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Abstract: The treatment paradigm for malignant pleural mesothelioma (MPM) has changed little in the last 18 years. Radical intent
treatment, consisting of surgical resection, radiotherapy and chemotherapy, has been offered to a highly select few; however, there is
little randomised evidence to validate this approach. Prior to 2020 chemotherapy with platinum and an anti-folate was the only
intervention with randomised evidence to demonstrate improved overall survival (OS) in MPM. No systemic therapy had been
demonstrated to improve OS in the second line setting until 2020. The publication of the Checkmate 743 trial in 2021 demonstrated a
survival benefit of combination immunotherapy over standard chemotherapy in newly diagnosed patients with MPM. This finding was
shortly followed by the CONFIRM trial which demonstrates a modest but significant survival benefit of second line nivolumab versus
placebo in patients having previously received standard chemotherapy. The results of these trials, recent biomarker directed therapy
and chemotherapy adjuncts are discussed within this review. The integration of immunotherapy for the few patients in whom radical
surgical therapy is intended is currently the subject of clinical trials and offers the prospect of improving outcomes in this rare but
devastating disease.
Keywords: immune checkpoint inhibitors, immunotherapy, malignant pleural mesothelioma, mesothelioma radiotherapy,
mesothelioma surgery, trimodality therapy

Background
Malignant pleural mesothelioma (MPM) is a rare malignant tumour of the pleural lining of the thoracic cavity. MPM has
a poor prognosis with a 5 year overall survival (OS) of 5% for all stages.1 The majority of MPM cases are related to
asbestos exposure.2 There is a long latency period from exposure to the development of disease with an average period of
40 years.3 Patients are typically male and commonly diagnosed in the 8th decade of life.4 Despite efforts over the past
three decades to reduce or ban the use of asbestos, the peak incidence of asbestos in developed countries has yet to
occur.5 The incidence of MPM is rising in the developing world and is not expected to peak for another 2 decades.6

Hence is it expected to remain a significant and preventable cause of global disease.
MPM is grouped into 3 major histopathological subtypes; epithelioid (69%), sarcomatoid (19%) and biphasic (12%).7

The sarcomatoid histological subtype is typically considered to have the worst prognosis and be least sensitive to
chemotherapy.7 Histology is prognostic in surgically resected patients with the sarcomatoid subtype having a worse OS
than patients with epithelioid histology.8 Loss of function mutations in BRCA 1 associated protein (BAP1) are a frequent
event in MPM with germline mutations denoting an increased risk of MPM.9 BAP1 germline alterations can predict for
improved overall survival following platinum based chemotherapy.10 The pattern of BAP1 immunohistochemical (IHC)
staining also varies based on histology and can predict for overall survival with cytoplasmic BAP1 staining being
associated with a favourable prognosis in non-epithelioid MPM.11
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While surgery, systemic therapy and radiotherapy can be used in the treatment of malignant pleural mesothelioma,
systemic therapy is the only treatment which has been demonstrated to improve overall survival in randomised clinical
trials.12,14 The evidence for local therapies such as surgery and radiotherapy are less robust and will be reviewed in the
following section.

Surgery
The distinct challenges of pleural anatomy make microscopically negative surgical margins for resection of MPM difficult.
There is variation in international surgical guidelines as to the ideal surgical approach for MPM patients.15 Current NCCN
guidelines recommend surgery only when complete macroscopic resection is possible in stage I–IIIA disease, with
epithelioid or biphasic histology and in carefully selected patients. Two surgical options are available with the aim of
prolonging overall survival: Extrapleural Pneumonectomy (EPP) or extended Pleurectomy/Decortication (eP/D). EPP
involves the en bloc resection of the involved lung with visceral pleura, the ipsilateral hemidiaphragm, pericardial and
remaining parietal pleura whilst eP/D involves extrapleural dissection to remove the tumour and parietal pleura from the
chest wall with resection of the diaphragm and pericardium after which the parietal pleura is resected and the entire visceral
pleura dissected to remove visible tumour.16 The International Association for the Study of Lung Cancer (IASLC) database
of 1494 patients treated with curative intent surgery showed longer OS in stage I disease in patients treated with EPP
compared to P/D.8 This retrospective, non-randomized study was collected across 15 centres and four continents and is the
largest series to describe surgical outcomes. Since the established sequencing of neoadjuvant chemotherapy, macroscopic
complete resection (MCR) surgery and adjuvant radiotherapy by the Memorial Sloan Kettering group, MCR has typically
been delivered as part of tri-modality therapy.17

The role of EPP was assessed in the multi centre, randomised Mesothelioma and Radical Surgery (MARS) trial in
which patients who had completed neoadjuvant chemotherapy were randomised to EPP followed by thoracic radiation or
no EPP.18 This showed no OS benefit for EPP (median OS 14.4 versus 19.5 months, Hazard Ratio (HR) 1.90, 95% CI
0.92–3.93) with a hazard ratio suggesting harm with the procedure. However, this trial attracted significant criticism due
to its poor accrual and its design. It was underpowered to formally assess the impact on OS and had a comparatively high
mortality rate from EPP compared to previously published Phase 2 trials and retrospective series.19 No other randomised
trials have been subsequently performed looking at EPP.

eP/D is an alternative surgical procedure to EPP which also aims to achieve MCR. Meta analyses of phase 2 trials and
retrospective data series have identified that patients undergoing eP/D have lower perioperative mortality (2.9% versus
6.8%) and morbidity (27.9% versus 62.0%) than EPP.20,21 There was no statistically significant difference in OS in either
analysis. While it may be tempting to argue that eP/D is a less morbid procedure than EPP, eP/D may be offered to
patients with early stage disease whilst EPP may be offered for more advanced (but operable) cases.16 In the absence of
randomised trials, direct comparisons between the two techniques are difficult. The current MARS2 study is a multi-
centre, randomised trial looking to compare eP/D versus no surgery in patients following 2 cycle of platinum and
pemetrexed chemotherapy.22

Thus, there remains no high-level evidence from randomised trials to support routine surgery to achieve MCR in
MPM pending the outcome of the MARS2 trial. Moreover, there is ongoing debate in the surgical community as to its
overall benefit of MCR intent surgery. In the absence of high quality evidence, surgery remains an option limited to
experienced centres for select patients as part of multi-modality treatment.16,23

Given the high rate of local recurrence following surgical resection24 intraoperative therapy has also been utilised in
the surgical management of MPM. A number of single armed studies have demonstrated the safety and feasibility of
intracavity cisplatin and gemcitabine following either EPP or P/D.25 This has yet to be incorporated into clinical practice
guidelines.26 Other adjuncts to surgery, such as heated intraoperative povidone-iodine (PVP-I) and photodynamic therapy
(PDT), have shown promise in smaller studies yet have not been validated in larger trials and are not included in clinical
practice guidelines.27
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Radiotherapy
Radiotherapy can be used in the treatment of MPM in the peri operative and the palliative setting.28 While palliative
radiotherapy has often been recommended for the treatment of symptomatic MPM soft tissue or bone metastases, there
was limited high quality evidence to support this until the recent single arm, phase 2 SYSTEMS study of 40 patients
which found an improvement in pain scores following palliative radiotherapy.29,30 The randomized, phase 2 SYSTEMS-2
study is currently underway to assess standard (20Gy/5#) versus escalated dose (36Gy/6#) palliative radiotherapy on
improving pain scores in MPM.31

Following a positive randomised controlled trial suggesting benefit for prevention of tract seeding, prophylactic
radiotherapy following invasive procedures to the pleural space began to be used in clinical practice.32 However, four
subsequent randomized controlled trials failed to demonstrate a benefit for prophylactic tract irradiation in reducing the
incidence of chest wall recurrence.29–32 These discrepant results may reflect the greater efficacy of systemic therapy in
contemporary practice.33 Based on this collective evidence, prophylactic irradiation of procedural tracts is no longer
recommended as standard practice.34

In the context of perioperative treatment, radiotherapy can be delivered after neoadjuvant chemotherapy and MCR or
alternatively prior to surgery. Hemithoracic radiotherapy can be delivered after EPP with the intent of reducing
locoregional recurrence, which can be as high as 29% at 2 years in some series.35 However, there is little randomized
data to support this. The phase 2 randomised SAKK 17/04 trial randomised 54 patients who had completed neoadjuvant
chemotherapy and EPP to adjuvant hemithoracic radiotherapy or no adjuvant therapy.36 When the trial was terminated
early due to poor accrual, there was no benefit for hemithoracic radiotherapy compared to no treatment for locoregional
relapse free survival (9.4 months versus 7.6 months) or overall survival (19.3 months versus 20.8 months). Criticism of
this trial include its design and not being powered to demonstrate an effect on overall survival. Additionally, it included
patients with N2 lymph node involvement who may have poor outcomes regardless of adjuvant treatment.

Given the trend away from EPP towards eP/D following the MARS trial there have been concerns regarding the
safety of delivering adjuvant radiotherapy with the ipsilateral lung in situ due to the risk of pneumonitis. A single arm,
Phase II study to determine the safety of intensity modulated pleural radiation therapy (IMPRINT) following P/D was
conducted in 27 patients.37 IMPRINT was demonstrated to be safe with no grade 4 or 5 radiation toxicities, but 59% of
patients experienced disease recurrence within the radiation field.

While adjuvant radiotherapy is the dominant paradigm in trimodality therapy for MPM, the role of neoadjuvant
radiation was evaluated in the Surgery for Mesothelioma after Radiation Therapy (SMART) clinical trial.38 This single
arm, phase 2 study delivered 25Gy in 5 fractions with a 5Gy boost to 96 patients followed by EPP 1 week later. All
patients who started treatment completed EPP. Safety analysis revealed 34% of patients having grade 3 complications
within 30 days following pneumonectomy with one patient dying of pneumonia. Adjuvant chemotherapy was considered
in 51% of patients, commenced in 13 (14%) with only 7 patients completing the intended three cycles. Median OS was
24.4 months with 20.1% of patients having local recurrence. While median OS in patients with epithelioid histology and
ypN0 disease was an encouraging 65.9 months, this does come at the cost of significant grade 4 toxicity. The low rate of
patients going on to receive chemotherapy also raises questions regarding the optimal sequencing of treatments.

Tri-modality therapy remains the dominant paradigm for patients with MPM being treated with curative intent.
However, the evidence base for its individual components such as MCR surgery and hemithoracic radiotherapy remains
limited. As the efficacy for systemic therapy increases in the unresectable setting, the benefit for trimodality therapy may
be enhanced by the incorporation of these newer agents.

Chemotherapy
Chemotherapy has been the only modality demonstrated to increase OS for patients with MPM until recently. The landmark
Phase 3 clinical trial conducted by Vogelzang et al demonstrated a benefit in median OS (12.1 versus 9.3 months, hazard ratio
(HR) 0.77, p = 0.02) for the addition of pemetrexed to cisplatin chemotherapy.12 There was also a benefit seen with the
addition of pemetrexed for median time to progression (5.7 versus 3.9 months, HR = 0.68, p = 0.001) and response rate (RR)
(41.3% versus 16.7%, p < 0.0001). This was associated with increased grade 3 and 4 toxicity such as nausea (14.6% versus
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6.3%), vomiting (13.3% versus 3.6%), diarrhoea (4.4% versus 0%), dehydration (4.0% versus 0.5%) and stomatitis (4.0%
versus 0%). There was also an improvement in quality of life for patients receiving combination treatment compared to
cisplatin alone.39 Based on this study, the combination of cisplatin and pemetrexed received FDA approval for the first line
treatment of MPM and has remained the standard of care until recently.

The addition of the vascular endothelial growth factor (VEGF) monoclonal antibody bevacizumab to cisplatin and
pemetrexed was evaluated in the phase 3 MAPS study.13 This demonstrated a benefit for median OS with the addition of
bevacizumab (18.8 versus 16.1 months, HR 0.77, p = 0.0167). There was also a benefit seen for median progression free
survival (PFS) (9.2 versus 7.3 months, HR 0.61, p < 0.0001) with the addition of bevacizumab. There was more grade 3
or 4 toxicity with the addition of bevacizumab (71% versus 62%) with more patients stopping first line treatment due to
treatment toxicity (24.3% versus 6.0%, 95% CI for difference 11.7–24.9, p < 0.0001). Grade 3 hypertension (23% versus
0%) and thrombotic events (5.8% versus 0.9%) were particularly elevated with the addition of bevacizumab. Despite the
trial showing a statistically significant benefit for OS and being incorporated into clinical practice guidelines, bevacizu-
mab has not received FDA approval for the treatment of MPM. Other strategies to target VEGF have included the use of
the angiokinase inhibitor nintedanib in combination with cisplatin and pemetrexed chemotherapy in the Phase III,
randomised LUME-Meso trial.40 This failed to demonstrate a benefit for median PFS for the addition of nintedanib
(6.8 versus 7.0 months, HR 1.01 95% CI 0.79–1.30, p = 0.914). Similarly, no benefit was seen for median OS (14.4
versus 16.1 months, HR 1.12; 95% CI 0.79–1.58, p = 0.538).

Maintenance strategies have been explored to improve clinical outcomes in MPM. The CALB GB 30901 clinical trial
assessed 72 MPM patients who had not progressed following platinum and pemetrexed, randomising them to either
observation or continuation of pemetrexed.41 This did not demonstrate a benefit in PFS (3 versus 3.4 months, HR 0.99;
95% CI 0.71–1.90, p = 0.9733). The recent NVALT19, phase 2 open label trial evaluated maintenance gemcitabine
chemotherapy versus BSC in patients with no evidence of progression following first-line platinum and pemetrexed
containing chemotherapy.42 In 130 randomised patients there was a benefit seen for PFS with gemcitabine maintenance
(6.2 versus 3.2 months, HR 0.48 95% CI 0.33–0.71, p = 0.0002) compared to BSC. This finding did not translate into a
benefit for OS (16.4 versus 13.4 months, HR 0.90 95% CI 0.60–1.34, p = 0.60). There were more adverse events in the
gemcitabine group (92% of patients) compared to BSC (48% of patients). No quality-of-life data was reported. The
authors argued that the high percentage of patients who went on to receive subsequent lines of therapy (83/130 or 63.8%
of patients) may have confounded OS data.

There are limited second line chemotherapy options for patients with MPM. A number of agents have been tried to
improve clinical outcomes in patients who have progressed on platinum doublet chemotherapy. Previous phase 3 trials
looking at second line pemetrexed added to best supportive care (BSC) for patients treated with previous chemotherapy
excluding pemetrexed have failed to demonstrate a benefit for median OS.43 Given the majority of patients receive
pemetrexed in the first line setting this finding has limited generalizability to current clinical practice. In data recently
presented at ASCO 2021 Fennell et al assessed the clinically efficacy of oral vinorelbine and active supportive care
(ASC) versus ASC alone in a randomized, phase II trial.44 In 154 randomised patients the addition of oral vinorelbine
showed a benefit for median PFS (4.2 versus 2.8 months, HR 0.59; 95% CI 0.41–0.85, p = 0.0017). No benefit was seen
for median OS (9.3 versus 9.1 months, HR = 0.79; 95% CI 0.53–1.17, p = 0.24).

The randomised, phase 2 RAMES trial evaluated the benefit for the addition of the VEGFR2 monoclonal antibody
ramucirumab to gemcitabine in patients who had progressed following first line treatment forMPM.45 Of the 161 patients who
received treatment there was a benefit for median OS for the combination therapy group compared to gemcitabine alone (13.8
versus 7.5 months, HR 0.71, p = 0.057). While this did not meet the criteria for statistical significance, a 6-month benefit for
OS in the second line setting could be considered clinically meaningful. More grade 3 and 4 hypertension was observed in the
combination therapy arm than for single agent gemcitabine (6.3% versus 0%, p = 0.022). This data has only been presented in
abstract form and is yet to enter clinical practice guidelines.

Chemotherapy Adjuncts
Given MPM is initially a localised disease there has been a desire to find treatments which can be safely directed to the
affected pleural cavity. Tumour Treating Fields (TTFields) are a regional treatment for solid tumours which deliver low
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intensity electric fields to the relevant tumour site.46 This device acts by disrupting the assembly of the mitotic spindle at
metaphase with the field frequency being specific to particular types of cancer cells.47 There is randomised phase 3
evidence in glioblastoma multiforme demonstrating that the addition of TTFields to chemotherapy can improve PFS and
OS.48

The phase 2 STELLAR was a prospective, single arm, multicentre trial looking at the activity of TTFields in
combination with platinum and pemetrexed chemotherapy.49 For the 80 patients enrolled in the study median OS was
18.2 and median PFS was 7.6 months. There was minimal toxicity associated with the addition of the TTFields device
with localised dermatitis occurring in 68% of patients and was grade 3 in 5% of patients. Based on this study, TTFields
was awarded FDA approval for the treatment of untreated MPM in combination with platinum and pemetrexed
chemotherapy. However, given the lack of randomised evidence it has yet to enter clinical practice guidelines.

Immunotherapy
The chronic inflammatory response to asbestos fibres seen in MPM carcinogenesis leads to an immunosuppressive
tumour microenvironment.50 Given this, there has been significant interest in exploring the efficacy of immune
checkpoint inhibitors (ICI) acting against either the Programmed cell death protein 1(PD-1), Programmed Death
Ligand 1 (PD-L1) or Cytotoxic T-Lymphocyte-associated protein 4 (CTLA4) to prompt an anti-tumour immune
response. The clinical efficacy of these drugs has been examined in a number of single arm (Table 1) and comparative
studies (Table 2).

Many of these studies were conducted in the second line setting in which there is no established treatment for MPM.
These non-randomised studies reported median OS ranging from 10–17.3 months with treatment with ICIs such as
pembrolizumab or nivolumab.53,54 Following these single arm phase 2 studies, ICIs have been evaluated in the second
line setting in the randomised PROMISE-Meso and CONFIRM trials.

PROMISE-Meso was a phase 3, multicentre randomised trial of patients with unresectable, pre-treated MPM.59 This
trial of 144 patients randomised patients on a 1:1 basis to pembrolizumab or institutional choice of chemotherapy
(gemcitabine or vinorelbine). Upon progression on chemotherapy patients were allowed to crossover to pembrolizumab.
After a median follow up of 11.8 months there was no difference in median OS for pembrolizumab versus chemotherapy
(10.7 versus 12.4 months, HR 1.12, 95% CI 0.74–1.69, p = 0.59). There was no benefit in median OS even when
adjusting for cross over between the two study groups. Additionally, there was no benefit in median PFS between the

Table 1 Single Arm Studies of immunotherapy in Mesothelioma

Study Drugs & Schedule N Phase Line of
Treatment

Response
Rate

PFS (mon) OS (mon)

KEYNOTE02851 Pembrolizumab 10mg/kg q2 weekly 25 1b 2+ 20% 5.4 18

IRB14-138152 Pembrolizumab 200mg q3 weekly 65 2 2 19% 4.5 11.5

KEYNOTE15853 Pembrolizumab 200mg q3 weekly 118 2 2+ 8% 2.1 10.0

MERIT54 Nivolumab 240mg q2 weekly 34 2 2 29% 6.1 17.3

INITIATE55 Nivolumab 240mg q 2weekly + ipilimumab

1mg/kg q 6weekly

38 2 2+ 29% 6.2 NR

NIBIT-MESO-156 Tremelimumab 1mg/kg + durvalumab 20mg/kg

q4 weekly

40 2 1–2 28% 5.7 16.6

DREAM57 Cisplatin 75mg/m2 + pemetrexed 500mg/m2 +

durvalumab 1125mg q3weekly

54 2 1 48% 6.9 18.4

PrE050558 Cisplatin 75mg/m2 + pemetrexed 500mg/m2 +

durvalumab 1120mg q3 weekly

55 2 1 56% 6.7 21.1

Abbreviations: OS, overall survival; PFS, progression free survival; NA, not available; NR, not reached.
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pembrolizumab and chemotherapy groups (2.5 versus 3.4 months, HR 1.06, 95% CI 0.73–1.53, p = 0.76). There was an
improvement in RR for pembrolizumab compared to chemotherapy (22 versus 6%, p = 0.004). Of the 135 patients with
available PD-L1 status, 63 (46.7%) had PD-L1> 1%. There was no benefit in median OS from pembrolizumab over
chemotherapy in this subgroup (13.8 versus 15.3 months, HR 1.09 95% CI 0.57–2.09, p = 0.79). Rates of grade 3 and 4
toxicity were similar between the pembrolizumab (19.4%) and chemotherapy (25.7%) arms. Only one case of grade 3
pneumonitis felt to be related to treatment was noted in the pembrolizumab group.

These results are in contrast to the CONFIRM trial, a phase 3, double blind, placebo controlled trial of 12 months of
placebo or nivolumab for patients with previously treated mesothelioma.60 Randomisation to nivolumab was conducted
on a 2:1 basis. Cross over was not permitted in the trial, and it is unclear what subsequent therapies were received.
Median OS was immature but did show a benefit in favour of nivolumab compared to placebo (9.2 versus 6.6 months,
HR 0.72 95% CI 0.55–0.94, p = 0.018). Investigator assessed median PFS showed a benefit for nivolumab (3 versus 1.8
months, HR 0.61, 95% CI 0.48–0.77, p < 0.001). There was a benefit seen with nivolumab in median OS for patients with
epithelioid histology (9.4 versus 6.6 months, HR 0.71 95% CI 0.53–0.95, p = 0.021) but not in patients with non-
epithelioid histology (5.9 versus 6.7 months, HR 0.79 95% CI 0.35–1.79, p = 0.572). Grade 3 and 4 adverse events were
13.1% in the nivolumab arm and 2.7% in the placebo arm.

The results of the PROMISE-Meso and CONFIRM studies suggest that ICI such as pembrolizumab and nivolumab
has modest but clinically relevant activity in relapsed MPM.63 Of note the median OS in the pembrolizumab arm (10.7
months) and nivolumab arm (9.2 months) were similar with marked discrepancy in the chemotherapy (12.4 months) and
placebo (6.6 months) comparator arms. There is no evidence to suggest that there is superior activity compared to
chemotherapy in the second line setting. The small benefit in OS with second line ICI in MPM has to be weighed against
the toxicity and financial cost associated of ICI therapy.

The efficacy of combination ICI with the CTLA monoclonal antibody ipilimumab and nivolumab in untreated MPM
was evaluated in the Checkmate 743 study.14 This multicentre, randomised, open-label, phase 3 trial compared the
combination of ipilimumab and nivolumab to platinum plus pemetrexed chemotherapy in 605 treatment naïve patients
with unresectable MPM. At prespecified interim analysis there was an improvement seen for the immunotherapy
combination with regards to overall survival (18.1 versus 14.1 months, HR 0.74, 96.6% CI 0.60–0.91, p = 0.002).
There was no benefit in median PFS for combination immunotherapy compared to chemotherapy (6.8 versus 7.2 months,
HR 1.00, 95% CI 0.82–1.21) at this interim analysis. Objective response rate (ORR) was reported to be 40% of the
patients in the combination immunotherapy group and 43% of patients in the chemotherapy group. There was a

Table 2 Randomised Studies of immunotherapy in Mesothelioma

Study Drugs & Schedule N Phase Line of
Treatment

Response
Rate

PFS (mon) OS (mon)

PROMISE-Meso59 Pembrolizumab 200mg q3 weekly versus

chemotherapy

144 3 2 22% versus

6%*

2.5 versus

3.4

10.7 versus

12.4

CONFIRM60 Nivolumab 3mg/kg q2 weekly versus placebo 332 3 2 NA 3.0 versus

1.8*

9.2 versus

6.6*

MAPS261 Nivolumab 3mg/kg q2 weekly + Ipilimumab

1mg/kg q6weekly versus
Nivolumab 3mg/kg q2weekly

125 2 2–3 28% versus

19%

5.6 versus

4.0

15.9 versus

11.9

CHECKMATE74314 Nivolumab 3mg/kg q 2weekly + ipilimumab
1mg/kg q6 weekly versus platinum +

pemetrexed chemotherapy

605 3 1 40% versus
43%

6.8 versus
7.2

18.1 versus
14.1*

DETERMINE62 Tremelimumab 10mg/kg q3weekly versus

placebo

571 2b 2+ 4.5% versus

1.1%

2.8 versus

2.7*

7.7 versus

7.3 months

Note: * denotes statistically significant.
Abbreviations: OS, overall survival; PFS, progression free survival; NA, not available; NR, not reached.
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difference seen in median OS benefit from combination immunotherapy in the epithelioid and non-epithelioid subgroups.
For patients with epithelioid histology (76% of patients) there was no statistical benefit in median OS for combination
immunotherapy compared to chemotherapy (18.7 versus 16.5 months, HR 0.86, 95% CI 0.69–1.08). In contrast, patients
with non-epithelioid histology (24%) had improved median OS with combination immunotherapy compared to che-
motherapy (18.1 versus 8.8 months, HR 0.46, 95% CI 0.31–0.68). Checkmate 743 was not powered to demonstrate a
difference between epithelioid and non-epithelioid subgroups. Grade 3 and 4 events were similar in the combination
immunotherapy (30%) and chemotherapy groups (32%). More patients were likely to suffer an adverse event leading to
discontinuation in the combination immunotherapy group (15%) than the chemotherapy group (7%). There were 3
treatment related deaths in the combination immunotherapy group and 1 in the chemotherapy group. Treatment with
combination immunotherapy also led to a delay in deterioration in quality of life compared to chemotherapy in patient
reported outcome data.64 Based on this trial ipilimumab and nivolumab have received FDA approval for the first line
treatment of unresectable MPM regardless of histology.

The combination of chemotherapy and immunotherapy has been assessed in phase 2 clinical trials. The DREAM
study was a single arm, multi-centre phase 2 trial looking at the combination of cisplatin, pemetrexed and the ICI
durvalumab for untreated, unresectable MPM.57 For the 54 patients enrolled on the study median PFS (by iRECIST) was
7.0 months and median OS was 18.4 months. Grade 3 or 4 immune related adverse event were seen in 15% of patients
with 13% requiring high dose steroids or immunosuppressive drugs. There were no treatment related deaths. A similar
single arm, phase 2 trial (PrE0505) assessed the activity of durvalumab to cisplatin and pemetrexed chemotherapy in 55
patients with treatment naïve, surgically unresectable MPM.58 In the 55 patients enrolled there was a median OS of 21.1
months with a 12-month OS rate of 70%. Median PFS was 6.7 months and 56% of patients had a partial response as their
best response. Adverse events associated with durvalumab were generally reported as being grade 1 or 2.

The results of the Checkmate 743 study have demonstrated that immunotherapy will play a significant role in the
treatment of MPM. The use of combination immunotherapy in patients with non-epithelioid histology has significantly
improved survival in a group of patients who typically have a poor prognosis.65 However, it is unclear whether
combination immunotherapy will improve outcomes for the majority of MPM patients who have epithelioid histology.
Several studies have been or are ongoing to evaluate the addition of ICI to standard first line chemotherapy. The phase 3,
randomised, DREAM3R study is evaluating the combination of cisplatin, pemetrexed and durvalumab chemotherapy to
chemotherapy alone.66 Similarly, the addition of pembrolizumab to conventional cisplatin and pemetrexed chemotherapy
versus chemotherapy alone is being assessed in a large, phase 2/3, randomised trial by the Canadian Cancer Trials Group
(NCT02784171). The synergy of ICI such as atezolizumab with agents targeting VEGF such as bevacizumab will be
evaluated in the phase 3 BEAT-MESO trial which will assess the addition of atezolizumab to carboplatin, pemetrexed and
bevacizumab therapy (NCT03762018). It will be of interest whether the addition of ICI to chemotherapy improves
outcomes in epithelioid MPM, which represents the majority of patients with MPM. The results of the PROMISE-Meso
and CONFIRM studies suggest there is a role for ICI in the second line treatment of MPM, albeit with modest benefit.
However, as the Checkmate 743 has significantly changed the paradigm of initial treatment in MPM, the clinical
relevance of these second line studies is restricted to those patients not having received previous immunotherapy as
their initial treatment.

Beyond Immune Checkpoint Inhibitors
Mesothelin (MSLN) is a membrane protein expressed in normal mesothelial cells and in MPM. MSLN is predominantly
expressed in the epithelioid histological subtype of MPM.67 While MSLN targeted therapy has been evaluated
extensively to date in MPM, no agent has been shown to be efficacious in a phase 3 clinical trial.68 Using MSLN as a
target for Chimeric Antigen Receptor (CAR) T cell therapy has been identified as a potential approach. CAR-T cells are
designed T cell receptor like molecules which possess unique specificity to tumour antigens and can also activate T cells.
A Phase 1 clinical trial in 27 patients with malignant pleural disease (including 25 with MPM) was conducted with CAR
T cell therapy targeting MSLN delivered via intrapleural administration.69 All patients had received 1 prior line of
therapy. Pembrolizumab was delivered following CAR T cell therapy in 18 patients with median OS of 23.9 months and a
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one-year OS of 83%. Other trials evaluating CAR T cell therapy in MPM using alternative targets are also being
explored.70

Other approaches to augment the immune response to MPM have also progressed into early phase trials. Approaches
using oncoviral and dendritic cell therapy have reached Phase III trials which are currently recruiting.71 Given the
success of ICI in the treatment of MPM it is anticipated that other approaches co-opting the immune response may offer
benefit.

Novel Approaches
There have been several attempts to develop targeted therapy in MPM. BAP1 is the most commonly altered gene in
MPM with 57% of cases being BAP1 deficient.72 BAP1 alterations impede DNA double strand break repair through
homologous recombination.73 Using poly (ADP-ribose) polymerase (PARP) inhibitors to achieve synthetic lethality has
been a successful treatment approach in other malignancies with deficiencies in DNA double strand break repair such as
BRCA associated ovarian cancer.74 In addition to BAP1 loss it is suggested 38% of mesothelioma patients may be BRCA
deficient.75 The phase 2, single arm Mesothelioma Stratified Therapy 1 (MiST1) study assessed the activity of the PARP
inhibitor rucaparib in BAP1 or BRCA 1 deficient mesothelioma patients who has progressed on one previous line of
therapy. Treatment was continued for 24 weeks. Of the 26 patients in the study 58% demonstrated disease control at 12
weeks, which was the primary endpoint of the study. After 24 weeks on the study 58% of patients had progressive
disease. Grade 3 or 4 adverse events were demonstrated in 38% of patients with 12% suffering anaemia and 12% having
upper respiratory tract infections. While the results of this trial demonstrate some modest activity of PARP inhibitors in
BAP1 or BRCA1 deficient MPM, other trials have found minimal benefit for PARP inhibitors in progressive mesothe-
lioma patients with germline BAP1 mutations.76

Agents which block the exogenous supply of the amino acid arginine have shown clinical benefit in MPM and in
particular tumours which are deficient in enzymes such as argininosuccinate synthetase 1 (ASS1).77 A phase 1 trial study
assessed the safety and efficacy of the combination of cisplatin and pemetrexed with the arginine degrading pegargimi-
nase in 32 ASS1 deficient patients.78 This demonstrated a median PFS of 5.6 months and OS of 10.1 months. Of interest
was that more patients were alive with biphasic disease (40%) at 15 months than with epithelioid disease (20%).
Additionally, there was a higher survival at 12 months for sarcomatoid patients (30%) compared to historical controls
(10%). These encouraging findings have resulted in the randomised, double-blind, phase 2/3 trial ATOMIC-Meso trial
which is evaluating the benefit of pegargiminase or placebo to cisplatin and pemetrexed chemotherapy in non-epithe-
lioid MPM.

Future Directions
The results of Checkmate 743 have demonstrated clear evidence of benefit for combination ICIs in MPM and particularly
for the non-epithelioid subgroup which typically has poor outcomes. While this study has solidified the role of
immunotherapy in the treatment of MPM, it is not yet clear if this study changes the first line treatment paradigm for
all patients (given superiority in outcomes was more modest and not statistically certain for patients with epithelioid
histology). However, even if first line combination immunotherapy is only as effective as chemotherapy, the differing
toxicity profile and improved quality of life it offers may still be preferable to patients and clinicians. On this basis it has
been incorporated into clinical practice guidelines. However, whether combination immunotherapy such as that used in
Checkmate 743 is the optimal paradigm for the addition of immunotherapy in MPM may change based on the results of
several combination chemoimmunotherapy studies such as DREAM3R, the CCTG study and BEAT-MESO. If che-
moimmunotherapy shows a benefit across all histological types and has less immune related toxicity this approach could
become a preferred treatment combination in some patients. In the second line setting the CONFIRM trial demonstrated
modest benefit with single agent nivolumab. The generalizability and clinical impact of this will become less relevant as
more patients receive immunotherapy in the first line setting.

The improvement in systemic therapy for MPM may impact on the other treatment modalities used for MPM. Patients
with sarcomatoid MPM have not been viewed favourably as candidates for trimodality therapy due to inferior clinical
outcomes. The use of neoadjuvant ICI has been evaluated in a number of Phase I & II trials which are yet to report their
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findings.79 Should this approach prove successful this may increase the number of patients eligible for trimodality
therapy in specialised centres.

The initial results from the MiST1 study offer the promise of personalised medicine in MPM. This is part of a multi-
arm, phase 2 clinical trial exploring biomarker driver therapy.80 Other cohorts within the study include the CDK4/6
inhibitor abemaciclib for p16ink4a deficient tumours, the bevacizumab and atezolizumab combination for PDL1 positive
tumours and pembrolizumab and the AXL kinase inhibitor bemcentinib for patients without biomarkers. This approach
may lead to better outcomes for selected patients with MPM.

Figure 1 has demonstrated the timeline for new evidence-based practice in MPM. Further trials looking at other
means of improving the immune response in MPM are currently underway with the hope of further improving
outcomes.81

Conclusion
After more than a decade of minimal improvement in the first line treatment of advanced MPM, the Checkmate 743
clinical trial cemented the role of combination immunotherapy in the treatment of this disease. However, three large
randomised controlled trials are ongoing to evaluate the benefit of immunotherapy combined with standard chemother-
apy. Whether combination immunotherapy or chemoimmunotherapy becomes the dominant paradigm for all patients
remains to be seen. Clinical studies are also currently underway evaluating immunotherapy in the minority of patients
with MPM who may be eligible for trimodality treatments. Ongoing research also continues into targeted approaches and
novel immune therapies. The way forward in improving overall survival and quality of life for patients with advanced
MPM will require choosing the appropriate treatment paradigm for patients based on their tumour characteristics.
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Figure 1 Timeline of key phase positive and negative 2 and 3 trials in MPM for surgery, radiotherapy and systemic therapy.
Abbreviations: OS, overall survival; EPP, extra pleural pneumonectomy; TTFields, tumour treating fields; ICI, immune checkpoint inhibitor; PORT, post-operative
radiotherapy.
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