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Surgical treatment of malignant pleural mesothelioma.
Experience in the interdisciplinary approach in Slovenia
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Background. The aim of the study was to identify perioperative morbidity and mortality, the category and
mode of adjuvant treatment, local recurrence and survival in patients treated by extrapleural pneumonecto-
my (EPP) for malignant pleural mesothelioma (MPM).
Methods. From 2000 to 2003, 18 patients with MPM were referred to the Department of Thoracic Surgery
in Ljubljana, and 17 of them were operated on. Two patients underwent explorative thoracotomy, and 15
patients were evaluated. Five female and nine male patients (aged 52-68 years) were treated by EPP and one
male patient by pleurectomy. Eight patients received both adjuvant chemotherapy (ChT) and radiotherapy
(RT), with cisplatin 100 mg/m2 + mitomycin C 6-10 mg/m2 or gemcitabine 1000 mg/m2 and external beam
radiation with 24 Gy - 58 Gy respectively, three patients received no adjuvant therapy, three patients were
treated by adjuvant ChT, two of them were given cisplatin 100 mg/m2 + mitomycin C 6-10 mg/m2, and one
patient cisplatin 100 mg/m2 on the first day and gemcitabine 250 mg/m2 in prolonged 6 hours infusion on
the first and on the eighth day. One patient was treated only by adjuvant RT.
Results. There were no perioperative deaths and the postoperative morbidity was 42%. Of the 15 evaluable
patients, and in the median follow up of 40 months (28-64), we noticed nine (60.0%) recurrences, seven 
local and two abdominal. Eight (53.3%) patients died, all because of the local progress of disease. Of the
3/15 patients without adjuvant treatment, one patient (T1bN0M0) is well 46 months after the operation,
one patient (T2N0M0) got recurrence in abdomen, was treated with ChT and reoperation, and is still alive
31 month after the first surgical treatment. One patient (T2N0M0) died two months after the surgery due
to local recurrence. In ChT+RT group, 6/8 patients died: the patient at stage T1aN0M0 died after nine
months, the patient at stage T1bN0M0 died after nine months, two patients at the stage T2N0M0 died af-
ter four and 23 months respectively, the patient at stage T3N0M0 after 11 months, and the patients at stage
T3N2M0 died seven months after the operation. Two out of eight patients are alive: the patient at stage
T1bN0M0 is alive 43 months, and the patient at stage T2N0M0 is alive 28 months after the operation. In
the ChT group, 1/3 patient (T2N0M0) died 6 months after the operation, 2/3 patients (T2N0M0 and
T3N0M0) are well after 43 and 20 months respectively. The patient treated with adjuvant RT only is well
50 months after the surgical treatment. The median survival time was 20 months for the whole group of pa-
tients operated on, the 1-year survival rate was 53.3% and 2-year survival rate was 46.7%. 
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Introduction

Malignant pleural mesothelioma (MPM) is a
rare disease and it is rarely curable. Most fre-
quently the patients with mesothelioma had
been exposed to asbestos. Recently, the pres-
ence of a DNA tumour virus (simian virus 40)
in tumour cells has suggested a connection
between the simian virus 40 and human
mesothelioma.1,2 Mineral oils, liquid paraffin,
recurrent pulmonary infections, tuberculous
pleuritis, exposure in leather and petrochem-
ical industry, environmental exposure to cop-
per, nickel and glass fibres are cited as non-
asbestos risk factors.3

MPM grows from the visceral or parietal
pleura. For a long period of time it can be lo-
calised at the pleura, but later it infiltrates the
lung parenchyma, the diaphragmatic muscle,
the endothoracic fascia, the mediastinal fat,
the soft tissues of the chest wall, and even the
ribs and the pericardium. It usually involves
the lower part of thoracic cavity and the low-
er pulmonary lobe.4

MPM is more frequent in males, who usu-
ally fall ill between the ages 50 and 70 years.
In 80% of patients, the illness starts with dys-
pnea, chest pain and pleural effusion.5

Patients often suffer from irritating cough
and fever.

MPM grows up from multipotential
mesothelial or subserous cells. The tumour
histology affects the survival prognosis,
which makes it important to diagnose the ep-
ithelial, mixed or sarcomatous type of tu-
mour.3 Occasionally the mesothelioma is
hard to distinguish from metastatic adenocar-
cinoma and the early stage of the benign
mesothelial hyperplasia.3 Immunohisto-
chemical studies are required, and in same
cases even electron microscopy, to establish a
conclusive diagnosis. 

Due to slowly evolving symptoms and
non-specific clinical picture, the diagnosis is
frequently delayed. The average time interval
between the first symptoms of the disease
and the diagnosis is from three to six months. 

A sufficient amount of tissue is needed for
diagnosis, and it is obtained by thoracoscopy,
videothorascopic procedure or needle punc-
ture. An invasive diagnostic procedures may
causes a malignant seeding.6

The prognosis of the disease is poor.
Median survival of untreated patients is four
to twelve months.7,8 Nevertheless, it can
stretch up to five years for 10-15% of patients,
in whom the progression of the disease is, for
unknown reasons, slow.3

Surgical treatment promises the most, but
only for selected patients. It is appropriate for
patients with the epithelial tumour, stage I or
II. The prognosis is more favourable for pa-
tients who are in good condition, younger
than 50 years and not in pain.4 The nature of
the tumour, which spreads over anatomically
large and heterogeneous area, makes the mi-
croscopically complete resection rarely possi-
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Conclusions. In selected patients with MPM, complete surgical resection is indicated, followed by
chemotherapy and radiotherapy. The operation could be performed safely with acceptable mortality and
morbidity. Our group of patients is too small, the adjuvant therapies were too different to favour any of the
treatment mode applied. Further randomised studies and standardised protocols are needed to evaluate the
best mode of treatment for each patient.
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ble.9 The operation alone is usually not suffi-
cient. Additional methods are applied prior
to, in the course of, or after the surgical re-
moval of the tumour. Postoperative irradia-
tion,5,10,11 systemic12,13 and intrapleural
chemotherapy14-16 are very common. Modern
methods of treatment, such as photodynamic
therapy,17,18 immunotherapy, genetic treat-
ment and intracavitary chemotherapy with
heat, seem promising, but are yet to produce
permanent improvement.19

For the majority of patients, the surgical
treatment of MPM is not viable and it is hard-
ly ever successful. Only 10-15% of patients
with MPM are operated on. A typical candi-
date for the operation is a patient in stage I or
II of the disease, with the epithelial type of
MPM. Two methods of surgical treatment are
used: pleurectomy and extrapleural pneu-
monectomy (EPP). 

Pleurectomy is the more frequent of the
two methods, with less complications, and
lower postoperative mortality rate. This oper-
ation is less radical, and localised recurrences
are more common.3,20 Nevertheless, the oper-
ation is equally successful, if the tumour can
be completely resected.21

EPP is a more radical operation than
pleurectomy, more difficult for the patient,
with higher postoperative mortality and mor-
bidity rates. Its long-term survival prognosis
improves when combined with radiotherapy
and chemotherapy.22 The surgical procedure
involves a complete resection of the lungs,
parietal pleura, pericardium, and diaphragm.
Regional lymph nodes are removed as well.
The early postoperative mortality should not
exceed 10%. 

Methods

The four-year period of surgical treatment of
MPM has been retrospectively analysed at the
Clinical Department of Thoracic Surgery of
the Clinical Centre in Ljubljana. The data

were obtained from the medical records pro-
vided by the University Clinic of Respiratory
and Allergic Diseases Golnik, by the
Department of Thoracic Surgery of the
Clinical Centre, and by the Institute of
Oncology in Ljubljana. The data pertaining to
survival were obtained from the Cancer
Register at the Institute of Oncology, and
through telephone contacts with patients and
their family physicians. 

During the period between the years 2000
and 2003, the Clinical Department of
Thoracic Surgery, Clinical Centre Ljubljana,
admitted 18 patients diagnosed with MPM.
They were aged between 32 and 68 years, the
average age was 58.5 years. Seven of them
were females, eleven were males. 

Ten patients had been exposed to as-
bestos, or had been diagnosed with asbesto-
sis of lungs. All of them came from the region
of Gorica, four of them from Kanal, a place
with merely 1500 inhabitants.23

All but three patients had been diagnosed
with MPM prior to the admission to our de-
partment. In nine cases the diagnosis was
based on needle biopsy, in five cases addi-
tional thoracoscopy24 was performed to con-
firm the inconclusive needle biopsy-based di-
agnosis. The diagnosis based on thora-
coscopy was always conclusive. One patient
was diagnosed by thoracoscopy, without pre-
vious needle biopsy. Two patients were diag-
nosed by minithoracotomy at our depart-
ment, one with the help of video-thora-
coscopy.

All patients had a history of chest pain on
the affected side and/or dyspnea. Other
symptoms were: irritating cough (3), general
discomfort and fatigue (3), loss of weight (2)
and fever. All except one had thoracic effu-
sion. 

Surgical treatment was chosen in the case
of epithelial type of tumour, stage I, II or III
according to IMIG (International Mesothe-
lioma Interest Group) classification,3 if the
patient's status made the procedure possible. 
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In addition to usual blood tests and ECG,
bronchoscopy, pulmonary function tests, the
ultra-sound of liver, and computerised to-
mography (CT) of the thorax and of the upper
abdomen were performed in all patients.

Results

Of the 18 patients chosen for the operation,
one female patient did not undergo it due to
her rapidly deteriorating general condition. In
two patients, only explorative thoracotomy
was performed, the other 15 patients were
evaluated. EPP was performed on 14 patients,
one patient underwent pleurectomy. 

None of the patients died in the first 30
days after the operation. Six of the radically
operated patients (42%) developed minor post-
operative complications, which were not life-
threatening, nor did they affect further treat-
ment or length of hospitalisation (Table 1).

Most of the radically operated patients had
major posterolateral thoracotomy performed,
with the removal of the 6th rib, and in three
patients double thoracotomy was indicated.
Goratex fabric was used for the reconstruc-
tion of the diaphragm and of the pericardium,
except in one patient, whose diaphragm was
replaced with a Vycril net. 

The patients remained in hospital from 6
to 14 days, 10 days on the average. 

Thirteen radically operated patients had
the epithelial, and two the mixed type of
mesothelioma. Most of them were at stage I
and II of the disease (Table 2). 

None of the patients received neoadjuvant
treatment. The patients who underwent ex-
plorative thoracotomy and not the operation
were treated differently. One of them re-
ceived chemotherapy and radiotherapy, the
second one just chemotherapy. The patient
who was not operated was treated for symp-
toms only. Three operated patients in stage 
I had no adjuvant treatment. Eight patients
underwent chemotherapy and radiotherapy,
three patients just chemotherapy, one patient
only radiotherapy (Table 3).

Of the patients who took cytostatic drugs
after the operation during the first three
years, four were given mitomycin C 6-10
mg/m2 and cisplatin 100 mg/m2 each three
weeks. The treatment was often adjusted to
the patien's condition, side effect of drugs,
and the response to treatment. On the aver-
age, it lasted three months, in one case only a
month, and in another case five months. One
of the patients was given cisplatin, metotrax-
at, adriamycine and gemcitabine because of
an early extensive progression. 

In the course of further treatment, three
patients were given gemcitabine 1000 mg/m2

instead of mitomycin C during the last year,
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Table 1. Type and number of operative complications
in patients with malignant pleural mesothelioma,
treated by the extrapleural pneumonectomy and
pleurectomy
Type of complications Number
Tahiarrythhmia 3
Unexplained fever 1
Chylothorax 1
Bronchial fistula 1

Table 2. Stage in radical operated patients with malig-
nant pleural mesothelioma
Stage – IMIG classification Number
T1aN0M0 1
T1bN0Mo 6
T2N0M0 4
T3N0M0 3
T3N2M0 1

Table 3. Mode of the treatment and survival
Mode of the treatment Number Median  Alive

of patients survival 
in month

OP + CT + RT 8 10 4
OP + CT 3 20 2
OP 3 31 2
OP + RT 1 50 1
Total 15 20 7
OP = operation; CT = chemotherapy; RT = radiotherapy
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while the dosage of cisplatin remained the
same. 

The above eight patients had postoperative
radiotherapy of hemithorax, at the dosage
from 24 to 58 Gy. 

Three patients took cytostatic drugs with-
out radiotherapy. Two patients were adminis-
tered cisplatin 100 mg/m2 and gemcitabine
1000 mg/m2, one patient cisplatin 100 mg/m2

and gemcitabine 250 mg/m2 in prolonged 6-
hour infusion on the first and on the eighth
day. One female patient underwent radio-
therapy and no chemotherapy (Table 4). 

The median survival of all operated pa-
tients, regardless the adjuvant treatment, was
20 months. One-year survival rate was 53.3%,
and two-year survival rate was 46.7%. 

The median survival of the patients who
received postoperative chemotherapy and ra-
diotherapy, as well as of those treated with
chemotherapy without radiotherapy, was 11
months, while the patients without adjuvant
treatment had median survival of 31 months.
The female patient who underwent radiother-
apy after the operation (Table 3) survived
longest (50 months). The patients with explo-
rative thoracotomy and adjuvant ChT and RT,
as well as the patient treated for symptoms
only, survived for a little over 8 months. 

Discussion

The exposure to asbestos and lung asbestosis
were definitely established in 10/18 (55%) pa-
tients, and very probable in two other cases
(65%). It is especially distressing that most of
them came from a geographically small re-
gion of Gorica, and that Kanal, a small place
with about 1500 inhabitants, drastically
stands out.23 Asbestos, a primary etiological
agent of MPM, was present in 66% of pa-
tients, which is a little lower than the per-
centage reported by other authors.1-3 Other
etiological factors, such as the infection with
the simian virus 40, were not explored. Two
of the patients, however, had been employed
in petrochemical industry. 

The symptoms had been present for sever-
al months, up to half a year, on the average.
Only in one female patient had the x-ray ex-
amination revealed changes a year before,
and adenocarcinoma of lungs had been ini-
tially diagnosed. 

The disease affects males more than fe-
males. Other studies report ratios even more
detrimental for males3,5 than is the case in
our study (1 : 2.4). 

The disease usually starts with dyspnea
and pleural effusion, as well as chest pain in
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Table 4. Type and mode of adjuvant treatment of the operated patients
Patient Start of CT Completed CT CT Start of RT Completed Tumour dose 

RT in Gy
F.K. 17.04.00 07.09.00 Mito C+Cispl 23.10.00 22.11.00 40
E.S. 26.06.00 24.09.00 Cispl+MTX+Adria+Gemz 07.07.00 04.10.00 58
S.B. 08.05.01 08.06.01 54
B.P. 13.11.01 13.03.02 Mito C+Cispl 18.03.02 27.03.02 27
F.Z. 26.01.02 20.03.02 Mito C+Cispl
J.B. 07.01.02 09.04.02 Mito C+Cispl 02.07.02 31.07.02 50
V.K. 25.02.02 14.05.02 Mito C+Cispl 29.07.02 08.08.02 41
A.M.M. 15.10.02 02.12.02 Mito C+Cispl 06.02.03 12.03.03 50
I.L. 25.09.02 23.12.02 Mito C+Cispl
D.S. 23.04.03 01.07.03 Cispl+Gem 21.07.03 19.09.03 54
I.P. 12.06.03 27.08.03 Cispl+Gem 15.10.03 06.11.03 24
B.R. 08.12.03 03.02.04 Cispl+Gem in prolong inf.
KT = chemotherapy; RT = radiotherapy; Mito C =  mitomycin C; Cispl = cisplatin; MTX = Methotrexat; 
Adria = adriomycine; Gem = gemcitabine

Radiology_39_2  04.07.2005  10:26  Page 127



the affected side.3,5,7 All patients had the his-
tory of one or more of these symptoms. 

The diagnosis is not easy, since symptoms
such as chest pain, dyspnea, fatigue and
cough are non-specific, and, on the other
hand, histopathologist can find it difficult to
distinguish MPM from adenocarcinoma.3,5 In
our group, needle biopsy was in five cases in-
sufficient for a definite diagnosis. 

In order to determine the stage of the dis-
ease, the CT of the thorax and of the upper
abdomen was performed on all candidates for
the operation. The CT was underestimated
only in two patients (13.3%). In both cases the
tumour had spread to mediastinal organs and
was consequently inoperable. No MRI was
performed, although it is recommended,
since it is more precise than CT in determin-
ing the penetration of the tumour in the me-
diastinum and in the diaphragm.5

In the course of the four years, EPP was
performed on 14 patients, which is more than
in the previous period of time. In the analysis
of the MPM patients in Slovenia between
1980 and 1977, Debevec et al report that only
24 of 156 patients with MPM were operated
on. Explorative thoracotomy was done for
half of them, and EPP only for five patients.25

In most cases, extensive posterolateral tho-
racotomy was performed, with the resection
of a rib. Double thoracotomy was performed
in three patients, which was mostly the sur-
geon's choice. The approach must provide
grounds for a safe and radical surgery on ex-
tensive area involving vital and sensitive
structures such as functional pulmonary
veins, the heart and the inferior vena cava. 

When performing EPP, we try to resect
parietal pleura, lungs, pericardium and di-
aphragm in one piece, without opening the
pleural cavity. This is achieved only rarely be-
cause of its adhesion to the thoracic wall, me-
diastinum, pericardium and diaphragm, as
well as due to previous diagnostic procedures
in the pleural cavity. The defect of the peri-
cardium and of the diaphragm was in all but

one patients restored with a Goretex patch.
This fabric is very suitable, it causes no com-
plications, but it is very expensive. A Vycril
net used in one operated patient proved sat-
isfactory as well, and is frequently being
used. In each operation, the canal made by
previous diagnostic biopsies was radically re-
sected, either as a separate procedure or dur-
ing the thoracotomy. 

None of the operated patients died during
the early postoperative period, which is a
very good result. At present, the early post-
operative mortality is 5-10%.3,5,10,22,26 Early
postoperative deaths are mostly due to sud-
den drop of blood pressure because of the
dislocation of mediastimun and blood in-put
disorders, haemorrhage, infection of the re-
maining pulmary lobes, bronchial fistula and
the subsequent empyema in the pleural cavity,
and mediastinitis. Herniation of the heart can
result from the defect of the pericardium, un-
less it has been meticulously reconstructed.5

Various postoperative complications are re-
ported for EPP. They occur in 50% and even
more patients. In our group, 42% of patients
experienced complications, but none of them
was extensive. Only one female patient had to
be readmitted because of a bronchial fistula. 

Pleurectomy is a less demanding proce-
dure, with fewer complications and low early
postoperative mortality, but it is also less rad-
ical than EPP. The median survival after this
operation is from 9 to 20 months, as reported
by different authors.7 Radical resection from
the visceral pleura, where the disease usually
recurs, is problematic.9 Local recurrence is
10% for EPP, and 52% for pleurectomy.27

Decortication always indicates adjuvant treat-
ment. It was performed in only one female
patient at the stage T1aN0M0. After the oper-
ation, she underwent adjuvant treatment in-
volving chemotherapy and radiotherapy. The
patient died nine months after the operation
due to local progress of mesothelioma.

Most authors agree that EPP alone is not
sufficient, and that adjuvant treatment is nec-
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essary.3,5,11,20 Median survival after EPP is
from 9 to 19 months,7 not unlike the survival
after decortication. This is due to the fact that
decortication is more frequently indicated at
lower stages of the tumour.

Not all of the authors report such opti-
mistic results. Mattson reports that 100 oper-
ated patients, who underwent adjuvant treat-
ment involving five different modes of irradi-
ation and systemic chemotherapy, had the
median survival of 8 months and only 20%
had two-year survival.11

Adjuvant treatment most frequently in-
volves chemotherapy and irradiation of com-
plete hemithorax at high tumour dose,5,11 or
only irradiation of hemithorax at high tumour
dose.10

Median survival of the whole group of our
operated patients was 20 months, which is
significantly better than the survival of pa-
tients in the same period and who were not
operated on28 and whose median survival
was 11 months. The groups were not ran-
domised. Patients who were not operated on
were probably at a higher stage of the disease,
had different histological type of tumour, and
were in worse performance status than the
patients operated on, so that the two groups
cannot be validly compared. 

Most of our patients (12/15) received adju-
vant treatment after the operation, but not in
the same mode. They were prescribed differ-
ent cytostatic drugs, different dosages, differ-
ent number of cycles, as well as different ra-
diation doses. Five recent patients were treat-
ed with a cytostatic drug of the 3rd generation,
which shows better results.29-31 The IMRT
method of irradition, which could be very ef-
fective,32,33 was not available in our case. A
small number of patients (3) had no adjuvant
treatment. The small size of the sample of
treated patients makes any evaluation of the
efficiency of individual methods of treatment
unreliable. There are indications that the re-
sults tend to be the same as those reported by
DaValle34 that in a group of 17 patients the

survival length showed no correlation with
the adjuvant treatment. His study, however,
was not controlled and randomised. At least
one more year of follow-up observation
would be needed for a valid evaluation of our
methods of treatment. 

Different and multiple methods of treat-
ment indicate that the MPM disease is still
unmanageable, fatal for most patients, irre-
spective of how it is treated. In spite of ag-
gressive local treatment, loco-regional recur-
rences of the tumour are almost inevitable, if
the rest of the pleural cavity, pericardium and
abdomen are considered loco-regional. Better
results are obtained in carefully selected pa-
tients at initial stage, who are treated with a
radical local resection of the tumour and ad-
juvant radiotherapy. 

In future, neoadjuvant cytostatic treat-
ment, applied and recommended by Stama-
tis,35 who reports 31% of three-year survival,
will have to be considered. The same author
points out that the use of cytostatic drugs af-
ter EPP can be detrimental to the other side of
the lungs. For that reason he recommends
that the treatment starts with three cycles of
cisplatin and gemcitabine medication, radical
resection after three to four weeks, and radio-
therapy of hemithorax after four to six weeks. 

Conclusions

The incidence of MPM has been growing. In
patients with epithelial tumour at stage I and
II, surgery is indicated besides the oncological
treatment. If sufficient, or if the disease is
strictly localised, pleurectomy is performed.
EPP is a more radical procedure, relatively
safe and with acceptably low postoperative
mortality and morbidity. It is crucial that the
best method of neoaduvant and/or adjuvant
treatment after a radical operation is agreed
upon. 
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