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Abstract 

Objectives: to date, no consensus has been reached on the surgical gold-standard in pleural mesothelioma (PM). 
We retrospectively reviewed our experience as a tertiary referral centre, to compare short- and long-term survival of 
PM patients undergoing different types of surgery. Methods: in retrospective, observational, single-centre study, we 

analysed all the patients histologically diagnosed with PM undergoing surgical procedures with palliative or curative 

intent at IRCCS Istituto Nazionale dei Tumori of Milan, Italy, from January 2003 to December 2020. The primary study 
endpoint was 10-year overall survival (OS) in three different types of resections: extra-pleural-pneumonectomy (EPP), 
pleurectomy/decortication (P/D), partial-pleurectomy/pleural-biopsy (PP/B). Secondary endpoints were postoperative 

hospital stay and postoperative 30-day and 90-day mortality rates. The survival function was estimated using Kaplan- 
Meier, and the Log-rank test was used for testing differences. Univariable and Multivariable Cox regression models 
were implemented to estimate Hazard Ratio (HR) for all variables of interest. Results: 243 consecutive patients were 

enrolled, EPP was performed in 49 (20.2%), P/D in 58 (23.8%), PP/B in 136 (56.0%) patients. The median follow-up time 

was 19.8 months. 10-year OS was significantly better for P/D group (16%, Log-Rank test p < 0.0001) compared to PP/B 

(1.8%) and EPP (0%). No statistically significant differences were found among the 3 surgical groups in 30- and 90-day 
mortality rates. At multivariable analysis, gender (male, HR = 1.58), type of resection (P/D, HR = 0.55) and surgery date 

(recent years, HR = 0.61) were found to be independent prognostic factors for OS. Conclusions: in PM, lung-sparing 

curative approach (e.g. P/D) should be preferred in highly selected patients and in highly experienced centres, whenever 
appropriate. Anyway, when P/D is not indicated, adopting palliative/conservative management (e.g. PP/B) could ensure 

comparable results as extremely aggressive surgeries (e.g. EPP). The aim of surgery in PM should not be reaching 

complete resection, but rather accomplishing significant resection allowing to complete the multimodality treatment in 

highly selected patients in experienced centers. 
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Written informed consent to the procedure and the use of clinical data for scien- 
tific purposes were obtained from all patients before the operation. The study was 
conducted in accordance with the Declaration of Helsinki. Ethics Committee Approval 
was deemed unnecessary by local laws. We present the following article in accordance 
with the STROBE reporting checklist. 
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Introduction 

Although being one of the few cancers with well-known
etiopathogenetic factor, pleural mesothelioma (PM) is still among
the deadliest neoplastic diseases worldwide, hardly reaching 10
months overall survival if untreated. 1 , 2 Its best treatment option
has been a matter of debate for the last 40 years. Nowadays
the multimodality approach, comprising surgery, chemotherapy,
and radiotherapy, still fails in achieving satisfying results. Further-
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more, it offers the most significant advantages only in highly
selected patients, often impairing their quality of life. In the setting
of available surgical procedures, pleurectomy/decortication (P/D),
extrapleural pneumonectomy (EPP), partial pleurectomy (PP) and
pleural biopsy (PB) represent the main options, considering the
latter two palliative techniques, while the former two curative
approaches. To date, no consensus has been yet reached regarding
the surgical gold-standard, since each procedure has its pros and
cons. In this scenario, while eagerly waiting for publication of new
prospective RCTs, we retrospectively reviewed our nearly 20-years
database as a tertiary referral centre, 3 comparing short- and long-
term survivals of PM patients undergoing surgery, either with pallia-
tive or curative intent. 

Materials and Methods 

We designed a retrospective, observational, single-center study,
analyzing all the patients histologically diagnosed with PM under-
going surgical procedures with palliative or curative intent at the
IRCCS Istituto Nazionale dei Tumori of Milan, Italy, from January
2003 to December 2020. All the histological diagnoses of PM were
reviewed by expert panel. We retrospectively retrieved all data avail-
able on demographic information, surgical details, postoperative
outcomes, and long-term follow-up of enrolled patients. The follow-
up time was calculated from the date of surgery to the date of
death or last follow-up. The primary study endpoint was 10-year
overall survival (OS) in 3 different types of resections: EPP, P/D,
partial pleurectomy/pleural biopsy (PP/B). Secondary endpoints
were postoperative hospital stay and postoperative 30-day and 90-
day mortality rates. Each surgical procedure was classified in accor-
dance with the latest recommendations for uniform definitions from
the International Association for the Study of Lung Cancer (IASLC)
International Staging Committee and the International Mesothe-
lioma Interest Group (IMIG) .4 P/D consisted of parietal pleurec-
tomy including chest wall, diaphragmatic and mediastinal pleura,
together with decortication of visceral pleura, eventually associated
with excision of diaphragm and/or pericardium. Patients with both
Eastern Cooperative Oncology Group (ECOG) Performance Status
Scale (PSS) < 2 and clinical burden of disease limited to visceral
and/or parietal pleura (resectable disease) were offered this proce-
dure. EPP consisted of excision of lung, ipsilateral hemi-diaphragm,
and pericardium en-bloc with parietal pleura. Patients with ECOG-
PSS < 2 and disease involving the lung (still resectable disease)
underwent EPP. PP/B was performed through mini-thoracotomy or
video-assisted thoracic surgery (VATS) approach and consisted of
partial excision of parietal and/or visceral pleura, eventually associ-
ated with talc poudrage. Patients with or ECOG-PSS of 2 to 3 or
advanced/metastatic disease (unresectable disease), largely involving
lung, or local lymph nodes or with distant metastasis, were offered
this procedure. P/D and EPP were aimed at reaching macroscopic
complete resection, whereas PP/B was for diagnostic or palliative
purposes. 

Written informed consent to the procedure and the use of clinical
data for scientific purposes were obtained from all patients before the
operation. The study was conducted in accordance with the Decla-
ration of Helsinki .5 The vital status and date of death were obtained
through the Istituto Nazionale di Statistica (ISTAT, SIATEL 2.0
linical Lung Cancer January 2024 
platform), which is updated within 3 months from death. Data
were expressed as mean (standard deviation), median (interquar-
tile range) and percentage, whenever appropriate. Proportions were
compared by chi-square test or Fisher’s exact test, as appropriate. For
continuous data, Wilcoxon-Mann-Whitney test was applied. The
survival function was estimated using Kaplan-Meier, and Log-rank
test was used for testing differences. Univariable and Multivariable
Cox regression models were implemented to estimate Hazard Ratio
(HR) and 95% Confidence Interval (CI) for all variables of interest.
P -value of less than .05 was considered statistically significant. All
analyses were performed using Statistical Analysis System Software
(Release SAS:9.04; SAS Institute, Cary, North Carolina, USA). 

Results 

A total of 243 consecutive patients were enrolled in the study.
EPP was performed in 49 (20.2%), P/D in 58 (23.8%), PP/B in
136 (56.0%) patients, respectively. Patients’ characteristics accord-
ing to type of surgery are summarized in Table 1 . 34.2% patients
were female, without statistically significant differences between
groups (26.5% vs. 39.7% vs. 34.6%, respectively, P value .36). The
median age was 65, showing significant trend towards younger age
in those undergoing EPP compared to those undergoing P/D or
PP/B (61.1 vs. 65.9 vs. 68.7 years, respectively, P value < .0001).
The surgical approach has significantly changed over the years ( P
value < .0001) due to substantial withdrawal of EPP, whereas the
numbers of P/D and PP/B have basically unchanged. The median
postoperative length of stay (LOS) was 6 days, which significantly
increased in line with the increasing complexity of type of resec-
tion ( P value < .0001): 5 days for PP/B, 8 days for P/D, and
13 days for EPP, respectively. Although 30 and 90-day mortality
rates were higher for EPP patients (6.1% and 10.2% vs. 0% and
1.7% vs. 0.7% and 5.1%, respectively for EPP, P/D and PP/B), no
significant differences were found among the 3 surgical groups as
well as in the 3 different period. The median follow-up time was
19.8 months. Globally, 218 (89.7%) patients died during the study
period. Median survival in the whole population was 19.9 months:
14.5, 28.2, and 18.6 months for EPP, P/D and PP/B, respectively.
OS at 10 years was significantly better for P/D group compared to
PP/B and EPP (16% vs. 1.8% vs. 0%, respectively, P value < .0001)
( Figure 1 ). The univariable Cox regression model ( Table 2 ) showed
that male gender was associated with shorter OS (HR = 1.71
[95% CI: 1.28-2.29]), when compared to female one; whereas
P/D and surgery performed in more recent years were positively
associated with longer OS (HR = 0.40 [95% CI: 0.27-0.61), and
HR = 0.54 [95% CI: 0.38-0.77], respectively). At multivariable
analysis, gender, type of resection and surgery date were found to
be independent prognostic factors for OS: males showed shorter OS
than females (HR = 1.58 [CI 95%: 1.17-2.14]), patients under-
going P/D experienced better OS compared to those undergoing
EPP (HR = 0.55 [CI 95%: 0.35-0.88]) and individuals operated
in more recent years had better OS compared to those operated
between 2003 and 2008 (HR = 0.61 [CI 95%: 0.41-0.90]). 

Discussion 

PM is still a largely unknown disease, with well-known etiopatho-
genesis but with lack of in-depth knowledge of genetic and molec-
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Table 1 Patients’ Characteristics According to Type of Surgery 

Total N = 243 Pneumonectomy N = 49 Pleurectomy N = 58 Biopsy N = 136 P Value 
Age, median (IQR) 65.0 (16.3) 61.1 (8.7) 65.9 (13.7) 68.7 (15.7) < .0001 

Sex, n (%) 

Female 83 (34.2) 13 (26.5) 23 (39.7) 47 (34.6) .3576 

Male 160 (65.8) 36 (73.5) 35 (60.3) 89 (65.4) 

Surgery date, n (%) 

2003-2008 104 (42.8) 36 (73.5) 15 (25.9) 53 (39.0) < .0001 

2009-2014 75 (30.9) 13 (26.5) 24 (42.4) 38 (27.9) 

2015-2020 64 (26.3) 0 19 (32.8) 45 (33.1) 

Postoperative day, median (IQR) 6 (6.0) 13 (8.0) 8 (6.0) 5 (2.0) < .0001 

Mortality, n (%) 

30-day 4 (1.6) 3 (6.1) 0 1 (0.7) .0541 

90-day 13 (5.3) 5 (10.2) 1 (1.7) 7 (5.1) .1868 

Figure 1 Ten-year overall survival according to the type of resection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ular factors, which ultimately could explain its dismal prognosis. A
SEER study 6 including more than 14,000 patients reported surgery
(intended as any resection from partial to radical) as an independent
prognostic factor for better survival, suggesting that multimodality
treatment, when based on surgery, can benefit PM patients. The
specific role of surgery is debated and even more controversial is
the optimal surgical approach to adopt. Literature is confounding
and studies are heterogeneous, since most have several limitations,
mainly based on small sample size and retrospective analysis, with
limited long-term follow-up. We have presented our nearly 20-year
experience in surgically handling PM, which has allowed us to gain
a very long-term follow-up, that is a rarity compared to currently
published literature. According to the applied surgical technique, we
have recorded different 10-year OS: 16%, 1.8%, 0%, in P/D, PP/B,
and EPP groups, respectively. This difference was statistically signif-
icant, and it could be clinically relevant. Actually, patients undergo-
ing palliative PP/B may not experience shorter survival than those
undergoing aggressive EPP, and both might have worse prognosis
than P/D. On the contrary, the 3 procedures seem to have low differ-
ences in 30-day and 90-day mortality rates, without any statistical
Clinical Lung Cancer January 2024 e7 



Table 2 Univariable and Multivariable Cox Regression Model 

HR (95% CI) 
Variable Univariable Analysis Multivariable Analysis 
Age 

< 65 1 (Reference) 1 (Reference) 

> = 65 0.97 (0.74-1.26) 1.00 (0.99-1.02) 

Sex 

Female 1 (Reference) 1 (Reference) 

Male 1.71 (1.28-2.29) 1.58 (1.17-2.14) 

Type of resection 

Pneumonectomy 1 (Reference) 1 (Reference) 

Pleurectomy 0.40 (0.27-0.61) 0.55 (0.35-0.88) 

Biopsy 0.79 (0.57-1.11) 0.96 (0.67-1.39) 

Surgery date 

2003-2008 1 (Reference) 1 (Reference) 

2009-2014 0.72 (0.53-0.99) 0.75 (0.54-1.05) 

2015-2020 0.54 (0.38-0.77) 0.61 (0.41-0.90) 
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significance. Noteworthy, 10-year OS of 16% after P/D is an inter-
esting result, which is going to be further explored and analyzed,
to find out prognostic factors affecting this population, since on
average in literature such a survival is reported on 3 to 5 years only. 

At multivariable analysis, male gender was found to be a prognos-
tic independent factor for shorter survival, in line with the findings
from other studies. 6 , 7 Similarly, the date of surgery has emerged
as an independent prognostic factor for survival, with the more
recent years ensuring a longer survival, in accordance with results
reported in literature, 6 thanks to developments in medical oncol-
ogy and advances in surgical techniques. Finally, the type of surgi-
cal approach has been found out to be an independent prognos-
tic factor, with P/D providing the best OS. EPP has been histori-
cally considered the treatment of choice in PM, prompted by the
paradigm of reaching R0 resection as the only way to cure the
disease. At our tertiary center, during the last decade, there has
been a substantial change in the preferred surgical approach, shifting
from EPP towards P/D, in accordance with the trend widespread
throughout the world, 7 partly driven by personal experience but
mainly based on MARS Trial, 8 which has undermined the role
of EPP in PM. Our results seem to be in line with those from
MARS study, as testified by similar OS reached by EPP and PP/B
patients, with lower postoperative mortality and LOS for the latter’s.
Several centers progressively abandoned this surgical approach for a
more conservative approach. P/D is a promising surgical technique,
aiming at best debulking, which is yet burdened by lack of standard-
ization and homogeneity. Five-year OS after EPP is reported to
range from 0 to 24%, with postoperative mortality rate of 0% to
12% and morbidity rate of 22% to 82% .9 On the other hand, P/D
is reported to have 5-year OS of 0% to 35%, with average postopera-
tive mortality rate of 4% .10 Recent metanalysis 11 , 12 comparing P/D
with EPP concluded that the former is associated with enhanced
outcomes regarding 30-day mortality, median overall survival, and
complications, therefore suggesting that P/D should be the preferred
linical Lung Cancer January 2024 
approach whenever possible. The reason why P/D should provide
better outcomes than EPP is still a matter of debate. Some authors
deem that it is related to different postoperative mortality, which is
higher in EPP, others think that aiming at complete sterilization of
the thorax is useless (and impossible for PM), and the real benefit
could be related to time free from recurrence gained. Indeed, even if
P/D patients are more prone to locally relapse, recurrences could be
retreated either surgically or through radiotherapy. A recent Italian
multicenter study 13 has highlighted a different OS between P/D
(extended or not) and partial pleurectomy, defining the former as
a valid operative option with good survival and acceptable postoper-
ative mortality rates, and the latter as a palliative procedure without
impact on survival. In this setting, the MesoVATS trial 14 highlighted
that talc-pleurodesis, gained either through slurry or poudrage, is
preferable to partial pleurectomy through VATS, leading to less
complications, shorter hospital stay and lower costs without differ-
ences in OS. That’s the reason why we have merged patients under-
going PP and those undergoing PB in the same group. A risk-benefit
equation has been established in PM 

15 : gain in survival time = (time
gained by cytoreduction + time gained by lung reexpansion) – (time
lost by operative mortality + time lost by long-term mortality of
surgical procedure + time lost from accelerated death after recur-
rence). This equation could potentially explain even our results,
since the EPP is burdened by high loss of time in operative and
long-term mortality as well as death after recurrence without lung re-
expansion; similarly, PP/B cannot provide valuable time by cytore-
duction but can be favorable in all the other fields, finally equaliz-
ing the EPP. On the contrary, P/D seems currently to be the most
balanced procedure, ensuring time in lung re-expansion and lower-
ing perioperative and long-term postoperative mortality. Whether
P/D is going to be the key surgical approach of the future, as EPP
has been in the past, is still to be fully explored. Recently, findings
from the UK multicenter RCT MARS-2 Trial, 16 which have been
presented at the latest World Conference of Lung Cancer 2023 in
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Singapore, 17 even questioned its role in the management of PM,
showing higher risk of death, more serious complications, poorer
quality of life and higher costs for patients undergoing (extended)
P/D after induction chemotherapy compared to those undergoing
chemotherapy alone. These results seem to be practice-changing,
but, while waiting for the definitive publication of the Trial, from
the available data, we can notice that patients enrolled in the “surgi-
cal arm” experienced less than 20% 5-year OS, which is about half
of that experienced by our patients, maybe due to different selection
criteria. This finding suggests that P/D may still represent a valid
therapeutic option in the next future in highly selected patient and
in highly experienced centers, within a multimodality approach, at
least until highly effective chemotherapeutics will be discovered. 

Besides its retrospective monocentric nature and the relatively
small sample size enrolled, this study presents other significant
limitations: lack of information about comorbidity data, stage,
histology, and adjuvant/neoadjuvant treatment. In order to keep the
central message as clear as possible, providing a cross-sectional real-
world scenario of our tertiary referral center without wandering in
speculative elements, we decided not to include such information
in this brief report. Furthermore, the long span of study period
may have introduced confounding elements: different surgeons’
techniques as well as progressive evolution of medical treatment,
such as improvement of immunotherapy, might have influenced the
reported outcomes. These limitations, which will be soon addressed
in further in-depth analysis, prevent us from drawing generalizable
conclusions at the moment. Nonetheless, this is one of the studies
with the longest postoperative follow-up period and accurate assess-
ment of deaths through the ISTAT national platform, ensuring a
unique 10-year OS, which is worth to be shared with the scientific
community. 

In conclusion, currently PM is still a challenging disease with
awful prognosis. Until proven otherwise, multimodality treatment
is the therapeutic approach of choice in PM, when feasible. The
evolution of medical therapy has not changed the natural history
of the disease yet, and surgery may still have a role in its treat-
ment. Based on our results, lung-sparing approach (eg, P/D) should
be preferred in highly selected patients compared to other surgical
options, whenever appropriate. Anyway, when P/D is not indicated,
adopting a palliative/conservative surgical management (eg, PP/B)
could ensure comparable long-term results as extremely aggressive
surgeries (eg, EPP), which have been demonstrated to be uncapable
of reaching radicality at the cost of an unbearable increase of
morbidity and mortality risks. The aim of surgery in resectable
PM should not be longer reaching a macroscopic or microscopic
complete resection, but rather accomplishing a significant resection
allowing to complete the multimodality treatment in highly selected
patients in experienced centers. Further studies are needed to better
address this interesting issue. 

Clinical Practice Points 
The benefit of surgical treatment in Pleural Mesothelioma is still
debated and even more questioned is the surgical gold standard,
due to the lack of studies with long-lasting follow-up. 
Lung-sparing approach (e.g. pleurectomy/decortication, P/D)
should be preferred in highly selected patients compared to other
surgical options, whenever appropriate, ensuring the best 10-year
overall survival; anyway, when P/D is not indicated, adopting a
palliative/conservative surgical management (e.g. partial pleurec-
tomy/pleural biopsy) could ensure comparable long-term results
as extremely aggressive surgeries (e.g. extra-pleural pneumonec-
tomy). 
Curative surgery for Pleural Mesothelioma should be performed
only in highly selected patients in highly experienced centers,
preferably through lung-sparing approach. 
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