
Krankenhaus Martha-Maria Halle-Dölau
Wolfgang Schütte

Mesotheliom-therapeutische Optionen

Thorakoskopiekurs Halle 2022



Conflict of interest statement

1. CEO function or direct job relationship - none

2. Advisory board function
Amgen; AstraZeneca; Boehringer; Bristol; Glaxo; Lilly; 
Novartis; Roche

3. Stocks  - none

4. Honoraria
Amgen; AstraZeneca; Boehringer; Bristol; Glaxo; Lilly;
MSD; Novartis; Roche

5.   Research funding
Amgen; AstraZeneca; Lilly; Roche

6.    Other financial relations - none



Therapie des MPM

1  Erguß 2  Pleuratumor
3  Pericardbeteiligung 4  Kontralaterale Plaques  

International Mesotheliom Interest Group  - IMIG



Therapie des MPM

Stadium Ia T1a  N0  M0
Ib T1b  N0  M0

Stadium II                               T2    N0   M0
Stadium III                              T3 oder N1-2  M0
Stadium IV                              T4 oder N3 oder M1 

International Mesotheliom Interest Group  - IMIG

T1a     parietale Pleura
T1b     parietale Pleura + viscerale Foci
T2       T1 + Diaphragmamuskulatur oder Lunge
T3       T2 + Mediastinum, Perikard, Brustwand 
T4        >T3 z.B. Peritoneum, kontralat.P., Mediastinum
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Chirurgische Therapiemaßnahmen 

Extrapleurale Pleuropneumonektomie mit Perikard- und 
Zwerchfellresektion 
- potentiell kurativer Eingriff bei günstigen prognostischen Parametern 
und fehlendem mediastinalen LK-Befall

Pleurektomie/Dekortikation 
- palliative Therapiemaßnahme zur Prävention und Therapie rezidivierender 
Ergüße (Erfolgsrate ca. 70-85%) 

- ein Vorteil durch Pleurektomie/Dekortikation  für die ÜLZ ist nicht gesichert

Thorakoskopische Talkumpleurodese
- Behandlung rezidivierender Pleuraergüße (Erfolgsrate ca. 85-90%). 
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- Palliation < 40 Gy nicht effektiv ( 1 von 23 Pt. )
Ball et al.1990

- Post EPP           > 40 Gy möglich - Effektivität fraglich
Sugerbaker et al.1999

- Stichkanal         3x7 Gy   - signifikante Reduktion
Boutin et al.1995

Radiotherapie
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Background: Surgical resection of malignant pleural mesothelioma is reported to
have up to an 80% rate of local recurrence. We performed a phase II trial of high-
dose hemithoracic radiation after complete resection to determine feasibility and to
estimate rates of local recurrence and survival.

Methods: Patients were eligible if they had a resectable tumor, as determined by
computed tomographic scanning, and adequate cardiopulmonary function for
extrapleural pneumonectomy or pleurectomy/decortication. After complete resec-
tion, patients received hemithoracic radiation (54 Gy) and then were followed up
with serial computed tomographic scanning.

Results: From 1995 to 1998, 88 patients (73 men and 15 women; median age, 62.5
years) were entered into the study. The operations performed included 62
extrapleural pneumonectomies (70%) and 5 pleurectomies/decortications; proce-
dures for exploration only were performed in 21 patients. Seven (7.9%) patients
died postoperatively. Adjuvant radiation administered to 57 patients (54 undergoing
extrapleural pneumonectomy and 3 undergoing pleurectomy/decortication) at a
median dose of 54 Gy was well tolerated (grade 0-2 fatigue, esophagitis), except for
one late esophageal fistula. The median survival was 33.8 months for stage I and II
tumors but only 10 months for stage III and IV tumors (P = .04). For the patients
undergoing extrapleural pneumonectomy, the sites of recurrence were locoregional
in 2, locoregional and distant in 5, and distant only in 30. 

Conclusion: Hemithoracic radiation after complete surgical resection at a dose not
previously reported is feasible. This approach dramatically reduces local recurrence
and is associated with prolonged survival for early-stage tumors. Stage III disease
has a high risk of early distant relapse and should be considered for trials of sys-
temic therapy added to this regimen of resection and radiation.

M
alignant pleural mesothelioma (MPM) is an uncommon can-
cer for which treatment options are limited. In its early stages,
MPM remains localized to a single hemithorax, and therapeu-
tic efforts have therefore focused on local treatment modali-
ties, including surgical resection, radiation, intrapleural
chemotherapy, and photodynamic therapy. Although

extrapleural pneumonectomy (EPP) is associated with a lower risk of local recur-
rence than pleurectomy/decortication (P/D), surgical resection alone does not offer
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Neoadjuvante Chemotherapie + extrapleurale Pneumonektomie
+/- Radiatio T 1-3  N0-2  M0 

CT n=19 : 3 Zyklen  Cisplatin/Gemcitabine
Op n=16 : Schwere Komplikation 6 ; Tod 0
RT n=13 : 30 Gy Hemithorax + 20 Gy Boost

Weder et al. JCO 2004

ORR    =   32%
MST    =   23 mo
1-JÜ    =   79%
2-JÜ    =   37%
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optional radiotherapy to sites of high risk, other phase 2 
trials5,6,13 have reported results from use of three or four 
cycles of neoadjuvant chemotherapy, extrapleural 
pneumonectomy, and radiotherapy to treat patients with 
malignant pleural mesothelioma. Although all these 
trials test a similar idea, a major diff erence between our 
trial and the others was the criteria for patient selection. 
We included patients with mediastinoscopy-proven N2 
disease and patients with mixed or sarcomatoid 
histology, as well as potentially resectable T3 tumours, 
whereas these patients were largely excluded from the 
other trials as these characteristics have been associated 
with poor outcome.7,14,15

Chemotherapy was well tolerated and resulted in 
roughly a third of patients achieving an objective 
response, in keeping with responses to pemetrexed and 
cisplatin reported in other studies,6,7 ranging from 
32·5% to 35·9%. The surgical outcome was in keeping 
with our experience.3,4 Almost two-thirds of patients had 
complete resection, similar to our previous multicentre 
trial with 61%.4 According to the same criteria, 68% of 

patients had complete macroscopic resection in a 
multicentre trial7 by the European Organisation for 
Research and Treatment of Cancer. Extrapleural 
pneumonectomy is a complex procedure with high 
surgical morbidity and mortality. Other prospective 
trials5,6,13 have reported 30-day surgical mortality ranging 
from 3·7% to 6·5%, according with our fi ndings. This 
mortality is a cause for concern, given that cure of 
malignant pleural mesothelioma even by the most 
aggressive treatment has remained elusive. Nevertheless, 
mortality was much less than the surgical mortality of 
18% reported in the MARS feasibility trial of 17 patients 
who underwent extrapleural pneumonectomy per-
protocol or off -protocol.8 Thus, the role of extrapleural 
pneumonectomy in the treatment of malignant pleural 
mesothelioma remains controversial, as also shown by 
the diff erent conclusions reached in two systematic 
reviews.16,17 However, if patients with a low risk profi le 
and resectable disease are selected, extrapleural 
pneumonectomy should—in our opinion—still be 
considered as part of treatment. Lung-sparing extended 
pleurectomy and decortication has emerged as a viable 
alternative to extrapleural pneumonectomy, particularly 
for patients with low tumour burden.18,19 Retrospective 
comparisons of the two procedures showed signifi cantly 
reduced treatment-related morbidity and mortality with 
potentially similar treatment outcome.20

In part 2, 20 eligible patients refused to be enrolled. 
The reason for this was not recorded; however, we 
assume that both the heavy burden of neoadjuvant 
chemotherapy and extrapleural pneumonectomy and 
the unknown benefi t of hemithoracic radiotherotherapy 
contributed to their decision. Three diff erent radiation 
schedules were allowed depending on the technique 
established and available in each centre. However, the 
total dose and dose per fraction diff ered little between 
the three schedules and the biological eff ectiveness is 
considered to be equal. Radiotherapy had acceptable 
toxic eff ects. One potential concern of administering 
radiotherapy to the hemithorax is that it might induce 
fatigue because of the large volume irradiated. Severe 
constitutional side-eff ects such as fatigue or weight loss 
were not common despite large treatment volumes.

Patients assigned to hemithoracic radiotherapy had a 
slight improvement of locoregional relapse-free survival. 
Overall survival was slightly longer in the no radiotherapy 
group. Even though only 27 patients, rather than the 
intended 37 patients, were assigned to receive 
radiotherapy, the goal of improving locoregional relapse-
free survival by 12 months is out of reach with our broad 
patient selection. Given that 73% of the planned sample 
size was enrolled, and the upper limit of the 95% CI in 
the radiotherapy group was 14·8 months, we were 
unlikely to detect an increase from 16 months to 
28 months in the median with an additional ten patients. 
In hindsight, this assumption was optimistic, made at a 
time when few data were available.

Figure 3: Kaplan-Meier analysis of overall survival from registration
For all patients (A), and in each treatment group (B).
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Neoadjuvant chemotherapy and extrapleural 
pneumonectomy of malignant pleural mesothelioma with 
or without hemithoracic radiotherapy (SAKK 17/04): 
a randomised, international, multicentre phase 2 trial
Rolf A Stahel, Oliver Riesterer, Alexandros Xyrafas, Isabelle Opitz, Michael Beyeler, Adrian Ochsenbein, Martin Früh, Richard Cathomas, 
Kristiaan Nackaerts, Solange Peters, Christoph Mamot, Alfred Zippelius, Carlo Mordasini, Clemens B Caspar, Katrin Eckhardt, Ralph A Schmid, 
Daniel M Aebersold, Oliver Gautschi, Wolfgang Nagel, Michael Töpfer, Jerome Krayenbuehl, Karin Ribi, llja F Ciernik, Walter Weder

Summary
Background Postoperative hemithoracic radiotherapy has been used to treat malignant pleural mesothelioma, but it 
has not been assessed in a randomised trial. We assessed high-dose hemithoracic radiotherapy after neoadjuvant 
chemotherapy and extrapleural pneumonectomy in patients with malignant pleural mesothelioma.

Methods We did this phase 2 trial in two parts at 14 hospitals in Switzerland, Belgium, and Germany. We enrolled 
patients with pathologically confi rmed malignant pleural mesothelioma; resectable TNM stages T1–3 N0–2, M0; 
WHO performance status 0–1; age 18–70 years. In part 1, patients were given three cycles of neoadjuvant chemotherapy 
(cisplatin 75 mg/m² and pemetrexed 500 mg/m² on day 1 given every 3 weeks) and extrapleural pneumonectomy; the 
primary endpoint was complete macroscopic resection (R0–1). In part 2, participants with complete macroscopic 
resection were randomly assigned (1:1) to receive high-dose radiotherapy or not. The target volume for radiotherapy 
encompassed the entire hemithorax, the thoracotomy channel, and mediastinal nodal stations if aff ected by the 
disease or violated surgically. A boost was given to areas at high risk for locoregional relapse. The allocation was 
stratifi ed by centre, histology (sarcomatoid vs epithelioid or mixed), mediastinal lymph node involvement (N0–1 vs 
N2), and T stage (T1–2 vs T3). The primary endpoint of part 1 was the proportion of patients achieving complete 
macroscopic resection (R0 and R1). The primary endpoint in part 2 was locoregional relapse-free survival, analysed by 
intention to treat. The trial is registered with ClinicalTrials gov, number NCT00334594.

Findings We enrolled patients between Dec 7, 2005, and Oct 17, 2012. Overall, we analysed 151 patients receiving 
neoadjuvant chemotherapy, of whom 113 (75%) had extrapleural pneumonectomy. Median follow-up was 54·2 months 
(IQR 32–66). 52 (34%) of 151 patients achieved an objective response. The most common grade 3 or 4 toxic eff ects 
were neutropenia (21 [14%] of 151 patients), anaemia (11 [7%]), and nausea or vomiting (eight [5%]). 113 patients had 
extrapleural pneumonectomy, with complete macroscopic resection achieved in 96 (64%) of 151 patients. We enrolled 
54 patients in part 2; 27 in each group. The main reasons for exclusion were patient refusal (n=20) and ineligibility 
(n=10). 25 of 27 patients completed radiotherapy. Median total radiotherapy dose was 55·9 Gy (IQR 46·8–56·0). 
Median locoregional relapse-free survival from surgery, was 7·6 months (95% CI 4·5–10·7) in the no radiotherapy 
group and 9·4 months (6·5–11·9) in the radiotherapy group. The most common grade 3 or higher toxic eff ects related 
to  radiotherapy were nausea or vomiting (three [11%] of 27 patients), oesophagitis (two [7%]), and pneumonitis (two 
[7%]). One patient died of pneumonitis. We recorded no toxic eff ects data for the control group.

Interpretation Our fi ndings do not support the routine use of hemithoracic radiotherapy for malignant pleural 
mesothelioma after neoadjuvant chemotherapy and extrapleural pneumonectomy.

Funding Swiss Group for Clinical Cancer Research, Swiss State Secretariat for Education, Research and Innovation, 
Eli Lilly.

Introduction
Malignant pleural mesothelioma is a rare form of 
thoracic cancer associated with asbestos exposure. 
Because of the long latency period, its peak incidence 
in Europe has been estimated to occur around 2020, 
given the ban on asbestos use in the late 1980s.1 
Cisplatin-based combination chemotherapy has 
become the standard of care, primarily since a study2 
showed better survival and symptom control with 

cisplatin combined with pemetrexed compared with 
cisplatin alone.

Malignant pleural mesothelioma is usually localised to 
one hemithorax and regional lymph nodes, with local 
extension into the peritoneal cavity or the contralateral 
pleural space occasionally occurring late in the course of 
disease and only seldom haematogenic metastases. 
Thus, surgery and radiotherapy to treat local disease are 
being investigated, in addition to systemic chemotherapy.

Lancet Oncol 2015; 16: 1651–58

Published Online
November 2, 2015
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optional radiotherapy to sites of high risk, other phase 2 
trials5,6,13 have reported results from use of three or four 
cycles of neoadjuvant chemotherapy, extrapleural 
pneumonectomy, and radiotherapy to treat patients with 
malignant pleural mesothelioma. Although all these 
trials test a similar idea, a major diff erence between our 
trial and the others was the criteria for patient selection. 
We included patients with mediastinoscopy-proven N2 
disease and patients with mixed or sarcomatoid 
histology, as well as potentially resectable T3 tumours, 
whereas these patients were largely excluded from the 
other trials as these characteristics have been associated 
with poor outcome.7,14,15

Chemotherapy was well tolerated and resulted in 
roughly a third of patients achieving an objective 
response, in keeping with responses to pemetrexed and 
cisplatin reported in other studies,6,7 ranging from 
32·5% to 35·9%. The surgical outcome was in keeping 
with our experience.3,4 Almost two-thirds of patients had 
complete resection, similar to our previous multicentre 
trial with 61%.4 According to the same criteria, 68% of 

patients had complete macroscopic resection in a 
multicentre trial7 by the European Organisation for 
Research and Treatment of Cancer. Extrapleural 
pneumonectomy is a complex procedure with high 
surgical morbidity and mortality. Other prospective 
trials5,6,13 have reported 30-day surgical mortality ranging 
from 3·7% to 6·5%, according with our fi ndings. This 
mortality is a cause for concern, given that cure of 
malignant pleural mesothelioma even by the most 
aggressive treatment has remained elusive. Nevertheless, 
mortality was much less than the surgical mortality of 
18% reported in the MARS feasibility trial of 17 patients 
who underwent extrapleural pneumonectomy per-
protocol or off -protocol.8 Thus, the role of extrapleural 
pneumonectomy in the treatment of malignant pleural 
mesothelioma remains controversial, as also shown by 
the diff erent conclusions reached in two systematic 
reviews.16,17 However, if patients with a low risk profi le 
and resectable disease are selected, extrapleural 
pneumonectomy should—in our opinion—still be 
considered as part of treatment. Lung-sparing extended 
pleurectomy and decortication has emerged as a viable 
alternative to extrapleural pneumonectomy, particularly 
for patients with low tumour burden.18,19 Retrospective 
comparisons of the two procedures showed signifi cantly 
reduced treatment-related morbidity and mortality with 
potentially similar treatment outcome.20

In part 2, 20 eligible patients refused to be enrolled. 
The reason for this was not recorded; however, we 
assume that both the heavy burden of neoadjuvant 
chemotherapy and extrapleural pneumonectomy and 
the unknown benefi t of hemithoracic radiotherotherapy 
contributed to their decision. Three diff erent radiation 
schedules were allowed depending on the technique 
established and available in each centre. However, the 
total dose and dose per fraction diff ered little between 
the three schedules and the biological eff ectiveness is 
considered to be equal. Radiotherapy had acceptable 
toxic eff ects. One potential concern of administering 
radiotherapy to the hemithorax is that it might induce 
fatigue because of the large volume irradiated. Severe 
constitutional side-eff ects such as fatigue or weight loss 
were not common despite large treatment volumes.

Patients assigned to hemithoracic radiotherapy had a 
slight improvement of locoregional relapse-free survival. 
Overall survival was slightly longer in the no radiotherapy 
group. Even though only 27 patients, rather than the 
intended 37 patients, were assigned to receive 
radiotherapy, the goal of improving locoregional relapse-
free survival by 12 months is out of reach with our broad 
patient selection. Given that 73% of the planned sample 
size was enrolled, and the upper limit of the 95% CI in 
the radiotherapy group was 14·8 months, we were 
unlikely to detect an increase from 16 months to 
28 months in the median with an additional ten patients. 
In hindsight, this assumption was optimistic, made at a 
time when few data were available.

Figure 3: Kaplan-Meier analysis of overall survival from registration
For all patients (A), and in each treatment group (B).
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ABSTRACT
Surgery-based multimodality therapies have been used to control the malignant 

effusion and its recurrence in malignant pleural mesothelioma (MPM). Hyperthermic 
intrathoracic chemotherapy (HITHOC) has been used in the treatment of malignant 
pleural mesothelioma, but the results were controversial. The aim of the current 
study was, therefore, to conduct a systematic review and meta-analysis on the 
effect of HITHOC on MPM therapy. After thorough searching of online databases, 
total 21 articles were included into qualitative systematic review and 5 of them were 
used to conduct qualitative meta-analysis. It was found that most of HITHOC was 
used in combination of surgical resection including extrapleural pneumonectomy or 
pleurectomy/decortication. Patients who received HITHOC had significantly longer 
median survival length compared to the patients without HITHOC (Hedges’s g = 0.384 
± 0.105, 95% CI: 0.178~0.591, P < 0.001). In addition, HITHOC as palliative therapy 
was favored (Hedges’s g = 0.591 ± 0.201, 95% CI: 0.196~0.967, P < 0.001) in terms 
of recurrence free interval. The findings of the current study suggested that HITHOC 
is one of the safe and effective therapies in prolonging patients’ median survival time 
and extending recurrence free interval.

INTRODUCTION

Malignant pleural mesothelioma (MPM) is a 
fatal malignancy. Currently, median survival following 
diagnosis is often less than 12 months with limited 
options of therapies including surgery, radiotherapy 
and chemotherapy [1, 2]. Extrapleural pneumonectomy 
(EPP) has been widely used to treat early stage MPM 
and has been known to prolong survival time in patients 
with favorable prognostic factors [3, 4]. In addition, 
pleurectomy/decortication (P/D) has also been used in 
patients with MPM with or without radiotherapy and 
chemotherapy [5, 6]. However, significant proportion 
of patients have relapse of the disease following EPP or 
P/D and they usually die within a few months [7]. Thus, 
surgery-based multimodality therapies have been clinically 
explored in the past decades. In this regard, hyperthermic 
intrathoracic or intrapleural chemotherapy has been 

used as one of the multimodality therapies. Intrapleural 
injection of cytotoxic drugs with hyperthermic perfusion 
has been proved to enhance cytotoxic effect on tumor cells 
with limited systemic side effect. Potential mechanisms of 
hyperthermic intra-pleural or intraperitoneal chemotherapy 
are not only the tumor cells are directly exposed to higher 
concentration of chemotherapeutic agents, but also up to 
44°C for 1 hr hyperthermic exposure render the cancer 
cells become more sensitive to the chemotherapeutic drugs 
while the normal tissues are unharmed [8, 9]. 

While cytoreductive surgery plus hyperthermic 
intraperitoneal chemotherapy (HIPEC) has become a 
standard therapy for intraperitoneal original carcinoma 
or carcinomatosis peritonei such as psudomyxoma and 
colorectal cancer induced ascites [10, 11], limited studies 
have been reported on the application of hyperthermic 
intrathoracic chemotherapy (HITHOC) in combination with 
surgery for the treatment of the malignant pleural effusion 

Zhao et al. Oncotarget 2017



Therapie des MPM

- multimodale Therapie ist möglich - aber Notwendigkeit unklar ?

- Überleben im Stadium I und II deutlich besser als im Stadium III

- Fernrezidivrate hoch  - Argument für Chemotherapie - Indiz! 

- Konzeptstudien nötig - aber schwierig, da Therapiearten in Anwendung

Was sagen die Studien aus?     

Op vs RT als lokale Kontrolle 
CT adjuvant vs. neoadjuvant
Op und RT überhaupt sinnvoll

Nur randomisierte Studien in dieser Situation sinnvoll



80-iger Jahre Phase II - Studien 

Substanzen            n ORR        MST           Autor
%           mo

Doxorubicin 66             11            7,4      Colbert et al. 1985
Cisplatin 59             14            7,9      Zidar et al. 1988
Carboplatin 88             11            8         Vogelzang et al.1990
Methotrexat 60             37            11       Solheim et al. 1992

Doxorubicin intrap.   21                             25       Matzel et al. 1987
Cyclophosphamid 26                             16



Phase III study of pemetrexed in combination with cisplatin versus 
cisplatin alone in patients with malignant pleural mesothelioma.

Vogelzang et al. JCO 2003
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(ChT) is usually given in either neoadjuvant and/or adjuvant
paradigms to surgery, and the question of timing is
currently being explored (NCT02436733). The role of adju-
vant or neoadjuvant immunotherapy is unknown. The po-
tential role of high-dose perioperative RT is discussed
below.

First-line systemic therapy

Patients not suitable for MCR, as defined in a multidisci-
plinary tumour board, are candidates for a non-surgical
approach with first-line systemic therapy. Systemic therapy
should be considered for all MPM patients with PS 0-2. Two
randomised phase III trials of all MPM histological subtypes
demonstrated an improved OS for pemetrexed35 (68%
epithelioid; 24% non-epithelioid) or raltitrexed36 (61%-75%
epithelioid; 18%-31% non-epithelioid) with cisplatin
compared with cisplatin monotherapy. For cisplatine
pemetrexed, folic acid and vitamin B12 supplementation
were essential to reduce the pemetrexed toxicities. Despite

limited literature, consensus suggests that administration of
first-line ChT should not be delayed after diagnosis and
should be considered before functional clinical deterioration
as pemetrexed-based ChT can improve dyspnoea and quality
of life (QoL).37 ChT should be continued for up to six cycles in
non-progressing patients, without unacceptable toxicity.
Based on several large phase II trials, the CheckMate 743
trial and the MPM pemetrexed International Expanded Ac-
cess Program showed comparable efficacy of first-line
cisplatinepemetrexed and carboplatinepemetrexed; this
latter combination is a reasonable alternative.38,39

Targeted therapies in combination with first-line ChT. The
phase III MAPS trial demonstrated a significant OS benefit
for the addition of bevacizumab (15 mg/kg) to cisplatine
pemetrexed as first-line treatment (HR 0.77, 95% CI
0.62-0.95, P ¼ 0.0167; median OS 16.1 versus 18.8 months)
in MPM (81% epithelioid; 19% non-epithelioid), with only
mild and manageable increased toxicities and no negative
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Figure 4. Treatment algorithm for patients unsuitable for multimodality management (inoperable) of MPM.
Purple: general categories or stratification; blue: systemic anticancer therapy; white: other aspects of management.
EMA, European Medicines Agency; FDA, Food and Drug Administration; ICI, immune checkpoint inhibitor; MCBS, ESMO-Magnitude of Clinical Benefit Scale; MPM,
malignant pleural mesothelioma; PS, performance status.
a ESMO-MCBS v1.192 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/scale-evaluation-forms-v1.0-v1.1/scale-evaluation-
forms-v1.1).
b For patients not previously exposed to ICI therapy.
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INCIDENCE AND EPIDEMIOLOGY

Incidence

Incidence of malignant pleural mesothelioma (MPM) is
generally higher in males than females and is attributed to
historical differences in exposures with world-standardised
incidence rates per 100 000 persons of 0.7 and 0.3 in the
United States and 1.7 and 0.4 for Europe (for males and
females, respectively). Incidence is highest in countries with
greatest previous asbestos use such as the Netherlands, UK
and Australia.1 Due to a lag time of w40 years between
exposure and presentation, alongside relatively recent us-
age bans, incidence continues to rise in many countries. In
Europe, rates of mesothelioma were rising sharply in the
early 2000s, although there is longer-term uncertainty on
incidence given the high usage of asbestos domestically.
Moreover, in the developing world, asbestos use continues
to rise.2 Incidence is higher in males than females and
several studies have reported better survival for females
compared with males.3

Epidemiology

MPM is a relatively rare tumour classified by the World
Health Organization (WHO) as directly attributable to all

types of asbestos exposure and is therefore both an in-
dustrial and preventable disease. Asbestos use is currently
banned in 67 countries4 but continues to be high in Central
Asia compared with Europe, with several countries,
including the United States, having no ban but only usage
restrictions. Mesothelioma is a disease of the elderly, being
rare below the age of 50 years, with a sharp rise in inci-
dence thereafter and a median age at diagnosis of
76 years.5

DIAGNOSIS, PATHOLOGY AND MOLECULAR BIOLOGY

Diagnosis

Patients typically present with one or more of dyspnoea,
chest pain and weight loss. Symptoms may occur over many
months. During physical examination, unilateral effusions
are typical. It is important that a detailed occupational
history is obtained for potential legal compensation.

Standard work-up (Table 1) includes:
! chest X-ray;
! computed tomography (CT) scan of the chest and upper
abdomen;

! thoracentesis, with examination of the pleural effusion
(thoracoscopy with confirmatory biopsy is preferred);

! general laboratory blood tests.

Plain chest radiography lacks sufficient sensitivity and
specificity for diagnosis and staging. Significant volumes of
pleural effusions can mask pleural/chest lesions and make
small, malignant pleural lesions undetectable. When an
occupational history indicates significant asbestos exposure,
or radiology is suggestive of mesothelioma, cytology can be

*Correspondence to: ESMO Guidelines Committee, ESMO Head Office, Via
Ginevra 4, 6900 Lugano, Switzerland
E-mail: clinicalguidelines@esmo.org (ESMO Guidelines Committee).

5Note: Approved by the ESMO Guidelines Committee: September 2021. This
publication supersedes the previously published versiondAnn Oncol. 2015:26
(suppl 5):v31-v39.
0923-7534/© 2021 European Society for Medical Oncology. Published by

Elsevier Ltd. All rights reserved.
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Systemische Therapie des MPM

(ChT) is usually given in either neoadjuvant and/or adjuvant
paradigms to surgery, and the question of timing is
currently being explored (NCT02436733). The role of adju-
vant or neoadjuvant immunotherapy is unknown. The po-
tential role of high-dose perioperative RT is discussed
below.

First-line systemic therapy

Patients not suitable for MCR, as defined in a multidisci-
plinary tumour board, are candidates for a non-surgical
approach with first-line systemic therapy. Systemic therapy
should be considered for all MPM patients with PS 0-2. Two
randomised phase III trials of all MPM histological subtypes
demonstrated an improved OS for pemetrexed35 (68%
epithelioid; 24% non-epithelioid) or raltitrexed36 (61%-75%
epithelioid; 18%-31% non-epithelioid) with cisplatin
compared with cisplatin monotherapy. For cisplatine
pemetrexed, folic acid and vitamin B12 supplementation
were essential to reduce the pemetrexed toxicities. Despite

limited literature, consensus suggests that administration of
first-line ChT should not be delayed after diagnosis and
should be considered before functional clinical deterioration
as pemetrexed-based ChT can improve dyspnoea and quality
of life (QoL).37 ChT should be continued for up to six cycles in
non-progressing patients, without unacceptable toxicity.
Based on several large phase II trials, the CheckMate 743
trial and the MPM pemetrexed International Expanded Ac-
cess Program showed comparable efficacy of first-line
cisplatinepemetrexed and carboplatinepemetrexed; this
latter combination is a reasonable alternative.38,39

Targeted therapies in combination with first-line ChT. The
phase III MAPS trial demonstrated a significant OS benefit
for the addition of bevacizumab (15 mg/kg) to cisplatine
pemetrexed as first-line treatment (HR 0.77, 95% CI
0.62-0.95, P ¼ 0.0167; median OS 16.1 versus 18.8 months)
in MPM (81% epithelioid; 19% non-epithelioid), with only
mild and manageable increased toxicities and no negative
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Figure 4. Treatment algorithm for patients unsuitable for multimodality management (inoperable) of MPM.
Purple: general categories or stratification; blue: systemic anticancer therapy; white: other aspects of management.
EMA, European Medicines Agency; FDA, Food and Drug Administration; ICI, immune checkpoint inhibitor; MCBS, ESMO-Magnitude of Clinical Benefit Scale; MPM,
malignant pleural mesothelioma; PS, performance status.
a ESMO-MCBS v1.192 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/scale-evaluation-forms-v1.0-v1.1/scale-evaluation-
forms-v1.1).
b For patients not previously exposed to ICI therapy.
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INCIDENCE AND EPIDEMIOLOGY

Incidence

Incidence of malignant pleural mesothelioma (MPM) is
generally higher in males than females and is attributed to
historical differences in exposures with world-standardised
incidence rates per 100 000 persons of 0.7 and 0.3 in the
United States and 1.7 and 0.4 for Europe (for males and
females, respectively). Incidence is highest in countries with
greatest previous asbestos use such as the Netherlands, UK
and Australia.1 Due to a lag time of w40 years between
exposure and presentation, alongside relatively recent us-
age bans, incidence continues to rise in many countries. In
Europe, rates of mesothelioma were rising sharply in the
early 2000s, although there is longer-term uncertainty on
incidence given the high usage of asbestos domestically.
Moreover, in the developing world, asbestos use continues
to rise.2 Incidence is higher in males than females and
several studies have reported better survival for females
compared with males.3

Epidemiology

MPM is a relatively rare tumour classified by the World
Health Organization (WHO) as directly attributable to all

types of asbestos exposure and is therefore both an in-
dustrial and preventable disease. Asbestos use is currently
banned in 67 countries4 but continues to be high in Central
Asia compared with Europe, with several countries,
including the United States, having no ban but only usage
restrictions. Mesothelioma is a disease of the elderly, being
rare below the age of 50 years, with a sharp rise in inci-
dence thereafter and a median age at diagnosis of
76 years.5

DIAGNOSIS, PATHOLOGY AND MOLECULAR BIOLOGY

Diagnosis

Patients typically present with one or more of dyspnoea,
chest pain and weight loss. Symptoms may occur over many
months. During physical examination, unilateral effusions
are typical. It is important that a detailed occupational
history is obtained for potential legal compensation.

Standard work-up (Table 1) includes:
! chest X-ray;
! computed tomography (CT) scan of the chest and upper
abdomen;

! thoracentesis, with examination of the pleural effusion
(thoracoscopy with confirmatory biopsy is preferred);

! general laboratory blood tests.

Plain chest radiography lacks sufficient sensitivity and
specificity for diagnosis and staging. Significant volumes of
pleural effusions can mask pleural/chest lesions and make
small, malignant pleural lesions undetectable. When an
occupational history indicates significant asbestos exposure,
or radiology is suggestive of mesothelioma, cytology can be
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Immuntherapie beim Mesotheliom

Erstlinientherapie mit Nivolumab + Ipilimumab vs. Chemotherapie beim nicht-
resezierbaren malignen Pleuramesotheliom: CheckMate 743

CheckMate 743
Studiendesign

Haupteinschlusskriterien
• Nicht resezierbares Pleuramesotheliom
• Keine vorherige systemische Therapie
• ECOG PS 0-1

Stratifizierungsfaktoren
• Histologie (epithelioid vs. nicht-epithelioid)
• Geschlecht
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progression, 
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Toxizität oder 

über 2 Jahre im 
Immuntherapie-

Arm

R 
1:1

Cisplatin oder Carboplatin 
+ Pemetrexed

alle 3 Wochen* (6 Zyklen)

Nivolumab 3mg/kg alle 2 Wochen
+ Ipilimumab 1mg/kg alle 6 Wochen

(für bis zu 2 Jahre)

134
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N=605

Baas P et al. WCLC 2020 Kongress Update | Onkologie | ESMO 2020 Virtual

NCT02899299; *Cisplatin (75mg/m²) oder Carboplatin (AUC 5) + Pemetrexed (500mg/m²), alle 3 Wochen über 6 Zyklen; **bestimmt anhand PD-L1 ICH 28-8 pharmDx -Assay (Dako)
Daten-Cut-Off: 03.04.2020; minimales Follow-Up für OS: 22,1 Monate; medianes Follow-Up: 29,7 Monate
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• OS

Sekundäre Endpunkte
• ORR, DCR, PFS (BICR)
• PD-L1** Expression als 
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Baas et al. 2020
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Primärer Endpunkt – Gesamtüberleben

Baas P et al. WCLC 2020136 Kongress Update | Onkologie | ESMO 2020 Virtual
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Systemische Therapie des MPM
Public

IFCT-1901/KEYNOTE-483: Phase 2/3, Open-label Study of 
Pembrolizumab ± Chemotherapy in Patients With Advanced MPM

aPatients who received previous (neo)adjuvant cisplatin-based systemic chemotherapy must have received the last dose of chemotherapy at least 12 months before registration. bPatients with previously treated brain metastases may 
participate provided they are stable (without evidence of progression by imaging for at least four weeks prior to the first dose of trial treatment and any neurologic symptoms have returned to baseline), have no evidence of new or 
enlarging brain metastases, and are not using steroids for at least 7 days prior to trial treatment. This exception does not include carcinomatous meningitis which is excluded regardless of clinical stability. cUp to 32 months. 
dCompared using Fisher’s exact test. ePer EORTC QLQ-C30. 
ClinicalTrials.gov. https://clinicaltrials.gov/ct2/show/NCT02784171. Accessed January 25, 2022.

Cooperative Group Study

• Histologically confirmed MPM with unresectable 
advanced and/or metastatic disease, incurable by 
standard therapies

• ECOG PS 0–1
• No prior chemotherapy for any stage of 

advanced/metastatic diseasea

• No prior targeted small molecule therapy, 
immunotherapies or viral therapies, biologic 
therapies, or angiogenesis inhibitors for 
advanced/metastatic disease, or any prior 
immunotherapy for any stage of disease

• No evidence of ILD
• No known active CNS metastases and/or 

carcinomatous meningitisb

Patients (N=520) Cisplatin 75 mg/m2 IV Q3W (6 cycles) + 
pemetrexed 500 mg/m2 IV Q3W (6 cycles)

Pembrolizumab 200 mg IV Q3W (2 years)
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R
Pembrolizumab 200 mg IV Q3W (2 years) +

cisplatin 75 mg/m2 IV Q3W (6 cycles) + 
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Systemische Therapie des MPM

(ChT) is usually given in either neoadjuvant and/or adjuvant
paradigms to surgery, and the question of timing is
currently being explored (NCT02436733). The role of adju-
vant or neoadjuvant immunotherapy is unknown. The po-
tential role of high-dose perioperative RT is discussed
below.

First-line systemic therapy

Patients not suitable for MCR, as defined in a multidisci-
plinary tumour board, are candidates for a non-surgical
approach with first-line systemic therapy. Systemic therapy
should be considered for all MPM patients with PS 0-2. Two
randomised phase III trials of all MPM histological subtypes
demonstrated an improved OS for pemetrexed35 (68%
epithelioid; 24% non-epithelioid) or raltitrexed36 (61%-75%
epithelioid; 18%-31% non-epithelioid) with cisplatin
compared with cisplatin monotherapy. For cisplatine
pemetrexed, folic acid and vitamin B12 supplementation
were essential to reduce the pemetrexed toxicities. Despite

limited literature, consensus suggests that administration of
first-line ChT should not be delayed after diagnosis and
should be considered before functional clinical deterioration
as pemetrexed-based ChT can improve dyspnoea and quality
of life (QoL).37 ChT should be continued for up to six cycles in
non-progressing patients, without unacceptable toxicity.
Based on several large phase II trials, the CheckMate 743
trial and the MPM pemetrexed International Expanded Ac-
cess Program showed comparable efficacy of first-line
cisplatinepemetrexed and carboplatinepemetrexed; this
latter combination is a reasonable alternative.38,39

Targeted therapies in combination with first-line ChT. The
phase III MAPS trial demonstrated a significant OS benefit
for the addition of bevacizumab (15 mg/kg) to cisplatine
pemetrexed as first-line treatment (HR 0.77, 95% CI
0.62-0.95, P ¼ 0.0167; median OS 16.1 versus 18.8 months)
in MPM (81% epithelioid; 19% non-epithelioid), with only
mild and manageable increased toxicities and no negative
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Figure 4. Treatment algorithm for patients unsuitable for multimodality management (inoperable) of MPM.
Purple: general categories or stratification; blue: systemic anticancer therapy; white: other aspects of management.
EMA, European Medicines Agency; FDA, Food and Drug Administration; ICI, immune checkpoint inhibitor; MCBS, ESMO-Magnitude of Clinical Benefit Scale; MPM,
malignant pleural mesothelioma; PS, performance status.
a ESMO-MCBS v1.192 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/scale-evaluation-forms-v1.0-v1.1/scale-evaluation-
forms-v1.1).
b For patients not previously exposed to ICI therapy.
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INCIDENCE AND EPIDEMIOLOGY

Incidence

Incidence of malignant pleural mesothelioma (MPM) is
generally higher in males than females and is attributed to
historical differences in exposures with world-standardised
incidence rates per 100 000 persons of 0.7 and 0.3 in the
United States and 1.7 and 0.4 for Europe (for males and
females, respectively). Incidence is highest in countries with
greatest previous asbestos use such as the Netherlands, UK
and Australia.1 Due to a lag time of w40 years between
exposure and presentation, alongside relatively recent us-
age bans, incidence continues to rise in many countries. In
Europe, rates of mesothelioma were rising sharply in the
early 2000s, although there is longer-term uncertainty on
incidence given the high usage of asbestos domestically.
Moreover, in the developing world, asbestos use continues
to rise.2 Incidence is higher in males than females and
several studies have reported better survival for females
compared with males.3

Epidemiology

MPM is a relatively rare tumour classified by the World
Health Organization (WHO) as directly attributable to all

types of asbestos exposure and is therefore both an in-
dustrial and preventable disease. Asbestos use is currently
banned in 67 countries4 but continues to be high in Central
Asia compared with Europe, with several countries,
including the United States, having no ban but only usage
restrictions. Mesothelioma is a disease of the elderly, being
rare below the age of 50 years, with a sharp rise in inci-
dence thereafter and a median age at diagnosis of
76 years.5

DIAGNOSIS, PATHOLOGY AND MOLECULAR BIOLOGY

Diagnosis

Patients typically present with one or more of dyspnoea,
chest pain and weight loss. Symptoms may occur over many
months. During physical examination, unilateral effusions
are typical. It is important that a detailed occupational
history is obtained for potential legal compensation.

Standard work-up (Table 1) includes:
! chest X-ray;
! computed tomography (CT) scan of the chest and upper
abdomen;

! thoracentesis, with examination of the pleural effusion
(thoracoscopy with confirmatory biopsy is preferred);

! general laboratory blood tests.

Plain chest radiography lacks sufficient sensitivity and
specificity for diagnosis and staging. Significant volumes of
pleural effusions can mask pleural/chest lesions and make
small, malignant pleural lesions undetectable. When an
occupational history indicates significant asbestos exposure,
or radiology is suggestive of mesothelioma, cytology can be

*Correspondence to: ESMO Guidelines Committee, ESMO Head Office, Via
Ginevra 4, 6900 Lugano, Switzerland
E-mail: clinicalguidelines@esmo.org (ESMO Guidelines Committee).

5Note: Approved by the ESMO Guidelines Committee: September 2021. This
publication supersedes the previously published versiondAnn Oncol. 2015:26
(suppl 5):v31-v39.
0923-7534/© 2021 European Society for Medical Oncology. Published by

Elsevier Ltd. All rights reserved.
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Phase III Trial of Pemetrexed Plus Best Supportive Care
Compared With Best Supportive Care in Previously Treated
Patients With Advanced Malignant Pleural Mesothelioma
Jacek Jassem, Rodryg Ramlau, Armando Santoro, Wolfgang Schuette, Assad Chemaissani, Shengyan Hong,
Johannes Blatter, Susumu Adachi, Axel Hanauske, and Christian Manegold

A B S T R A C T

Purpose
This multicenter, phase III study compared overall survival (OS) of second-line pemetrexed plus
best supportive care (BSC) versus BSC alone in patients with advanced malignant pleural
mesothelioma (MPM). Secondary end points included response rate, progression-free survival
(PFS), time to tumor progression (TTP), time to treatment failure (TTF), and toxicity.

Patients and Methods
Patients with relapsed MPM after first-line chemotherapy were randomly assigned to receive
pemetrexed 500 mg/m2 plus BSC (P!BSC) every 21 days or BSC alone.

Results
The study enrolled 243 patients (123 on P!BSC arm and 120 on BSC arm). Median OS time was
not significantly different between the arms (8.4 months for P!BSC and 9.7 months for BSC;
P " .74). Cox regression modeling suggested a trending survival benefit for patients who
responded to first-line therapy. Time-to-event measures significantly favored P!BSC (median PFS,
TTP, and TTF). Partial response was achieved in 18.7% and 1.7% of patients in P!BSC and BSC
arms, respectively (P # .0001), and a disease control rate (partial response plus stable disease)
was achieved in 59.3% and 19.2% of patients in P!BSC and BSC arms, respectively (P # .0001).
Use of postdiscontinuation chemotherapy was significantly greater among BSC patients com-
pared with P!BSC patients (51.7% v 28.5%, respectively; P " .0002), with more BSC patients
receiving pemetrexed (18.3% v 3.3%, respectively; P " .0001). Postdiscontinuation therapy was
initiated earlier for BSC than P!BSC patients (median time to initiation, 4.3 v 15.7 months,
respectively; log-rank P # .0001). Chemotherapy was well tolerated, with expected modest (4%
to 7%) grade 3 and 4 hematologic toxicities.

Conclusion
Second-line pemetrexed elicited significant tumor response and delayed disease progression
compared with BSC alone in patients with advanced MPM. Improvement in OS was not seen in
this study, possibly because of the significant imbalance in postdiscontinuation chemotherapy
between the arms.

J Clin Oncol 26:1698-1704. © 2008 by American Society of Clinical Oncology

INTRODUCTION

Malignant pleural mesothelioma (MPM) is a locally
invasive, usually fatal neoplasm arising from the me-
sothelial surfaces of the pleural cavity. Until recently,
treatmentofMPMhasnotroutinely includedchem-
otherapy, even though few patients qualify for cura-
tive surgery and the efficacy of radiotherapy is
limited. After two decades of testing, the chemother-
apeutic agents doxorubicin, cisplatin, carboplatin,
and ifosfamide have each shown modest activity.
More recently, gemcitabine and antimetabolites (eg,
raltitrexed) have also shown modest activity in phase

II studies (# 20% response rate). Combination
doublets containing an antimetabolite and a plati-
num have shown the greatest promise.1-5 The com-
bination of the antifolate pemetrexed and cisplatin
demonstrated improved survival, time to pro-
gression, response rate, pulmonary function, and
symptom control compared with cisplatin alone4

and is currently approved as first-line chemother-
apy in 82 countries worldwide. In a recent phase II
study, pemetrexed plus carboplatin yielded simi-
lar efficacy results.6

Most MPM chemotherapy trials have focused
on chemotherapy-naive patients; however, patients
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Public

Chemotherapy by institutional choice
Gemcitabine 1000 mg/m2 day 1 and day 8, Q3W IV OR

Vinorelbine 30 mg/m2 day 1 and day 8, Q3W IV OR
Vinorelbine 60/80 mg/m2 day 1 and day 8, Q3W PO

ETOP 9-15 PROMISE-meso: Phase 3 Study of Pembrolizumab vs 
Chemotherapy in Previously Treated Patients With MPM

aPatients may be eligible to continue pembrolizumab beyond progression in case of clinical benefit. bResponse assessed every 9 weeks via RECIST v1.1;; Tumor assessments performed every 9 weeks for the first 6 months and every 
12 weeks thereafter, up to 2 years or until tumor progression
Popat et al. Presented at ESMO 2019. Abstract LBA91. Popat S et al. Ann Oncol. 2020;31(12):1734-1745. .

• Histologically confirmed MPM 
• Progressing after/on previous platinum-based 

chemotherapy
• ECOG PS 0–1 

Key Eligibility Criteria (N=144)

• PFS (BICR)

Primary End Point 
• PFS (IA)
• OS
• ORR

• Time to treatment 
failure

• Safety

Secondary End Points 

• DOR
• Efficacy by PD-L1 status 

Exploratory End Points

Pembrolizumab 200 mg Q3W IV 

Crossover to 
pembrolizumab on 

progression permitted
R

1:1

24 monthsa,b

• Histological subtype (epithelioid vs non-epithelioid)

Stratification Factors

Public

Chemotherapy 71 (0) 64 (1) 58 (1) 51 (1) 43 (1) 37 (2) 34 (3) 26 (7) 18 (12) 9 (20) 3 (24) 0 (27)
Pembrolizumab 73 (0) 66 (0) 55 (0) 50 (0) 41 (1) 36 (2) 29 (4) 22 (8) 17 (11) 12 (15) 5 (20) 2 (23)

ETOP 9-15 PROMISE-meso: OS

Median follow-up: 17.5 months. Data cutoff: February 20, 2019. 
Popat S et al. Ann Oncol. 2020;31(12):1734-1745. 

Treatment arm Events/N
Median OS,    

months (95% CI)
12-month OS, 

% (95% CI)

Chemotherapy 44/71 12.4 (7.4–16.1) 51.2 (39.0–62.2)

Pembrolizumab 48/73 10.7 (7.6–15.0) 44.3 (32.5–55.4)
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Figure adapted with permission from Elsevier Inc.
Popat S et al. Ann Oncol. 2020; doi: 0.1016/j.annonc.2020.09.009.
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(ChT) is usually given in either neoadjuvant and/or adjuvant
paradigms to surgery, and the question of timing is
currently being explored (NCT02436733). The role of adju-
vant or neoadjuvant immunotherapy is unknown. The po-
tential role of high-dose perioperative RT is discussed
below.

First-line systemic therapy

Patients not suitable for MCR, as defined in a multidisci-
plinary tumour board, are candidates for a non-surgical
approach with first-line systemic therapy. Systemic therapy
should be considered for all MPM patients with PS 0-2. Two
randomised phase III trials of all MPM histological subtypes
demonstrated an improved OS for pemetrexed35 (68%
epithelioid; 24% non-epithelioid) or raltitrexed36 (61%-75%
epithelioid; 18%-31% non-epithelioid) with cisplatin
compared with cisplatin monotherapy. For cisplatine
pemetrexed, folic acid and vitamin B12 supplementation
were essential to reduce the pemetrexed toxicities. Despite

limited literature, consensus suggests that administration of
first-line ChT should not be delayed after diagnosis and
should be considered before functional clinical deterioration
as pemetrexed-based ChT can improve dyspnoea and quality
of life (QoL).37 ChT should be continued for up to six cycles in
non-progressing patients, without unacceptable toxicity.
Based on several large phase II trials, the CheckMate 743
trial and the MPM pemetrexed International Expanded Ac-
cess Program showed comparable efficacy of first-line
cisplatinepemetrexed and carboplatinepemetrexed; this
latter combination is a reasonable alternative.38,39

Targeted therapies in combination with first-line ChT. The
phase III MAPS trial demonstrated a significant OS benefit
for the addition of bevacizumab (15 mg/kg) to cisplatine
pemetrexed as first-line treatment (HR 0.77, 95% CI
0.62-0.95, P ¼ 0.0167; median OS 16.1 versus 18.8 months)
in MPM (81% epithelioid; 19% non-epithelioid), with only
mild and manageable increased toxicities and no negative

MPM unsuitable for 
multimodality treatment (e.g. PS 0-1)

PS 0-1

PS 0-2

PS 0-2

PS ≥3

PS ≥3

Nivolumab–ipilimumab
(up to 2 years equivalent dosing) 

[I, A; MCBS 3]a

Cisplatin–pemetrexed [I, A; 
MCBS 3]a

or Carboplatin–pemetrexed [I, A] 
(up to 6 cycles) followed by 

maintenance gemcitabine [II, C]

Cisplatin–pemetrexed–
bevacizumab

(up to 6 cycles) followed by 
maintenance bevacizumab [I, A]

Gemcitabine–
ramucirumab 

[III, C]

Vinorelbine [II, B]
Gemcitabine [II, B]
Pemetrexed [III, C]

Cisplatin–pemetrexed  
[II, B; MCBS 3]a 

Carboplatin–pemetrexed 
[II, B] 

Nivolumabb [I, A]
Nivolumab–ipilimumabb [II, C]

Vinorelbine [II, B]
Gemcitabine [II, B]
Pemetrexed [III, C]

Gemcitabine–
ramucirumab 

[III, C]

Nivolumabb [I, A]
Pembrolizumabb [II, C]

Nivolumab–ipilimumabb

[II, C]

Disease
progression

Disease progression

Disease progression

Best supportive 
care

Best supportive 
care

Best supportive 
care

Best supportive 
care

PS ≥3

PS 0-1

PS 0-1 PS ≥2

Figure 4. Treatment algorithm for patients unsuitable for multimodality management (inoperable) of MPM.
Purple: general categories or stratification; blue: systemic anticancer therapy; white: other aspects of management.
EMA, European Medicines Agency; FDA, Food and Drug Administration; ICI, immune checkpoint inhibitor; MCBS, ESMO-Magnitude of Clinical Benefit Scale; MPM,
malignant pleural mesothelioma; PS, performance status.
a ESMO-MCBS v1.192 was used to calculate scores for new therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS
Working Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mcbs/scale-evaluation-forms-v1.0-v1.1/scale-evaluation-
forms-v1.1).
b For patients not previously exposed to ICI therapy.
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INCIDENCE AND EPIDEMIOLOGY

Incidence

Incidence of malignant pleural mesothelioma (MPM) is
generally higher in males than females and is attributed to
historical differences in exposures with world-standardised
incidence rates per 100 000 persons of 0.7 and 0.3 in the
United States and 1.7 and 0.4 for Europe (for males and
females, respectively). Incidence is highest in countries with
greatest previous asbestos use such as the Netherlands, UK
and Australia.1 Due to a lag time of w40 years between
exposure and presentation, alongside relatively recent us-
age bans, incidence continues to rise in many countries. In
Europe, rates of mesothelioma were rising sharply in the
early 2000s, although there is longer-term uncertainty on
incidence given the high usage of asbestos domestically.
Moreover, in the developing world, asbestos use continues
to rise.2 Incidence is higher in males than females and
several studies have reported better survival for females
compared with males.3

Epidemiology

MPM is a relatively rare tumour classified by the World
Health Organization (WHO) as directly attributable to all

types of asbestos exposure and is therefore both an in-
dustrial and preventable disease. Asbestos use is currently
banned in 67 countries4 but continues to be high in Central
Asia compared with Europe, with several countries,
including the United States, having no ban but only usage
restrictions. Mesothelioma is a disease of the elderly, being
rare below the age of 50 years, with a sharp rise in inci-
dence thereafter and a median age at diagnosis of
76 years.5

DIAGNOSIS, PATHOLOGY AND MOLECULAR BIOLOGY

Diagnosis

Patients typically present with one or more of dyspnoea,
chest pain and weight loss. Symptoms may occur over many
months. During physical examination, unilateral effusions
are typical. It is important that a detailed occupational
history is obtained for potential legal compensation.

Standard work-up (Table 1) includes:
! chest X-ray;
! computed tomography (CT) scan of the chest and upper
abdomen;

! thoracentesis, with examination of the pleural effusion
(thoracoscopy with confirmatory biopsy is preferred);

! general laboratory blood tests.

Plain chest radiography lacks sufficient sensitivity and
specificity for diagnosis and staging. Significant volumes of
pleural effusions can mask pleural/chest lesions and make
small, malignant pleural lesions undetectable. When an
occupational history indicates significant asbestos exposure,
or radiology is suggestive of mesothelioma, cytology can be

*Correspondence to: ESMO Guidelines Committee, ESMO Head Office, Via
Ginevra 4, 6900 Lugano, Switzerland
E-mail: clinicalguidelines@esmo.org (ESMO Guidelines Committee).

5Note: Approved by the ESMO Guidelines Committee: September 2021. This
publication supersedes the previously published versiondAnn Oncol. 2015:26
(suppl 5):v31-v39.
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