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Abstract

The surgical treatment of malignant pleural mesothelioma (MPM) involves procedures to achieve macroscopic complete
resection, depending on the patient’s condition. We reviewed the evolution of surgical approaches for resectable MPM. Since
surgery is no more than a single step in the set of processes in multimodality treatment (MMT), we concluded that these
procedures should give precedence to lung preservation and minimize resection whenever possible. Postoperative quality of

life must be prioritized when the patient can receive appropriate adjuvant therapy.
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Introduction

Radical surgery for resectable malignant pleural mesotheli-
oma (MPM) aims to achieve macroscopic complete resection
(MCR) [1, 2]. Conversely, combining chemo-, radiation, and
novel therapies has improved the prognosis of patients with
MPM [3-5]. The treatment outcomes of patients with resect-
able MPM, including overall survival (OS), are improved
in a multimodality treatment (MMT) setting. Recent guide-
lines recommend the MMT protocol combined with various
modalities, including surgical therapy, based on the results
of trials. However, there is still no final consensus on the
standard treatment sequence [6, 7]. There are two surgical
procedures to treat MPM: extra-pleural pneumonectomy
(EPP) and pleurectomy/decortication (P/D) to preserve the
lung parenchyma [8]. At the 2011 international mesothe-
lioma interest group (IMIG) annual meeting, the debate on
“whether EPP or P/D should be done” for resectable MPMs
reached the consensus that “the type of cytoreductive pro-
cedure should be selected based on the disease distribution,
institutional experience, and the surgeon’s preference and
experience” [2]. Both procedures can achieve MCR, but P/D
presents several advantages over EPP in sparing patients’
lungs, reducing postoperative complications, and improving
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their quality of life (QoL) [9]. Therefore, P/D is the surgi-
cal procedure of choice for MPM at major facilities (high-
volume centers) in Europe and the United States [10, 11].

Surgical techniques have gained stability in line with the
increasing number of MPM cases in experienced institutions
[8, 12—16]. At the same time, MMT improves the survival
rate. In addition to the standardization of pemetrexed-plati-
num combination therapies, some promising new therapies
established in the treatment of lung cancer, such as angio-
genesis inhibitors, immune checkpoint inhibitors, and tar-
geted therapies, have been introduced into the treatment of
MPM [3-5, 17, 18]. Incorporating the benefits of these new
therapies into postoperative adjuvant therapy and post-recur-
rence treatment may improve long-term prognosis. Thus, it
is essential to consider postoperative cardiopulmonary func-
tion and QoL when choosing a surgical procedure [19]. This
review aims to identify the optimal surgical procedure for
improving the outcomes of MPM treatment.

Definition of surgical treatment for MPM

Surgery for MPM, which is mainly cytoreductive, consid-
ers the characteristics of pleural tumors; however, due to
the histological nature of MPM, microscopic residual tumor
cells in the surgical margin cannot be avoided [20]. In 2006,
Sugarbaker et al. defined the goal of surgical treatment for
MPM as a macroscopic complete resection (MCR) [1].
Theoretically, based on the definition of RO, R1, and R2
resections, MCR stands for R1 surgery considered to be the
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maximum radicality possible for MPM [21]. At the 2019
International Association for the Study of Lung Cancer task-
force, Friedberg et al. defined the specific method of achiev-
ing MCR as follows: “no visible residual tumor or palpable
cancer, equal to R1 resection” [22]. Moreover, the following
consensus on surgical treatment was reached at the 2012
IMIG annual meeting in Boston: “in a surgical indication
where MPM is histologically diagnosed, there is a lesion for
which MCR can be achieved, and other therapeutic means
can be implemented” [2]. Considering the importance of
surgical treatment, we must mention the Mesothelioma and
Radical Surgery (MARS) trial, the only randomized phase 3
clinical trial that involves surgical treatment [23]. However,
some evaluations of the MARS trial reported that the num-
ber of patients is statistically underpowered (EPP (n=24),
no EPP (n=26)) and the conclusion is too bloated outside
the setting of the primary endpoint [24, 25]. Consequently,
negative assessments for surgical treatment presented as
outcomes must be managed carefully. Subsequently, the
MARS researchers have stated that careful evaluation is
needed [26].

Trend of surgical procedures

Between the 1970s and 2000s, curative-intent surgery for
MPM indicated EPP followed by P/D [27, 28]. Conversely,
the current guideline recommends the choice of P/D as lung-
sparing surgery (ERS/ESTS/EACTS/ESTRO guidelines for
the management of MPM, 2020) [6].

Looking back at the early MPM surgical interventions,
there was only pleurectomy, which was performed as pal-
liation [29]. Subsequently, two types of curative-intent
surgery were reported: EPP and lung-sparing surgery, the
so-called P/D. EPP was initiated in the 1970s [27] and P/D
was reported several years later as less invasive with a lower
significant morbidity rate [30]. Technically, the first half of
the procedure is common and consists of the parietal pleura
detachment [31]. In 2012, at their annual meeting in Bos-
ton, IMIG members discussed whether to use EPP or P/D
for resectable MPM. They agreed that the surgeon should
select the appropriate surgical method for each case, as long
as MCR could be achieved [2].

Comparing postoperative mortality and adverse events,
EPP had significantly higher mortality and complica-
tion rates than P/D (6.8% vs. 2.9% and 62.0% vs. 27.9%,
respectively) [4]. On the other hand, P/D may be less cura-
tive oncologically than EPP [32]. In this context, no clini-
cal trial has directly compared EPP and P/D and will be
impossible to conduct in future. For this reason, there is no
clear evidence of the superiority or inferiority of either of
these procedures [33]. Since both EPP and P/D are designed
for R1 resections, their radicality of tumor resection and
oncological significance are considered equivalent. As P/D
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has relatively lower rates of severe complications and the
advantage of being lung-sparing [21], EPP is not prioritized
over P/D. Since 2008, evidence of clinical practices showed
that surgeons who chose P/D had better results than those
who performed EPP. The median survival rates (months) are
reported as: 10.4-26 vs. 6.0-19.5 [10], 16 vs. 12 [12], 17 vs.
13 [34], 23 vs. 12.8 [35]. Moreover, because perioperative
complications are reduced with P/D (27.9% (P/D) vs. 62.0%
(EPP), P<0.01) [4], postoperative QoL is not compromised,
and postoperative treatment and retreatment at the time of
recurrence are possible, the surgical method that preserves
the lungs is considered superior [10, 25, 35, 36].

Since 2012, we have modified resection for MPM to pri-
oritize P/D at our hospital [36]. Based on the findings dur-
ing surgery, the surgeon can decide whether to resect the
diaphragm or the pericardium. In a multicenter clinical trial
in Japan, we tried to unify the surgical techniques specified
in the document for quality control of P/D [37]. Following
the 8th edition of the TNM staging system, we revised the
surgical indications. Furthermore, we recently introduced
non-incisional P/D in the expectation that the prognosis of
resected MPM patients would be further improved [38].

Here we introduce Japan's first phase I multicenter clin-
ical trial (JMIGO0601), a clinical study that examined the
validity (feasibility study) of a tri-modality strategy (induc-
tion chemotherapy, EPP, and radiation) for resectable MPM,
conducted between May 2008 and November 2010. The pri-
mary endpoints of MCR >70% and mortality < 1.0% were
achieved. However, the results were unsatisfactory, with a
median survival of 19.9 months and treatment-related mor-
tality of 9.5% [39].

Following the lead of Europe and the U.S., which
switched to P/D in about 2000, a second phase II multicenter
clinical trial was conducted in Japan between November,
2012 and October, 2013, demonstrating the validity of P/D
in multimodality treatment. The primary endpoint of MCR
achievement was >90% and the 30-day/90-day mortality
rates were 0%. Median survival was 43.3 months, surpass-
ing previous results, and the ratio of pre- and postoperative
lung function was FVC/FEV1.0=78%/82.5% during the
postoperative follow-up period. The results of this study led
to the switch to P/D in Japan [37].

Surgical treatment is indicated
only when performed as part of MMT

Theoretically, surgical resection for MPM focuses on R1
resection, where surgery is only included as part of com-
bined therapy. However, there is evidence that MMT con-
tributes to OS more than treatment with a single modality.
A retrospective analysis of the IASLC database (n=1360)
showed a median survival of 20 months for the multidisci-
plinary treatment group vs. 11 months for the surgery alone
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group [40]. Although the European and United States guide-
lines recommend MMT, no standard treatment sequence has
been established until now.

In the 1970s, MPM treatment required adjuvant therapy
either before or after surgery because the surgical resection
leaves inevitable microscopic tumor cells [27]. Therefore,
the results of surgery alone for MPM are poor, with a median
survival time (MST) of 11-13 months vs. >20 months
achieved by MST combined with adjuvant therapy. There-
fore, MMT contributes to a better prognosis [40, 41]. As
such, surgical resection should be performed as part of MMT
to improve outcomes [42]. It is ideal to “perform treatment
based on an appropriate protocol” [24], but the optimal treat-
ment sequence for chemotherapy and surgery has not been
established. A prospective controlled trial of preoperative
and postoperative chemotherapy (EORTC 1205) has been
conducted in in Europe since 2018. The results of this trial
are expected to give the first answer to the previously debat-
able question [43]. The consensus and guidelines of several
academic societies recommend MMT for resectable MPM.
In this context, the following guidelines recommend includ-
ing surgery as part of MMT: ERS and ETS in 2010 and ERS/
ETS/EACTS/ESTRO guidelines in 2020 [6, 7, 44]. On the
other hand, some facilities use a combination of intraopera-
tive treatment to enhance local control, but no related guide-
line recommendations exist [45]. There are also reports on
the effectiveness of other treatments as local controls, such
as hyperthermic intraoperative cisplatin chemotherapy [46]
and photodynamic therapy (PDT) [47].

Postoperative QoL

The effects of immune checkpoint inhibitors and novel
treatments in systemic cancer therapy have been observed
[17]. Furthermore, the combination of chemo-, immuno-,
and targeted therapies has evolved, with further improve-
ments in cancer treatment results expected. Following the
improvement in prognosis, the next focus is on postopera-
tive QoL. If the latter is preserved adequately, we may be
able to expand treatment indications for recurrence. For
this reason, QoL has become essential in determining the
selection and adaptation of surgical procedures [48]. There-
fore, even for MPM, P/D, which maintains a high QoL and
expands the options for additional treatment, tends to be
more advantageous than EPP. A comparison of 659 cases
(102 EPP, 432 P/D) extracted in a systematic review found
that postoperative QoL tended to be better after P/D [49].
A single-center study reported that after EPP, the median
vital capacity decreased significantly from 2.8 L (77.7%) to
1.8 L (47.6%) [50]. Adjuvant therapy and post-relapse treat-
ment are indicated for many patients. In our single institution
study, among 57 patients with recurrence after P/D (1-year
post-recurrence survival rate, 59.5%) and 39 with recurrence

after EPP (1-year post-recurrence survival rate, 40.0%), 43
(75.4%) of the P/D group and only 21 (53.8%) of the EPP
group underwent post-recurrence treatment [19, 51]. The
contribution of P/D surgery on QoL may also be based on
an ongoing comparative study between surgery plus chemo-
therapy and chemotherapy alone (MARS2 trial) [52].

Has the role of EPP ended?

EPP was first reported by Butchart and is well established as
a curative surgery for MPM [27]. The first half of the proce-
dure, parietal pleurectomy, is common for EPP and P/D [31].
In considering which surgical technique to use, we summa-
rized reports from several high-volume centers comparing
EPP and P/D in multimodality treatment (Table 1) [8, 10,
12-16, 36, 53-55]. The superiority and inferiority of EPP vs.
P/D have been reported from various viewpoints. According
to one meta-analysis, the MST was about 12—-20 months for
EPP and 7.1-31.7 months for P/D in a systematic review,
being slightly better for P/D; however, the data was insuf-
ficient [4]. EPP is more surgically invasive and has far more
complications, whereas adjuvant radiotherapy is possible
only after unilateral pneumonectomy [56]. Some post-EPP
retrospective analyses reported good OS for epithelioid
MPM patients without lymph node metastases [57, 58].
Regarding resection radicality, P/D is considered sensu-
ously inferior to EPP [32]. On the other hand, reports state
that the prognosis was extended by the advantage of adju-
vant therapy and QoL [10, 11, 43]. However, because of the
bias related to the subjects and uneven differences in MMT,
the comparison between surgical procedures, which is retro-
spective, is meaningless. Therefore, both procedures having
different therapeutic effects and characteristics should be
considered incompatible. Yet, it is appropriate for an experi-
enced surgeon to examine and select a wide range of surgical
procedures according to each patient’s condition.

Current status of P/D surgery

The term P/D was first proposed by Rusch in 1993 [30], but
the technique has been revised by various institutions with
varying styles, purposes, and nomenclature, and is currently
not unified.

A consensus report jointly published by IASLC and IMIG
in 2012 defined the term as follows [2]:

(1) Extended P/D: parietal and visceral pleurectomy with
resection of the diaphragm and/or pericardium and
removal of all macroscopic tumors.

(2) P/D: parietal and visceral pleurectomy with MCR with-
out the diaphragm and/or pericardium resection.
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These are the curative procedures, namely those that can
achieve MCR. In terms of achieving MCR, the following
questions have been raised:

(1) If there is no tumor macroscopically, should the pleura
be left intact, or should the organ pleura be completely
resected because of the assumption of microscopic
tumor?

(2) If the tumor has invaded the lung parenchyma, should
a combined resection of the lungs be performed, and
should the procedure be evaluated differently depend-
ing on the extent of parenchymal resection?

In 2019, a joint effort arising from a task force formed at
NCI-IASLC-MAREF attempted to answer these questions and
set out to form an international consensus on the nomencla-
ture and description of surgical treatments for MPMs [22].
As a further improvement, a technique to perform P/D with-
out touching the pleura where the tumor is involved was
introduced in Japan, and our institution has been using this
technique, whenever indicated, since 2020. We expect that
this technique will contribute to improving the prognosis
of patients with local recurrence and other life-threatening
diseases (no-touch technique: non-incisional P/D) [38].

Finally, we present the perioperative results of P/D
performed at our hospital. A total of 204 patients under-
went P/D (median age, 67 years; range, 16—82 years). Men
accounted for 80.9% (n=165) of the patients. The histo-
logic tumor types were epithelioid/biphasic/sarcomatoid
(n=188/13/4). IMIG pathological stage I (Ia+1Ib) was
confirmed in 54.9% (/I/II/IV, n=112/11/73/8). Table 2
summarizes the perioperative data, including adverse
events and, prognosis, of the patients who underwent P/D
at our hospital. The 30-day and 90-day mortality rates of
the patients who underwent P/D were 0.5% (1/204) and
2.0% (4/204), respectively. There were no grade 4 or higher
adverse events related to chemotherapy or radiation therapy.
Grade 3 or higher adverse events occurred in 41 patients
(20.1%). Reoperation was required for 12 patients (5.9%),
and a long-term air leak, defined as an air leak lasting more
than 7 days, occurred in 119 patients (58.3%). Most of these
patients required pleurodesis and re-drainage. The median
follow-up time after diagnosis for survivors was 28.7 months
(range 1-106 months). The median overall survival (MST)
and progression-free survival (PFS) times for all patients
(n=204) were 42 and 12 months, respectively.

Conclusions

The essence of surgical resection for MPM is to achieve
MCR, which is possible by performing a minimum resec-
tion rather than the simple alternative between EPP and

Table 2 Perioperative results of pleurectomy/decortication performed

at Hyogo Medical University

n=204

Operation time (min), median (range)
Blood loss (g), median (range)

471 (241-882)
1393 (310-7648)

MCR, n (%) 193 (95.0)
Completion of MMT?, n (%) 150 (73.5)
30-day mortality, n (%) 1(0.5)
90-day mortality, n (%) 4(2.0)
Patients with AEs (all Gr), n (%) 135 (66.2)
Prolonged air leakage (> 7 days), n (%) 119 (58.3)
Patients with Gr 2 3 AEs, n (%) 41 (20.1)
Reoperation, n (%) 12(5.9)
ARDS/interstitial pneumonia, n (%) 94.4)
Empyema 7034
Heart failure/arrhythmia 4(2.0)

Overall survival (mo)
2-year (95% CI) 68.0 (60.9-74.1)
5-year (95% CI) 35.0 (26.7-43.5)
Median (mo) 42
Progression-free survival (mo)
2-year (95% CI) 34.3 (27.741.0)
5-year (95% CI) 14.1 (9.1-20.3)
Median (mo) 12

MMT multimodality treatment

#Patients who underwent both neoadjuvant and adjuvant chemother-
apy

P/D. Nevertheless, achieving a QoL that can allow adjuvant
therapy and optional treatment for any recurrence is of the
utmost importance.

In the 2020s, lung-sparing surgery is an important part of
MMT. Moreover, the surgeon should select the optimal sur-
gical procedure according to the patient’s condition and the
degree of tumor invasion. We must also be responsible for
improving the patient’s prognosis from a long-term perspec-
tive, including the indications for treatment of postoperative
recurrence and metastasis.
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