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Abstract
Purpose of Review Pleural mesothelioma (PM) is a rare but fatal cancer of the pleural surface. Most patients have a poor 
prognosis, despite treatment advances which have improved outcomes. Recent research has focused on improving diagnosis, 
prognostication and monitoring through radiological, histological and molecular techniques. This review will cover its clini-
cal implications and highlight areas where practice is changing.
Recent Findings Changes in tumour classification and histological reporting have formalised the differentiation between benign, 
pre-malignant and malignant pleural disease. CT and thoracic ultrasound (TUS) have good diagnostic yields for pleural biopsy, but 
PET-CT does not increase diagnostic yield for repeat sampling. immunohistochemistry (IHC) staining for BAP1 and MTAP/CDKN2A 
pathological samples can increase diagnosis rates, while serum mesothelin shows promise for disease monitoring. Phase 3 RCT results 
mean dual immunotherapy is the new standard of care, whereas there is no role for extended pleurectomy decortication surgery for PM.
Summary Best practice for PM diagnosis and management is changing at pace. Key areas for future research involve improv-
ing PM diagnostics, therapeutics and targeted therapies. An awareness of active research and clinical trials is essential for 
clinicians to seek for the best outcomes for their patients.
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Introduction

Pleural Mesothelioma (PM) is a primary malignancy of the pleu-
ral surface, associated with prior occupational or environmen-
tal asbestos exposure. Latency period is 20–50 years between 
exposure and disease presentation. In 2020, 30,870 PM cases 
were reported globally, with the highest age-standardised rates 
in Northern Europe, New Zealand and Australia. Overall rates 
worldwide are decreasing, likely as a result of asbestos regulation 
in many countries, although incidence in women and in countries 
including Korea, Bulgaria and Brazil are increasing [1••].

Median survival is poor, with 3 year survival persistently 
around 10% [2]. Chemotherapy in the form of pemetrexed 

and a platinum agent has been the mainstay of treatment for 
many years, despite marginal survival benefit and overall 
response rates of less than 50% [3].

An increased focus on mesothelioma research has led to 
significant advancements in disease understanding and man-
agement in the past 5 years. Novel therapeutic agents, includ-
ing immunotherapy, have resulted in longer survival for some 
patients, but response rates remain low and, as the PM popu-
lation ages, treatment is not suitable for everyone. Improving 
diagnosis rates, prognostication and identification of those most 
likely to benefit from treatment are increasingly important.

This article will review novel diagnostic approaches and 
biomarkers, discuss new understanding of disease pheno-
types and survival, as well as recent advances in mesothe-
lioma treatment.

Updates from the WHO 2021 Classification

Disease Phenotypes

In recognition of the pre-invasive tumours outlined in the 
2021 WHO classification, ‘malignant mesothelioma’ has 
been renamed ‘diffuse mesothelioma’, with pleural disease 
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now referred to as ‘pleural mesothelioma’ (PM) rather than 
malignant pleural mesothelioma (MPM) as it was known 
in previous literature [4]. Localised pleural mesothelioma 
is distinguished from diffuse mesothelioma as a com-
pletely resected single tumour with histologic features of 
diffuse mesothelioma without invasion beyond the borders 
of the tumour.

The 2015 WHO classification of tumours of the pleura 
outlined 3 histological subtypes of PM: sarcomatoid, 
biphasic and epithelioid, recognising the different prog-
nostic implications of each. The 2021 classification rec-
ognised the heterogeneity within the epithelioid subtype, 
introducing two-tier nuclear grade, discussed in “Nuclear 
Grading System and Predicting Prognosis” section. 
There is no grading system for sarcomatoid and biphasic 
tumours, although the epithelioid component of biphasic 
tumours may be graded.

Additional histopathological features of epithelioid 
tumours were summarised in the 2019 EURACAN/IASLC 
proposal before being updated in the 2021 classification 
[5]. Nicholson et al. asserted that reporting architectural 
features reduced misdiagnosis and some architectural 
patterns have prognostic implications. Tubulopapillary, 
trabecular, or adenomatoid are patterns associated with 
more favourable outcomes, whilst micropapillary or solid 
growth patterns are a poorer prognostic feature [6, 7].

Pre-invasive mesothelial tumours are categorised sep-
arately, with well differentiated papillary mesothelioma 
(WDPM) renamed as well differentiated papillary meso-
thelial tumour (WDPMT). The replacement of ‘mesothe-
lioma’ with ‘mesothelial tumour’ in WDPMT reflects the 
indolent behaviour of this rare pleural tumour. WDPMT 
consists of papillary stroma covered by bland mesothe-
lium, without stromal invasion. BAP1 expression is usu-
ally retained. Caution is needed when making a diagnosis 
of WDPMT, as superficial biopsies of low-grade epithe-
lioid mesothelioma can appear morphologically similar, 
necessitating histologic examination of the complete 
lesion [8••].

A new addition in the 2021 classification is mesothe-
lioma in situ (MIS). MIS was originally postulated in 1992 
and is considered to be a precursor to diffuse mesothe-
lioma [9]. It is defined as a mesothelial proliferation lim-
ited to the serosal surface with no macroscopically visible 
tumour on direct inspection or radiological imaging, with 
either BAP1 loss and/or CDKN2A/p16 homozygous dele-
tion detected. Invasive mesothelioma must be absent for a 
MIS diagnosis, with cytological analysis alone insufficient 
to rule out invasive disease. MIS must be diagnosed by a 
multidisciplinary team (MDT). Most MIS patients present 
with recurrent pleural effusion. Progression to PM is con-
sidered the natural disease course, although the expected 
time to progression in unknown. Data on MIS is scant 

with a small series of 10 patients, (9 PM and 1 peritoneal 
mesothelioma), forming much of the knowledge base. In 
that series, median time to progression was 60 months 
(range 12–92). Two patients had not developed PM when 
the study was published (at 12 and 57 months) and were 
ultimately diagnosed with benign asbestos pleural effusion 
(BAPE) [10].

Development of PM

BAPE is one of several benign asbestos-related inflamma-
tory pleural diseases that have been reported to progress 
to PM. The conversion rate for asbestos associated pleural 
inflammation has been reported to be as high as 16% [11, 
12]. A meta-analysis of 11 similar studies found a conver-
sion rate of 6% but reported significant inter study hetero-
geneity [13].

For people who have been exposed to asbestos, the fear of 
developing PM is ever present [14•]. However, little is cur-
rently known about the development of PM, including who is 
most at risk. The Meso-Origins study aims to determine risk 
factors for progression from BAPE to PM through identifi-
cation of genomic signatures that can be used as pre-cursors 
for malignant transformation [12]. Meso-ORIGINS aims 
to recruit 620 participants by 2025, and the results should 
improve our understanding of PM evolution and aid develop-
ment of surveillance strategies in benign pleural disease [15].

Nuclear Grading System and Predicting Prognosis

The introduction of a histopathologic grading system for epi-
thelioid PM in the 2021 WHO classification is a significant 
development in PM pathology reporting, with nuclear grade 
linked to overall survival [8••] (See Fig. 1). First proposed 
in 2012, the three tier grading system was developed using a 
predominantly surgical population [16]. The system assigns 
a score of 1–3 for both nuclear atypia and mitotic count at 
histological analysis. Scores are combined to produce the 
three-tier grade, which was an independent predictor of sur-
vival. During validation in another predominantly surgical 
cohort, the presence or absence of necrosis added further 
prognostic value [4]. Necrosis was combined with three-tier 
grade to form the two-tier nuclear grade.

Both scores were externally validated in non-surgical 
biopsy samples [17]. Median survival was 8.9 months in 
high nuclear grade and 19.3 months in low grade. The prog-
nostic relationship disappeared with smaller biopsies, high-
lighting the importance of biopsy size and number when 
assessing nuclear grade [17]. This is likely to reflect the 
histological heterogeneity of PM tumours, requiring multi-
ple large samples from different tumour sites to increase the 
chance of representative sampling.
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Reporting of nuclear grade is now recommended for all 
epithelioid PM tumours at diagnosis [4]. The prognostic 
information it provides can help patients and clinicians share 
decision making when planning treatment.

Other scoring systems have been created. In 2018 Pelosi 
et al. proposed and validated a pathologic grading system for all 
histological subtypes of PM. Biopsy samples are scored based 
on histological subtype, presence of necrosis, mitotic count and 
Ki67 labelling index [18]. Ki67 is a marker of proliferation, and 
is used to stratify peritoneal mesothelioma and inform treatment 
decisions [19]. Exploratory work has shown Ki67 to have some 
prognostic value in PM, but further validation is required [20].

Outside histopathological techniques, clinical prognos-
tication can be performed at diagnosis using the scoring 
system developed by Brims et al. [21]. It combines baseline 
performance status (PS), presence of weight loss, histol-
ogy subtype, haemoglobin and serum albumin to separate 
patients into 4 prognostic groups. Median survival ranges 
from 34 months in group 1 to 7.4 months in group 4.

New Diagnostic Approaches and Biomarkers

Interventional Diagnostics

Biopsy remains the gold standard for PM diagnosis, 
although an MDT clinico-radiological consensus diagnosis 
is an acceptable alternative if biopsy is not possible [22].

Recent studies have investigated methods of increasing 
the diagnostic sensitivity of radiologically guided biop-
sies. A 2021 meta-analysis reviewed 30 studies reporting 
the diagnostic yield of image-guided pleural biopsies [23]. 
Although there was significant heterogeneity between stud-
ies, the diagnostic yield of CT-guided biopsy was consist-
ently high at 93%. Although thoracic ultrasound (TUS)-
guided biopsies had a slightly lower yield of 84%, it has 
improved with time, unlike that of CT-guided biopsies. 
Improved operator skill can explain this, as TUS has become 
more widely used by clinicians in recent years. Complica-
tion rates were low for all image-guided biopsies, at 7% for 
CT-guided biopsy and only 3% for TUS-biopsy.

False negative results remain a challenge, as it is well 
recognised that mesothelioma deposits can be distributed 
heterogeneously across the pleural surface. These have been 
reported in up to 25% of patients with suspected PM [23].

PET-CT is used routinely for staging and to select biopsy 
sites in other cancers. However, in PM, PET-CT is recom-
mended only where the presence of distant metastases will 
change management. A 2015 meta-analysis demonstrated 
PET-CT had variable utility in differentiating between 
benign and malignant pleural disease, with sensitivity of 
81% and specificity of 74% The use of PET-CT to identify 
biopsy targets is less well understood in PM [24].

The multi-centre randomised controlled trial (RCT) TAR-
GET study investigated the use of PET-CT to increase the 
diagnostic sensitivity of image guided biopsy in patients with 
suspected pleural malignancy and an initial non-diagnostic 
biopsy [25]. The majority of patients were ultimately diag-
nosed with mesothelioma, but the diagnostic yield was simi-
lar in both CT-guided and PET-CT guided biopsy groups. 
TARGET findings therefore do not recommend PET-CT for 
targeting biopsy sites in second biopsies [26].

Instrumenting PM for biopsy samples, regardless of tech-
nique, can lead to procedure tract metastasis via tumour cell 
seeding. Incidence rates vary in the literature, ranging any-
where from 2 to 50% of instrumented PM cases [27–30]. 
Development of tract metastases are a poor prognostic factor 
[31]. They can be treated with radiotherapy, especially if 
painful, but prophylactic irradiation after pleural procedures 
is no longer indicated [22, 31], based on evidence from the 
SMART and PIT trials [28, 30].

SMART randomised 203 patients to receive immediate 
radiotherapy at the site of large bore pleural intervention or 
deferred radiotherapy at the site once procedure tract metas-
tases developed [30]. It found no difference in tract metasta-
ses in either group. No between arms difference was found 
in pain, quality of life or breathlessness, although it was 
not powered for these secondary outcomes. PIT randomised 
375 patients to receive either radiotherapy following pleural 
intervention or standard care, without tract site radiotherapy. 
Its findings supported those of SMART, demonstrating no 
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Fig. 1  Flow chart outlining 2 and 3-tier nuclear grading system
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difference in the 6 month incidence of chest wall metastases 
[28]. Localised radiotherapy remains recommended only as 
a palliative treatment measure for localised mesothelioma 
where the disease matches pain distribution.

Ancillary Diagnostic Tests

Recent advances in laboratory testing have broadened the 
panel of tests available for suspected PM, reducing diagnos-
tic uncertainty. Homozygous deletion of the 9p21 locus is 
one of the most common genetic alterations in PM, affecting 
a cluster of tumour suppression genes that show diagnos-
tic promise. These are BRCA-associated protein 1 (BAP1), 
CDKN2A/p16 and methylthioadenosine phosphorylase 
(MTAP) [25, 32].

BAP1 is a tumour suppressor gene. Germline BAP1 loss 
was initially identified amongst families with high incidence 
of mesothelioma in 2011 [33]. Somatic mutation causes loss 
of BAP1 nuclear expression in some PM tumours and this 
can be tested for using immunohistochemistry (IHC). BAP1 
is lost in 70% of epithelioid and 50% of sarcomatoid PM 
[34]. Although BAP1 testing is not recommended in current 
mesothelioma guidelines [22, 31], its utility in differentiat-
ing between benign and malignant mesothelial lesions, par-
ticularly when tissue invasion is not clearly identifiable, has 
prompted its routine use in many laboratories and its incor-
poration into the 2021 WHO Classification of tumours of 
the pleura [4, 32]. A 2017 meta-analysis showed BAP1 loss 
had moderate diagnostic sensitivity (area under the curve of 
0.72) with 100% specificity, making it an excellent ‘rule-in’ 
test for PM [35]. Furthermore, BAP1 IHC has been shown to 
increase diagnostic accuracy in atypical pleural fluid cytol-
ogy [36•], highlighting a potential use in patients unable to 
tolerate more invasive investigation.

BAP1 is retained in 30–40% of PM, necessitating the use 
of other markers to improve diagnostic accuracy. CDKN2A/
P16 homozygous deletion occurs in around 70–80% of epi-
thelioid PM and close to 100% of sarcomatoid PM [37]. It 
is demonstrated using the fluorescence in situ hybridisation 
(FISH) technique. Diagnostic sensitivity of P16 FISH is 0.53 
in isolation, but 0.76 if combined with BAP1 testing [38].

FISH is not performed in all laboratories but immunohisto-
chemical (IHC) staining is universally available and faster and 
cheaper to run [39]. Loss of expression of the protein product 
of the MTAP gene on IHC has been shown to be an accurate 
and reproducible surrogate marker for p16 FISH, as they are 
located in close proximity on the 9p21 region of chromosome 
9 [8••]. When used in combination with BAP1, MTAP IHC 
has 100% specificity and 76.5% sensitivity for differentiating 
malignant from benign mesothelial disease [35]. MTAP IHC 
staining is widely accepted as good practice in suspected PM, 
although is not yet universally available [8••, 40].

Serum Mesothelin as a Biomarker

While routine work up of many cancers now utilises 
blood-based biomarkers for risk identification, diagno-
sis and monitoring, there is no biomarker yet that fulfils 
this role in PM. One of the most studied is serum meso-
thelin. Mesothelin is a glycoprotein involved in cell to 
cell adhesion that is expressed on the surface of normal 
mesothelial cells. Mesothelin is overexpressed in some 
cancers, including PM, and, when released from the cell 
surface, can be detected in the blood as soluble meso-
thelin-related peptides (SMRPs) [41]. Higher mesothelin 
levels are seen with increasing tumour bulk, and in epi-
thelioid histology [42].

Serum mesothelin has been investigated as a potential 
diagnostic or screening biomarker for PM [41–45]. However, 
it has no role in the diagnostic pathway due to low sensitivity 
and poor negative predictive value. In sarcomatoid disease 
particularly, mesothelin levels can be low despite a signifi-
cant burden of disease [22, 31].

Baseline mesothelin has shown promise as a prognostic 
tool, with studies finding an inverse relationship between 
baseline levels and survival. However, cut-off values and 
significance thresholds vary in the literature, making clinical 
interpretation challenging [42].

Serum mesothelin may aid disease monitoring, as it 
appears to correlate well with radiological disease status. 
In 2011, Creaney et al. monitored serum mesothelin in 55 
patients with PM undergoing oncological treatment and 
found an association between radiological disease response 
and falling serum mesothelin [43]. A 2018 study of 41 
patients receiving either chemotherapy (n = 23) or best sup-
portive care (n = 18) showed changes in serum mesothelin 
reflected disease status on clinically-reported CT scans more 
accurately than mRECIST. A 10% rise in serum mesothe-
lin from baseline predicted disease progression with 96% 
sensitivity in epithelioid disease and 80% in sarcomatoid 
disease [42].

A 2023 study of 209 patients confirmed the value of 
serial serum mesothelin as a marker of disease status and 
survival [46]. Rising serum mesothelin values predicted 
disease progression, whether receiving systemic antican-
cer treatment (SACT) or best supportive care (OR 1.51, 
95% confidence interval [CI] 1.01- 1.95). In people receiv-
ing SACT, falling levels predicted disease response (OR 
1.4, 95% CI 1.03–1.92). The prognostic utility of serial 
serum mesothelin was maintained regardless of patient’s 
baseline mesothelin result. An initial mesothelin level 
of ≥ 2 nmol/L was associated with higher mortality (HR 
1.98, 95% CI 1.13–3.47). Further work is underway to 
determine the thresholds of mesothelin change that may 
inform use in clinical settings.
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Future Directions in Diagnosis

Breath Testing in Mesothelioma

Effective breath testing techniques could enable earlier, 
non-invasive diagnosis of PM, and facilitate differentiation 
between benign and malignant asbestos-related pleural dis-
ease. Volatile organic compounds ([47]) reflect underlying 
pathological metabolic processes, including lung cancer and 
previous asbestos exposure, and can be measured in exhaled 
breath [47].

A 2020 literature review of breath testing in PM identified 
6 studies, with sample sizes of 39–330 patients. VOC analy-
sis distinguished PM from healthy controls with sensitivity 
and specificity ranging from 0.62–0.96 and 0.22–1.0 respec-
tively. Identifying PM from asbestos-exposed individuals 
had sensitivity of 0.62–0.96 and specificity of 0.52–0.71, 
with the wide range in reported results due to variation in 
techniques [47]. Lack of external validation is one barrier 
preventing use of VOC models in clinical practice. However, 
a 2017 model performed poorly during external validation, 
with the authors citing high interobserver variability during 
VOC analysis. This may prove another barrier to clinical 
translation [48].

Breath testing has also been used to predict response to 
immune checkpoint inhibitors (ICIs). A 2021 study used 
ENose technology, which detects VOC combinations, to 
identify differentiate between immune checkpoint inhibi-
tor (ICI) responders and non-responders in a sample of 31 
patients [49]. Further work with larger samples is required.

Artificial Intelligence

Artificial intelligence (AI) holds great potential in medicine, 
with many possible applications in mesothelioma. Semi-
automated methods using computer assisted PM tumour 
measurement were first published in 2005 [50]. More 
recently, Kidd et al. created and validated a deep learning 
AI system to perform volumetric analysis of PM tumours 
on CT scans [51•]. This showed good agreement between 
radiologists and AI in assessment of tumour volume, with 
any AI errors occurring with fissural tumour, contralateral 
pleural thickening and adjacent lung atelectasis. However, 
AI was less accurate in determining post-treatment disease 
status, with kappa of 0.284 compared to mRECIST, whilst 
radiologist assessment concordance with mRECISt was 
higher (kappa 0.439).

AI can be used to differentiate between benign and malig-
nant pleural disease on radiological imaging. Kitajima et al. 
developed several such models using a 525-patient training 
set, with the best performing combining clinical features and 
radiology. It distinguished between benign and malignant 

disease with sensitivity and specificity of 89% and 74% 
respectively.

AI has also been employed in histological image analy-
sis to improve diagnosis, prognostication and help distin-
guish benign from malignant mesothelial proliferations [50, 
52–54]. Naso el at showed AI could distinguish between 
sarcomatoid PM and benign spindle cell mesothelial pro-
liferations, with potential utility in challenging diagnostic 
cases [53]. In 2019 Courtiol et al. created a predictive model 
using survival data and histological images to identify pat-
terns linked with poor prognosis [53].

Although AI models are not in routine use for these indi-
cations, the landscape is rapidly changing and incorporation 
of AI into routine radiological and histological assessment 
of suspected PM is likely in the future.

Advances in Treatment

Surgery in Mesothelioma

Although less invasive approaches are preferable, video-
assisted thoracoscopic surgery VATS biopsy may be 
required for diagnosis in those where percutaneous biopsy 
or medical thoracoscopy is not possible or is non-diagnostic.

The role of thoracic surgery as treatment for PM is con-
troversial, and it is not recommended in UK guidelines 
[22]. The MARS feasibility trial showed no benefit for 
extrapleural pneumonectomy (EPP) and suggested that EPP 
was, in fact, associated with higher morbidity and mortality 
[55]. The multicentre randomised MARS2 trial evaluated the 
role of extended pleurectomy decortication (EPD) in patients 
treated with chemotherapy and randomised 335 patients to 
either EPD plus chemotherapy or chemotherapy alone [56, 
57••]. It showed poorer outcomes in the surgical arm with 
increased mortality (HR 1.28, 95% CI 1.02 -1.60), a higher 
complication rate (Incidence rate ratio 3.6, 95% CI 2.3–5.5), 
poorer quality of life and increased costs. These results show 
definitive surgery is not a good option for these patients.

Surgical management of malignant pleural effusions 
remains unproven. The MesoVATS trial, published in 
2014, found no improvement in OS with video-assisted 
thoracoscopic partial pleurectomy (VAT-PP) compared to 
talc pleurodesis, with increased complications and hospital 
stay in the surgical arm [58]. The randomised MesoTRAP 
feasibility study aimed to compare the use of indwelling 
pleural catheters (IPC) with a surgical approach in the 
management of non-expansile lung, with patient reported 
outcomes rather than OS as the primary outcome. It closed 
to recruitment in 2020 and an additional longitudinal ele-
ment was added due to recruitment challenges, with results 
awaited [59].
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Treatment Advances in Non‑resectable 
Mesothelioma

Immunotherapy

Combination chemotherapy with pemetrexed and a plati-
num agent was the mainstay of treatment for PM until the 
recent developments in systemic anti-cancer therapies. Both 
VEG-F antagonists and checkpoint inhibition have shown 
modest but important survival benefits and have changed 
the PM treatment landscape as a result.

Bevacizumab is an anti-VEGF monoclonal antibody 
which showed initial promise in early small studies 
[60–62]. This led to the 2016 MAPS phase 3 RCT ran-
domising 448 participants to either standard chemotherapy 
or chemotherapy plus bevacizumab. In the bevacizumab 
arm median OS increased from 16.07–18.82 months (HR 
0.67; 96% CI 0.61–0.94), as did progression-free survival 
(PFS) [63]. Subgroup analysis between epithelioid and 
non-epithelioid disease showed no difference. While this 
treatment was included in some guidelines at the time, 
licensing restrictions prevented its universal adoption as 
first line treatment [64].

Following dramatic impact in the melanoma and non-
small cell lung cancer sphere, immunotherapy was widely 
touted as a potential treatment for mesothelioma. Initial 
results of single agent therapies were disappointing, 
however [65, 66]. Following publication of the phase 3, 
randomised Checkmate 743 study in 2021, dual immuno-
therapy has become the standard first-line management of 
patients with PS of 0–1 and non-resectable disease [67]. 
In Checkmate 743, 605 eligible participants were ran-
domised to either nivolumab (a human anti-programmed 
cell death 1 (PD-1) antibody) with ipilimumab (a human 
anti-cytotoxic T-lymphocyte 4 (CTLA-4) antibody) or 
standard chemotherapy (platinum plus pemetrexed). 
Median OS increased from 14.1  months with chemo-
therapy to 18.1 months in the immunotherapy arm (HR 
0.74; 96.6% CI 0.6–0.91). While OS on dual immuno-
therapy was higher regardless of histological subtype, the 
improvement in OS was more marked in non-epithelioid 
histology, where OS increased from 8·8 months (95% 
CI 7·4–10·2) with chemotherapy to 18·1 months (95% 
CI 12·2–22·8) with dual immunotherapy. In epithelioid 
histology median OS on chemotherapy was 16·5 months 
(14·9–20·5) and 18·7 months (16·9–22·0) on dual immuno-
therapy. This reflects the limited efficacy of chemotherapy 
in non-epithelioid disease, and offers a valid and effective 
alternative for people with these poor prognosis subtypes.

Rates of drug toxicity were comparable between treat-
ment groups, and the toxicities reported for dual immu-
notherapy were comparable to those reported previously 
[68•]. Twice as many patients on dual immunotherapy had 

treatment-related adverse events that led to discontinua-
tion (15%), than with chemotherapy (7%). However, sur-
vival benefit at 1 and 2 years remained higher in the dual 
immunotherapy group, with ongoing benefit found at 3 years 
even after treatment discontinuation [69]. Furthermore 
patient reported outcome measure (PROMs) favoured the 
dual immunotherapy arm [70] suggesting quality of life and 
symptom benefits compared with chemotherapy.

Dual immunotherapy has been approved by international 
regulatory bodies and is recommended in international 
guidelines as the standard of care as first line treatment for 
non-operable PM in good performance patients. Phase 3 
studies to assess the efficacy of combination chemo-immu-
notherapy as first line treatment are underway, including 
DREAM3R [71•], BEAT-meso (NCT03762018) and CCTG 
IND227/IFCT-1901 [72] which could further advance man-
agement once reported.

In non-epithelioid disease, survival improvements have 
also been shown with the addition of pegylated arginine 
deiminase to standard chemotherapy. In the phase 2/3 
ATOMIC meso trial, 249 patients with non-epithelioid PM 
were randomised to standard chemotherapy (pemetrexed and 
cisplatin) plus placebo or chemotherapy plus pegargiminase 
[73, 74]. Median OS was 9.3 months (95% CI 7.9–11.8) 
in the intervention group compared to 7.7 months (95% CI 
6.1–9.5) in the control group. While survival gains are more 
modest when compared with the Checkmate 743trial, it is 
another sign of progress in a subtype with such few treat-
ment successes in recent years.

Identifying Treatment Responders

Treatment response rates for both arms in Checkmate 743 
were below 50%. Identifying people with PM who will 
respond to treatment remains a challenge for clinicians, 
with therapeutic molecular targets lacking. Although tar-
geted therapy is a rapidly expanding field in lung cancer 
[75], developments in PM treatments have not kept pace 
largely due to the lack of driver mutations. While PD-L1 
expression has shown some correlation with response to 
immunotherapy in PM, there is insufficient evidence at 
present to warrant its, or any other molecular markers 
use, in treatment selection [76]. Other studies investigat-
ing targeted therapies and small molecules have failed to 
demonstrate effectiveness, and until genetic and molecu-
lar targets are identified, personalised therapy seems 
some way off in PM.

Second-line PM treatment following relapse is an area 
lacking in evidence, as increasingly patients are receiving 
first line immunotherapy. The trials to date are conducted 
on patients following first line chemotherapy [66, 77, 78].

The phase 2 MAPS2 trial randomised 125 PM 
patients with PS 0–1 who had relapsed after first or 
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second line platinum-based chemotherapy to either single 
(nivolumab) or dual (nivolumab plus ipilimumab) immu-
notherapy [77]. 12 week disease control rates were 44% 
and 50% in the single and dual immunotherapy groups 
respectively. The phase 3 CONFIRM trial randomised a 
similar population of 332 PM patients to either single 
agent immunotherapy (nivolumab) or placebo, showing 
nivolumab improved survival (adjusted HR 0·69 [95% CI 
0·52–0·91]) [78]. OS on nivolumab was 10.2 months (95% 
CI 8.5–12.1) vs 6.9 months (95% CI 5.0–8.0) with pla-
cebo, with improved progression free survival (3 months 
[95% CI 2·8–4·1] vs 1.8 months [95% CI 1·4–2·6].

These trials show the benefits of immunotherapy in the 
second line setting, without unexpected toxicities. There-
fore in those who have received chemotherapy as first 
line, dual immunotherapy is a valid second line treatment 
option while awaiting more evidence.

Intra‑pleural Drug‑delivery

Intra pleural therapies are an appealing option for PM as 
it is often confined to the pleura, which can be readily 
accessed via an IPC. However, research is still early stage 
with a number of small feasibility/early phase trials.

Danson et al. studied HSV1716, a herpes simplex virus 
with anti-tumour effects, in 13 patients. It was well tol-
erated but efficacy could not be determined [79]. Bibby 
et al. performed a feasibility trial of intra-pleural bacte-
rial immunotherapy (TILT), randomising patients to intra-
pleural OK432, BCG or usual care. With 7 patients it did 
not meet recruitment targets. However no difference was 
seen in radiological outcome between groups, and the 
trial within a cohort methodology was deemed unfeasible 
in this population [80].

Research is underway to determine safety, tolerability 
and efficacy of another intra-pleural therapy. MITOPE is 
a non-randomised phase 1/2 study evaluating intra-pleural 
RSO-021 (a mitochondrial peroxide scavenging enzyme per-
oxiredoxin 3 inhibitor) [81]. Aiming to recruit 42 patients, it 
closes in 2025. This is a developing area, and it remains to 
be seen if it will lead to survival benefit in this population.

Conclusions

Despite modest improvements in PM survival, recent thera-
peutic advances have provided patients with much-needed 
hope, and a sense of incremental gains against this previ-
ously treatment refractory disease.

Similar advances in diagnostics could streamline the 
PM pathway and reduce the period of anxious uncertainty 
that many experience as they await results or undergo 
monitoring for suspicious pleural disease. Improvements in 

prognostication have the potential to contribute positively 
to decision making and treatment discussions between the 
clinician and patient.

As diagnostic pathways evolve and treatment options 
widen, it is vital that routine clinical practice keeps pace 
with advances in best practice standards. The importance of 
the MDT, including dedicated specialist nurses, in advocat-
ing for the most up to date and evidence-based treatment for 
their patients remains paramount.
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