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Role of surgery in the multidisciplinary treatment
of malignant pleural mesothelioma

Interview with Federico Rea'! and Paolo Andrea Zucali’* by Lorenzo D’ Ambrosio®

In favor:

Federico Rea’
Against:

Paolo Andrea Zucali?

Introduction

Malignant pleural mesothelioma (MPM) is a malignancy
that is hard to diagnose and treat successfully. Over the
years, the optimal treatment of MPM has been, and con-
tinues to be, controversial. There are three main compo-
nents to the treatment of MPM: surgery, chemotherapy,
and radiation therapy. Radical surgery alone (extrapleural
pneumonectomy or pleurectomy/decortication) is a maxi-
mal cytoreductive procedure but an RO resection is rarely
achieved and the risk of local recurrence remains high due
to the location and the relation to surrounding normal tis-
sues. Currently available chemotherapies are associated
with an objective response rate of only 30—40%, and com-
plete responses are extremely rare. Moreover, full-dose
radiotherapy (RT) to the entire hemi-thorax as a treatment
for controlling tumor growth, although effective, may
cause life-threatening pulmonary toxicity in the absence
of lung removal. To date, the best survival data have been
reported with multimodality treatment strategies includ-
ing surgical resection. However, there is still a lot of de-
bate in the literature regarding both the necessity and tim-
ing of each treatment approach. Improving outcomes for
patients with MPM is an unmet need, especially because
the number of cases of MPM is expected to continue to
rapidly increase in the coming years. Without any treat-
ment, the median expected overall survival for a patient
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with MPM is less than 12 months. In this interview, two
experts in the field discuss several MPM treatment strate-
gies that involve surgery in combination with different
adjuvant and neoadjuvant therapies to provide some in-
sight into the best multimodality treatment approach for
patients with MPM.

1. Which is, in your opinion, the best
upfront treatment in medically operable
malignant pleural mesothelioma:
surgery or induction chemotherapy
+ radiotherapy?

Pro induction chemotherapy

The obvious limitations of current treatment options
have prompted the exploration of combination therapies.
Over recent years, various combinations of multimodal-
ity therapies have been evaluated and this approach
seemed to reduce both local and distant recurrences im-
proving the overall survival of MPM patients. Neverthe-
less, the best treatment combination still remains a mat-
ter of debate. Indeed, the optimal treatment sequence is
not clearly defined and, in particular, the role of surgery
in combination with adjuvant or neoadjuvant chemother-
apy and/or postoperative radiotherapy has not yet been
studied in a randomized controlled trial (RCT). Howev-
er, the administration of both chemotherapy and postop-
erative RT for most MPM patients prompted many
groups to introduce a trimodal approach based on preop-
erative chemotherapy, surgery and postoperative RT
with the goal of improving treatment compliance. This
strategy had shown the best results in terms of both over-
all and progression-free survival [1-10]. Indeed, median
survival for all patients included in these studies (inten-
tion-to-treat analyses) ranged from 13 to 26 months.
Moreover, the patients who completed all three phases of
therapy had a median survival of 29-59 months com-
pared with 9-14 months for those who were unable to
complete the planned regimen. To address the question
of the best timing of chemotherapy, the European Orga-
nization for Research and Treatment of Cancer (EORTC)
is starting a randomized phase 1II trial that compares in-
duction chemotherapy followed by extended (radical)
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pleurectomy decortication (EPD) with upfront EPD fol-
lowed by adjuvant chemotherapy.

Over the years, standard chemotherapy regimens for sys-
temic treatment of MPM have changed. Pemetrexed plus
platinum derivatives represent the best front-line treat-
ment option to date for MPM patients. The pemetrexed-
cisplatin combination has been associated with median
time to progression and overall survival of 5.7 and 12.1
months, respectively [11]. In patients unfit to receive a
cisplatin-based chemotherapy, pemetrexed alone or in
combination with carboplatin has been proposed as a
strategy that reduces toxicity while maintaining the same
survival outcomes [12, 13].

The optimal induction chemotherapy regimen has not yet
been defined, and prospective randomized studies assess-
ing toxicity and survival data for the different protocols
are required. In a retrospective analysis, Pasello et al. ob-
served that both carboplatin plus pemetrexed (CA) and
cisplatin plus pemetrexed (CP) combinations were active
and feasible neoadjuvant regimens with similar outcomes
in terms of progression-free survival, response rate,
disease control and resection rate [14]. However, the low-
er tolerability of the CP combination might reduce the
clinical condition of patients who are about to undergo
surgery. As a result, several institutions currently prefer
the CA combination in the neoadjuvant setting.

Against induction chemotherapy

Several published trials [7-9] have reporting the results of
multimodality treatment for MPM, including neoadju-
vant chemotherapy. The rationale and the potential ad-
vantages of this approach are to: a) facilitate better pa-
tient tolerance of chemotherapy to allow the complete
course to be administered; b) prevent distant relapses; c)
facilitate surgical resection by reducing disease burden;
and d) increase tolerance to high-dose RT. A recent re-
view [15] compared several series of MPM patients treat-
ed with trimodality therapy and showed a median sur-
vival for all intention—to—treat patients that ranged from
13-26 months. A further analysis showed that patients
able to complete all three phases of the treatment protocol
achieved a median survival of 29-59 months, compared
with a median survival of 9—14 months for patients who
were unable to complete the protocol. Despite these en-
couraging data, it has to be noted that 25-28% of the pa-
tients showed disease progression during chemotherapy
and only a few cases demonstrated a complete pathologi-
cal response on the resected specimen. Most importantly,
fewer than 50% of patients (range 33—71%, with the low-
er percentage rates observed in studies using extrapleural
pneumonectomy [EPP] as surgical option) were able to
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complete the full trimodality scheme (induction chemo-
therapy, surgery, hemi-thoracic radiation) [1, 7-9]. Dis-
ease progression, toxicity, and renal failure were the main
causes of chemotherapy dose reduction or withdrawal.
Induction chemotherapy-related adverse events and tox-
icities might also be responsible for delay in surgery and
radiotherapy administration (especially when chemother-
apy is not effective) and could decrease a patient’s perfor-
mance status at the time of surgery. Indeed, some authors
reported the impairment of cardiorespiratory function as
a relevant detrimental effect of induction chemotherapy
that could lead to increased risk of perioperative morbid-
ity and mortality [16]. This uncertainty points out the im-
portance of multidisciplinary management so as to im-
prove patient selection to each strategy.

2. If your patient has been judged
“resectable”, do you suggest extrapleural
pneumonectomy (EPP) or pleurectomy/
decortication (P/D)? In this context, when
do you perform pleurodesis?

Pro pleurectomy/decortication

Surgical resection has a controversial role in the manage-
ment of MPM and it is essentially based on two different
procedures: EPP that involves an en bloc resection of the
lung, pleura, pericardium and diaphragm, and P/D that in-
volves resection of the parietal and visceral pleurae, peri-
cardium, and diaphragm (when necessary), but spares the
lung. The goal of surgery is to remove all gross disease,
but a complete resection (R0) with surgery alone is theo-
retically unobtainable given the substantial difficulty of
eradicating residual microscopic disease regardless of
whether an EPP or P/D procedure is performed.

Given the current focus on surgery in combination with
chemotherapy and/or radiation in a multimodality strate-
gy, the decision to perform either EPP or P/D in this set-
ting is based more on surgeon preference rather than sci-
entific data. Debate between EPP and P/D focuses on their
relative merits with respect to operative risk, ability to re-
move all gross tumor and available options for adjuvant
therapy. In a field that completely lacks randomized clini-
cal trials comparing these two surgical approaches, pub-
lished data suggest significantly lower perioperative mor-
tality and a trend towards longer survival after P/D com-
pared with EPP [17-19]. In particular, analysis of a large
number of studies comparing P/D and EPP suggested that
P/D was associated with a 2.5-fold lower short-term mor-
tality (peri-operatively and within 30 days) than EPP [19].
Another analysis comparing data for extended P/D
(n=513) versus EPP (n=632) showed similar results, with
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significantly lower peri-operative mortality (2.9% vs
6.8%, p=0.02) and morbidity (27.9% vs 62.0%, p<0.0001)
in patients who underwent extended P/D compared to
EPP. Morecover, the median overall survival was 13-29
months for extended P/D and 12—-22 months for EPP, with
anon-statistically significant trend favoring extended P/D.
Notably, if performed in specialized centers, P/D is con-
sidered an effective part of a multimodality treatment pro-
gram in conjunction with systemic chemotherapy and in-
tensity-modulated radiation therapy, a technique able to
deliver high doses of radiation to the hemi-thorax of MPM
patients with the intact lung with an acceptable safety pro-
file [20, 21]. Therefore, it is this author’s opinion that P/D
should be preferred over EPP when technically feasible.
In the context of a trimodality approach, the role of
pleurodesis is not yet established. Current clinical practice
for the management of MPM effusions is derived from
general studies of malignant pleural effusions mainly
based on patients with metastatic carcinomas (lung, breast,
gynecological and gastro-intestinal). Dedicated studies on
pleurodesis in MPM have been retrospective, underpow-
ered and employed different pleurodesis methods and
definitions of success [22]. Despite the lack of random-
ized trials to confirm the benefit of this procedure, in our
clinical practice we usually perform talc pleurodesis at the
time of diagnostic video-assisted thoracoscopy (VAT) in
all MPM patients presenting pleural effusion with the goal
of preventing the recurrence of dyspnea.

Against pleurectomy/decortication

(pro extrapleural pneumonectomy)

Even if the standard of care for MPM treatment has not
yet been established, surgery still plays an important role.
The performance of two surgical procedures are associ-
ated with maximal cytoreductive intent: radical P/D and
EPP. EPP involves en bloc resection of the parietal pleu-
ra, lung, ipsilateral hemi-diaphragm, and ipsilateral peri-
cardium; its aim is to achieve “radical” cytoreduction and
facilitate maximal delivery of postoperative RT. EPP was
first described by Sarot [23] for the treatment of tubercu-
lous empyema in 1949; in 1976 Butchart et al. [24] per-
formed the first EPP for patients with MPM reporting a
prohibitively high perioperative mortality rate of 31%
and a median survival of only 10 months. Since these
early reports, advances in patient selection, surgical tech-
nique, and perioperative care have enabled improvements
in the surgical outcomes of patients undergoing EPP.
Studies involving adjuvant and neoadjuvant therapies
such as systemic chemotherapy, intrapleural chemothera-
py, RT, and photodynamic therapy associated with EPP
have reported varying degrees of success.
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In a recent review [18], median overall survival in patients
undergoing EPP for MPM was reported to range from 9.4
to 27.5 months [2, 5, 7, 8, 17, 25-29], with 1-, 2-, 3-, and
S-year survival rates of 36-83%, 5-59%, 0—41%, and
0-24%, respectively; median disease-free survival was
7—-19 months. Overall perioperative mortality rates were
0-11.8% (interquartile range 3.7-7.6%), and overall rates
for perioperative morbidity and major morbidity of
22-82% and 12.5-48%, respectively. According to one of
the largest series published to date involving 385 patients
who underwent EPP, the most common morbidities includ-
ed atrial arrhythmia, respiratory failure, respiratory infec-
tions, pulmonary embolus, and myocardial infarction [17].
Unfortunately, due to the aggressive nature of the disease,
treatment failure after EPP alone still remains high and is
characterized by both local and distant relapses.

More recently, Rusch et al. [30] collected the largest inter-
national database with 3101 cases from 15 centers as part of
the revision process for the International Union Against
Cancer (UICC) TNM staging system. Among 1494 patients
undergoing surgery with curative intent, the best outcome
was achieved in patients with stage I disease who under-
went EPP. Other studies have compared EPP and P/D and
reported slightly lower short-term mortality with P/D [19].
However, these were not randomized studies, and are there-
fore subject to biases. The only RCT of MPM surgery to
date compared EPP with no surgery. In this study the au-
thors concluded that there was no evidence to support the
use of EPP in the treatment of MPM [31]. However, this
study has been widely criticized because of the small sam-
ple size and the unusually high operative mortality. In con-
clusion, even in the absence of an RCT, in our opinion there
is enough evidence to support the use of EPP in well se-
lected patients and at high-volume centers, with good re-
sults possible (in terms of both survival and relapse rates),
with morbidity comparable to that with other surgical tech-
niques performed with cytoreductive intent (P/D).

3. Is there a role for chemotherapy
+ radiotherapy after induction
chemotherapy and surgery?

Pro chemotherapy + radiotherapy

Given the difficulty in delivering adjuvant treatments after
surgery, several studies have been conducted to investi-
gate the effects of neoadjuvant chemotherapy in MPM
patients. The main advantages of treating patients with
systemic chemotherapy before surgery include improved
tolerance of chemotherapy without altering the surgical
morbidity and mortality rates in the majority of the cases,
and potential improvement in objective response at the
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time of definitive treatment. Therefore, postoperative che-
motherapy with or without RT could be seen as difficult to
tolerate after induction chemotherapy and radical surgery.
However, in selected fit patients who have achieved tumor
shrinkage during neoadjuvant chemotherapy, postopera-
tive treatment could be considered an interesting option.
Theoretically, the combination of chemotherapy with RT
in these patients might have a greater potential to reduce
not only the local recurrence rate but also the distant re-
currence rate. However, there is currently no published
data to define the feasibility, tolerability and safety of this
strategy. At this stage, it is our opinion that this strategy
should be considered only in the context of a clinical trial.

Against chemotherapy * radiotherapy

The use of adjuvant therapies (chemo- and/or radiothera-
py) in MPM patients is intended to improve both local
control and distant relapses. However, in a study that ana-
lyzed a large cohort of patients [26] who received an ag-
gressive treatment encompassing cytoreductive EPP, ad-
juvant chemotherapy and consolidative RT, half of the
patients experienced recurrence, with the ipsilateral hemi-
thorax the predominant site of first failure (67% of all re-
currences). A significant obstacle to the delivery of high
dose RT after surgery was the concurrent administration
of adjuvant chemotherapy. Furthermore, several patients
may not tolerate the full dose of chemotherapy after ag-
gressive surgical intervention, or treatment delivery may
be significantly limited in these patients due to side ef-
fects, toxicities, decreased cardio-pulmonary reserve, and
worsening of quality of life. Finally, the option of using
adjuvant chemotherapy alone is limited by the difficult
evaluation of its real effectiveness after the disease has
already been resected. A promising perspective comes
from intraoperative adjuvant chemotherapy, such as heat-
ed intraoperative chemotherapy (HIOC), that may repre-
sent an effective paradigm to enhance local control in the
context of minimal residual disease [32].

4. Do you foresee a role, if any, for new
radiotherapy techniques (e.g.
tomotherapy) in the management of
medically operable MPM or limited
relapses?

Pro new radiotherapy techniques

The role of RT in the management of medically operable
MPM has not been well defined and it is still under evalu-
ation in a randomized study run by the Swiss Group for
Clinical Cancer Research (NCT00334594). Many studies
have evaluated the use of RT as part of multimodality
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treatment in addition to surgery and/or chemotherapy in
an attempt to improve local control and reduce local fail-
ure. More recently, a novel modality of irradiation, known
as “Intensity-Modulated Radiation Therapy” (IMRT), has
been developed for the treatment of several tumors. IMRT
allows delivery of dose distributions that conform to com-
plicated convex and concave target volumes. This repre-
sents a potential advantage for large, irregular targets in
close proximity to critical structures, as is the case in
MPM. IMRT overcomes some limitations of classical RT
techniques, providing more conformal high-dose RT and
improving coverage of the at-risk hemi-thorax area). Pre-
liminary results with IMRT in the adjuvant setting after
EPP appear particularly promising [7, 9, 33, 34]. Indeed,
at least 63% of patients were able to complete IMRT after
EPP and most patients achieved excellent local control af-
ter hemithoracic radiation treatment. Moreover, radical
IMRT was associated with promising survival outcomes
with an acceptable toxicity profile, including after lung-
sparing surgery and chemotherapy [20, 21]. However, it is
strongly recommended that this type of RT be carried out
in highly specialized centers.

The absence of a significant pathologic response after in-
duction chemotherapy led several centers to develop new
RT-containing strategies. A group of Canadian researchers
hypothesized that induction RT before EPP would poten-
tially represent a more efficient approach. Preoperative
radiation aims to provide optimal local control, keeping
the administration of systemic therapy for patients with a
higher risk of distant recurrence, such as in presence of
pN2 disease. With this aim, they developed a new Surgery
for Mesothelioma After Radiation Therapy (SMART)
protocol consisting of induction-accelerated hemithoracic
radiation followed by EPP. The rationale behind this ap-
proach was to maximize both the tumoricidal and immu-
nogenic potential of RT while minimizing radiation toxic-
ity to the ipsilateral lung. A preliminary trial demonstrated
the feasibility of this approach and showed encouraging
results in patients with epithelial histology [35].

In the presence of small tumor volume, the use of IMRT
instead of radical surgery, in MPM patients who are po-
tentially resectable but unfit or unwilling to receive sur-
gery, could represent an intriguing option. However, this
approach in MPM patients with intact lung should be con-
sidered very carefully and preferably in the context of a
clinical trial.

Against new radiotherapy techniques

RT has evolved as an important component of treatment
for MPM. From the first study by Rusch et al. [33] show-
ing a potential benefit for patients undergoing adjuvant
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high-dose hemi-thoracic radiation after EPP, further stud-
ies have demonstrated a survival benefit of adjuvant inten-
sity-modulated RT (IMRT) after EPP [7, 9, 34]. The down
side is that this sequence of treatments exposes patients to
the risk of radiation-induced pneumonitis in the contralat-
eral lung (in the case of EPP) or in both lungs (in the case
of P/D). However, only conflicting data are currently
available. Indeed, in the experience published by Allen et
al. [36], the authors reported a 46% rate of grade 5 pneu-
monitis using IMRT after EPP, while other centers did not
report any grade 3 to 5 pneumonitis in the same setting of
post-surgical radiotherapy [7, 34]. Thus, there are not yet
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