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insulation workers: clinical presentation, diagnosis,
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ABSTRACT Malignant mesothelioma has been rare in the general population. In recent decades its
incidence has risen dramatically, parallel to the increasing use of asbestos in industry since 1930.
Altogether 17 800 asbestos insulation workers, members of the International Association of Heat
and Frost Insulators and Asbestos Workers (AFL-CIO-CLC) in the United States and Canada, were
enrolled for prospective study on 1 January 1967 and followed up to the present. Every death that
occurs is investigated by our laboratory. One hundred and seventy five deaths from mesothelioma
occurred among the 2221 men who died in 1967-76 and 181 more such deaths in the next eight years.
Altogether, 356 workers had died of malignant mesothelioma (pleural or peritoneal) by 1984.
Diagnosis of mesothelioma was accepted only after all available clinical, radiological, and
pathological material was reviewed by our laboratory and histopathological confirmation by the
pathology unit made in each case. One hundred and thirty four workers died of pleural and 222 of
peritoneal mesothelioma. Age at onset of exposure, age at onset of the disease, and age at death were
similar in both groups of patients. Significant difference was noted only in the time elapsed from onset
of exposure to the development of first symptoms, which was longer in the group with peritoneal
mesothelioma. Shortness of breath, either new or recently increased, and chest pain were the most
frequent presenting symptoms in the group with pleural mesothelioma; abdominal pain and
distension were frequent in the patients with peritoneal mesothelioma. Pleural effusion or ascites were
found in most patients. The most effective approach to the diagnosis of malignant pleural
mesothelioma in these cases was by open lung biopsy; exploratory laparotomy was best for
diagnosing peritoneal mesothelioma. Patients with pleural mesothelioma died principally from
pulmonary insufficiency whereas those with peritoneal mesothelioma succumbed after a period of
pronounced wasting.

The existence ofmalignant mesothelioma as a primary
tumour of the pleura or peritoneum was controversial
for many years, reflecting the fact that primary
tumours ofserosal surfaces are relatively rare. As early
as 1767, Joseph Lieutand (cited by Robertson) re-
ported two cases of probable pleural mesothelioma
among 3000 necropsies.' The pathology was first
described by Wagner in 1870.2 In 1854 Von Roki-
tansky described primary tumours of the peritoneum
which he called "colloid cancer."3
The entity remained ill defined until Klemperer and
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Rabin, in 1931, described the distinctive features of
diffuse neoplasms of the pleura in detail and recom-
mended that these tumours be called mesothelioma
since they arise from the mesothelium.4 Godwin in
1957 proposed criteria for the diagnosis of pleural
mesothelial tumours5 and Winslow and Taylor in 1960
did the same for peritoneal mesothelial tumours.6

Nevertheless, only during the past 25 years has
malignant mesothelioma been widely accepted as an
independent diagnostic entity. The first large series of
diffuse malignant mesothelioma was reported in 1960
by Wagner et al from the North Western Cape
province in South Africa.7 A total of 33 cases ofpleural
mesothelioma was described; almost all had worked
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with asbestos or had lived in close vicinity of asbestos
mines and mills. By 1962 Wagner et al had diagnosed
89 cases of malignant mesothelioma8; two were
peritoneal. In only two patients could a history of
exposure to asbestos not be established.

In 1955 Bonser et al had found four cases of
peritoneal mesothelioma among necropsies of 72
patients with asbestosis.9 Mancuso and Coulter,"'
Hourihane," and Enticknap and Smither,'2 reported
increased numbers of mesothelioma found at necrop-
sies of asbestos workers or other patients with asbes-
tosis.

Population based epidemiological studies served
firmly to establish the aetiological link between
exposure to asbestos and mesothelioma.'3 In a cohort
study of asbestos insulation workers 10 cases of
malignant mesothelioma (four pleural and six peri-
toneal) were found in 307 consecutive deaths.
The incidence of mesothelioma in general popula-

tion necropsy series has been reported to vary between
0 01% and 0 07%, with a definite male predominance.
Since 1960 the incidence of the disease has risen
continuously, subsequent to the ever increasing use of
asbestos in industry (including construction work,
shipbuilding, and repair) since 1930. During the
second world war, employment in the United States
shipyards rose from 168 000 workers in 1940 to
1 772 000 in November 1943. The combination of
large numbers of workers and high rate of labour
turnover resulted in the employment of many people
who were then exposed to asbestos, and a high
incidence of cases of mesothelioma could therefore be
expected in the following decades. 14 The increase in the
incidence ofmesothelioma continues; useful data have
recently been published.'5

Present study

A large cohort of asbestos insulation workers (17 800
men) has been followed up in the division of environ-
mental and occupational medicine, Mount Sinai
Medical Center, since 1967. The criteria for inclusion
in the cohort, its characteristic features, and initial
mortality experience have been previously reported.'6
A total of 356 members of the cohort died of

malignant mesothelioma (peritoneal and pleural) be-
tween 1967 and the end of 1984. We report here clinical
characteristics of these cases: the clinical presentation
of the disease, the methods of diagnosis and their
relative value, and the main direct (immediate) causes
of death.

Materials and methods

On I January 1967 a large cohort of asbestos insula-
tion workers was enrolled for prospective observation.

It was composed of all 17 800 men on the rolls of the
International Association of Heat and Frost
Insulators and Asbestos Workers (AFL-CIO-CLC)
in the United States and Canada on that day and
included New York-New Jersey asbestos workers in
whom a significant increase in deaths from lung cancer
and mesothelioma had been originally detected.'7
The United States-Canada cohort of asbestos

insulation workers has been followed up to 1984 and
observation continues. With the valuable help of the
insulation workers union, every death that has
occurred in the cohort has been reported to one of us
(IJS). All pertinent information regarding every death
(clinical records, x ray films, necropsy reports, histo-
pathological specimens, death certificates) was sought.

All information gathered was evaluated and a
diagnosis of mesothelioma was accepted only after
detailed pathological examination of surgical or post-
mortem material by our pathology unit (M Kanner-
stein, J Churg, Y Suzuki). The criteria used for the
pathological diagnosis of mesothelioma have been
published elsewhere.'8
By the end of 1976, 2221 deaths had occurred'6; with

continued observation, we were notified ofabout 3500
deaths by the end of 1984. There were deaths recorded
as being due to mesothelioma but in which confirma-
tion on review of the pathological material was not
achieved (YS). These were not accepted by us for this
series; nor were cases of diffuse intrathoracic or
abdominal neoplastic disease with a presumptive or
clinical diagnosis of mesothelioma. We preferred to
limit inclusion only to those cases where histopatho-
logical material was available, submitted to us for
examination and study, and then verified as meeting
the criteria for diagnosis of mesothelioma. According
to such evidence, 356 cases ofmalignant mesothelioma
have occurred since 1967 with 134 pleural and 222
peritoneal mesotheliomas among these 3500 deaths.

All available information was prepared on a stan-
dardised special form. Demographic data, duration
(years) of asbestos exposure and time from onset of
exposure, type of work, smoking history, and detailed
clinical features of each case were recorded.

Results

A total of 356 cases of malignant mesothelioma was
identified (134 pleural, 222 peritoneal).

Figure 1 displays the distribution of the age at death
in cases of pleural and peritoneal mesothelioma.
Figure 2 presents the distribution of years since onset
of exposure in both groups. Table I compares age at
onset of exposure, duration since onset of exposure,
age at onset of disease, and age at death for cases of
pleural and peritoneal mesothelioma. No statistically
significant differences were found except for duration
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Fig Age at death, comparison between pleural and
peritoneal mesothelioma.

Table Age and information on exposure to asbestos in 356

consecutive cases ofmesothelioma

Pleural Peritoneal
Mean (+ SD) Mean (+ SD)

Age at onset of exposure 25-5 24-9
(years) (7-2) (69)

Duration since onset of exposure 33.8* 36-4
(years) (8-9) (9 7)

Age at onset of disease 59-1 60-9
(years) (94) (9-6)

Age at death 60-1 61-4
(years)

*t testp = 00125.

since onset of exposure which tended to be longer for
peritoneal cases (t = 2-51, p = 0 01).
Smoking history showed that 45% of the cases were

current smokers, 36% were previous smokers, and
19% had never smoked. The distribution was similar
in both groups. Cigarette smoking has little or no
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Fig 2 Years since onset ofexposure, comparison between
pleural andperitoneal mesothelioma.

effect on death rates from mesothelioma, unlike its
influence on lung cancer.'9

CLINICAL PRESENTATION AND LABORATORY
FINDINGS
Table 2 displays the main presenting symptoms in the
subgroups of pleural and peritoneal mesothelioma. In
the pleural group recent onset or increase of shortness
of breath and chest pain were the most frequent
symptoms. Five cases were detected during routine
chest x ray examination while they were still asymp-
tomatic. In the peritoneal group abdominal pain and
distension accounted for 77% of the presenting symp-
toms. It is of interest that in eight cases the presenting
symptom was interpreted as inguinal hernia. In seven

cases bowel obstruction was an early symptom.
Table 3 summarises the frequency of symptoms and

signs that were present at the onset of the disease.
Pleural effusion was the main manifestation (54%) in

Table 2 Main presenting symptoms and signs in 310 consecutive cases ofmesothelioma among asbestos insulation workers
1967-84

Pleura (113) Peritoneal (197)

Symptoms* No % Symptomst No %

Recent onset of shortness of breath 28 24-8 Abdominal pain 79 40-0
Chest pain 25 22 1 Abdominal distension 73 37 0
Recent increase of shortness of breath 25 22-1 Weight loss 10 5 0
Pleural effusion 7 6-2 Bowel obstruction 7 3-6
Asymptomatic abnormality on

routine chest x ray 5 44 Abdominal mass 4 20
Ascites 2 10

*Weakness, chest tightness, weight loss, and bone pain were each the presenting symptom in less than 5% of cases.
tlnguinal hernia, weakness, fever, nausea, anorexia, obstructive uropathy: less than 5%.
In 21 pleural cases and 25 peritoneal cases inadequate data on symptoms were available.
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Table 3 Symptoms and signs during the course of the disease in 310 consecutive cases ofmesothelioma among asbestos
insulation workers

Pleura (113 cases) Peritoneal (197 cases)
Symptoms No % Symptoms No %

Pleural effusion 61 54-0 Abdominal pain 118 59-9
Chest pain 49 43-4 Abdominal distension Ill 564
Cough 40 35-4 Weight loss 75 38-1
Recent onset of shortness of breath 35 31-0 Ascites 72 36 5
Recent increase of shortness of breath 34 30-0 Anorexia 54 27-4
Weight loss 26 23-0 Weakness 23 11-7
Weakness 21 18 6 Nausea 22 11-2
Increased sputum production 20 17-7 Abdominal mass 21 10-7
In 21 pleural cases and 25 peritoneal cases inadequate data on symptoms were available.

Table 4 Results ofdiagnostic procedures in cases ofpleural mesothelioma

Positive Negative Equivocal Other
No % No % No % No %

Thoracocentesis (74) 23 31-0 38 51-4 13* 17-6 - -
Biopsy, needle (50) 31 62-0 10 20-0 9 8-0 - -
Biopsy, open (78) 61 78-2 2 2-6 3 3 9 12 15 4
Surgery (39) 36 92-3 1 2-6 - - 2 51

*"Carcinoma" reported.

Table 5 Results ofdiagnostic proceduires in cases ofperitoneal mesothelioma

Positive Negative Equivocal Other
No % No % No % No %

Paracentesis (108) 27 24-5 43 40 0 38 35 4
Surgery* (201) 109 54-3 8 4-0 84t 41-8

*Exploratory laparotomy was performed in 75% of the cases.
tOther diagnosis offered were: adenocarcinoma, carcinomatosis primary unknown, metastatic undifferentiated carcinoma.

the group with pleural mesothelioma as was ascites in
the group with peritoneal mesothelioma (36 5%).
Weight loss was more pronounced in peritoneal cases
whereas fever accompanied more of the pleural cases.
METHODS OF DIAGNOSIS
In the group with pleural mesothelioma (table 4)

Table 6 Immediate cause ofdeath in 356 consecutive cases of
mesothelioma among asbestos insulation workers 1967-84

Cause ofdeath No %

Pleural
Pulmonary insufficiency 51 38 1
Wasting-inanition 37 27-6
Metastatic disease 4 3 0
Other* 11 8 2
No information available 31 23-1

Total 134 100-0

Peritoneal
Wasting-inanition 136 61 3
Bowel obstruction 23 10 4
Metastatic disease 4 1-8
Other* 24 10-8
No information available 35 15 7

Total 222 100 0

*Other causes included: cardiopulmonary arrest, stroke, car acci-
dents.

thoracocenteses were done in 74 (55%). In most of
these (68%) the quantity of fluid was large (defined as
more than 1500 cc) and in 25% it was medium (500-
1500 cc). In 45% of the cases the pleural effusion was
haemorrhagic. Pathological examination of the fluid
yielded positive results in only 31% of the cases. In
most the results tended to be non-diagnostic (52%).

Biopsies were performed in 128 cases. Needle biopsy
was done in 50, yielding positive results in 62% of
these. Open biopsy was performed in 78 cases; in 61
(78-2%) it yielded positive results whereas in 10
(13-5%) other diagnoses were made (including lung
cancer, fibrosarcoma, and lymphoma).

Thirty nine patients underwent surgery; 19 had
decortication, eight pneumonectomy, two lobectomy,
and 10 other palliative procedures.

Bronchoscopy was done in 51 cases (29 with a rigid
bronchoscope and 22 with a flexible fibre optic
bronchoscope). As expected, this procedure did not
contribute to diagnosis, except in two cases.

In the peritoneal group paracenthesis was done in
108 cases (48 6%); in 75% of these the effusion was
large (table 5). The fluid was mostly yellowish in
colour (68 3%); it was haemorrhagic in 22 8%. The
cytology evaluation yielded a positive diagnosis in
only 24-5% of the 108 cases whereas it was non-
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diagnostic in 40% and other diagnoses were suggested
in the rest.

Surgery had been performed in 201 ofthe peritoneal
cases (90 5%), mainly for diagnostic purposes. In 84
cases (41.8%) diagnoses other than mesothelioma
were suggested after surgery, as compared with only
13 5% in the pleural mesothelioma group. These
findings highlight the difficulty of diagnosing meso-
thelioma in general and peritoneal mesothelioma in
particular.

IMMEDIATE CAUSES OF DEATH
Immediate causes of death are presented in table 6. In
the group with pleural mesothelioma most of the cases
(38%) died of pulmonary insufficiency whereas most
of the cases with peritoneal mesothelioma died of
wasting and inanition (61%). There were no signi-
ficant differences between treated and untreated
patients or smokers and non-smokers with regard to
the immediate cause of death.

Discussion

Many studies on mesothelioma have been published;
most do not start from a population basis and do not
attempt to gather all possible clinical, radiological,
and pathological information. Cases are usually col-
lected from local hospitals, state services, chest clinics,
pneumoconiosis boards, and registries. Thus they
record only diagnosed cases ofmesothelioma which in
many cases leads to an underestimation of the true
incidence20 and may also include cases with other
diseases misdiagnosed as mesothelioma.
Another difficulty in some studies, which causes

problems in evaluating the relation of exposure to
asbestos to mesothelioma, is that an exhaustive occu-
pational and environmental history is not taken in
many cases; information concerning exposure may be
missed under such circumstances.

In this investigation we started with a large cohort
of asbestos insulation workers that has been followed
up prospectively. All clinical, radiological, and patho-
logical information regarding each death has been
sought and material provided and assessed. The strong
relation between exposure to asbestos and mesothe-
lioma is shown by the fact that almost 10% of the
deaths in this cohort were due to mesothelioma
whereas in the general population the proportion of
cases of mesothelioma found at necropsy is small
(0-01 %-007%).

In our series 60% of the cases were peritoneal
mesothelioma whereas in most other reports on
mesothelioma the ratio between pleural and peritoneal
mesothelioma is the opposite,2126 with many more
cases of pleural than of peritoneal mesothelioma;
however, in several studies our observation of a

Ribak, Lilis, Suzuki, Penner, Selikoff
greater proportion of peritoneal to pleural was also
reported.'227
One possible explanation might be that peritoneal

mesothelioma is more frequently underdiagnosed
than pleural mesothelioma. Since we used patho-
logical evaluation and verification of postmortem
material or surgical and biopsy specimens to ascertain
the diagnosis, we could identify many cases ofperiton-
eal mesothelioma that had been misdiagnosed as other
causes of death (including cancers of the pancreas and
colon and abdominal carcinomatatosis).'6 Another
possible explanation might stem from the fact that we
are dealing with a specific group of insulation workers
and the ratio of pleural mesothelioma to peritoneal
mesothelioma could be different than in other series
that investigate different occupational groups with
different levels and patterns of exposure.

Duration since onset of exposure was similar in
another study from the United States26 but shorter by
ten years in a study in Canada.23 The disease is rarely
found in less than 15 years from onset of exposure.
Age at onset of the disease and age at death were

similar in other studies.23242829
Breathlessness and chest pain accompanied by

pleural effusion were the main presenting symptoms in
pleural mesothelioma.2>3' In peritoneal mesothelioma
abdominal pain and ascites were the rule. It may be of
value to mention some of the unusual presentations of
mesothelioma in our series. Eight cases of peritoneal
mesothelioma presented as hernia. This finding had
been previously described.3' Some other unusual pre-
sentations of pleural mesothelioma have been noted
elsewhere. A case presented as a superior vena cava
syndrome; it later was found to be due to pleural
mesothelioma.32 A case of pleural mesothelioma in the
azygos fissure was also reported."

Pleural biopsy with thoracotomy was the most
useful procedure for diagnosing pleural mesothelioma
in this series, as in other reports.283033 In peritoneal
mesothelioma surgery (exploratory laparotomy) yiel-
ded the best diagnostic return, confirming observa-
tions of others.2930 A history of exposure to asbestos
and the findings of tumour nodules of various sizes on
the peritoneal, omental, and bowel serosa should be
considered highly suspicious of malignant peritoneal
mesothelioma. Still, pathological confirmation is
absolutely necessary. In pleural mesothelioma the
situation is somewhat better and the physician will
more readily suspect neoplastic disease in an asbestos
worker with history ofcough, chest pain, recent weight
loss, and pleural effusion.

Regarding the immediate cause of death in patients
with mesothelioma, our observations agree with what
has been found in other studies.2228 Patients with
pleural mesothelioma died mostly from pulmonary
insufficiency whereas patients with peritoneal meso-
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thelioma died most frequently from wasting and
inanition with spread of the disease in the abdominal
cavity and beyond.

Dr Ribak's present address is Department of Preven-
tive and Social Medicine, Tel-Aviv University, Sackler
School of Medicine, Ramat Aviv, Tel-Aviv, Israel.
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