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Introduction

Malignant pleural mesothelioma (MPM) is a relatively rare
and aggressive tumor which arises from the mesothelial
pleural cells, and is commonly associated with asbestos
exposure (1). Currently, there are approximately 3,000 cases
per year in the United States, and in Europe its incidence is
about 20 cases per million, with large variation between the
different countries (2,3). MPM’s peak of incidence in most
developed counties is expected between 2010 and 2020 (4,5).

MPM is associated with an extremely poor prognosis:
a median survival of less than 1 year and a 5-year survival
rate of less than 2% are commonly observed (6). The
optimal management for MPM is still debated, but up
to now, cisplatin and pemetrexed-based chemotherapy
(CT) is considered the standard of care, since randomized
controlled trial (RCT) have reported its superiority in
terms of survival and quality of life, compared to cisplatin
alone (7,8). Administration of induction/adjuvant systemic
CT has become the standard of care in case of any surgical
procedure with curative intent (9).

The role of surgery continues to be controversial. It is
very difficult, in fact, to choose the subset of patients who
may benefit from a surgery-based multimodal treatment,
compared to those in which CT alone or CT plus
radiotherapy (RT) is offered with a palliative intent.

Surgery for MPM usually may include both minor
palliative procedures (VATS/small thoracotomy pleural
biopsies with or without talc poudrage) and more aggressive
ones [extrapleural pneumonectomy (EPP) and pleurectomy/
decortication (P/D)].

The aim of this paper is to critically evaluate indications

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

and results of both EPP and P/D, according to the MPM
clinical presentation.

The goals of surgery

Surgery can help to achieve a MPM correct diagnosis (open
or VATS pleural biopsies) or to palliate symptoms caused by
malignant pleural effusions (VATS talc pleurodesis, VATS
pleurectomy, indwelling pleural drainage placement). In
very selected patients (good performance status and early-
stage disease) “radical surgical procedures” have been
offered in the past, with or without different induction/
adjuvant treatments (10,11).

Whenever aggressive surgery is planned, its aim is to
remove all gross disease, lengthening survival by reducing
the intrathoracic tumor burden to microscopic levels. Due
to MPM’s particular biological characteristics, the intra-
thoracic anatomical structures may be rapidly invaded
by the tumor, generally without development of distant
metastases. This loco-regional tumor invasiveness should
be taken into account when a surgical approach is planned.
MPM surgery per se is a maximal cytoreductive procedure,
and usually results in a R1 resection. A complete resection
(RO) with surgery alone is theoretically unobtainable,
regardless the type of aggressive procedure is chosen.

Therefore, the first goal of surgery is to achieve a
macroscopic complete resection (MCR); other treatment
modalities have been combined with surgery, with the aim
to control the residual microscopic disease. Surgery alone
has no role in MPM treatment; patients should undergo
this treatment in the setting of a multidisciplinary tumor
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Figure 1 Intraoperative view. (A) EPP final results; (B) visceral pleura resection during P/D. EPP, extrapleural pneumonectomy; P/D,

pleurectomy/decortication

board, where the single clinical cases are presented and
carefully discussed. Ideally, all candidates for surgery should
be operated in tertiary hospitals, in Thoracic Surgery Units
whit recognized great experience in MPM management.
Those units are commonly connected with Medical and
Radiation Oncology Divisions also involved in clinical trials
for MPM.

Recently, Flores and colleagues (12) have reported
that radical surgery is offered in the United States in
approximately 22% of patients with MPM, while the figures
may be lower in Europe and in developing countries, due
to the lack of local expert and the limited trend to refer
patients to tertiary hospitals.

The secondary goal for surgery is to achieve a tumor
local control (evacuate pleural effusions, palliate chest pain
caused by possible chest wall invasion, free an entrapped
lung and ameliorate ventilation/perfusion mismatch).

There are two surgical approaches to achieve MCR in
MPM patients: (I) lung-sacrificing and (II) lung-sparing
operations. The first is the “EPP”, the en bloc resection of
the lung, parietal pleura, pericardium and diaphragm, with
the subsequent diaphragmatic and pericardial prosthetic
reconstruction (13) (Figure 1A4). The P/D surgical technique
was not initially standardized in all Centres, being able
to vary from minimally-invasive (VATS) partial pleural
resection, with a palliative intent, to a radical excision,
involving also the pericardium and the hemidiaphragm.
To carry out a proper uniformity of P/D definition, the
International Association for the Study of Lung Cancer
(IASLC) has recently published a Consensus Report, which
definitively classifies P/D into three categories (14):

(I) Extended P/D: resection of the parietal and visceral

pleurae, to remove all gross tumor, associated
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with resection of the hemidiaphragm and/or
pericardium;

(II) P/D: parietal and visceral pleura resection to
remove all gross tumor, without resection of
pericardium and/or hemidiaphragm;

(III) Partial pleurectomy: partial resection or parietal
and/or visceral pleurae for palliative intent, only,
leaving gross tumor behind.

EPP

Historically, the use of EPP has been initially reported
by Butchart and colleagues in 1976. The Authors
described 29 consecutive patients who underwent pleuro-
pneumonectomy for MPM: the in-hospital mortality was
31% and 3 patients, only, survived 2 years or longer (15).
Taking into account this high mortality and the limited
outcome, this treatment has been stopped for many years.
Nevertheless, the development of modern surgical and
anaesthetics techniques, along with the recent dramatic
improvement in oncologic MPM management, have
significantly reduced both postoperative complications and
mortality, local and distant tumor relapses and improved
long-term outcome. In 1999, Sugarbaker ez 4/. have
published a large series of MPM patients treated with
EPP (11). The reported in-hospital mortality was lower
and the 5-year survival rate was up to 46% in very selected
patients (MPM epithelioid histological subtype, clear
surgical margins and absence of lymph-nodal involvement).
Therefore, several Authors started again to offer this
operation to patients with epithelial MPM, very often in
combination with induction CT and adjuvant RT. EPP, in
fact, seemed to be the best operation to allow postoperative
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hemithoracic radiation to treat residual microscopic disease,
without concerns for possible pulmonary toxicity.

Moreover, the recent development of intrapleural
hyperthermic cisplatin-based CT, led selected specialist
Centres to improve survival by reducing the risk of loco-
regional tumor relapses (16,17).

The role of EPP in the treatment of MPM has been
recently debated, after the publication of the Mesothelioma
and Radical Surgery (MARS 1) trial results (18). The trial
provocative conclusions (“EPP within trimodality therapy
offers no benefit and possibly harms patients”) caused a long
series of debates into the scientific community, although
16 patients, only, were included in the EPP arm. The trial
was, in fact, dedicated to patients whose MPM extent
and general performance status allowed the option to
receive induction CT and, if successfully completed, to be
randomized between EPP versus no surgical intervention.
To be realistic, the study was not designed to give an answer
to the question if EPP could be detrimental or not, but to
the feasibility of such a trial, only. Indeed, as Weder and
colleagues reported (19), an accrual of 670 patients would
be required to give a definitive answer to this question.

P/D

P/D has been described as treatment option for MPM since
1976, when Wanebo and colleagues reported a median
survival of 21 months for patients treated with pleurectomy
followed by RT and adjuvant CT (20). Pleurectomy extent
may vary according to the tumor burden and surgeon’s type
of surgical resection preference: therefore, a comparison
between different types of pleurectomy becomes very
difficult. This is the reason why a 3-level pleurectomy
description has been recently proposed by the IASLC (14).
The results of recent studies report extended P/D less
perioperative morbidity and mortality compared to EPP
(21-24): therefore, some authors conclude that P/D is
superior to EPP in term of overall outcome. However, as
emphasized by Flores er al. (25), caution should be used in
these results interpretations. The authors, in fact, observe
that: (I) several surgeons do not consider EPP and extended
P/D to be interchangeable; and (II) for selected patients
(e.g., those with a bulky disease or those in which MPM
also involve the fissures), EPP should be considered as the
only surgical option which may offer a real MCR.
Administering adjuvant RT after P/D, with the lung
still in situ, may cause severe toxicity and high risk of
radiation pneumonitis (26). Grades 3—4 pneumonitis have
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been reported in up to 20% of patients (24). Nevertheless,
extended P/D, especially when a trimodality scheme is
scheduled, is associated with a better short-term outcome,
compared to EPP (27,28). Intra-postoperative P/D most
common complications are: bleeding (sometimes more
profuse than in EPP), postoperative persistent air leaks
[caused by the visceral pleura resection (Figure 1B)] and
mucous plugging with possible atelectasis.

Perioperative mortality (2.9% after P/D vs. 6.8% after
EPP; P=0.02) as well as perioperative morbidity (27.9%
after P/D vs. 62.0% after EPP; P<0.0001) are found to
be significantly lower after extended P/D compared to
EPP (29). Also, QoL seems to be better after extended P/
D: pulmonary function, for example, improves within few
weeks after operation (30,31).

Finally, the presence of both the lungs allows the patients
to complete adjuvant CT and better tolerate the proposed
treatment (usually CT and/or RT) in case of tumor
recurrence.

Conclusion: which operation is best?

MPM is considered an orphan disease and surgery is offered
in less than 20% of patients: this fact makes the total
denominator for patients receiving surgery-based treatment
extremely small, and therefore, it is really difficult to design
a RCT able to give a clear answer to this question.

However, it is recognized that acceptance and QoL are
better after P/D than after EPP. The median survival is
better in P/D group (16 months P/D vs. 12 months EPP),
as reported by Flores and colleagues in a retrospective
review of 633 patients from three Institutions (25). A recent
meta-analysis of outcome after P/D and EPP has confirmed
that EPP patients have a significantly higher proportion of
short-term mortality (4.5% EPP vs. 1.7% P/D, P<0.005)
and complications, compared to P/D, while there has no
statistical difference in 2-year mortality between the two
groups (23.8% EPP vs. 25% P/D, P=0.8) (32). Furthermore,
patients receiving P/D are able to better tolerate adjuvant
CT by the simple fact of having two lungs. Nevertheless,
tumor recurrences in the ipsilateral chest are two times
higher in the P/D group, compared to EPP.

Since thoracic CT scan and MRI are generally inaccurate
in defining MPM local extent, surgeons are frequently
unable to decide the most appropriate surgical operation
until the time of thoracotomy. Therefore, they must be
ready to perform both EPP or P/Dj this choice should
be done based on the tumor’s extent and the patient’s
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functional status.

The ideal scenario for P/D is a small amount of disease,
limited to the parietal pleura with small foci of visceral
pleura involvement. When visceral and parietal pleura
surfaces are fused and the tumor invades the underlying
lung, EPP is generally required to resect all gross disease.
P/D may provide a R1 resection and it seems to be a
suboptimal surgical procedure for the tumor at this stage.
In fact, as Pass and colleagues have demonstrated, there is a
significant relationship in term of overall survival, between
the preoperative tumor extent and the residual gross disease
after surgery (33): surgeons, therefore, should be prepared
to perform either operations based on the intraoperative
findings. EPP is required in case of advanced stage
disease, when all pleural surfaces, as well as diaphragm and
pericardium are involved, and there may be tumor extension
into the endothoracic fascia or to the mediastinal tissue.

MPM patients should be clearly informed of the surgical
options, in order to achieve an informed consent. In absence
of a clear evidence showing an EPP survival benefit, some
Authors assume that this operation should be offered only
in selected high experienced Centres, ideally in ongoing
prospective clinical trials, and the outcome carefully
evaluated (23).
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