
Original research

Incidence, treatment and survival of malignant 
pleural and peritoneal mesothelioma: a population- 
based study
Job P van Kooten    ,1 Robert A Belderbos,2 Jan H von der Thüsen    ,3 
Mieke J Aarts,4 Cornelis Verhoef,1 Jacobus A Burgers,5 Paul Baas,5 Arend G J Aalbers,6 
Alexander P W M Maat,7 Joachim G J V Aerts,2 Robin Cornelissen,2 Eva V E Madsen1

Occupational lung disease

To cite: van Kooten JP, 
Belderbos RA, von der 
Thüsen JH, et al. Thorax 
2022;77:1260–1267.

 ► Additional supplemental 
material is published online 
only. To view, please visit the 
journal online (http:// dx. doi. 
org/ 10. 1136/ thoraxjnl- 2021- 
217709).

For numbered affiliations see 
end of article.

Correspondence to
Dr Eva V E Madsen, Surgical 
Oncology and Gastro Intestinal 
Surgery, Erasmus MC Kanker 
Instituut, 3015 GD Rotterdam, 
The Netherlands;  
 e. madsen@ erasmusmc. nl

JPvK and RAB contributed 
equally.
RC and EVEM contributed 
equally.

JPvK and RAB are joint first 
authors.

Received 28 May 2021
Accepted 30 December 2021
Published Online First 
11 February 2022

© Author(s) (or their 
employer(s)) 2022. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Introduction Malignant mesothelioma (MM) is an 
aggressive cancer that primarily arises from the pleura 
(MPM) or peritoneum (MPeM), mostly due to asbestos 
exposure. This study reviewed the Dutch population- 
based incidence, treatment and survival since the 
national ban on asbestos in 1993.
Materials and methods Patients with MPM or MPeM 
diagnosed from 1993 to 2018 were selected from the 
Dutch cancer registry. Annual percentage change (APC) 
was calculated for (age- specific and sex- specific) revised 
European standardised incidence rates (RESR). Treatment 
pattern and Kaplan- Meier overall survival analyses were 
performed.
Results In total, 12 168 patients were included in the 
study. For male patients younger than 80 years, the MM 
incidence significantly decreased in the last decade (APC 
ranging between −9.4% and −1.8%, p<0.01). Among 
both male and female patients aged over 80 years, the 
incidence significantly increased during the entire study 
period (APC 3.3% and 4.6%, respectively, p<0.01). 
From 2003 onwards, the use of systemic chemotherapy 
increased especially for MPM (from 9.3% to 39.4%). 
Overall, 62.2% of patients received no antitumour 
treatment. The most common reasons for not undergoing 
antitumour treatment were patient preference (42%) and 
performance status (25.6%). The median overall survival 
improved from 7.3 (1993–2003) to 8.9 (2004–2011) 
and 9.3 months from 2012 to 2018 (p<0.001).
Conclusion The peak of MM incidence was reached 
around 2010 in the Netherlands, and currently the 
incidence is declining in most age groups. The use of 
systemic chemotherapy increased from 2003, which 
likely resulted in improved overall survival over time. The 
majority of patients do not receive treatment though and 
prognosis is still poor.

INTRODUCTION
Malignant mesothelioma (MM) is a highly lethal 
tumour that primarily arises from the pleura 
and, to a lesser extent, from the peritoneum. In 
sporadic cases, it originates from the pericardium 
or tunica vaginalis testis.1 Malignant pleural meso-
thelioma (MPM) represents over 90% of all MM 
cases. MPM prognosis is very poor, with a median 
overall survival (OS) of approximately 1 year when 
treated with chemotherapy.2 Recently, combination 

checkpoint inhibition therapy, consisting of 
nivolumab (anti- programmed death- ligand 1 (PD- 
1)) and ipilimumab (anti- cytotoxic T lymphocyte- 
associated protein 4 (CTLA4)), has been shown 
to increase OS in patients with MPM compared 
with standard first- line chemotherapy (median OS 
18.1 months vs 14.1 months).3 As a result, the US 
Food and Drug Administration (FDA) approved the 
combination of nivolumab and ipilimumab as first- 
line treatment for unresectable MPM.4 For malig-
nant peritoneal mesothelioma (MPeM), the median 
OS is about 6 months.5 For a long time, treatment 
options were identical to those for MPM. Since 
2009, several studies have demonstrated that long- 
term survival can be achieved in selected patients 
with MPeM treated with cytoreductive surgery 
(CRS) and hyperthermic intraperitoneal chemo-
therapy (HIPEC).6–8

The main risk factor for MPM development is 
exposure to asbestos.9 10 This correlation is less 

Key messages

What is the key question?
 ⇒ How did the 1993 national ban on asbestos 
affect malignant mesothelioma incidence 
and how did therapeutic advances affect 
mesothelioma prognosis in the Netherlands?

What is the bottom line?
 ⇒ Malignant mesothelioma incidence has peaked 
about 10 years earlier than predicted after the 
Dutch national ban on asbestos.

 ⇒ While treatment advances have led to 
somewhat better survival, prognosis is still 
dismal.

Why read on?
 ⇒ These findings show that asbestos regulation 
leads to a decreasing mesothelioma 
incidence sooner than earlier predicted, 
thereby supporting the notion that malignant 
mesothelioma cases can, for the most part, be 
effectively prevented.

 ⇒ The treatment patterns and survival outcomes 
we observed in over 12 000 patients with 
mesothelioma highlight the persistent need for 
better mesothelioma therapeutics.
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Occupational lung disease

prominent in MPeM. The definitive relation between asbestos 
exposure and MM was proven in 1960 by Wagner et al.11 
Despite this discovery, production of asbestos peaked world-
wide between 1970 and 1980, with a production of more 
than 4 000 000 metric tons per year. The use of asbestos in the 
Netherlands also peaked in these years. Its use declined in the 
following decade due to new regulations, but the ban on asbestos 
in the Netherlands was finally realised in 1993. Countries such 
as Russia, Kazakhstan and China are still mass producers of 
asbestos to this day and others have only recently banned its 
use.12 13 Predicting the future incidence of MM is difficult due to 
the considerable variation in latency time (ie, the time between 
asbestos exposure and MM diagnosis) that has been reported, 
varying between 10 years and over 50 years.12 13 In the Nether-
lands, a peak in MM mortality was expected around 2020.14 15 
The current population- based study reviews the national MM 
incidence 25 years after the nationwide asbestos ban. This could 
aid others in predicting MM incidence after implementation of 
asbestos regulations. Concurrently, it aims to identify patterns in 
incidence, MM characteristics, treatment and survival for both 
MPM and MPeM.

METHODS
Data collection
Patients diagnosed with MM between 1993 and 2018 were iden-
tified in the Netherlands Cancer Registry (NCR) by searching 
for cases with ICD- O codes 8000–8005, 9050–9053 and 9990 
located in the pleura (C38.4) or peritoneum (C48.2) (Interna-
tional Classification of Diseases for Oncology, Third Edition, 
First Revision). Incidence rates were available from 1989 to 
2018. Data were extracted after the approval of the NCR Moni-
toring Committee and the NCR Scientific Committee on Pulmo-
nary Oncology. Data were handled in accordance with the latest 
European privacy regulations (General Data Protection Regu-
lation, European Union 2016/679). Data on all patients diag-
nosed with cancer in the Netherlands are collected by the NCR. 
De Boer et al5 previously described their methods. In short, 
the NCR identifies patients with cancer by using the Dutch 
Pathological Anatomical National Automated Archive and the 
National Registry of Hospital Discharge Diagnoses. Specialised 
personnel collect information on diagnosis, stage of the disease 
and treatment from medical records. Information on vital status 
is updated annually through the National Municipal Personal 
Records Database. Vital status was updated to 1 February 2020. 
Data were extracted and provided to the investigators by trained 
personnel who were not part of the study team.

The tumour stage was registered for all patients. For MPM, 
the tumour, node, metastases (TNM) classification current at 
the moment of diagnosis was used.16 For MPeM, the Extent of 
Disease (EOD) coding, according to the Surveillance, Epidemi-
ology, and End Results (SEER), was used.17 The EOD coding 
stratifies the tumour stage into local, regional and distant 
progression. It is used by the NCR when no prevailing staging 
system is available. The location of metastases was specified 
from 2008 onwards. The cause of death was unavailable due to 
privacy regulations.

Incidence analyses
Incidence rates from 1989 until 2018 were analysed. Age- specific 
and sex- specific rates were calculated using the revised European 
standard rate (RESR) (Eurostat 2013, International Standard Serial 
Number (ISSN) 1977–0375). The SEER ‘Joinpoint Regression 
Program’ (V.4.8.0.1, April 2020) (IMS; under contract for the 

National Cancer Institute, Bethesda, Maryland, USA) was used to 
identify trends in incidence.18 This software fits the simplest regres-
sion model to incidence rates, thereby identifying trend- breaks or the 
so- called ‘joinpoints’. The number of joinpoints is determined by the 
use of the Monte Carlo permutation test. Annual percentage changes 
(APCs) were calculated by the software by fitting a log- linear regres-
sion model to the data, using the natural logarithm of the incidence 
rates with the year of diagnosis as the independent variable. APCs 
were calculated over the segment between two joinpoints or over the 
entire period when the number of joinpoints was zero.

Treatment pattern analyses
Treatment was stratified into four main categories for trend 
analyses: systemic chemotherapy, surgery, radiotherapy and 
best supportive care. Surgery included several procedures, such 
as debulking, CRS, decortication and extrapleural pneumonec-
tomy. Other treatment categories were targeted therapy and 
immunotherapy, including the angiogenesis inhibitor bevaci-
zumab, tyrosine kinase inhibitors (not further specified in the 
data), and checkpoint inhibitors comprising the anti- PD(L)- 1 
and anti- CTLA4 agents nivolumab, pembrolizumab and ipilim-
umab. Treatment strategies were reviewed per year for MPM 
and per 5 years for MPeM. From 2015 onwards, the reason for 
not undergoing antitumour therapy was recorded.

Survival analyses
To define survival trends, data were stratified into three time 
periods. The first period included cases diagnosed from 1993 
until 2003, the second period included cases from 2004 until 
2011, and the third period comprised cases diagnosed from 2012 
up to 2018. The year 2003 was deliberately chosen as Vogelzang 
et al2 published the results of their phase III trial on combination 
chemotherapy with cisplatin and pemetrexed in this year. The 
following years were divided into two equal periods to assess 
if survival had improved since. To compare survival between 
patients with MPM diagnosed at different stages of disease, only 
data from 2008 to 2018 were used, as the new and improved 
seventh edition of the TNM staging manual was published in 
2007. Stage of disease was not compared for MPeM as there is 
no widely used staging system. Kaplan- Meier OS curves were 
also drafted for different treatment modalities (ie, chemotherapy, 
surgery and ‘best supportive care’) to illustrate survival for these 
different groups, but were deliberately not compared statistically 
as these outcomes are heavily influenced by (selection) bias.

Statistical analyses
Continuous variables are shown as median with IQR and were 
compared with the independent samples median test. Categor-
ical variables are given as numbers with percentages and were 
compared with the χ2 test. Survival analyses were performed 
by use of the Kaplan- Meier method. Survival between groups 
was compared with the log- rank method in case of proportional 
hazards or generalised Wilcoxon in case of non- proportional 
hazards. Two- sided p values smaller than 0.05 were considered 
statistically significant. Statistical analyses were performed with 
‘Statistical Package for Social Sciences’ (SPSS) V.25.0.0.1 and R 
V.4.0.2 (http://www.r-project.org). Incidence rates were calcu-
lated with SAS V.9.4.

RESULTS
Patient and tumour characteristics
There were 12 168 patients with MM identified in the NCR 
between 1993 and 2018. This comprised 11 539 (94.8%) cases 
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Occupational lung disease

of MPM and 629 (5.2%) cases of MPeM. A comprehensive 
overview of patient and tumour characteristics at the time of 
diagnosis is provided in table 1. Generally, patients with MPeM 
were younger (median age 69 (61–76) years vs 71 (64–77) years, 
p=0.004). The MPM group comprised more male patients 
(87.4% vs 72.3%, p<0.001). Furthermore, there were more 
cases with epithelioid subtype among patients with MPeM (88% 
vs 76.2%, p<0.001). An attempt to detect trends in the occur-
rence of histological subtypes over time failed due to the lack of 
pathological registration data. It did reveal though that subtypes 
have been increasingly specified by pathologists over time, from 

46.7% of cases in the first 10 years of the study period to 83% 
of cases in the last 10 years (online supplemental figure 1). 
Different staging systems were used for both tumour types and 
could therefore not be compared between MPM and MPeM. 
Also, an attempt to determine trends for stage of disease at 
diagnosis failed due to the large number of cases with unknown 
stage. This analysis revealed that the use of staging has slightly 
increased during the study period, but still for about one- third 
of patients no stage is recorded (online supplemental figure 2).

Incidence
During the study period, the MM incidence for both sexes 
combined ranged between 2.6 and 4.1 cases per 100 000 person- 
years (RESR) (supplementary table A). The incidence signifi-
cantly increased at 1.6% annually (95% CI 1 to 2.1) up to 2010, 
after which a non- significant decrease, or plateau, was observed 
of −1.7% annually (95% CI −3.9 to 0.6).

For MPM, the incidence was increasing with a rate of 1.8% 
per year (95% CI 1.1 to 2.5) from 1989 to 2007, thereby ranging 
between 2.4 and 3.5 cases per 100 000 person- years (RESR). 
From 2007 onwards, a non- significant decrease was observed 
(APC=−1%, 95% CI −2.5 to 0.4), with rates ranging between 
3.3 and 3.8 cases per 100 000 person- years (RESR) (figure 1).

For MPeM, about 0.15–0.25 cases per 100 000 person- years 
(RESR) were reported annually during the entire study period 
(figure 1); no significant trend was observed (APC=−0.5, 95% 
CI −1.4 to 0.4). Male incidence ranged between 0.2 and 0.5 
cases per 100 000 person- years (RESR), whereas female inci-
dence ranged between 0 and 0.2 cases per 100 000 person- years 
(RESR).

Analyses of sex- specific and age- specific incidence rates were 
performed for both MPM and MPeM combined, as separate 
age- specific rates were not available for MPeM only. For male 
patients, significantly decreasing MM incidence rates were 
observed for all age groups except for patients older than 80 
years, for whom the incidence increased during the entire study 
period, with an average APC of 3.3% (95% CI 2.5 to 4.1) 
(figure 2). For male patients between 0 and 54 years, there was 
an average decrease of 6.2% per year between 1989 and 2018 
(95% CI −7.2 to −5.2). For male patients between 55 and 64 
years, significantly declining incidence was observed between 
2009 and 2018 (APC=−9.4%, 95% CI −13.1 to −5.4). For 
male patients aged 65–79, there was a significant increase 
between 1989 and 2006 (APC=3.4%, 95% CI 2.3 to 4.5), after 
which a significant decrease was observed between 2006 and 
2018 (APC=−1.8%, 95% CI −3.5 to −0.1). For female patients 
younger than 65 years, no significant trends in MM incidence 
were observed. For female patients aged 65 years or older, a 
significant increase in incidence was observed over the entire 
study period (APC for 65–79 years=1.8%, 95% CI 0.9 to 2.6; 
APC for 80 and older=4.6%, 95% CI 2.2 to 6.9) (supplemen-
tary table B and C).

Treatment
A comprehensive overview of treatment modalities is provided 
in table 2. From 1993 until 2018, the majority of patients with 
MM (62.1%) received ‘best supportive care’. From 2015, the 
reason for not undergoing antitumour treatment was registered 
for 898 patients. For most cases, this was due to patient pref-
erence (42%) or due to performance status (25.6%). Chemo-
therapy was given to 28.1% of patients with MM, radiotherapy 
was given in 8.8% of patients, and 3.4% of patients received 
a type of surgery. No information was registered whether a 

Table 1 Patient and tumour characteristics
MPM  
(n=11 539)

MPeM  
(n=629)

Total  
(N=12 168) P value

Age, median (IQR) 71 (64–77) 69 (61–76) 71 (64–77) 0.004

Male, n (%) 10 085 (87.4) 458 (72.3) 10 543 (86.6) <0.001

Histology, n (%)*

  Epithelioid 6061 (76.2) 368 (88) 6429 (76.8) <0.001*

  Sarcomatoid 1149 (14.5) 18 (4.3) 1167 (13.9)

  Biphasic 739 (9.3) 32 (7.7) 771 (9.2)

  Unknown 3590 211 3801

Side, n (%)*

  Left 4499 (40.4) – –

  Right 6631 (59.6) – –

  Unknown 409 – –

Stage (TNM), n (%)*

  I 2840 (37.2) – –

  II 918 (12) – –

  III 1971 (25.8) – –

  IV 1897 (24.9) – –

  Unknown 3913 – –

Stage (EOD), n (%)*

  1. In situ – 0 –

  2. Local disease – 190 (40.8) –

  3. Contiguous/invasive – 123 (26.4) –

  4. Regional lymph nodes – 22 (4.7) –

  5. Regional progression – 12 (2.6) –

  6. Distant progression – 119 (25.5) –

  Unknown – 163 –

Metastases, n (%)† 610 (10.6) 54 (18.6) 664 (11) <0.001

  Multiple metastatic sites 149 (2.6) 11 (3.8) 160 (2.6) 0.021

Most common metastatic sites, n (%)†

  Lung 163 (2.8) 7 (2.4) 170 (2.8)

  Lymph node 159 (2.8) 11 (3.8) 170 (2.8)

  Bone 135 (2.3) – 135 (2.2)

  Liver 73 (1.3) 13 (4.5) 86 (1.4)

  Peritoneum 79 (1.4) 5 (1.7) 84 (1.4)

  Soft tissue 59 (1) 3 (1) 62 (1)

  Adrenal glands 52 (0.9) 1 (0.3) 53 (0.9)

  Pleura 12 (0.2) 15 (5.2) 27 (0.4)

  Cutaneous 12 (0.2) – 12 (0.2)

  Brain 15 (0.3) – 15 (0.2)

*Percentage and p value based on known cases.
†Metastases were registered nationwide from 2008 onwards; percentages based on 6038 cases (MPM 
n=5757, MPeM n=291).
EOD, Extent of Disease classification; MPeM, malignant peritoneal mesothelioma; MPM, malignant 
pleural mesothelioma; TNM, tumour, node, metastases classification.
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Occupational lung disease

macroscopically complete resection was the intended goal of the 
surgery or whether this was achieved. In total, 4.2% of patients 
with MM were treated with a multimodality approach. Targeted 
therapy was used in 74 cases (0.6%) and immunotherapy in 55 
(0.5%).

Patients with MPM were treated more frequently with chemo-
therapy (28.4% vs 22.6%) and radiotherapy (9.3% vs 0.6%) 
than patients with MPeM. On the other hand, surgery was more 
often applied in patients with MPeM (10%) compared with 
MPM (3%). Figure 3A shows an increase in the use of systemic 
chemotherapy between 2002 and 2006 for MPM from approxi-
mately 10% to 40% yearly. After 2006, the use of chemotherapy 
for the treatment of MPM remained stable. Radiotherapy was 
used in about 10%–15% of cases up to 2008, after which its use 
decreased to 4%–5% of cases yearly. As can be seen in figure 3B, 
patients with MPeM were most commonly treated with best 
supportive care. Its use ranges from about 75% between 1993 
and 1997 to about 65% from 2013 to 2018. The use of chemo-
therapy increased from around 2003 onwards and peaked 
between 2008 and 2012, after which its use decreased again. 

The role of surgery remained limited during the study period 
and varied between 4% and 13% per 5 years.

Survival
The median OS for the entire cohort was 8.4 months (IQR: 
3.6–16.6 months). Kaplan- Meier curves with the median OS for 
different subgroups are provided in figure 4. Patients with MPeM 
had worse median survival compared with MPM (4.7 months 
vs 8.7 months, p<0.001), and also when treated with systemic 
chemotherapy (8.9 months vs 12.7 months, p<0.001; data not 
shown). Survival of the entire cohort significantly improved 
from about 2003, likely due to the introduction of combina-
tion chemotherapy, together with the increased use of this treat-
ment. Between 2012 and 2018, the median OS for all patients 
was 9.3 months compared with 7.3 months between 1993 and 
2003. Patients with non- epithelioid morphology (ie, biphasic 
and sarcomatoid histology) had a significantly worse prognosis 
(5.5 months vs 9.2 months, p<0.001), and also when treated 
with systemic chemotherapy (8.9 months vs 13.6 months; data 

Figure 1 Malignant pleural and peritoneal mesothelioma incidence per 100 000 PY (RESR) between 1989 and 2018 in the Netherlands. *Indicates 
that the APC is significantly different from 0 at the alpha level of 0.05. APC, annual percentage change; MPeM, malignant peritoneal mesothelioma; 
MPM, malignant pleural mesothelioma; PY, person- years; RESR, revised European standard rate.

Figure 2 Age- specific incidence rates for male patients with malignant mesothelioma (both pleural and peritoneal mesothelioma) per 100 000 PY 
(RESR). *Indicates that the APC is significantly different from 0 at the alpha level of 0.05. APC, annual percentage change; PY, person- years; RESR, 
revised European standard rate.
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Occupational lung disease

not shown). For MPM, the OS significantly differed for different 
stages of disease (data used from 2008 to 2018). Patients diag-
nosed with stage I pleural mesothelioma had a median survival 
of 13.1 months (IQR 6.4–23.5) compared with 5.7 months (IQR 
2.2–11.0) for patients with stage IV disease. Figure 4E,F illus-
trates the survival for chemotherapy, surgery and ‘best supportive 
care’ for MPM and MPeM, respectively. These outcomes were 
not statistically compared because they are subjected to selection 
bias.

DISCUSSION
This study shows that MM incidence among most age groups 
is currently declining in the Netherlands. The peak of MM 
incidence appears to have been passed around 2010, and 
currently there is a strong trend towards declining incidence for 
the whole population. Historically, the Netherlands has been 
among countries with relatively high MM incidence rates.9 In 
recent decades, the rapid increase in MM incidence has been 

monitored with some apprehension.14 19 20 Earlier studies have 
tried to predict the impact and mortality of mesothelioma in the 
Netherlands.14 15 Now, for the first time, with updated incidence 
numbers, this study observed decreasing MM incidence among 
most age groups in the Netherlands. Similar results have earlier 
been reported for Sweden, the USA and Australia.21–23 For other 
countries with high MM incidence that have banned the use 
of asbestos, such as the UK, these outcomes can further aid in 
predicting future MM incidence.

These findings are remarkable, as it was predicted that inci-
dence would peak in the Netherlands around 2020.14 However, 
this peak has already been reached, approximately around 2010. 
This indicates that MM incidence is not only associated with 
the complete ban on asbestos but also with measures that were 
implemented before 1993. The thesis of J Stumphius24 (an occu-
pational physician at a Dutch shipyard) that was published in 
1969 unmistakably related asbestos exposure to mesothelioma 
in the Netherlands. This thesis led to additional research, which 
finally resulted in governmental regulation in 1978, resulting in 
a decrease of approximately 75% in the amount of asbestos that 
was processed in the Netherlands in the 1980s compared with 
the 1970s. As the processing and use of asbestos plummeted 
from 1980 onwards and the latency time for mesothelioma is 30 
years on average, the decline of incidence from 2010 onwards 
could have been expected. This also explains why we observed 
that incidence among patients younger than 55 years was already 
declining before the complete ban on asbestos in 1993.

Table 2 Treatment

MPM (n=11 539) MPeM (n=629)
Total 
(N=12 168)

All, n (%)*

  Chemotherapy 3273 (28.4) 142 (22.6) 3415 (28.1)

  Surgery 343 (3.0) 65 (10.3) 408 (3.4)

  Radiotherapy 1072 (9.3) 4 (0.6) 1076 (8.8)

  Immunotherapy 52 (0.5) 3 (0.5) 55 (0.5)

  Targeted therapy 72 (0.6) 2 (0.3) 74 (0.6)

  Best supportive care 7132 (61.8) 423 (67.2) 7555 (62.1)

  Unknown 144 (1.2) 7 (1.1) 151 (1.2)

Multimodal treatment, n (%)

  Chemotherapy and 
surgery

92 (0.8) 10 (1.6) 102 (0.8)

  Chemotherapy and 
radiotherapy

252 (2.2) 1 (0.2) 253 (2.1)

  Chemotherapy and 
targeted therapy

44 (0.4) 1 (0.1) 45 (0.4)

  Chemotherapy and 
immunotherapy

11 (0.1) – 11 (0.1)

  Surgery and 
radiotherapy

47 (0.4) 2 (0.3) 49 (0.4)

  Surgery and 
chemotherapy and 
radiotherapy

40 (0.3) – 40 (0.3)

  Other 9 (0.1) 3 (0.5) 12 (0.1)

  Total 495 (4.3) 17 (2.7) 512 (4.2)

Reason for no treatment (ie, BSC), n (%)†

  Comorbidity 18 (2.1) 3 (5.9) 21 (2.3)

  Performance status 214 (25.3) 16 (31.4) 230 (25.6)

  Age 32 (3.8) 1 (2) 33 (3.7)

  Patient preference 363 (42.9) 14 (27.5) 377 (42)

  Disease too extensive 55 (6.5) 8 (15.7) 63 (7)

  Deceased before start 
of treatment

30 (3.5) 0 (0) 30 (3.3)

  Other/unknown 135 (15.9) 9 (17.6) 144 (16)

*Total percentage >100% due to 4.2% of patients receiving multimodal treatment.
†Registered for 898 patients (847 pleural, 51 peritoneal); percentages based on registered 
cases.
BSC, best supportive care; MPeM, malignant peritoneal mesothelioma; MPM, malignant 
pleural mesothelioma.

Figure 3 Treatment patterns for malignant pleural mesothelioma 
(MPM) per year (A) from 1993 to 2018. Treatment patterns per 5 years 
for malignant peritoneal mesothelioma (MPeM) from 1993 to 2018 
(B). Stacked areas do not add up to 100% due to patients receiving 
multimodal treatment or patients receiving other treatment. BSC, best 
supportive care.
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Occupational lung disease

The age- specific incidence rates that were analysed in this 
study indicate that the MPM incidence among most age groups 
is currently declining, with the exception of male patients aged 
over 80 years and female patients aged over 65 years. These 
observations were to be expected considering the latency time 
between asbestos exposure and MM development.13 25 26 Patients 
who are currently older than 80 years have likely been heavily 
(occupationally) exposed to asbestos in the past. However, the 
current decline in incidence among all other male age groups 
indicates that the number of new MM cases will further diminish 
in the near future and the peak incidence lies behind us. The 
group of patients that have been heavily exposed to asbestos will 
become smaller each year due to the ban on asbestos in 1993 
and other earlier measures. The 80+ age group has relatively 
high incidence rates, but the group size is decreasing each year. 

Therefore, the weight of this age group on the total incidence 
rates diminishes. Combined with declining incidence rates 
among all other age groups, this causes the current decline of the 
total MM incidence.

Age- specific incidence rates were unavailable for MPeM due 
to the small number of patients. For the general MPeM popula-
tion, however, the incidence rate remained more or less stable 
over time. This could imply that the link between asbestos expo-
sure and MPeM is less prevailing than it is in MPM.27 This also 
suggests that there are other causes for MPeM development that 
are more dominant, such as previous radiation therapy or germ-
line mutations.27 28 The proportion of MPeM in this cohort was 
5.2%. This is lower than expected based on literature, where 
rates between 10% and 30% have been reported.27 29 It has been 
observed though that MPeM is often misdiagnosed, which can 
explain the small proportion of observed cases in this cohort.27

With regard to treatment, between 2002 and 2006, there was 
an evident increase in the use of systemic chemotherapy, espe-
cially for MPM. In 2003, Vogelzang et al showed that platinum- 
pemetrexed treatment increased the median OS by 3 months, 
compared with cisplatin alone in MPM.2 The increased treat-
ment rate, together with the fact that combination treatment 
prolongs survival, likely resulted in improved survival at a popu-
lation level from 2003 onwards.

The majority of patients, however, did not undergo antitu-
mour treatment. For patients with MPM who did not receive 
antitumour treatment, over 40% were due to patient preference. 
Perhaps, patients are reluctant to receive toxic therapy, espe-
cially when the benefit is limited. Similar patterns were seen in 
Belgium and England.30 For patients with MPeM, it was more 
often due to poor performance status (31.4%) or extensive 
disease (15.7%). Patients with MPeM are known to be often 
diagnosed at an advanced stage of the disease, likely due to the 
rareness of their condition and non- specific presentation.31 32

The use of radiotherapy for MPM was common but decreased 
around 2009. The updated 2008 European Society for Medical 
Oncology (ESMO) guideline can explain this. It stated that the 
use of radiotherapy should be limited to local palliative use and 
pain control because of the potentially severe side effects, while 
its benefit in local disease control is controversial.33 In 2016 and 
2019, the lack of benefit from prophylactic tract irradiation was 
confirmed in randomised trials.34 35 These results might lead to a 
further decrease in its use.

In the current cohort, the use and thus the impact of immuno-
therapy and targeted therapy were minimal, with less than 1% 
of patients treated with either modality. This is due to the fact 
that checkpoint inhibition therapy is not yet registered as a treat-
ment option and there have been no major advances regarding 
targeted therapy.36 37 Recently, the results of the phase III Check-
Mate743 study showed that combination checkpoint inhibi-
tion therapy for patients with MPM in first line increased OS 
by 4 months compared with standard first- line chemotherapy.3 
For the non- epithelioid subtype, the survival benefit was even 
greater. For this group, the estimated survival at 2 years was 38% 
in the immunotherapy group compared with 8% in the chemo-
therapy group. As a result, the FDA has approved the combina-
tion of nivolumab plus ipilimumab for the first- line treatment of 
MM.4 Monotherapy for MM should not be written off entirely 
though as there are selected patients who might benefit from 
its use.38 Nonetheless, novel treatment options are still urgently 
required to improve survival in patients. An overview of new 
developments is given by Yap et al.39 Within our group, we are 
working on dendritic cell therapy both in pleural and peritoneal 
mesothelioma.40 41
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Figure 4 Kaplan- Meier actuarial overall survival curves with median 
overall survival (IQR) in months and numbers at risk. *Breslow 
(generalised Wilcoxon) p value, calculated for non- proportional hazards. 
(A) Overall survival (OS) compared per location (MPM vs. MPeM), (B) OS 
compared per time period. (C) OS compared per morphological subtype. 
(D) OS compared per stage for pleural mesothelioma (MPM), only data 
from 2008 to 2018 were used as the seventh edition of the TNM staging 
manual was published in 2007. (E) Showing OS for different treatment 
modalities in MPM. (F) Showing OS for different treatment modalities 
in MPeM. BSC, best supportive care; MPeM, malignant peritoneal 
mesothelioma; MPM, malignant pleural mesothelioma; TNM, tumour, 
node, metastases.
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The role of surgery for MM remains controversial. Its use was 
minimal in the current cohort, with only 3% of patients with 
MPM and about 10% of patients with MPeM receiving surgical 
treatment. Especially for patients with MPeM, this could be a 
missed opportunity. Several series have been published on the 
use of CRS- HIPEC for MPeM.6–8 42 A large series of Yan et al,6 
for example, observed a median OS of 53 months with 3- year 
and 5- year survival rates of 60% and 47%, respectively. This 
survival can partly be explained by patient selection. However, 
studies on the use of systemic chemotherapy are also subjected to 
patient selection but rarely show long- term survivors.43–45

Strengths and limitations
The strengths of our study are the number of patients included 
and the length of time in which the data were collected. There 
are also some limitations that need to be discussed. As with most 
population- based registries, the overarching theme of the limita-
tions lies in the details of the data. For example, the stage of 
disease for MPM was noted according to the TNM stage that 
was used at the time of diagnosis. As there were different TNM 
stages used between 1993 and 2018, it was hard to compare 
stage of disease at the time of diagnosis throughout time. More-
over, for about one- third of patients there was no stage recorded. 
This is likely due to the minimal use of surgery for MPM in the 
Netherlands. Therefore the pathological TNM stage (pTNM) is 
mostly lacking and the clinical TNM stage (cTNM) has no conse-
quences for treatment as systemic chemotherapy is considered 
the gold standard. Patient selection for systemic chemotherapy 
is mostly based on performance status and patient preference, 
rather than stage of disease. Also, details regarding treatment 
were often missing. With regard to survival analyses, the cause 
of death is not registered by the NCR due to privacy regula-
tions. Thus cancer- specific survival was unavailable. Nonethe-
less, given the very poor prognosis of MM, it is very unlikely that 
this affected our outcomes, even for patients at advanced age. 
Although these limitations complicated indepth additional anal-
ysis on survival between different stages and treatment modali-
ties, they did not influence the main conclusion of our data on 
the decreasing incidence in the Netherlands from 2010 onwards 
nor did they influence the trends in treatment throughout time.

CONCLUSION
This study shows that MM incidence has reached a peak in the 
Netherlands around 2010, following the national ban on asbestos 
in 1993. In most age groups the MM incidence is currently 
declining, with the exception of male patients aged over 80 years 
and female patients aged over 65 years. The number of patients 
receiving treatment has increased since 2003, although most 
patients did not receive any antitumour therapy. In this period, 
survival improved slightly, but the prognosis is still poor. Recent 
advances in therapy might change this perception.
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Supplementary table A: National Malignant Mesothelioma Incidence, stratified for sex 

  

MPM (M) 

 

MPM (F) 

 

MPM (T) 

 

MPeM (M) 

 

MPeM (F) 

 

MPeM (T) 

1989 5,26 0,64 2,6 0,33 0,08 0,19 

1990 4,87 0,53 2,41 0,38 0,1 0,23 

1991 5,15 0,46 2,45 0,26 0,1 0,17 

1992 6,95 0,59 3,3 0,46 0,17 0,3 

1993 5,66 0,6 2,75 0,27 - 0,12 

1994 6,03 0,7 2,94 0,38 0,1 0,22 

1995 6,19 0,68 3 0,31 0,07 0,19 

1996 6,74 0,66 3,28 0,35 0,04 0,18 

1997 6,16 0,66 3,03 0,22 0,04 0,12 

1998 5,83 0,45 2,8 0,38 0,05 0,2 

1999 6,79 0,74 3,38 0,37 0,09 0,21 

2000 6,55 0,71 3,28 0,24 0,14 0,19 

2001 6,34 0,92 3,25 0,35 0,07 0,2 

2002 5,59 0,77 2,83 0,46 0,08 0,24 

2003 6,6 0,72 3,25 0,23 0,07 0,14 

2004 6,8 0,62 3,36 0,39 0,13 0,24 

2005 7,94 0,81 3,9 0,28 0,07 0,17 

2006 7,24 0,88 3,7 0,37 0,11 0,22 

2007 6,77 0,85 3,47 0,31 0,04 0,16 

2008 7,1 0,86 3,65 0,27 0,08 0,17 

2009 6,75 0,73 3,44 0,35 0,03 0,17 

2010 7,74 0,68 3,76 0,32 0,15 0,22 

2011 7,31 0,8 3,65 0,32 0,1 0,18 

2012 6,94 0,84 3,6 0,25 0,13 0,18 

2013 7,09 0,8 3,61 0,22 0,06 0,13 

2014 6,67 0,77 3,42 0,28 0,15 0,21 

2015 6,44 0,87 3,37 0,28 0,07 0,16 

2016 6,88 0,93 3,61 0,17 0,09 0,13 

2017 5,9 0,87 3,15 0,25 0,13 0,19 

2018 6,58 0,77 3,35 0,21 0,13 0,18 

1989-2018 6,6 0,74 3,28 0,3 0,09 0,18 

National malignant mesothelioma incidence, per 100,000 person years (RESR). MPM= malignant pleural 

mesothelioma; MPeM= malignant peritoneal mesothelioma; M= male; F= female; T= total.  
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Supplementary table B: Annual Percentage Change for malignant mesothelioma incidence 

Type Sex Age From 

(year) 

To 

(year) 

APC 

(%) 

95%CI 

LL 

95%CI  

UL 

P-value 

Both M 0-54 1989 2018 -6.2 -7.2 -5.2 <0.01 

Both M 55-64 1989 

2009 

2009 

2018 

-1.2 

-9.4 

-2.5 

-13.1 

0.1 

-5.4 

0.1 

<0.01 

Both M 65-79 1989 

2006 

2006 

2018 

3.4 

-1.8 

2.3 

-3.5 

4.5 

-0.1 

<0.01 

<0.01 

Both M ≥80 1989 2018 3.3 2.5 4.1 <0.01 

Both F 0-54 1989 2018 -0.3 -2.1 1.5 0.7 

Both F 55-64 1989 2018 -0.1 -1.4 1.1 0.8 

Both F 65-79 1989 2018 1.8 0.9 2.6 <0.01 

Both F ≥80 1989 2018 4.6 2.2 6.9 <0.01 

MPM M 0-54 1989 2018 -6.1 -7.6 -4.6 <0.01 

MPM M 55-64 1989 

2011 

2016 

2011 

2016 

2018 

-1.6 

-16.9 

52.3 

-2.7 

-28.9 

-6.9 

-0.4 

-0.3 

149.0 

<0.01 

<0.01 

0.1 

MPM M 65-79 1989 

1991 

1994 

1998 

2001 

2004 

1991 

1994 

1998 

2001 

2004 

2018 

22.1 

-6.2 

8.2 

-6.4 

14.0 

-1.8 

5.9 

-18.7 

0.7 

-18.8 

-1.1 

-2.5 

40.7 

8.1 

16.1 

7.9 

31.4 

-1.2 

<0.01 

0.3 

<0.01 

0.3 

0.1 

<0.01 

MPM M ≥80 1989 2018 3.2 2.3 4.1 <0.01 

MPM F 0-54 1989 2018 -0.8 -2.5 1.0 0.4 

MPM F 55-64 1989 2018 0.0 -1.4 1.3 1.0 

MPM F 65-79 1989 2018 1.6 0.7 2.5 <0.01 

MPM F ≥80 1989 

1991 

1991 

2018 

188.6 

3.1 

-11.1 

1.0 

837.2 

5.2 

0.1 

<0.01 

Both M+F All ages 1889 

2010 

2010 

2018 

1.6 

-1.7 

1 

-3.9 

2.1 

0.6 

<0.01 

0.1 

MPM M+F All ages 1989 

2007 

2007 

2018 

1.8 

-1 

1.1 

-2.5 

2.5 

0.4 

<0.01 

0.2 

MPM M All ages 

 

1989 

2009 

2009 

2018 

1.4 

-1.8 

0.7 

-3.9 

2.0 

0.4 

<0.01 

0.1 

MPeM M+F All ages 1989 2018 -0.5 -1.4 0.4 0.2 

MPeM M All ages 1989 2018 -1.3 -0.4 -2.9 <0.01 

MPeM F All ages 1989 2018 13.2 -7.1 37.9 0.2 

MPM=malignant pleural mesothelioma, MPeM=malignant peritoneal mesothelioma, M=male, F=female, 

APC=annual percentage change, CI=confidence interval, LL=lower limit, UL=upper limit. 
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Supplementary table C: Age specific malignant mesothelioma incidence rates  

 Male 

0-54 

 

55-64 

 

65-79 

 

80+ 

Female 

0-54 

 

55-64 

 

65-79 

 

80+ 

1989 1.14 10.67 17.1 19.88 0.21 1.39 1.66 3.31 

1990 1.05 10.44 17.17 14.79 0.11 1.52 2.34 0.62 

1991 0.81 9.75 1984 15.2 0.15 0.97 2.18 0.29 

1992 1.12 12.65 27.97 20.17 0.15 1.53 2.41 2.23 

1993 0.7 11.56 20.51 20.76 0.05 0.95 2.05 2.92 

1994 0.54 11.67 23.12 24.53 0.12 1.1 2.72 3.82 

1995 0.83 11.83 21.76 26.06 0.08 1.22 3.03 2.15 

1996 0.81 15.5 23.27 24.51 0.1 1.08 2.55 2.5 

1997 0.71 12.12 23.12 20.64 0.15 1.21 1.99 3.29 

1998 0.71 11.39 23.78 17.3 0.08 0.53 2.28 1.09 

1999 0.72 10.22 31.61 16.2 0.2 1.56 2.7 2.18 

2000 0.64 12.88 27.08 16.45 0.1 1.27 3.95 1.07 

2001 0.54 11.53 25.12 24.88 0.12 1.36 4.18 2.6 

2002 0.53 8.13 24.35 22.86 0.14 1.7 2.86 2.54 

2003 0.3 10.91 26.75 27.5 0.22 0.86 3.11 1.6 

2004 0.56 10.27 30.67 21.61 0.15 2.05 1.69 2.93 

2005 0.3 9.78 36.39 30.45 0.04 1.74 3.59 2.38 

2006 0.26 10.21 33.33 26.61 0.19 1.93 2.72 4.41 

2007 0.42 8.08 31.48 24.2 0.11 1.28 3.54 2.93 

2008 0.43 9.81 31.74 24.93 0.13 1.62 3.31 3.43 

2009 0.36 8.68 30 28.57 0.07 1.12 2.95 2.89 

2010 0.28 7.42 34.06 39.97 0.09 1.36 3.18 2.71 

2011 0.3 7.86 28.42 46.43 0.08 1.29 3.24 4.18 

2012 0.34 8.5 30.36 29.74 0.14 1.29 3.29 4.78 

2013 0.18 7.89 28.6 41.15 0.1 1.2 3.11 3.95 

2014 0.35 5.14 29.76 35.1 0.14 0.91 4 2.63 

2015 0.15 4.64 28.4 38.39 0.17 1 3.42 4.09 

2016 0.22 6.04 28.39 40.63 0.1 0.89 3.62 6.36 

2017 0.12 3.19 25.84 38.59 0.08 1.33 3.45 5.59 

2018 0.18 4.4 25.1 49.54 0.15 1.05 3.15 4.3 

1989-2018 0.49 9.02 27.22 29.79 0.12 1.28 2.97 3.12 

Age specific malignant mesothelioma (pleural and peritoneal combined) incidence, per 100,000 person years (RESR). 
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