gray
granules, nodules, or flakes oo normal or slightly opaque
viscersl or parietal pleura (6). The tumor tends to spread
along the visceral and parietal pleural surfaces, forming a
continuous layer encasing the lung and leading to com-
pression atelectasis in advanced cases. With sdvancing
disease, the pleural surface becomes progressively thicker
and is generally nodular, or papiliary, in appearance. The
pleural thickening and other changes are generally more
marked near the base of the lung.

The growing tumor extends in all directions, involving
the lung, intercostal spaces, and ribs and may even reach
the subcutaneous tissues. The disphragm, liver, pericar-
dium, heart and other mediastinal structures may be in-
volved in advanced cases. In its later stages, the tumor
may involve the contralsteral pleura and the peritoneum
(6. 30, 15). Although diffuse mesothelioma is highly ma-
lignant. it is predominantly a locally infiltrative tumor
with uncommon distant metastases. The regional lymph
nodes are the only common site for metastases except in
the advanced stages when the tumor may spread to the
other lung and distant organs such as liver, adrenals,
brain, and bones (6, 7, 30)

MICROSCOPIC FEATURES

Most of the solitary pleural mesotheliomas are exclu-
sively ibrous, with a mixture of spindle-shaped cells and
collagen fibers. Some have areas of epithelial cell ele-
ments and in rare instances the entire tumor may de of
the epithelial type. These tumors often exhibit considera-
ble ceilular atypis in spite of s generally benign clinical .
course.

The most striking histologic character of diffuse me-
sothelioma is the remarkable structural variation that

*r.u:.nwr@-dumw

Reference  Putients Hiswologic Typs
Epithelial Fibrosrcomatous Mixed
ne, . (% . (%) . (%)
(¢ ] »” 4 3 %
(6] 63 M 1} 18
(30 | 2 1 18
30 » 5 2 s
9 b4 P ] 7 (]

()] b} 16 15 0
(67.) X a (] 9
(¢))] b 11 ¢ 3
(48] 12 3 2 3

Total n X8 (54.9) 201.9 92030

may occur between areas in a single tumor or between
different tumeors having sn identical gross appearance.
This variability probably stems from the fact that me-
sothelial cells can differentiate into mesenchymal as weil
83 epithelial elements. The cells of the epithelial type may
take various shapes, but most commonly they are cuboi-
dal and are fairly uniform in size and contain vesicular.

nuclei. Multinucleated forms and occasional mitoses have

been observed in some cases but pleomorphism, anapls-

sia, and atypical mitoses are rare. The cells in mesenchy-.

mal types may vary from oval forms through somewhat
elongated to distinctly spindle shapes. The mesenchymal
cell type may exhibit-anaplasia and pleomorphism resem-
bling spindle-cell sarcomas like fbrosarcoma or mycsar-
coma.

The proportion of the two mesothelioma cell types is
highly variable. The tumor may be purely epithelial or
mesenchymal (fibrosarcomatous), or it may contain a
mixture of both cell types. The mesothelioma with a par-
ticular cell type may have a variety of structural patterns.

For example, the epithelial type may be arranged in &

tubular or tubulopapillary pattern, or in clefts, solid
nests, or sheets. Characteristically, mesotheliomas exhibit
more than one pattern and many have a number of pat-
terns. The fibrosarcomatous mesotheliomas consist of
sheets of malignant spindle cells or collagenous ibers re-
sembling fibrosarcoma. The bimorphic or mixed me-
sotheliomas are composed of & mixture of epithelial and
fibrous elements.

The frequency of the three main histologic types vasies
in different series, but our compilation of 382 cases from
the literature showed a pattern of S4% epithelial, 25%
mixed, and 21% Bbrosarcomatous (Table 3). The pre-
dominance of the epithelial type was surprising because
McCaughey, who first established histologic criteria for
diagnosis of malignant mesothelioma (31), reported the
presence of the mixed cellular type in more than 50% of
124 autopsied cases. However, he noted that detection of
the mixed pattern would have been impossible using only
one or two tissue blocks because widely divergent ele-
ments usually were not intimately mixed and in most
cases occupied adjacent areas or were remots from one
another.
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in the chest wall, and rib tenderness may be found in
cases of advanced disease (30). In cases with advanced
disease contraction of the affected hemithorax may occur
leading to restriction of chest wall movement and eventu-
ally a frozen chest, with flattening of the infraclavicular
region, ‘roof tiling' of the ribs, and immobility of the
chest wall (39).

The tumor has 8 propensity for growth along the nee-
dle tracks after paracentesis or along the scar of a thoree-
tomy incision (30, 35). Encroachment on the mediastinal
structures may lead to neuropethic signs such as voeal
cord paralysis or Horner's syndrome (8, 11). The chest
wall invasion affecting intercostal nerves often leads to
anasthesia or altered sensation in the skin of the chest
wall and abdomen. Congestion and edema may develop
in the upper trunk or lower limbs because of compression
of the superior or inferior vena cava, or both. Ascites
caused by peritoneal involvement with the tumor is not
uncommon in advanced cases (6, 35, 39).

The systernic effects may produce s variable fever, usu-
ally less than 38.3°C. Cachexia and cyancsis are promi-
nent in advanced cases, and death generally is due to
pulmonary infection or to cardiac or respiratory failure.
Hypertrophic pulmonary ostecarthropathy has been re-
ported (7, 33) but less commonly than in benign pleural
mesothelioma. Spontaneous pneumothorax happens oc-
casionally (6) and sometimes may be the frst manifesta-
tion of the disease (9).

Disgnosis

Diagnosis is generally delayed by an undistinctive clin-
ical picture in early stages of the disease. Malignant me-
sothelioma should be a consideration in all cases of pleur-
sl effusion without obvious cause, particularly when chest
pain is a prominent symptom. Unlike the pleuritic pain of
inflammatory origin, which usually subsides with effu.
sion, the pain of malignant mesotheliomsa gradually in-
creases despite the effusion (6). History of exposure to
asbestos either by occupation or environment, such as by
family contact or by proximate residence, is an important
guide to investigate for mesothelioma. Particularly vul.
nerable occupations are shipyard workers, those working
with asbestos textile manufscturing, and brake lining,
and insulation workers and sack repair workers.

The differential diagnosis should include inflammatory
pleurisy, primary lung cancer, and the presence of metas-
tatic disease from s primary tumor elsewhere in the body.
Inflammatory pleurisy can be easily diagnosed by the as-
sociated clinical picture and by pleural filuid analyses in-
cluding cultures of the sputum and pleural fuid. In lung
cancer the cough genertlly is a more prominent symp-
tom, often accompanied by hemoptysis, and chest pain is
a late feature of the disesse. Additionally, the chest roent-
genogram after thoracentesis will show a parenchymal
lesion and the pleura will appear quite normal. Sputum
cytology generslly shows malignant cells in lung cancer
but usually is negative in mesothelioma. In spite of these
differences, brochiolar carcinoma of the lung can some-
times mimic diffuse mesothelioma 30 closely that differ-
entiation may be virtually impossible (47). Exclusion of

—

metastatic tumor on clinical grounds alone is most diffi-
cult, but a systematic search for a primary tumor must be
carried out to exclude this possibility. One must especial
1y exclude an occult carcinoma of pancreas, gastrointesti-
nal tract, and ovary.

investigstions

CHEST ROENTGENOGRAMS

The solitary mesothelioms characteristically sppears
a3 8 discrete mass, which Is of varisble size and usually
contiguous with one of the pleural surfaces (40). Pleural
effusion is unusual, and the fungs and remaining pleura
are generally normal

The characteristic radiographic indings in diffuse me-
sothelioms have been described by Heller, Janower, and
Weber (45) and others (48). Unilateral pleural efusion is
the most common abnormality (45, 48). On removal of
the fluid, the pleurs may show gross thickening or nodu-
larity, which is commonly first noted at the bases. In.’
duced pneumothorax after thoracentesis may aid in
showing early thickened pleurs or small nodular densi-
ties. Late in the disease tomograms or an Overpenetrated
fim will show compressed lung surrounded on all sur-
faces by a layer of tumor 2 t0 3 em thick. In addition to

the mesothelioma induced changes, signs of asbestosis -

such as interstital pulmonary fibrosis, pleural plaques,
and calcification when present are of positive differential-
diagnostic value (especially on the contralateral side). Be-
cause mesothelioma is commonly not associated with ss-
bestosis, one may need overpenetrated ilm of the chest to
show the characteristic pleural calcification when gross
changes are not present. In the later stages, the mediasti-
aum may be widened by involvement of lymph glands.
The pericardium msy be infiltrated with the tumor and
the resulting effusion may ealarge the cardiac silhouette.
Extrapleurs! extension showing as soft-tissue masses or
radiologic evidence of rib destruction may occur and are
highly suggestive of malignant mesothelioma (48). Hy-
dropneumothorax has occurred rarely.

THORACENTESIS AND PLEURAL FLUID

CHARACTERISTICS

One clue to the presence of pleura] mesothelioma may
be the considerable force needed to enter the pleural
space with a thoracentesis needle (34). The pleural fluid is
usually straw colored but has been reported to be sero-
sanguineous or frankly hemorrhagic in sbout 0% to
30% of the cases (6, 7, 15, 49). The effusions generally
bave s tendency for rapid reaccumulation requiring fre-
quent aspirations, and the fluid becomes increasingly
hemorrhagic with repeated taps.

The exfolistive cytology of malignant mesothelioma
has been described in detail (30-52). There is considerable
difference of opinion concerning its diagnostic value. The
pleursl Suid generally is very cellular, containing s mix-
ture of normal mesothelial cells, differentiated and undif-
ferentiated malignant mesothelial cells, and varying aum-
bers of lymphocytes, histiocytes, and polymorphonuclear
leukocytes (50). In thess collected observations 20% of
the cases showed no clue to the malignant nature of the
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Tabie 4. Chnical Festures of Molignant Mesethelioms

Reference Patients Clinical Feahwes .
Chant Dysposa Pleural Cough Weight Feve Othen
Pain Effusion Lom
o % no. (%) #0, (%) no. (%) . (%) ne. (%) FY
4 n 2 - o ! R e
St o Posumathorax, 2
@ 4 13 K r i 'S o2
(44) 19 9 13 15 ese 10 see Hemoptysis, 4
Digital clubbing, 2
(03] 19 13 13 13 7 2 wse Digital clubbing, 4
(4] 1 10 ? ? 4 4 0 Horaer's ryndrome, 1
Q1) 10 8 10 ? s ces ] ll:nt‘:m;tm 1
%) 10 4 4 2 2 cee Hoarseram, 1
® 8 4 6 7 2 ese 1 Posumothorsx, 1
Total 193 134 (69) 131 (68) 1% (™) Q3D . 40 (30) 21
Clinical Features dull gnawing quality but may vary from mild discomfort

AQE

As in most other neoplasms, the greatest number of
mesotheliomas occur between the ages of 40 and 60
years. Saccone and Coblenz (34) found that 70% of the
patients in a collection of 188 cases were in the 40 to 70
age bracket; Whitewell and Rawcliffe (30) found 74%
were between the ages of 50 and 70 in a series of 52 cases.
The median age varies between 50 and 60 years in differ-
ent series, but the tumor does occur at all ages (5, 34). In
Hochberg’s (15) report on 192 cases, six cases (3.1%)
were found in the first decade of life, a similar number in
the second decade, and 21 (6.2%) appeared in the third
decade. Fifty percent of the cases were disgnosed in pa-
tients 50 to 60 years of age.

SEX

In 8 review of 223 pleural mesotheliomas collected by
Hochberg (15), 144 patients were in men and 79 were in
women, & sex ratio of 1.8:1. Most series report a ratio of
2:1 but our compilation of 559 recent cases (Table 2)
shows a 3:1 ratio.

SYMPTOMS

The solitary mesotheliomas are generally asymptomat-
ic unless the tumor is large and produces localized chest
pain and pressure effects (10). Extrathoracic symptoms of
pulmonary ostecarthropathy (40) and hypoglycemia are
sometimes observed (41, 42).

In diffuse mesothelioma, symptoms may be entirely ab-
sent or minimal at the onset of the disease. Disease pro-
gression elicits the common symptoms of chest pain,
dyspnes, cough, and gradually increasing weight loss ac-
companied by proacunced asthenia (6, 7, 15, 34). Chest
puin is the most common complaint and eventually be-
comes the incapacitating symptons in most patients (Te-
ble 4). Becauss it is caused by infiltration of the chest wall
the pain is usually localized over the involved sids but

- may radiate to the shoulder and arm. It commonly has s

to s severe neuralgic pain and rarely has s pleuritic quali-
ty. Dyspnea is proportional to the diseass stagse, occur-
ring with physical exertion in the beginning but later be-
coming a constant symptom. The cough is a less common
symptom and is not usually present until the disease en-
crosches on the mediastinum. Then, it may become quite
persistent, dry, and irritational although at times there
may be slight hemoptysis (6, 11). Some patients have ir-
regular episodes of low-grade fever.

The later stages of disease are marksd by aggravation
of all symptoms, poor appetite, and rapid weight loss. In
the terminal stages there is marked dyspnes, orthopnea,
diaphoresis, cachexia, and severe chest pain that is only ™
partially relieved by large doses of narcotics. Rarer sym§/?
toms include arthralgic pain with hypertrophic putmed
nary ostecarthropathy (6, 33), syncopal sttacks from hf=>
poglycemis (46), and generalized anasarca from perical=
dial involvement or obstruction of the iaferior and supert=
or vens cavae (6). Dysphagia (6), hoarseness, and bedk”

pain have occasionally been reported. 8
PHYSICAL FINDINGS T~

The solitary mesotheliomsas preseat few physical signs.
Patients usually show signs of a localized chest mass,

- and, in rare instances, thers may bs & pleural effusion

‘that is sometimes bemorrhagic (7).

" In diffuse mesothelioma the physical indings vary with
the disease stage. Most patients initially present with
signs of fluid in the involved hemithorax (Table 4). In the
more sdvanced diseass local chest involvement Is more
marked and thers may be obvious enlargement of the
affected hemithorax, bulging of intercostal spaces, sad
displacement of the trachea and mediastinum to the unaf-
fmdd«(ﬂ.boalm«mvﬁmymap{ﬂm
diaphragm and displace the liver and spleen, giving the
impression of hepatomegaly or splenomegaly. A pericar-
dial or pleurcpericardial rub is not uncommonly beard
after removal of all the pleural Suid. Supraclavicular and
axillary lymph node enlargement, subcutaneous nodules
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rent tumors, after resection of solitary benign mesothelio-
ma, are usually malignant but benign recurrences are oc-
casionally reported (10). Because solitary mesotheliomas
are not always benign, radical excision, perhaps com-
bined with radiotherapy and chemotherapy, should be
used in malignanat tumors. Malignasncy in solitary tumors
is not uncommon in childhood meotheliomas (67), and
of course the fibrosarcomatous variety of diffuse mesothe-
lioma may initially present as s localized tumor (6).

The therapy of diffuse pleura! mesothelioms presents
problems that have never been clearly defined. The vari-
ous treatment modalities have included surgery, external
radiotherapy, intracavitary radioisotopes, cytotoxic
drugs, and various combination of these spproaches.

SURGERY

Because of the extensive inflitration of adjoining vis-
cera, the diffuse pleural mesotheliomas pose a difficult
problem for complete extirpation. However, in spits of
the technical dificulties, data are available on spproxi-
mately 400 patients who have uadergene surgery of vari-
abls extent (68). “Curative”™ surgery, consisting of pleu-
ropneumonectomy, was attempted in 62 cases by Womn
(69), in 17 cases by Bamler and Maaben (70), and in five
cases by Schamaun (71). More often these investigators

mor. It is difficult to judge whether survival was pro-
longed in these uncontrolled series but it is clear that a
subswantia! mortality rate (20% In the series of
snd Maaben) accompanied the radical procedure.
cause the survival rate was no better than that obtained
with palliative surgery, parietal pleurectomy alone is the
preferred form of treatment.

A more recent study of Martini, Bains, and Beattie
(72) further supports the feasibility of parietal pleurecto-
my for controlling pleural efusion without significant op-
erative mortality. Worn's 1.year survival rats of 70%
(140/200) and the 79% (11/14) reported by Martini and
collesgues (72) are vastly superior 10 the generally ac-
cepted 30% 1-year survival rate after diagnosis of diffuse
mesothelioma (15, 34, 35). Postoperative adjuvant che-
motherapy and radiotherapy of unspecified extent were
used in both studies and may- have been influential in the
increased survival rate. By comparison, Schuster and
Huzly (73) used parietal pleursctomy without supple-
mental treatment in 98 patients and reported only a 24%
1.year survival rate.

vl

EXTERNAL RADIOTHERAPY

The value of radiotherapy is commonly recognized for
controlling pain and pleural effusion in mesothelioma.
However, three recent U.S. studies (3, 6, 39) imply that,
in spite of the palliative benefits, this modality is relative-
ly ineffective against the disease. There are also reports
indicating that chest irradiation in mesothelioma is total.
ly ineffective and may even be detrimental (49).

On the other hand, some investigators have reported
objective control of the disease by radiotherapy (12, 38,
74, 75). The most impressive data were reported by

Tabie 8. Survivel In Matignant Pleurs! Mesothellems

Reference  Patients Avenags Remarks
Survival
from
Ounsst of
Syrepoms
#0, manths
(¢)) ne 18 Treated with radiotherapy
or chematherapy, or both
30 3 12 One thicd of patients survived
beyoad 2 years
(¢1)] M 12 75% died within 12 months
[0)) n b ] Intentive combination of
m-mm.ld
radiothertpy; post-therapy
survival swraged 14 months
3 12 Radiotherapy routinely used
(43) n 10 Most cases treated surgically
0 0 vee 17/20 died within 12 moaths
] of cnset
(«0) 19 10 Onblo\rrﬁmlhd
beyond | year
Total %7 12.5¢
;u»‘-.nlv;onnndm.-lm

Schlienger and his sssocistes (38, 75) who treated 46 pe-
tients. There was relatively little benefit with total doses
of <3500 rad (38), but at & median dose of 4500 rad
(range, 3300 to 7500 rad), the median postirradiation sur-
vival was 13 months (rangs, 1 to 37 months). Anatomical
regression of tumor was noted in several cases and pa-
tients tolersted the therapy without significant complics-
tions. This group advocated use of irradistion st higher
than the commonly used doses and felt that the therapy
was definitely beneficial.

- Radicactive Colloida! Gold (*"Au) .

Colloidal '""Au has been used successfully by some in-
vestigators for controlling pleural effusion (76-79). Smart
and Hinson (76) reported the resolution of pleural effu-
sion in seven of 10 cases and Strashinin and Chupin (77)
schieved similar results in four of six cases treated with
intrapleural "Au. Long-term control has been schieved
in some instances (77, 78). The generally recommended
dose of 50 to 100 mCi, repeated in 3 to 6 months, has not
caused significant toxicity. The treatment is most benefi-
cial in early cases before the pleural cavity is obliterated
by the tumor.

CHEMOTHERAPY

The role of cytotoxic drugs in mesothelioma has not
been systematically explored but there are well-docu-
mented reports of definite antitumor effects in some pe-
tients. Alkylating sgents such as cyclophosphamide (80),
nitrogen mustard (81), and thio-TEPA (46) possess some
activity and occasionally have induced complete regres-
sions. Approximately 30% of the patients treated with
alkylating sgents have experienced some degree of objec-

" tive response (68).

Other reportedly active antitumor drugs include doxo-
rubicin (sdriamycin) (82) and $-luorouracil (83). Doxo-
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pleural Buid (30-52). Undifferentisted malignant cells
without mesothelial ceil characteristics were found in an-
other 20% of the cases. Approzimately 50% to 60% of
the cases had typical mesothelial cells, which could be
identified by observers familiar with the wide range of
sppearances shown by mesathelial cells. Typical me-
sothelial cells are rounded, somewhat larger than s histi-
ocyte, with an abundant dense eosiniphilic cytoplasm and
s small rounded nucleus containing a prominent nucleo-
lus. Many of the cells are multinucieated. The cells tend
to form clusters with knobby outline.

The diagnostic value of cytology is limited because of
the subtle differences between benign and malignant me-
sothelial cells. Mesothelial hyperplasia and hypertrophy
is not uncommon in benign pleural effusions, and the
cells can be casily mistaken for malignant cells and vice
veria. With these limitstions, cytology should only be a
guide to & provisional diagnosis of mesothelioma that
should be subsequently confirmed by biopsy in all cases.

CHEMICAL FINDINGS ‘

The Buid usually is an exudate with high protein con-
centrstion ranging from 3.5 to 3.5 g/dl (8, 11). Taryle,
Lakshmisarayan, and Sahn (§) have reported elevated
lactic dehydrogenase level (> 600 IU in some cases) and
decreased glucose in & proportion of cases (8).

Detection of an elevated concentration of acid muco-
polysaccharide (AMP), mainly hyajuronic acid, in the
serous effusion fluid has been considered helpful in the
disgnosis of diffuse mesothelioma. Harington, Wagner,
and Seith (53) first repocted hyaluronic acid levels of 120
to 7900 ug/ml of fluid in six biopsy-proven cases of me-
sothelioma. Similarly, Thompson, Bromberg, and Amen-
ta (54) noted elevated concentration in three patients
with malignant mesothelioma and undetectable levels in
eight patients with pleural effusions of other origin. Cas-
tor and Naylor (55) in & series of 100 cases of pleural
effusion of diverse causes showed that the concentrations
of AMP were increased in many benign and malignant
effusions but were generally below 120 ug/mi in benign
conditions and above this level in malignancies including
mesothelioma. Similar results were obtained by Rasmus-
sen and Farber (36) in 247 cases of pleural effusion. Hya-
luronic acid was present in many cases of transudative
effusions but the level was generally less than 0.2 mg/ml.
Values of 0.2 mg to 0.8 mg/ml occurred in fluids from
different types of inflammastion and malignancy (includ-
ing some cases of mesothelioma) but those greater than
0.8 mg were found only in mesotheliomas. However only
seven of 19 mesothelioma cases bad hyaluronic acid level
higher than 0.8 mg/ml; the rest had levels between 0 to
0.8 mg distributed fairly uniformly. Therefore elevated
AMP is far from being a specific and is only moderately
sensitive test for the differential diagnosis of mesothelio-
ma. When the concentration of AMP is very high, the
fluid is charscteristically viscous and the appearance
should lesd one 10 consider the possibility of an underly-
ing mesothelioma (56)-

Some investigators have used histochemical methods
of detecting AMP in the pleural biopsy tissue of mesothe-

lioma (32, 57, 58). Alcian blue and Hale's colloidal iron
stains produce a charscteristic metachromatic reaction to
AMP in the mesothelioma. These reactions are consider-
sbly reduced or abolished by previous digestion with bys-
luronidase (32). Because AMP may occur in any rapidly
growing connective tissue, its presence has diagnostic sig-
nificancs ooly when associated with epithelial mesotheli-
oma.

In contrast to adenocarcinomas, mesotheliomas do not
stain with the periodic acid Schiff (PAS) reagent or with
mucicarming (59). The intracellular or intratubuler mu.
¢in of adenocarcinomas usually will take the PAS or mu-
cicarmine, but not invarisbly. Although they are often
useful, histochemical tests lack consistency and should be
interpreted with caution (7, 60). :

THORACOTOMY ’ :

An open thoracotomy is generally required to furnish

sufficient material for & correct disgnosis by the patholo-
gist. Multiple biopsies from different pleural areas should
be taken because of the variable histology seen in various
parts of the tumor. The gross pathology at thorscotomy
is usually characteristic and suggests the diagnosis to the
experienced clinician. Final diagnosis rests on detailed
histologic examinstion aided by histochemical studies.
» Electron microscopy recently has been used in me-
sothelioma snd may have additional diagnostic’ value in
difficult cages (61-62). These studies can be especially
helpful in differentiating diffuse mesothe¥oma from bdron-
chioloalveolar carcinoma, which sometimes resembles it
(61, 63).

Demonstration of asbestos bodies in the sputum or
biopsy material has been an additional diagnostic aid in
suspected mesothelioma (37, 64). They can be best shown
in touch preparations made from the fluid squeezed from
the fresh tissue (63). Although this finding is useful, it
simply implies probable exposure, in that asbestos bodies
have been observed in the sputa of many healthy individ-
uals throughout the United States (64). .

OTHER STUDIES

Scalene node biopsy has been used when the lymph
nodes are palpable, which may occur in advanced cases
(6).

+ Thoracoscopy is difficult becauss of the frequent sym-
Pphysis of pleurs] surfaces, but it is possible to visualize
‘the pleural surface in early disease. When the pleurs is
thin and effusion is clear, discrete pleura! nodules can be
seen overlying the still elastic lung. The nodules are usu-
ally cherry colored and either smoothly rounded or warty
in appearance. Later, the discrete nodules coalesce aad
the underlying lung is obscured. The growth then ap-
pears as a gray opaque membrane with localized excrer
cences of varisble size. The lung becomes completely im-
mobile and incarcerated at the later stages of disease (35}

Trestment )
Surgical excision is generally curative in most patients

with solitary mesothelioma but local recurrence 8kS

place in & small percentage of these cases (10, 66). Recur®
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rubicia therapy induced two complete and three pertial
responses in five patients treated by Kucuksu, Thomas,
and Ezxdinli (82). Similarly, Gemer and Moore (33) treat-
ed three patients with S-8uorouracil and reported two
complete regressions lasting 18 months in esch case.

Combinatica chemotherapy has not been extensively
studied but regimens containing doxorubicin appeartohave
Quite consistent efectiveness. Gottlieb and associates (84)
have reported that dozorubicin plus 5«(3.3-dimethyl-1-
triazeno) imidazole-4-carboxamide (DTIC or DIC) was
useful in sorne cases of mesothelioma. Gottlieb and associ-
ates (85) also reported that a combination of cyclophos-
phamide, vincristine, doxorubicin, and DTIC, known as
CY-VA-DIC, exhibited good activity. Another four-drug
combination termed “COMF,” consisting of cyclophos-
phamide, vincristine, methotrexate, and S-flucrouracil also
is reported active against mesothelioma (82).

These reports are encouraging and indicate the need
for properly evaluating the role of chemotherapy in pros-
pective trials. Whether combinations of drugs are superi-
or to single agents remains to be proved.

COMBINED MODALITIES

The available data for therzpeutic results do not indi-
cate the superiority of any individual treatment modality,
and complete eradication of tumor is infrequent with any
of them. The studies that have produced above-sverage
survival rates have used combinations of therapies such
as surgery followed by external radiotherapy and, when
posuible, by systemic chemotherapy (6, 69, 72). In the
only study reporting S-year survival (9%), the therapeu-
tic approach consisted of surgical resection plus radio-
therspy and chemotherapy (69). Martini and colleagues
(72) recently were encoursged by their use of surgery,
external irradistion, and chemotherapy in obtaining s
post-treatment median survival duration of 16 months in
s small group of patients.

Although none of the studies were controlled, they
strongly support the need for evaluating combined-mod-
slity spproaches in well-designed prospective trials. In
general, the lack of success in altering the fatal course of
diffuse mesothelioma through single modalities of treat-
ment, and the recent progress using combined modalities
against resistant tumors like osteosarcoma (86, 87), favor
exploration of multimodality treatment approaches in
malignant mesothelioma.

Conclusion

Diffuse pleural mesothelioms is a highly malignant dis-
ease with an average survival from onset of symptoms of
12 to 15 months (Table 5). There is usually a delay of 6 to
8 months before the diagnosis is established (6, 7, 39),
and most of the petients (spproximately 75%) are dead
within 1 year after diagnosis. The average survival sfter
disgnosis is 8 t0 10 months. The delay in diagnosis is
responsible for the advanced discase stage at the time
therapeutic intervention is sought. In the past, treatment
has been generally unsuccessful in altering the course of
the disease. More recently, there appears to be some opti-
mism with the use of chemotherspy as well as more ag-
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gressive forms of chest irradistion.  °

In general optimal response (0 various therapeutic
modalities is most likely when the tumor is diagnosed
and treated early. Most cases of mesothelioma unfortu-
nately are far advanced at the time of diagnosis, and the
patient is physically in a poor condition. Mesothelioma
should be considered a possidility in all cases of pleural
effusion without obvious cause. A history of exposure to
asbestos should make ooe suspect the presence of this
tumor, especially when pleural effusion is sccompanied
by severe chest pain. In the future, increasing recognition
of this entity and s more aggressive approsch to early
dupaunndtothmpymyimmvﬂhcmmnlmthi!
not uncommon type of canocer.
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