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Introduction

Malignant pleural mesothelioma (MPM) is an aggressive 
inflammatory cancer associated with prior exposure to 
asbestos. There is a myth that MPM is disappearing 
based on the notion that as the causative agent asbestos 
has been banned in the western world, this should cause 
a corresponding drop in MPM from the 1990’s onwards. 
However, data from the US shows that the rate of MPM 
in males has remained constant from 1994, while the 
rate of MPM in females has remained unchanged for 
decades (1). While industrial use of asbestos has declined 
in industrialized nations, asbestos is still being exported to 

developing nations and in developed nations environmental 
exposure is widespread due to previous industrial use, its 
difficulty to remove, and because natural deposits are being 
disturbed by human activities or housing is built near to 
these deposits (2-4). 

Untreated, MPM has a median survival time of 6 months, 
and most patients die within 24 months of diagnosis. The 
current standard of care (SoC) (combination of pemetrexed 
and cisplatin chemotherapy) (5) is non-curative and results in 
a response rate of ~40% (6), and there is no standard second 
line therapy once treatment fails. Currently Bevacizumab, 
an anti-VEGF therapy is the first drug which when added to 
the SoC enhances OS in the first line setting (7,8). However, 
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this therapeutic combination is not currently widely used as 
it has yet to be given FDA approval, issues with cost and lack 
of reimbursement in many countries. The only other recent 
FDA approval for mesothelioma has been the approval of 
the NovoTTF™-100L System (9). This system is a device 
which uses alternating electric fields at specific frequencies 
and intensities to selectively disrupt mitosis in cancerous 
cells (10) and currently FDA approved for the treatment 
of glioblastoma (11). In the STELLAR mesothelioma 
trial (ClinicalTrials.gov NCT02397928) this system was 
found to improve the median OS in patients enrolled to  
18.2 months (12). Of 80 enrolled patients with unresectable 
mesothelioma, the median overall survival was 21.2 months 
for patients with epithelioid MPM (n=53) and 12.1 months 
for patients with non-epithelioid MPM (n=21). Around 62 
percent of participants who used the device concurrently 
with pemetrexed and platinum-based chemotherapy were 
alive at one year, although concerns exist as to whether 
potential inherent biases and lack of sufficient controls can 
allow for a true interpretation of the therapeutic value of 
this system in mesothelioma.

In 1909, Paul Ehrlich postulated that the immune system 
had the ability to suppress the majority of carcinomas and 
thus play an important role in the body’s defenses against 
tumor development (13). Immunotherapy is thus a situation 
where the patient’s own immune system is exploited in 
order to eliminate tumor cells, and has become one of the 
most prominent new cancer treatment options in the last 
decade (13). Immunotherapy can be classified into either 
active immunotherapy which aims to stimulate the patient’s 
immune system, typically through vaccination, or passive 
immunotherapy, in which immune effectors are isolated 
in vitro before applying to the patient (14). It took many 
decades of ground-breaking work to demonstrate that 
cancer immunotherapy was a viable treatment option (15) 
and resulted in the Nobel Prize being awarded to James 
Allison at the University of Texas MD Anderson Cancer 
Center in Houston and Tasuku Honjo at Kyoto University 
in Japan for their efforts in this field (16).

The paucity of treatment options available to patients 
following failure of first-line treatment has provided a 
unique window of opportunity within the last five years to 
test immunotherapies in mesothelioma. In this review we 
discuss the current clinical trials of immunotherapies, the 
issues associated with clinical responses or lack thereof, and 
examine some of the alternative immunotherapy options 
currently within the clinical development pipeline which 
could potentially be translated into mesothelioma clinical 

trials moving forwards.

Immunotherapy in MPM in the historical setting

Early studies on immunotherapy in mesothelioma have 
been tried for over 25 years (17), beginning with various 
trials using interferons to attempt to induce tumor directed 
mobilization of macrophages (18-20). These trials generally 
had median survival rates of approximately 8–12 months. 
In one of these trials those patients who had an objective 
response (OR) had a significantly longer median time to 
progression (21 months) and survival time (25 months) 
than non-responders (3 and 8 months, respectively) (19). 
Moreover, a subsequent Phase II study involving intra-
pleural infusion of interferon-γ and activated macrophages 
observed a median survival for all treated 29.2 months (21).  
More recently Phase I trials involving intra-pleural 
adenoviral mediated interferon therapy have been 
conducted (22-24). In the most recent of these patients 
with unresectable MPM received two intra-pleural doses 
of an adenoviral vector containing the human IFNα2b 
gene (Ad.IFN) concomitant with a 14-day course of 
celecoxib followed by either first-line pemetrexed-based 
chemotherapy (n=18) or second-line chemotherapy with 
pemetrexed or gemcitabine (n=22). Following completion 
of the study, median overall survival in the first-line cohort 
was 12.5 months, whereas in the second-line chemotherapy 
cohort it was 21.5 months, with 32% of patients alive at  
2 years (22).

Another early potential immunotherapy target identified 
in mesothelioma was granulocyte-macrophage colony-
stimulating factor (GM_CSF) (21). Several initial trials 
involving infusions of GM-CSF (25-27) and either had 
few or no responses (26,27) or had a poor overall survival 
(median survival of 7 months), coupled with high toxicity (25).  
A small clinical trial (n=22 patients) was conducted 
involving a vaccination strategy comprising autologous 
mesothelioma tumor cell lysate combined with GM-CSF 
was conducted. The trial was found to be safe, and induced 
tumor specific immunity in 32% of patients, but saw 
only stable disease ad no tumor ORs (28). More recently, 
tumor derived GM-CSF was shown to actually promote 
immunosuppression in mesothelioma suggesting that 
actually targeting this molecule may be more effective in 
augmenting immunotherapy in MPM (29).

Various other early trials have been conducting for 
example using Interleukin-2 and TNF-α. Most of these 
were ineffective and suffered from various problems such 
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as lack of scalability and logistical issues (17,30). However, 
a new Phase III study - (INFINITE - NCT03710876) 
is currently recruiting for a trial involving intra-pleural 
administration of TR002 an adenovirus-delivered Interferon 
Alpha-2b (rAd-IFN) and examining its efficacy and safety 
in combination with celecoxib and gemcitabine in patients 
with mesothelioma.

Checkpoint inhibitor immunotherapy within the 
neo-adjuvant setting

Although not SoC, there is compelling evidence that a select 
subgroup of mesothelioma patients benefits from a surgery-
based multimodal approach, particularly if they have an 
epithelioid histological subtype, lower-volume disease, 
and/or minimal to no nodal involvement (31). As it is not 
possible to achieve a microscopically complete resection 
with mesothelioma, there appears to be no role for surgery 
alone. As such patients who have surgically resectable 
disease often undergo an aggressive multi-modality 
therapy for which the optimal combination therapy has 
yet to be identified (1,32,33). A National Cancer Institute-
International Association for the Study of Lung Cancer-
Mesothelioma Applied Research Foundation Mesothelioma 
Clinical Trials Planning Meeting was held in 2017 which set 
up a taskforce to explore this situation, and new consensus 
reports have just been published (34,35).

Neoadjuvant immunotherapy prior to surgery has been 
mooted as an advantageous prospect in the management of 
solid tumors as they enhance T-cell activation the moment 
antigen is encountered (36), and encouraging findings from 
early-phase clinical trials in various cancers support this 
notion (37).

However, clinical trials involving neo-adjuvant 
immunotherapy in mesothelioma are not yet mature. 

Several have been initiated (as presented in Table 1) and will 
be briefly discussed in the following sections.

NCT02707666 is a single-institution, Phase I “window 
of opportunity” study of Pembrolizumab given prior to 
surgery in (n=15) patients with resectable MPM (38). All 
patients will undergo a pre-treatment PET/CT scan for 
clinical staging and a VATS procedure to acquire pre-
treatment tissue. Three cycles of pembrolizumab are to 
be administered (200 mg intravenously every 21 days). 
A PET/CT scan will then be repeated to assess response 
to pembrolizumab and then surgical resection will be 
performed via an extended/pleurectomy decortication 
at least 4 weeks after the third dose of pembrolizumab. 
Standard adjuvant chemotherapy consisting of cisplatin and 
pemetrexed for 4 cycles (every 21 days) will be given starting 
about 6–8 weeks following surgery, after a new baseline 
CT scan is obtained. Restaging CT scans will be obtained 
to assess response after every two cycles of chemotherapy. 
After the completion of standard chemotherapy, optional 
adjuvant treatment with pembrolizumab will be given to 
eligible patients for 1-year post-surgery.

The primary objective is to assess an increase in 
interferon-γ, measured via a gene expression profile (GEP), 
comparing matched pre- and post-treatment samples 
(IFN-G GEP response), and to identify additional candidate 
biomarkers that may predict benefit or constitutive 
resistance to pembrolizumab (38). This trial was expected to 
complete in September 2018.

Another  Phase  I  neoad juvan t  t r i a l  i nvo lv ing 
Pembrolizumab is NCT02959463, which aims to study 
the side effects and best way to give pembrolizumab after 
radiation therapy in treating patients with pleural malignant 
mesothelioma. In this trial patients are assigned to 1 of 2 
cohorts. The first cohort undergoes hemi-thoracic radiation 
therapy, and following radiation therapy, patients receive 

Table 1 Neoadjuvant Checkpoint Inhibitor Trials in malignant pleural mesothelioma (MPM) discussed in this article

Agent Phase Identifier Target Number of patients Status Reference

Nivolumab; ipilimumab II/III NCT03918252 Anti-PD-1;  
Anti-CTLA4

30 Not yet recruiting

Atezolizumab I NCT03228537 Anti-PD-L1 28 Recruiting (31)

Pembrolizumab I NCT02707666 Anti-PD-1 15 Recruiting (38)

Pembrolizumab I NCT02959463 Anti-PD-1 24 Recruiting

Tremelimumab; durvalumab II NCT02592551 Anti-CTLA4;  
Anti-PD-L1

20 Recruiting
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pembrolizumab intravenously and repeated every 3 weeks 
for up to 2 years in the absence of disease progression or 
unacceptable toxicity. In the second cohort, the patients 
undergo palliative radiation therapy over 1–3 weeks to 
only the region of palliation and then receive intravenous 
pembrolizumab similar to cohort 1. After completion of 
study treatment, patients will be followed up at 30 days, 
every 6 weeks for 48 weeks, then every 12 weeks for up to 
5 years. The primary objective will be to determine the 
safety and tolerability of pembrolizumab administered 
after radiation therapy in patients with MPM who have not 
undergone extra-pleural pneumonectomy. The secondary 
objectives are progression-free survival (PFS) and OS.

A phase I trial of atezolizumab combined as multi-
modality with 1st-line cisplatin/pemetrexed combined with 
surgery and/or radiation therapy in stage I–III pleural 
malignant mesothelioma is currently recruiting (31). In 
this single-group feasibility trial (n=28) patients will first 
undergo neoadjuvant immunotherapy combined with first-
line chemotherapy, then surgical resection (extra-pleural 
pneumonectomy EPP, or pleurectomy with decortication P/
D), followed finally by radiotherapy for those patients who 
underwent EPP. Maintenance atezolizumab will then be 
given for up to 1 year in the absence of disease progression 
or unexpected toxicity. The primary objectives are PFS, OS 
and mRECIST PFS (28). The estimated completion study 
date for this trial is June 1, 2020.

Two Phase II clinical trials are currently running 
involving combined neo-adjuvant checkpoint inhibitors. 
The first (NCT02592551), involves a study examining 
whether durvalumab or combination therapy with 
durvalumab plus tremelimumab is associated with favorable 
alterations of the intra-tumoral immunologic environment 
in mesothelioma patients undergoing surgery and is 
estimated to complete in December, 2019. In this small 

study of (n=20) patients; n=4 will be untreated (control); 
n=8 will received one intravenous dose of durvalumab alone; 
and n=8 will receive one intravenous dose of durvalumab 
plus tremelimumab prior to surgery. The primary outcome 
measures in this study will be to assess the intra-tumoral 
CD+/Treg ratio; the percentage of inducible T-cell co-
stimulator (ICOS) + CD4 T cells; and the tumor expression 
levels of PD-L1. The second trial (NCT03918252) will 
examine the safety and feasibility of neoadjuvant nivolumab 
+/− ipilimumab in resectable MPM. In this study of 
n=30 patients, 15 will receive three doses of preoperative 
Nivolumab, while the other 15 will receive a single dose 
of ipilimumab along with three doses of Nivolumab prior 
to surgery. The primary outcome is safety and feasibility. 
Secondary outcomes include pathological and radiological 
responses and toxicity. This phase II/III trial is currently 
not yet recruiting, but has an estimated completion time of 
June 2026.

Checkpoint inhibitor Immunotherapy within the 
front-line setting

The data as regards checkpoint inhibitor immunotherapy 
in the front-line setting is emerging and the main clinical 
trials which are completed or are ongoing are summarized 
in (Table 2) and discussed below.

Completed

The NIBIT-Meso-1 trial can be considered to have some 
elements of immunotherapy within the frontline setting, 
as one criterion for patient inclusion was if a patient had 
refused a first line platinum-based chemotherapy. The 
results of this trial were published in 2018, and as other 
patients enrolled in this trial had relapsed after prior 

Table 2 Front-line checkpoint inhibitor trials in MPM discussed in this article

Agent Phase Identifier Target Number of patients Status Reference

Tremelimumab; durvalumab II NCT02588131* Anti-CTLA4; 
Anti-PD-L1

n=40 Unknown (39)

Durvalumab II ACTRN12616001170415 Anti-PD-L1 n=54 Complete (40)

Nivolumab; ipilimumab III NCT02899299 Anti-PD-1;  
Anti-CTLA4

n=600 Active, not 
recruiting

(41)

Atezolizumab III NCT03762018 Anti-PD-L1 n=320 Recruiting

*, considered to be part front-line as patients could enrol, if they had refused a first line platinum-based chemotherapy. MPM, malignant 
pleural mesothelioma.
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first-line chemotherapy are discussed in more detail in a 
subsequent section.

In 2018, the final results of a single-arm, phase 2 trial 
(DREAM) designed to determine the activity, safety and 
tolerability of durvalumab, cisplatin and pemetrexed as first 
line therapy in MPM were presented in abstract form (40). 
This trial was a non-randomized trial, and n=54 patients 
received durvalumab 1,125 mg, cisplatin 75 mg/m2, and 
pemetrexed 500 mg/m2 all given intravenously on day 1, and 
repeated every 3 weeks for a maximum of 6 cycles, followed 
by durvalumab 1,125 mg every 3 weeks until progression, 
unacceptable toxicity, or a maximum total of 12 months (40).  
The primary outcome to be measured was Progression 
free survival at 6 months (PFS6) according to mRECIST 
for MPM, which at the end of the trial was determined to 
be median PFS 6.9 months (40). While the data remains 
immature, it has been reported that 1-year OS was 65% at a 
median follow-up of 14.4 months (42). While this suggests 
suggests that a triplet regimen of cisplatin-pemetrexed 
plus durvalumab shows promising responses, and warrants 
extension into a Phase III clinical trial, it should be noted 
that five deaths were recorded on this trial and careful 
selection of patients may thus be required (42).

Ongoing

Phase III clinical trials of checkpoint inhibitors in the first-
line setting have been initiated, and are currently ongoing. 
The first (Checkmate743) is a phase 3, randomized, open-
label trial of Nivolumab in combination with Ipilimumab 
versus Pemetrexed with Cisplatin or Carboplatin as first 
line therapy in unresectable mesothelioma (41). In this 
trial patients will be randomized 1:1 to receive Nivolumab/
Ipilimumab or pemetrexed and cisplatin/carboplatin. 
Primary endpoints are OS and PFS. Secondary endpoints 
are objective response rate (ORR), disease control rate 
(DCR), and correlation of PD-L1 expression level and 
efficacy (ORR, PFS, and OS) (41). At the time of writing 
all patients have been recruited and the estimated Study 
completion date is April 15, 2022.

Given the recent demonstration that bevacizumab has 
efficacy in the front-line setting (8), a second multicenter 
randomized phase III trial was initiated comparing 
atezolizumab plus bevacizumab and standard chemotherapy 
versus bevacizumab and standard chemotherapy as first-
line treatment for advanced MPM (BEAT-Meso). The 
aim of the BEAT-meso trial is to address whether the 
addition of the anti-PD-L1 antibody atezolizumab given in 

combination with standard chemotherapy plus bevacizumab 
improves the outcome in advanced treatment-naïve MPM 
patients. The trial is currently recruiting (n=320) patients 
who will be randomized (1:1) to receive either Bevacizumab 
15 mg/kg intravenously on day 1 of every 3-week cycle, 
plus 4–6 cycles of chemotherapy, or Atezolizumab 1,200 mg  
fixed dose intravenously on day 1 of every 3-week cycle, 
plus Bevacizumab 15 mg/kg, intravenously on day 1 of 
every 3-week cycle, plus 4–6 cycles of chemotherapy. 
Treatment will continue until either disease progression, 
or treatment is stopped at the request of the participant or 
treating doctor, or the participant withdraws consent. The 
primary outcome measures are PFS & OS, and secondary 
outcomes include response rate, DCR, time to treatment 
failure, duration of response, safety and tolerability, patient 
reported outcome and quality of life (QoL). The estimated 
study completion date for this trial is December 31, 2024.

The results of these Phase III clinical trials are eagerly 
awaited.

Checkpoint inhibitor Immunotherapy within the 
salvage setting 

A large body of trials have investigated (or are currently 
investigating) the potential use of checkpoint inhibitors 
within the second or third-line (salvage therapy) setting. 
The main trials are summarized in Table 3 and are discussed 
below in more detail.

Single agent

The first clinical trials of a checkpoint inhibitor in 
mesothelioma involved anti-CTLA4 therapy. Promising 
initial Phase I trials (54,55) led to the phase II DETERMINE 
trial. This was a double-blind, placebo-controlled, phase 2b 
trial conducted at 105 study centers across 19 countries in 
patients with unresectable pleural or peritoneal malignant 
mesothelioma who had progressed after one or two previous 
systemic treatments for advanced disease. Patients (n=571) 
were randomized (2:1) to receive intravenous tremelimumab 
(10 mg/kg) or placebo every 4 weeks for 7 doses and 
every 12 weeks thereafter until a treatment protocol 
discontinuation criterion was met. The primary endpoint 
was overall survival in the intention-to-treat population, 
but unfortunately this study was a negative study, as median 
overall survival in the intention-to-treat population did 
not differ between the treatment groups: 7.7 months  
(tremelimumab) vs. and 7.3 months (placebo) (46).
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Results  from the Keynote-028 study involving 
pembrolizumab (anti-PD-1) treatments in mesothelioma 
were reported in 2017 (47). In this phase IB study, patients 
(n=25) with PD-L1-positive MPM must have either failed 
standard therapy or were unable to receive standard therapy, 
and received pembrolizumab (10 mg/kg every 2 weeks) for 
up to 2 years or until confirmed progression or unacceptable 
toxicity. The median OS was 18 months. A recent analysis 
of the entire trial cohort (n=475) found that T-cell-inflamed 
GEP, PD-L1 expression and/or tumor mutational burden 
was associated with a higher likelihood of response to 
therapy. Within this analysis of the n=25 mesothelioma 
patients n=19 had GEP; n=12 PD-L1 positivity and n=9 had 
TMB data available (56). However, no subgroup analysis 
was available for the mesothelioma cohort alone. 

The results of a phase II study of pembrolizumab 
conducted at the University of Chicago (Lead investigator 
Hedy Kindler). Having passed its interim objective a total of 
n=65 patients were recruited. The results reported suggest 
that single-agent pembrolizumab in the salvage setting 
has robust activity in PD-L1 unselected mesothelioma, 
with no unexpected toxicities. Median OS was reported as  
11.5 months, and increasing PD-L1 expression was 
associated with a trend towards a higher response rate and 

more durable PFS (48).
NivoMes was a Phase II trial of single agent nivolumab 

conducted on (n=38) patients who had either disease 
recurrence or a failed chemotherapy regimen. Upon 
recruitment patients received Nivolumab (3 mg/kg) 
administered every 2 weeks intravenously for a maximum 
of 12 months or until disease progression or unacceptable 
toxicity. Overall response rates (ORR) of 24% were 
observed but no median OS was reported (49).

A Phase IB trial (JAVELIN) examined Avelumab in (n=53) 
patients with unresectable mesothelioma that progressed 
after platinum and pemetrexed treatment (56). In the 
trial patients received avelumab, 10 mg/kg, every 2 weeks  
until disease progression, unacceptable toxic effects, or 
withdrawal from the study. Overall the trial found that there 
was an acceptable safety profile coupled with a median OS 
of 10.7 months (51).

In 2018, the Japanese Ministry of Health, Labor and 
Welfare approved Nivolumab as a salvage therapy in 
mesothelioma based on the results of the MERIT trial. 
In this phase II trial patients received Nivolumab 240 mg 
intravenously every 2 weeks until progressive disease or 
unacceptable toxicity (45). The primary endpoint was ORR 
by central assessment according to the Modified Response 

Table 3 Salvage therapy checkpoint inhibitor trials in MPM discussed in this article

Agent Phase Identifier Target Number of patients Status Reference

Tremelimumab; durvalumab II NCT03075527 Anti-CTLA4; 
Anti-PD-L1

N=40 Study did not meet 
its primary endpoint

(43)

Nivolumab; ipilimumab II NCT02716272 Anti-PD-1; 
Anti-CTLA4

N=125 Active, not recruiting (44)

Nivolumab II JapicCTI-163247 Anti-PD-1 N=34 Complete (45)

Tremelimumab IIB NCT01843374 Anti-CTLA4 n=571 Complete (46)

Pembrolizumab IB NCT02054806 Anti-PD-1 n=25 Active, not recruiting (47)

Pembrolizumab II NCT02399371 Anti-PD-1 n=65 Active, not recruiting (48)

Nivolumab II NCT02497508 Anti-PD-1 n=33 Completed (49)

Tremelimumab; durvalumab II NCT02588131 Anti-CTLA4; 
Anti-PD-L1

n=40 Unknown (39)

Ipilimumab; nivolumab II NCT03048474 Anti-CTLA4; 
Anti-PD-1

n=35 Active, not recruiting (50)

Avelumab IB NCT01772004 Anti-PD-L1 n=53 Active, not recruiting (51)

Nivolumab III NCT03063450 Anti-PD-1 n=336 Recruiting (52)

Pembrolizumab III NCT02991482 Anti-PD-1 n=144 Active, not recruiting (53)

MPM, malignant pleural mesothelioma.
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Evaluation Criteria in Solid Tumors, and was found to be 
17.3 months (45).

One of the limitations of the smaller clinical trials 
conducted so far is that many of them are early-phase 
design, particularly the small number of patients enrolled, 
which limits data robustness and reduces the potential for 
subgroup analyses. Moreover several have single-arm non-
randomized design thus preventing any direct comparison 
with alternative treatment options in this disease setting. 
However, several Phase III trials are now running which 
should hopefully allow for better comparisons as detailed 
below.

A Phase III double-blind trial (CONFIRM) investigating 
Nivolumab in patients with relapsed mesothelioma is 
currently enrolling with an estimated completion date of July 
2021 (52). Patients in this study must have received at least 
two prior lines of therapy (including patients who have had 
re-challenge with platinum/pemetrexed). Prior maintenance 
therapy is permitted but will not count as a line of treatment. 
In addition any prior lines of antineoplastic therapy, 
including chemotherapy, surgical resection of lesions, 
radiation therapy, must be completed at least 14 days prior 
to receiving study treatment. Patients will be randomized 2:1 
(nivolumab:placebo) and stratified according to epithelioid/
non-epithelioid histology. They will receive either 240 mg 
nivolumab as monotherapy or saline placebo as a 30-min 
intravenous infusion for up to 12 months. The main of the 
CONFIRM trial will be to evaluate the efficacy, safety and 
cost-effectiveness of treatment with nivolumab in patients 
with relapsed mesothelioma. Its primary outcome measure 
will be OS (time to event), and secondary outcomes include 
OS according to PD-L1 status; PFS—time to event; QoL; 
toxicity; treatment compliance and cost effectiveness (52).

A second Phase  I I I  t r ia l  (PROMISE-meso)  i s 
investigating whether treatment with pembrolizumab 
improves PFS compared to standard chemotherapy 
(gemcitabine or vinorelbine). In this trial of (n=144) patients 
will be randomized (1:1) into either arm and will receive 
either pembrolizumab (at 200 mg fixed dose intravenously 
every 3 weeks for a maximum or 2 years), or until disease 
progression or unacceptable toxicity, or until the patient 
declines further treatment. In the chemotherapy arm 
patients will receive either Gemcitabine (intravenously 
1,000 mg/m2) or vinorelbine (intravenously 30 mg/m2, or 
by oral administration 60/80 mg/m2) chemotherapy on 
days 1 and 8 of every 3-week cycle, and upon progression 
will be allowed to cross-over to receive pembrolizumab at 
progression, if cross-over criteria are met. The primary 

outcome measure in this trial will be PFS and in this regard, 
it has previously been noted that PFS has been shown to 
reflect OS in mesothelioma (57). At any rate secondary 
outcomes include OR, OS, toxicity and time to treatment 
failure. Interim results of this trial were disappointing and 
were recently reported (53). Median PFS was 2.5 months  
for the 73 patients who were randomly assigned to receive 
200 mg pembrolizumab every 3 weeks, after progressing on 
previous platinum-based chemotherapy. This did not differ 
significantly from the median PFS of 3.4 months observed 
among the 71 patients given single-agent chemotherapy, 
either gemcitabine or vinorelbine. Moreover, allowing 
for crossover yielded similar OS results, and as such it 
was concluded that pembrolizumab does not confer a 
progression free survival (PFS) or overall survival (OS) 
advantage in previously treated patients with advanced 
MPM (53). Whilst there did appear to be an improved ORR 
in unselected patients treated with pembrolizumab, it did 
not improve PFS or OS over single agent chemotherapy. As 
such it will be important to take on board the results of this 
trial moving forwards in the design and use of checkpoint 
inhibitors within the salvage setting.

Combination therapy

Recently, the results of the MAPS-2 trial have been 
reported (44). This prospective multi-center Phase II trial 
had randomized N=125 ECOG PS 0-1 MPM patients 
who had progressed upon receiving 1–2 prior treatment 
regimens which had to have included platinum-containing 
therapy. A non-comparative study it contained two arms, 
and patients were randomly allocated (1:1) to receive 
intravenous Nivolumab (3 mg/kg bodyweight) every  
2 weeks, or intravenous Nivolumab (3 mg/kg every 2 weeks) 
plus intravenous Ipilimumab (1 mg/kg every 6 weeks), given 
until progression or unacceptable toxicity. ORs were 26–
28% in the Nivolumab + Ipilimumab arm and 19% in the 
Nivolumab alone arm (17,42,44). Median OS data observed 
was 11.9 months for the single therapy and 15.9 months for 
the combination (44).

The NIBIT-Meso-1 trial was an open-label, non-
randomized, phase II study (39). Patients enrolled in this 
study either had have refused a first line platinum-based 
chemotherapy, or had disease progression following one 
line of platinum-based therapy for advanced disease. Forty 
patients were enrolled and received at least one dose each 
of tremelimumab and durvalumab, and the combination 
of tremelimumab and durvalumab had a good safety 
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profile with any treatment-related toxicity being generally 
manageable and reversible. Some activity was observed, and 
median OS was 16.6 months (39).

The INITIATE trial (50) was another open, prospective, 
single-arm phase II study which examined the combination 
of Ipilimumab and Nivolumab in MPM. For this trial of 
n=35, patients had to have progressed after at least one line 
of platinum-containing chemotherapy. Patients received 
intravenous Nivolumab (240 mg every 2 weeks) plus 
intravenous Ipilimumab (1 mg/kg every 6 weeks up to four 
times), and treatment was continued for up to 2 years or until 
confirmed progression or unacceptable toxicity. The safety 
profile observed was consistent with known data for this 
combination regimen, and was well tolerated. At the time 
of reporting, median OS had not yet been reached but was 
estimated, with 95% confidence, to exceed 12.7 months (58).

Other studies however with combined checkpoint 
inhibitors have had disappointing results. For example, 
a Phase 2 Study of Durvalumab in combination with 
Tremelimumab in MPM has been carried out at the Dana 
Farber Cancer Institute (NCT03075527). Designed to 
explore the activity of combined CTLA-4 + PD-L1 immune 
checkpoint inhibition using Tremelimumab plus Durvalumab 

in previously-treated MPM, at interim analysis (43), the 
study did not meet its primary endpoint, and at the present 
point in time is currently suspended.

The results of these trials continue to support the further 
development of checkpoint inhibitors as both single agents 
or as combination therapies in mesothelioma.

Checkpoint inhibitors are not just PD-1/PD-L1 
and CTLA4 what else is coming down the track 
for MPM 

However, checkpoint inhibitors and anti-tumor immunity 
are not restricted to just the three markers currently 
described. Many other potential immunotherapy targets 
have been identified and significant industrial efforts have 
led to the development of numerous candidate molecules 
recently reviewed in detail by Chrétien et al. (59) (Table 4). 
In the following sections we describe some of those with 
potential utility for use in mesothelioma.

VISTA

VISTA (also known as VSIR or B7H5) is an immune-

Table 4 Immune-related markers expression; roles in anti-tumor immunity and candidate therapeutic agents in clinical development. Adapted 
from (59) 

Target/marker Expression on Immune Cells
Expression on 

mesothelioma cells
Function with respect to 

anti-tumor immunity
Compound in development

VISTA CD8+, CD4+ T-cells, Tregs, 
NK cells, DC, monocytes, 
macrophages, granulocytes 

Yes Co-inhibitory CA-170

B7H3 T-cells, antigen-presenting cells 
(APC), NK-cells

Yes Co-stimulatory; co-
inhibitory

Enoblituzumab; Orlotamab; 
MGC018

LAG-3 Effector T-cells, Tregs, NK-cells, 
B-cells, DCs

No Co-inhibitory Eftilagimod; MK-4280; Relatlimab; 
REGN3767; LAG525; TSR-
033; INCAGN02385; Sym022; 
MGD0131; FS1181; XmAb®228412

TIM-3 CD8+, CD4+ T helper 1 cells 
(Th1 cells), Tregs, NK cells, DC, 
monocytes, macrophages

No Co-inhibitory MBG453; TSR-022; LY3321367; 
INCAGN02390; Sym023; 
BGB-A425; LY34152443

OX40/OX40L Tregs, neutrophils, NK-cells 
and NKT-cells, CD4+ and CD8+ 
T-cells (upon TCR stimulation)

No Co-stimulatory Vonlerolizumab; PF-04518600; 
MEDI6383; MEDI0562; 
INCAGN01949; GSK3174998; 
MEDI6469; BMS-986178; mRNA 
2416 (a Lipid Nanoparticle 
Encapsulated mRNA Encoding 
Human OX40L)

1, anti-LAG3 + anti-PD-1; 2, anti-LAG3 + anti-CTLA4; 3, anti-TIM3 + anti-PD-L1. MPM, malignant pleural mesothelioma; DC, dendritic cell.
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checkpoint gene which was first reported as having strong 
expression in epithelioid MPM, above and beyond that seen 
in other solid cancers, with obvious implications for the 
immune response to MPM and for its immunotherapy (60). 
A subsequent study has confirmed that VISTA expression 
is higher in epithelioid subtype (61). A small molecule 
inhibitor against VISTA (CA-170) (62) is currently in a 
Phase I clinical trial (NCT02812875) in adult patients with 
advanced solid tumors or lymphomas who have progressed 
or are non-responsive to available therapies and for which 
no standard therapy exists, and includes mesothelioma as an 
eligible tumor. This trial has finished recruiting and study 
completion is expected in January 2020.

B7H3

B7H3 (also known as CD276) is another candidate 
checkpoint, whose expression has been observed in 

mesothelioma (63).  The pharmaceutical  company 
Macrogenics has several B7H3 compounds (Enoblituzumab/
MGA271; Orlotamab/MGD009; MGC018) in active clinical 
trials. In 2018, Macrogenics reported that expression of B7H3 
was positive in 41/44 mesothelioma samples tested, and of 
these 39/44 expressed B7H3 highly as tested by IHC (64).  
The histological subtype of the mesothelioma specimens 
examined was not provided. Using ProgeneV2 (65) to analyze 
the TCGA mesothelioma dataset for B7H3, it is possible 
to stratify patients for OS based on median expression. 
Those patients with high expression of B7H3 mRNA show 
worse OS (Figure 1), and as such it may be possible to utilize 
B7H3 as a potential biomarker for patient stratification for 
checkpoint inhibitor therapy targeting B7H3.

LAG-3

Lymphocyte activation gene-3 (LAG-3) is a T-cell 

Figure 1 High expression of B7H3 (CD276) expression/is associated with poorer overall survival in mesothelioma. In silico analysis of OS 
for B7H3 in the TCGA mesothelioma dataset with the cohort divided at the median of gene expression. Analysis was conducted using 
ProgGeneV2 (65), and high expression of B7H3 (CD276) was associated with a significantly worse (P=1.9×10−5) overall survival.
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inhibitory receptor that suppresses both T-cell activation 
and cytokine secretion, thereby ensuring immune 
homeostasis (66). Immunotherapies and agents targeting 
LAG-3 are in active clinical trials (59), and combination 
immunotherapy of anti-LAG-3 and anti-PD-1 has shown 
exciting efficacy in fighting PD-1 resistance (66). There is no 
expression of LAG-3 on mesothelial cells themselves (67),  
but high levels of LAG-3 can be detected in pleural effusions 
of patients with mesothelioma (68,69), and tumor infiltrating 
lymphocytes (TILs) in pleural effusions from patients with 
mesothelioma express high levels of this receptor (70).

TIM-3

T-Cell Immunoglobulin and Mucin Domains containing 
protein 3 (TIM-3) is widely expressed in a variety of immune 
cells where it affects both innate and adaptive immune 
response by regulating immune cell function, thus affecting 
tumor occurrence and development (71). In mesothelioma, 
double-positive PD-1+/TIM-3+ CD8+ T cells are 
more commonly found on PD-L1-positive tumors (72). 
Moreover, an analysis of a small cohort of patients treated 
with anti-CTLA4 demonstrated that improved OS was 
correlated with low TIM-3+ CD8+ T-cell frequency (73),  
raising the possibility that we may be able to refine our 
ability to predict patients that will respond to specific 
immune checkpoint blockade strategies including those that 
target TIM-3 (72).

OX40/OX40L

These are members of the TNF receptor superfamily 
(TNFRSF), and are key co-stimulators of T cells during 
infection, and there has been an increasing interest in 
harnessing these receptors to augment tumor immunity. 
OX40 (TNFRSF4) and OX40L (TNFSF4) have been 
implicated in mesothelioma. In a recent study of an 
animal model of mesothelioma, tumor resident regulatory 
T-cells were shown to co-express high levels of CTLA-
4 and OX40 on a large proportion of cells. Individually 
targeting OX40 generated an effective response against 
tumor development, and was found to be synergistic with 
anti-CTLA4 agents (74). Whilst there appears to be little 
information as regards OX40L in mesothelioma, analysis 
of the TCGA dataset demonstrates that high expression is 
associated with poorer OS (Figure 2).

Other immune-related markers

Other immune-related markers which have been shown to 
have potential utility in mesothelioma include TLR9 (75), 
and GITR/TNFRSF18 (74).

In summary the wealth of candidate agents currently 
under investigation coupled with the existing published 
data from patients with mesothelioma suggest that 
combination immune checkpoint inhibitor therapy, whilst 
still in its infancy may work synergistically to induce strong, 
durable immunity responses in mesothelioma, and further 
investigations are warranted.

Oncolytic virus therapy

One area which is currently emerging as having significant 
potential in mesothelioma is that of oncolytic viral (OV) 
therapy. Such a strategy typically involves the use of 
viruses that combine tumor-specific cell lysis together with 
immune stimulation, therefore acting as potential in situ 
tumor vaccines (76). Moreover, OVs are being considered 
as a potential therapeutic option for patients who do not 
respond or fail to achieve durable responses following 
treatment with immune checkpoint inhibitors (77), and 
several pre-clinical studies have now emerged showing that 
OVs have potential to target mesothelioma (78-87).

One of the first OV developed which has been used in 
clinical trials of mesothelioma involves the herpes simplex 
virus (HSV)-1716 (88). In 1998, the results of a Phase I 
clinical trial of an adenovirus based HSV1716 OV were 
reported (89). This trial of n=21 patients demonstrated 
that intra-pleural administration of an adenoviral vector 
containing the HSVtk gene is well tolerated and resulted 
in efficient gene transfer when delivered at high doses. 
No patient responses were described. Long-term follow 
up for n=11 of the patients treated with this OV were 
presented in 2005, but there were no long-term survivors 
(>5 years) among any of the patients who received the OV. 
All 13 patients died from the natural progression of their 
underlying mesothelioma (90). A different (HSV)-1716 OV 
utilized by the authors in a separate trial did however show 
promising long-term survival in a cohort of patients (90).

A separate OV SEPREHVIR® (HSV1716) developed 
by Virttu/Sorrento is in Phase I/IIA clinical trial in 
mesothelioma, and the interim results of this trial were 
presented in 2017 (91). In this trial n=12 patients received 
OV. Of these, 6 patients had stable disease, and median 
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Figure 2 High expression of OX40L but not OX40 is associated with poorer overall survival in mesothelioma. In silico analysis of OS was 
carried out using ProgGeneV2 (65) on the TCGA mesothelioma dataset with the cohort divided at the median of gene expression. (A) No 
significant OS difference was observed for OX40; (B) when stratified high expression of OX40L was associated with a significantly worse 
(P=8.4×10−5) overall survival.
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survival was 15 months for all patients (91).
Returning to GM-CSF, a dual targeting, chimeric 

oncolytic adenovirus, coding for human GM-CSF 
(ONCOS-102) has been developed, and pre-clinical 
evaluation in an experimental mesothelioma model 
showed potential clinical efficacy, which was found to 
be synergistic when combined with chemotherapy (92). 
Subsequently a phase IB/II clinical trial (clinicaltrials.gov 
NCT02879669) of ONCOS-102 in mesothelioma was 
initiated and has recently completed patient accrual. The 
trial itself is assessing the combination of ONCOS-102 
and SoC chemotherapy (pemetrexed and cisplatin) vs. SoC 
chemotherapy alone in first or second/third line patients 
with unresectable MPM. Interim reports on the trial were 
reported in 2018 (93), with no safety issues reported, strong 
innate and adaptive immune activation and 50% DCR 
for the six patients in the phase IB safety lead-in cohort. 
Enrolment of 25 patients into the randomized phase II part 
of the trial has now been completed (94), and final results 
are expected towards the end of 2019.

Intriguingly, in the evaluation of the ONCOS-102 phase 
I safety study, it was noted that this OV could potentially 
induce PD-L1. Moreover, a clear post-treatment induction 
of PD-L1 expression was observed in the tumors of two 
mesothelioma patients, with PD-L1 histoscore increasing 
from baseline levels of 17 and 1 to 47 and 23 after 
treatment, respectively (95). Whilst a clinical study based on 
this observation has not been initiated in MPM, Targovax 
has begun a phase I/II trial investigating the safety, biologic 
and anti-tumor activity of ONCOS-102 in combination 
with Imfinzi (durvalumab, anti-PD-L1) in patients with 
advanced peritoneal malignancies who have failed prior 
standard chemotherapy and have histologically confirmed 
platinum-resistant or refractory epithelial ovarian or 
colorectal cancer (ClinicalTrials.Gov NCT02963831). The 
results of these initial studies will hopefully confirm the 
potential of ONCOS-102 as an immune-sensitizing agent 
for combinatory therapies with checkpoint inhibitors.

Other OV strategies currently being assessed include 
dl922-947 a second-generation adenoviral mutant bearing 
a 24-bp deletion in E1A-Conserved Region 2. This region 
binds to and inactivates pRb, dissociating the pRb-E2F 
complex and driving S phase entry, and has shown pre-
clinical efficacy in MPM (78). Another study involving an 
Oncolytic Measles Virotherapy is currently in a Phase I 
clinical trial (clinical trials.gov NCT NCT0150317), and 
has an estimated completion date in December 2019.

One issue which can affect oncolytic virus mediated 

therapy is the development of virus-neutralizing antibodies, 
but selective re-targeting of these is emerging as a novel 
measure to counteract this, and can be successfully 
combined with checkpoint inhibitors (96).

Chimeric antigen receptors (CAR)-T therapies 
and dendritic cell immunotherapy

CARs couple the HLA-independent binding of a cell 
surface target to the delivery of a tailored T-cell activating 
signal (97), by recognizing and binding to a specific tumor-
associated antigen and have emerged as exciting new 
therapeutic opportunity particularly in leukemias (98).

The potential to use CAR-T therapy in mesothelioma 
has been explored fairly extensively, and pre-clinical models 
using mesothelin (MSLN) (99,100), FAP (101), cMET (97), 
pan-ErbB (102) and other targets have been extensively 
tested (98,103).

The initial clinical trial (Clinicaltrials.gov NCT01355965) 
of an intravenous delivery of MSLN-targeted CARs was 
evaluated in a Phase I clinical trial of solid tumors (104), and 
included three patients with MPM. All three patients of 
these patients developed an antibody response to the murine 
component of this CAR, with one patient developing an 
anaphylactic reaction. Based on these results a second 
generation CD28-costimulated MSLN CAR was developed 
which incorporated an Icaspase-9 safety gene (IcasM28z). A 
Phase I clinical trial of this was initiated (clinicaltrials.gov 
NCT02414269) and included n=19 MPM patients. In this 
trial patients also received anti-PD1 checkpoint blockade 
agents (1–21 cycles), off protocol. Responses were gauged 
using metabolic response on PET scan. The best response 
among the 19 MPM patients (13 patients received anti-
PD1 agent; PD-L1 <10% in all except 1) was—2 patients 
had complete (60 and 32 weeks ongoing); 5 demonstrated 
partial response and 4 had stable disease using PET, 
but CT-scans were not performed (105). Various other 
CAR-T trials utilizing MSLN have been trialed, but 
few results for these have been reported. One trial using 
a lentiviral transduction based approach (clinicaltrials.
gov NCT02159716) was completed. However, in this 
trial which included mesothelioma patients, no clinical 
responses were observed (98). 

A clinical trial of a single fixed dose of adoptively 
transferred FAP-specific CD8 positive re-directed T cells 
given in the pleural effusion in mesothelioma (clinicaltrials.
gov NCT01722149) has completed recruitment, and the 
estimated completion of the study will be in July, 2019.
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One factor which may currently limit the use of 
CAR-T strategies in solid tumors could be the issue of 
T-Cell exhaustion, a state of T cell dysfunction that arises 
during chronic exposure to inhibitory signals encountered 
in the tumor microenvironment or activation-induced 
upregulation of co-inhibitory pathways that reduces their 
cytolytic and proliferative functions (106). However, a 
recent study has suggested that checkpoint inhibitors may 
therefore be an effective strategy for improving the potency 
of CAR T cell therapies in this regard (107).

Dendritic cell therapy is a cell-based vaccination 
approach used to initiate an anti-tumor immune response. 
Initial DC based approaches in mesothelioma using 
autologous tumor lysate loaded DCs showed promising 
long-lasting clinical responses with survival up to 66 months  
post treatment (108-112). The disadvantage of autologous 
DC approaches is that it is time-consuming and may not 
often generate sufficient amounts of the required quality. 
To circumvent this an allogenic tumor lysate-based 
approach was developed (113) and a Phase I clinical trial 
MesoCancerVa (NCT02395679) recently completed. In 
this trial, no dose-limiting toxicities were established and 
radiographic responses were observed. The median PFS 
was 8.8 months and median OS was not reached at a median 
follow-up of 22.8 months (113). These promising results 
have led to the establishment of the Phase II/III DENIM 
trial (NCT03610360) which aims to recruit n=230 patients 
to examine the OS in patients treated with DCs loaded with 
this allogeneic tumor cell lysate as maintenance treatment 
after chemotherapy (114). 

Outstanding questions yet to be addressed fully

Despite the significant strides made in cancer immunotherapy, 
there still remain other outstanding questions.

Patient ethnicity

As has been learned from EGFR TKI therapy in non-small 
cell lung cancer (NSCLC), ethnicity can play an important 
role in patient response (115). The majority of initial clinical 
trials for checkpoint inhibitors were carried out primarily 
on Caucasians, but usually included a small portion of Asian 
participants, and results were calculated and interpreted 
for the entire included subjects without any race-specific 
conclusions. This issue has been raised and commented 
on recently by Shi and colleagues particularly with regard 
to the management of adverse events (116). Nevertheless, 

the results of the MERIT trial suggests that this is an 
area which should not be ignored, and issues of ethnicity 
may yet play a role in the future of immunotherapy in 
mesothelioma.

Is there an issue of Hyper-progression in mesothelioma?

It is now established that hyper-progression can occur for a 
subset of patients undergoing checkpoint inhibitor therapy, 
which can emerge either when the patient is undergoing 
therapy (117), or which can emerge post-therapy (118). 
The estimated occurrence of this varies but runs to about 
10% to 20% of treated cases (119). Whilst there is little 
evidence that hyper-progression occurs during treatments 
of mesothelioma, in the DREAM trial, two patients were 
reported as showing pseudo-progression, within the first 
10–15 weeks of therapy followed by responses (40). 

In a recent editorial on this topic key issues remain such 
as: why it occurs; is it simply a lead-time bias phenomenon; 
does it have a strong biological basis such as clonal selection; 
can we identify and predict those in whom it will occur; and 
if it can be stopped by additional therapies (119). As more 
and more clinical trials of immunotherapies complete in 
mesothelioma, vigilance will be required to assess if hyper-
progression does occur. 

How to make a cold tumor hot?

A significant challenge facing all immunotherapy based 
approaches is the issue of Tumor T-cell infiltration. 
Those tumors which have a poor infiltration are often 
characterized as so-called “cold tumors” and more resistant 
to immunotherapy (120). How therefore can we improve on 
mesothelioma immunotherapies to increase the proportion 
of responsive patients? Aside from targeting additional 
immunomodulatory molecules, it may be possible to use 
cytokines such as IL-2 and growth factors such as GM-
CSF, or oncolytic viruses etc., as discussed in previous 
sections along with other therapies such as radiotherapy, 
photodynamic therapy electro-chemotherapy etc. (13).

Epigenetics to prime immunotherapy?

One such avenue may be to target the epigenetic 
machinery to elicit such responses sometimes described 
as immunoprobing (121). In this setting clinically relevant 
non-toxic doses of epigenetic targeting agents are used 
to induce antitumor “memory” responses including 
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immunomodulatory pathways (122). It is well established that 
PD-1/PD-L1 can be affected in cells following treatment 
with histone deacetylase inhibitors (HDACi) (123). Several 
lines of evidence in NSCLC suggest that addition of an 
HDACi can increase tumor antigen presentation, decrease 
immune suppressive cell types and augment checkpoint 
inhibitor therapy (124). Furthermore, a recent phase 1/1b 
study of pembrolizumab plus vorinostat (a HDACi) in 
advanced/metastatic NSCLC found that this combination 
was well tolerated and demonstrated preliminary anti-
tumor activity despite progression on prior checkpoint 
inhibitor treatment (125), while encouraging responses to 
such a strategy were also observed in the ENCORE-601 
trial  which combined Entinostat (a HDACi) with 
Pembrolizumab (NCT02437136) (126,127). 

These activities are not just l imited to histone 
deacetylases as similar effects have been observed for DNA 
methyltransferase inhibitors (128,129), and bromodomain 
inhibitors (130).

Whilst the initial Phase III trial of Vorinostat In 
mesothelioma failed (131), it would be very interesting 
to re-examine the data from this trial to determine if 
any increases in PD-L1 expression were observed. More 
recently, new HDACi in pre-clinical development have 
shown that they can induce PD-L1 in mesothelioma cell 
line in vitro (132), suggesting that including HDACi could 
potentially be a combinatorial approach to immunotherapy 
in mesothelioma. 

Other chemotherapies to prime immunotherapy?

Other strategies could also potentially be used in this regard, 
including standard chemotherapies. Indeed gemcitabine 
was recently shown to synergize with checkpoint inhibitors 
and overcome resistance in a preclinical mouse model 
of mesothelioma and in two patients treated with this 
combination (133). However, it may well be that this 
observation could potentially be related to the known effects 
of gemcitabine on DNA methylation in mesothelioma cell 
lines resulting in the induction of PD-L1 (134).

Targeting tumour-infiltrating cells (Tregs)

Analogous to other neoplasms, a more precise knowledge of 
Tregs could identify a specific predictive signature which may 
provide novel actionable targets for immunotherapy (135). 
Preliminary findings by us provide clear evidence that Tregs 
in MPM show a particularly clear-cut immuno-suppressive 

signature and this should be certainly considered in the 
design of new therapeutic approaches to treat MPM (Mutti et 
al., manuscript in preparation).

Summary

The previous sections have discussed in depth the current 
clinical trials involving immunotherapy in MPM. Despite 
intensive research, breakthroughs in the treatment of 
this cancer have been limited, and the lack of interest 
and funding has certainly delayed any dramatic progress 
to date. Nevertheless, the advent of more recent cancer 
immunotherapy options has shed new light onto potential 
treatments for the future. In this regard we await the results 
of critical checkpoint inhibitor phase II/III trials with great 
interest in the hope that the potential significant advances 
in outcome will be achieved.
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