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KEY POINTS

� While without treatment, malignant pleural mesothelioma (MPM) confers poor survival,
cancer-directed surgery as part of multimodality treatment has been associated with a
15% 5-year survival.

� Extrapleural pneumonectomy (EPP) and radical or extended pleurectomy/decortication
(P/D) are the 2 types of resection performed in this context. Preoperative staging is critical
to patient selection for surgery and, generally, P/D is recommended over EPP in most
cases.

� Adjuvant therapy with intraoperative platforms, traditional chemotherapy, hemithoracic
radiotherapy before or after resection, and new immunotherapy agents are instrumental
in achieving durable long-term results for MPM patients. This article outlines the latest un-
derstanding of the staging of this disease and describes the current state of literature and
practice for MPM.
INTRODUCTION

Malignant pleural mesothelioma (MPM) is a primary malignancy of the pleura best
known for its association with asbestos exposure. A locally aggressive disease,
MPM is difficult to eradicate, with progression and/or recurrence so frequent they
are considered the rule, not the exception. Left untreated, the median overall survival
of for MPM is 7 months.1 Resection, chemotherapy, radiotherapy, and immuno-
therapy have been used in various combinations, and in the context of multimodality
therapy, curative-intent surgery has been associated with improved survival.2–5

Surgery for MPM includes both diagnostic and therapeutic procedures to stage and
treat this disease. Surgical biopsy via pleuroscopy or video-assisted thoracoscopic
surgery distinguishes MPM from metastatic disease of other primaries, such as
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lung, colorectal, and breast cancers. Moreover, surgical biopsy most accurately pre-
dicts tumor histology (epithelial, sarcomatoid, biphasic, and so forth).6 While the ther-
apeutic benefit of surgery is the subject of ongoing discussion, cancer-directed
surgery for MPM has been associated with a 5-year survival of 15%, not dissimilar
to other aggressive solid cancers such as locally advanced esophageal or pancreatic
carcinoma.7–10
STAGING IN MALIGNANT PLEURAL MESOTHELIOMA

As with any solid malignancy, patients who present with MPM require staging to deter-
mine prognosis and guide therapy. An ideal staging system stratifies patients into
discrete groups (with sufficient numbers in each group) based on prognosis in which
analysis results in survival curves with clear separation and reduced survival with each
advancement in stage. Multiple staging systems have been developed and described
for MPM, generally limited by the rarity and relative poor survival for most patients with
this disease.11

Published staging systems that have been based on retrospective data from mostly
surgical studies. Butchart and colleagues12 described the first staging system for
MPM based on their single-institution study of 29 patients undergoing extrapleural
pneumonectomy (EPP) for MPM, in which 9 (31%) died in the hospital and 3
(10.3%) survived 2 or more years. The Brigham and Women’s Hospital published
the first iteration of the Brigham staging system based on a series of 52 patients un-
dergoing EPP, chemotherapy, and radiotherapy.13 This group published revised edi-
tions of this system based on updates in the original dataset.14 Analysis of a large
cohort of mostly new cases was used to derive proposed adjustments for the staging
of patients with epithelial disease in 2010.15

Additional staging systems have incorporated clinical variables available before sur-
gical resection (or, if none is performed, factors available as part clinical staging) as
datasets became available that included large enough cohorts of patients treated
operatively.16 The International Union Against Cancer (UICC) and American Joint
Committee on Cancer (AJCC) first proposed tumor, node, and metastasis criteria
for MPM in the 4th edition of the UICC/AJCC staging system in 1992.17,18 Modifica-
tions were proposed by the International Mesothelioma Interest Group in 1994, which
have subsequently been adopted as the international standard.19 In the 25 years
since, the International Association for the Study of Lung Cancer staging committee
has subsequently assembled an international database combining retrospective data-
sets from participating institutions with an ongoing prospective registry with continued
efforts to standardize documentation of clinical, demographic, pathologic, and treat-
ment variables.20–22

Clinical Staging of Malignant Pleural Mesothelioma for Preoperative Evaluation

All MPM patients are staged with PET-computed tomography to evaluate for nodal
and/or distant metastases. High PET-avidity in the pleural tumor is associated with
worse survival.23 Mediastinal nodal evaluation with endobronchial ultrasound or
mediastinoscopy should be considered, and certainly if there are enlarged or PET-
avid mediastinal lymph nodes. Some clinicians advocate routine pathologic medias-
tinal staging, but the variable nodal drainage of the pleura and unpredictable patterns
of nodal metastatic spread from MPM have resulted in poor sensitivity of cervical
mediastinoscopy for detecting extrapleural nodal spread of disease.24,25 Diffuse chest
wall, subdiaphragmatic, and mediastinal invasion are assessed with chest MRI.26

Laparoscopic staging to rule out intra-abdominal spread of MPM should be performed



Management of Malignant Pleural Mesothelioma 605
if imaging suggests subdiaphragmatic extension of tumor and/or ascites, although
some surgeons perform this in all patients. In general, cancer-directed surgical resec-
tion is not offered to patients with intra-abdominal invasion of disease.

SURGICAL RESECTION FOR MALIGNANT PLEURAL MESOTHELIOMA

Although few MPM patients undergo resection in the general population, up to
40% are offered surgery at tertiary referral centers.27 In a study of 5937 MPM pa-
tients in the Surveillance, Epidemiology, and End Results (SEER) dataset diag-
nosed between 1990 and 2004, Flores and colleagues27 found that 22% of
patients underwent cancer-directed surgery. Updated, more comprehensive data-
sets were analyzed in more recent studies and also found that cancer-directed sur-
gery was predictive of longer survival.7,28 In 1 study exploring racial disparities,
surgery was an independent predictor of reduced mortality (hazard ratio [HR] 5
0.68; 95% CI, 0.63–0.74) and surgery was associated with a median overall survival
of 11 months (compared with 7 months without, P<.0001), but fewer black patients
were treated with resection.28

In MPM, surgical resection includes either EPP or radical or extended pleurectomy/
decortication (P/D). EPP is the en bloc removal of the lung, parietal and visceral
pleurae, diaphragm, and pericardium. Radical or extended P/D includes resection
of the parietal and visceral pleurae, with or without removal of the diaphragm and/or
pericardium if involved with tumor, but always preserving the underlying lung. While
individual surgeon, patient, and tumor-specific factors determine which procedure
is performed, most experts recommend radical or extended P/D as the procedure
of choice, and all clinicians and investigators agree that surgery should be performed
in the context of multimodality therapy whenever possible. Preoperative, intraopera-
tive, and/or postoperative adjuvant treatment includes chemotherapy, intracavitary
chemotherapy or photodynamic therapy, preoperative or postoperative external
beam radiotherapy, and immunotherapy.29–35

Selecting Patients for Surgery

Historically, it was believed that resection should be considered for patients with more
disease characteristics such that the possible benefit of surgery would offset its risk.
Criteria for patient selection for surgery are therefore based on identifying patients with
favorable clinical and demographic characteristics. Positive prognostic factors for
MPM are epithelial histology, female gender, and earlier stage. In a retrospective study
of 945 patients, epithelial histology, female gender, early stage, absence of tobacco or
asbestos exposure, and left-sided tumors were associated with longer survival.36–38 In
a SEER analysis of 14,229 MPM patients diagnosed between 1973 and 2009, female
gender was a significant predictor of longer survival, independent of age, stage, race,
and treatment (adjusted HR5 0.78; 95% CI, 0.75–0.82).4 Another study of the impact
of gender on survival found that the association with positive effect on survival was
only present for young women with epithelial tumors.5 In this series evaluating patients
who survived at least 3 years after EPP, women under the age of 56 years with epithe-
lial MPM had a median survival longer than 7 years, compared with less than 4.5 years
for older women.5 For men and women, higher stage and nonepithelial histology are
associated with lower survival.2,36

Outcomes of Extrapleural Pneumonectomy

Because EPP is generally performed in the context of multimodality therapy, studies
evaluating results for EPP reflect effects of EPP and adjuvant treatment, such as
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chemotherapy, radiotherapy, and/or immunotherapy. In an early series of 183 patients
who underwent EPP with adjuvant chemotherapy and radiotherapy, perioperative
mortality was 3.8% and morbidity was 50%.14 Median survival for those who survived
surgery was 19 months. Patients with epithelial disease, negative margins, and normal
extrapleural (mediastinal) nodes had a median long-term survival of 51 months.
Heated intraoperative chemotherapy (HIOC) has been used successfully as an

adjunct to surgery for MPM. In a phase I study of EPP with HIOC, a median survival
of 26 moths was seen in patients who received cisplatin doses of 175 to 200 mg/
m2.39 Median survival was 39 months for stage I/II epithelial patients, compared
with 15 months for those with stage III epithelial disease. The same investigators
published a larger phase II study of 121 patients, reporting an overall median survival
of 12.8 months, and for patients with early-stage tumors, 21 months.40 In a trial eval-
uating EPP and adjuvant chemotherapy in 302 patients in Scotland, those with stage
I/II MPM had a median survival of 35 months.41 Those who underwent EPP alone
had a survival of 13 months. Batirel and colleagues42 in Turkey analyzed results
for 20 patients undergoing EPP and adjuvant radiotherapy and platinum-based
chemotherapy, reporting a median survival of 17 months in this cohort. Yan and col-
leagues8 reported a retrospective series of 70 patients undergoing EPP followed by
chemotherapy and/or radiotherapy, resulting in a median survival of 20 months.
Adjuvant radiotherapy and pemetrexed were independent predictors of longer
survival.
In 1 trial of 19 patients undergoing induction chemotherapy, EPP, followed by adju-

vant radiotherapy, Weder and colleagues30 found an overall median survival of
23 months, with 13 patients completing the full regimen. In a large, multicenter pro-
spective study of 61 patients, the same investigators reported that 58 (95%)
completed induction chemotherapy, 45 (74%) underwent EPP, and 36 (59%) received
at least part of planned adjuvant radiotherapy.43 Overall median survival was
19.8 months, with 23 months for patients who underwent EPP after completing
chemotherapy.
In a phase II trial of neoadjuvant chemotherapy, EPP, and hemithoracic radio-

therapy, Flores and colleagues29 reported an overall median survival of 19 months.
For 8 patients who completed cisplatin-gemcitabine chemotherapy and EPP, median
survival was 35 months. In a phase II multicenter trial of 77 patients, the same group
treated 77 patients with cisplatin-pemetrexed, EPP, and radiotherapy, with 40 (52%)
patients completing the full regimen and surviving a median of 29 months.44 Perioper-
ative mortality was 3.7% and local recurrence occurred in 14% of patients. The overall
median survival was 16.8 months. de Perrot and colleagues45 found similarly prom-
ising results in a retrospective analysis of 60 patients treated with cisplatin-based
chemotherapy followed by EPP and adjuvant radiotherapy. Median overall survival
was 14 months, but for 30 (50%) patients who completed the full regimen, those
with no nodal disease on final pathologic analysis had a median survival of 59 months.
The same investigators enrolled 25 patients in a phase I/II trial of induction radio-
therapy with 25 Gy intensity-modulated radiotherapy 1 week before EPP, with patients
with positive nodes on final pathologic analysis receiving adjuvant chemotherapy.46

There was 1 (4%) postoperative death. With a median follow-up of 23 months, 3-
year survival was 84% for patients with epithelial disease and 13% for those with
biphasic disease.

Recurrence After Extrapleural Pneumonectomy

While metastasis in MPM is less common than that seen with other solid malig-
nancies, local recurrence is the rule, rather than the exception, and represents
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the most common cause of death in most patients after EPP. Whereas hematoge-
nous spread occurs rarely, recurrence is more commonly locoregional (to the ipsi-
lateral chest and abdomen). Baldini and colleagues47 described a series of all
patients undergoing EPP-based multimodality therapy, excluding 11 patients who
died perioperatively or lacked information regarding location of recurrence. In 54
patients (72% of all recurrences), recurrence first occurred in the ipsilateral hemi-
thorax or mediastinum. The remaining recurrences occurred in the abdomen
(53%), contralateral chest (38%), and distant sites (7%), with many patients recur-
ring in multiple concurrent sites. The authors concluded that treatment failure
most commonly occurred in the ipsilateral chest. Flores and colleagues48,49 pub-
lished a retrospective study of 663 patients treated with various surgery-based
multimodality protocols. Of 385 patients undergoing EPP, 57% recurred, with
33% of first recurrences occurring in the ipsilateral chest or pericardium. Other
sites were abdomen (31%), contralateral chest (22%), abdomen and chest (8%),
and bone (3%).

Outcomes of Pleurectomy/Decortication

Over the decades, increasing evidence and experience has suggested that the high
mortality and morbidity of EPP was not met with obvious benefit in long-term mortal-
ity.50 Most clinicians now agree that P/D, the lung-sparing resection for MPM, is rec-
ommended for cancer-directed surgery in this disease.51

As in EPP, patients undergoing P/D are treated with adjuvant therapy in an effort to
decrease the likelihood of local recurrence. In 1 prospective phase I/II trial, 44 patients
underwent P/D with HIOC, with a median survival of 14 months seen in patients who
were resectable. The subset of patients who received high-dose intraoperative
cisplatin (175–450 mg/m2) had a median survival of 18 months.31 Postoperative hemi-
thoracic radiotherapy has been used successfully as adjuvant therapy, but the pres-
ence of the remaining underlying lung parenchyma makes this a complex and highly
specialized technique. In the largest retrospective series, 123 patients treated with a
median of 42.5 Gy hemithoracic radiotherapy after P/D experienced a local control
rate of 42% and median survival of 13.5 months.52,53 The same investigators used
46.8 Gy intensity-modulated radiotherapy in another series and found 1- and 2-year
survival of 75% and 53%, respectively, with grade 3/4 pneumonitis occurring in
20% of patients.

Recurrence After Pleurectomy/Decortication

Despite best attempts at intraoperative and postoperative adjunctive therapy, most
patients who undergo P/D recur, with the most common site of treatment failure in
the ipsilateral chest. The ipsilateral hemithorax and/or mediastinum were the site(s)
of more frequent first recurrence in 95% of 59 patients undergoing P/D in 1 large series
evaluating this issue.54 Flores’s series comparing EPP to P/D had similar findings, with
65% of first relapse presenting as local recurrence.48
DATA COMPARING EXTRAPLEURAL PNEUMONECTOMY WITH PLEURECTOMY/
DECORTICATION

As P/D became the procedure of choice for most surgeons treating MPM, many
studies evaluated outcomes for the 2 operations. P/D is associated with better periop-
erative morbidity and mortality. One Society of Thoracic Surgeons Database study
found higher rates of acute respiratory distress syndrome, reintubation, unexpected
reoperation, sepsis, and mortality after EPP compared with P/D.55
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In the largest retrospective study comparing EPP to P/D, Flores and colleagues48

found higher cumulative survival for curative-intent P/D than EPP for patients with
early-stage disease. For patients with later-stage disease, EPP was associated with
better survival. One meta-analysis of a small portion of the literature comparing the
2 operations found significantly lower mortality and a trend toward higher cumulative
survival with P/D.56 Another meta-analysis of 24 independent datasets from all
English-language observational studies published from 1990 to 2014 compared
1391 patients who underwent EPP with 1512 patients who underwent P/D.57,58 The
proportion of patients with epithelial histology varied widely among the studies. There
was significantly higher 30-day mortality associated with EPP (4.5% versus 1.7%,
P<.05) with little heterogeneity between studies. For the 17 studies including data
on median survival, 53% demonstrated higher median survival with EPP (and 47%
with P/D). Of 7 studies reporting at least 2-year survival, there was no significant sur-
vival difference, but there was significant heterogeneity among studies.57

Given an association with higher risk and lack of clear survival benefit over P/D, EPP
has been the subject of controversy, with some practitioners advocating against it.59

The Mesothelioma and Radical Surgery (MARS) trial, which failed to complete suc-
cessful randomization, was an attempt to compare EPP with no surgery for MPM.
Post-hoc analyses explored long-term outcomes, but these studies lacked adequate
power to draw meaningful conclusions. A phase III randomized control trial of P/D
versus no surgery for patients undergoing platinum-pemetrexed chemotherapy for
MPM, MARS2 (NCT02040272), is currently ongoing.60

IMMUNOTHERAPY IN MALIGNANT PLEURAL MESOTHELIOMA

Theobservationof longer-than-expected survival forMPMpatientswith chronic inflam-
matory states fromsmolderingpostoperative infectioncombinedwith successful useof
checkpoint inhibitors in other solid thoracicmalignancies61 has led to optimism that the
tumormicroenvironment inMPMmay bemodulated to promote antitumor response. In
fact, although sarcomatoid histology andhigh tumor-infiltrating lymphocyte are consid-
ered poor prognosticators,62 patients with these features have demonstrated clinical
responsiveness in small trials of programmed cell death protein-1 (PD-1) blockade.63

Immunotherapy alone has been tested as second- and third-line treatment options
for MPM, with response rates of 20% to 30%.64 Success with the additive and/or syn-
ergistic impact of chemotherapy combined with PD-1 blockade in non-small cell lung
cancer65,66 has led many investigators to recruit for trials of chemo-immunotherapy
in MPM and also led many clinicians to use these combinations off-label in practice.
Novel therapeutics in the form of oncolytic viruses, vaccines, chimeric antigen receptor
T cell, checkpoint inhibition, and antibody-drug conjugates are the subject of ongoing
investigation as components of multimodality therapy for MPM.35

SUMMARY

Despite its reputation as an aggressive and fatal disease, MPM has multiple treatment
options, specifically in the context of surgery-based multimodality therapy, which is
associated with a 15% 5-year survival. Staging patients preoperatively and selecting
the appropriate type of resection for the appropriate patient is critical. Generally, P/D
is better tolerated and evidence suggests that survival is not worse than that associ-
ated with EPP. Locoregional recurrence is common after both procedures but patients
who have undergone P/D have avoided the morbidity of EPP and are generally better
positioned to tolerate adjuvant therapy and treatment of recurrent disease. Traditional
adjuvant therapy before or after surgery with chemotherapy and/or radiotherapy is
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currently part of the standard protocols, although there are no data to support one or-
der of treatment over another. Combination with immunotherapy represents the new-
est horizon with initial studies suggesting we may be able to harness individual
patients’ immune systems to fight this challenging disease.
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