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Abstract: Malignant pleural mesothelioma (MPM) has been marked historically by poor prognosis.
Current standard of care for this deadly disease results in sub-optimal improvements in overall survival (OS),
which has prompted researchers to explore innovative treatment alternatives. Immunotherapy is an emerging
therapeutic modality that harnesses the power of the human immune system. In this review, we summarize
the different methods of immunotherapy for malignant pleural mesothelioma. Using ClinicalTrials.gov
we searched the terms “immunotherapy” and “immune therapy” combined with “pleural mesothelioma”.
Our search yielded 75 trials, among which 37 trials met our specific criteria. Our search identified immune
checkpoint blockade, immunotoxin therapy, anticancer vaccines, oncolytic viral therapy, and adoptive cell
therapy as the most common and pertinent methods of immunotherapy currently being assessed in clinical
trials. We have reviewed the most up-to-date clinical trials involving immunotherapeutic approaches for
the treatment of malignant pleural mesothelioma. In addition to highlighting some of the successes of

immunotherapy, we also have identified limitations that must be overcome to improve the efficacy of these

therapies.
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Introduction
Epidemiology of thoracic malignancies

Malignant pleural mesothelioma (MPM) is a rare cancer of
the pleura. The most commonly associated cause of MPM
is asbestos exposure and, while the use of asbestos has been
banned in most developed countries, it is still being used
in many developing countries (1). Global incidence of
MPM is likely underreported and, incidence in developed
countries will likely peak in the second and third decades
of the century (2). Individuals diagnosed with MPM have
poor prognoses that are likely secondary to the difficulties
encountered when establishing diagnosis and the advanced
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stage of the disease at time of diagnosis. Median survival
is 12 months without treatment and, with treatment, the
6-month, 1-year, and 5-year overall survival (OS) rates are
55%, 33%, and 5%, respectively (3).

Currently established therapy

Systemic chemotherapy is a standard component in the
treatment of patients with either resectable or unresectable
disease. The phase III EMPHACIS trial (n=456) compared
pemetrexed and cisplatin combination therapy with
cisplatin alone and demonstrated a 3-month survival benefit
(12.1 vs. 9.3 months) (4). Surgical resection for MPM is a
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Figure 1 Multiplex immunofluorescence image of human
mesothelioma. MSLN, mesothelin; CD4, CD4+ T-cell; CDS,
CD8+ T-cell; FoxP3, forkhead box P3; SMA, smooth muscle actin;
COL-1, collagen.

controversial topic with no universally accepted guidelines.
The most extensive surgical intervention for MPM is
extrapleural pneumonectomy (EPP), which entails en bloc
resection of the visceral and parietal pleura, pericardium,
ipsilateral hemidiaphragm, and lung. The MARS trial
compared patients who received EPP with those who did
not and concluded that EPP offers no benefit and may
actually harm patients; it is important to note that this
study was a feasibility study that was conducted with a small
cohort of patients (5). Alternatively, cytoreductive lung-
sparing procedures, such as pleurectomy/decortication and
extended pleurectomy/decortication, are associated with
improved survival rates; however, they are also associated
with considerably higher morbidity than supportive care (6).

Regardless of the surgical method employed, the goal
of surgery is the removal of macroscopic disease (R1
resection). As such, adjuvant radiation therapy is used to
control microscopic disease (7). Intensity-modulated pleural
radiation therapy (IMPRINT) has been developed to target
pleural surfaces directly while limiting lung exposure; it has
been shown to be safe with no reported episodes of severe
radiation pneumonitis (8).

Unfortunately, as a solitary therapy none of these
modalities have been proven effective against MPM.
Completion of trimodality therapy—which is the
combination of chemotherapy, surgery, and radiation—can
be difficult due to limited access to high volume centers,
disease progression during therapy, and treatment side
effects (9). The challenges associated with the delivery of
trimodality therapy for MPM along with limited success
underscores the need to develop new and efficacious
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therapies. Immunotherapy is one such emerging therapeutic
modality that harnesses the power of the human immune
system against cancer cells.

Immunoediting and immunotherapy

Effective immunosurveillance by the immune system
protects an individual from the development and
uncontrolled growth of malignancies (10). Immunoediting
describes the process where an immunocompetent host can
develop cancer and it consists of three phases—elimination,
equilibrium, and escape (10). Elimination entails the
activation of host immunity that results in tumor cell death.
If unsuccessful, tumor cells may enter the equilibrium
phase wherein tumor growth is maintained chronically.
Alternatively, tumor cells can adapt via various mechanisms
such as recruitment of regulatory cells, production of T-cell
suppressant cytokines, and upregulation of co-inhibitory
receptors by T cells. These adaptations result in tumor
variants that can potentially overcome host immunity, thus
entering the escape phase. At this point, clinically detectable
lesions develop and the physical symptoms of cancer by the
host are evident (10).

Our lab has been able to quantitatively characterize
the composition of the immune microenvironment using
immunohistochemistry and we have shown that the
presence of inflammatory cells in the stroma or the relative
proportions of specific immune cells are prognosticative
(11,12). Using multiplexed immunofluorescence, in
addition to quantification, we have been analyzing the
localization and co-localization of immune cells. We are
now able to explore their spatial relationship between
tumor cells and the stroma on a single slide (Figure 1).
In the ongoing battle between protumor and antitumor
forces, a detailed understanding of the complex tumor
immune microenvironment will be necessary to tilt the
balance towards an antitumor immune response. In this
review, we will provide a brief overview of the various
immunotherapeutic strategies and discuss the results of
clinical trials that are treating MPM (Figure 2).

Checkpoint blockade

One method of adaptation by tumor cells is the
upregulation of cell surface inhibitory ligands. Tumor-
infiltrating immune cells express inhibitory receptors
that bind to these inhibitory ligands resulting in immune
cell inhibition. These inhibitory receptors—also known
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Figure 2 Using ClinicalTrials.gov, we searched the terms
“immunotherapy” and “immune therapy” combined with “pleural
mesothelioma”. We excluded all terminated, suspended, “status
unknown”, and trials that resulted from multiple search terms
(overlapping). We then screened 49 trials and excluded any trials
that tested non-immunotherapy medications, non-therapeutic
trials (e.g., biomarker studies), trials where radiation/energy was

the primary intervention, and all radiologic studies.

as immune checkpoints—act as a regulatory system that
prevent autoimmunity, but at the same time can play a
crucial role in tumor development. Checkpoint blockade
therapy utilizes antibodies to block this inhibitory signaling,
thereby preventing inhibition of immune cells. Several
different checkpoint inhibitors have been targeted to treat
MPM, namely cytotoxic T lymphocyte-associated protein
4 (CTLA-4) and programmed cell death protein-1 (PD-1)/
programmed cell death protein ligand-1 (PD-L1) pathways.

CTLA-4 inbibition

CTLA-4 is a glycoprotein that is expressed by activated T
cells and regulatory T cells (Tregs) (13). CTLA-4 competes
with the costimulatory receptor CD-28 for B7 ligands
(CD-80 and CD-86) expressed on antigen presenting cells
(APCs). CTLA-4/CD-80 binding results in signaling that
directly inhibits T-cell effector function (14).

The first clinical success of inhibiting this pathway was
seen with ipilimumab (IgG1 antibody against CTLA-4),
which demonstrated a significant improvement in OS of
patients with unresectable stage III or IV melanoma (15).
These results have led to multiple clinical trials assessing
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anti-CTLA-4 checkpoint inhibitors for the treatment of
various solid malignancies including MPM.

Tremelimumab was evaluated in a phase II clinical trial
of 29 patients with unresectable MPM. Disease control
was achieved in 52% of patients with a median duration of
10.9 months (95% CI, 8.2-13.6 months) (16). Four patients
in this trial had at least one grade 3 or 4 adverse event.
There is only one active clinical trial as the Phase II clinical
trial that compared tremelimumab as a solitary therapy with
placebo for patients with unresectable MPM is no longer
recruiting patients (Table I).

PD-1 inbibition
PD-1 is a fellow member of the B7-CD28 superfamily and

another key immune checkpoint receptor. PD-1 is expressed
by activated T-lymphocytes, B-lymphocytes, and natural
killer (NK) cells. It binds to PD-L1 and PD-L2 ligands that
are expressed on tumor cells and stromal cells (17). This
interaction leads to decreased T-cell cytotoxicity, cytokine
release, and proliferation, and ultimately results in T-cell
exhaustion (18).

Nivolumab is a human IgG4 monoclonal antibody
that targets PD-1. Its safety, antitumor activity, and
pharmacokinetics were initially assessed in a Phase I trial of
patients with advanced NSCLC (17). Its optimal dose was
determined to be 3 mg/kg with an objective response rate
(ORR) of 32%. Subsequently, multiple trials have tested
nivolumab as a monotherapy or in combination with other
therapies. Pembrolizumab is another human IgG4 antibody
that targets PD-1 and was assessed in the KEYNOTE-001
trial. This trial demonstrated that patients with NSCLC
who had >50% membrane expression of PD-L1 exhibited
a higher response rate and exhibited longer OS and
progression free survival (PFS) than patients with <50%
PD-L1 expression (19). The follow-up KEYNOTE-028
trial studied response to pembrolizumab in PD-L1+ solid
tumors; the patient cohort included 25 patients with MPM.
Patients received 10 mg/kg every 2 weeks for 2 years or
until progressive disease or severe toxicity was observed.
The overall response rate was 20% (n=5) and 13 patients
(52%) had stable disease, which resulted in a disease control
rate of 72% (20).

Anti-PD-L1 inbibition

The KEYNOTE-010 and KEYNOTE-028 trials clearly
demonstrated that PD-L1 plays a critical role in
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Table 1 Clinical trials employing immunotherapy for the treatment of malignant pleural mesothelioma

Agent Phase No. of trials Comments Representative clinical trials
Checkpoint inhibitors
PD-1 inhibition
Nivolumab Phase Il 2 Monotherapy in patients with recurrent/ NCT03063450, NCT02497508
relapsed mesothelioma
Pembrolizumab (MK-3475) Phase II/Ill 4 First-line therapy or adjuvant therapy in NCT02959463, NCT02399371,
patients with advanced mesothelioma NCT02784171, NCT02991482
PD-L1 Inhibition
Durvalumab (MEDI4736) Phase Il 1 First-line combination therapy for unresectable NCT02899195
mesothelioma
Immunotoxin
SS1P Phase I/11 2 MSLN-targeted immunotoxin plus NCT01362790, NCT01445392
chemotherapy to decrease immunogenicity
LMB-100 Phase | 1 MSLN-targeted immunotoxin for patients with  NCT02798536
advanced MPM
Oncolytic virus
GL-ONC1 vaccinia Phase | 1 Neoadjuvant GL-ONC1 oncolytic virus, with or NCT02714374
without eculizumab
Measles virus Phase | 1 Dose-escalation study of intrapleural measles NCT01503177
virus therapy
Vaccine therapy
Autologous DC Phase /11 5 First-line therapy or adjuvant therapy in NCT02151448, NCT02395679,
patients with advanced mesothelioma NCT02649829
WT-1 Phase /11 3 Adjuvant therapy following multi-modality NCT01265433, NCT01890980
therapy
Adoptive cell therapy
TCR Phase I/11 1 TCR targeting WT-1 in NSCLC and MPM NCT02408016
CAR T-cell Phase /11 4 CAR T-cell targeting MSLN NCT02580747, NCT01583686,
NCT02414269, NCT01355965
Combination therapy
Combined checkpoint Phase Il 4 Combined checkpoint blockade for NCT02588131, NCT03075527,

blockade

unresectable MPM

NCT02592551

CAR, chimeric antigen receptor; DC, dendritic cell; MPM, malignant pleural mesothelioma; MSLN, mesothelin; NSCLC, non-small cell lung
cancer; PD-1, programmed cell death protein 1; PD-L1, programmed cell death ligand 1; TCR, T-cell receptor; WT1, Wilms tumor 1.

determining the efficacy of anti-PD-1 therapy. Furthermore,
PD-L1 has been known to be upregulated in a variety
of malignancies and its expression correlates with
poor prognoses (21). Specifically, Mansfield er 4/. has
demonstrated that PD-L1 expression occurred in
approximately 40% of the 106 mesothelioma specimens and
that higher expression was correlated with worse prognosis
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(5.0 vs. 14.5 months) (22). Additionally, patients with PD-
L1+ tumors have been shown to have lower median survival
(4.79 vs. 16.3 months, P=0.012) (23). As a result of these
findings, several anti-PD-L1 therapies are currently being
investigated in prospective clinical trials (Table 1).

The ongoing JAVELIN trial is assessing avelumab, a
human anti-PD-L1 IgG1, in patients with metastatic or
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locally advanced solid tumors including 53 MPM patients.
Early results have shown a disease control rate of 56.6% and
median PES of 17.1 weeks (95% CI, 6.1-30.1 weeks) (24).

Checkpoint blockade immunotherapy does have
several limitations. Immune-related adverse events (irAE)
are unique side effects/toxicities that occur as a result of
stimulating the immune system. Common irAEs associated
with checkpoint inhibitors are fatigue, rash, colitis, and
hepatitis. Rarer and more severe side effects include
endocrinopathies such as hypophysitis and pneumonitis (25).
Unfortunately, biomarkers predicting safety or predilection
for irAEs are lacking. Similarly lacking are methods
of identifying which patient population will benefit
most from checkpoint inhibition. Finally, blocking of
checkpoint inhibition pathways has been shown to lead to
an upregulation of different inhibitory checkpoints, such
as TIM-3 and LAG-3 (26), which is an obstacle that will
receive increased attention going forward.

Immunotoxin

Immunotoxin immunotherapy utilizes an antibody or
antibody fragment fused to potent toxins—including
bacterial or plant-derived ribosomal proteins—to attack
tumor cells. Once the antibody binds to its targeted antigen,
the toxin is chaperoned to the cytosol of a cancer cell via
endocytosis and results in cell death. Immunotoxins have
shown promising results in hematologic malignancies,
specifically hairy cell leukemia, wherein a majority of
patients achieved complete remission after therapy (27).
Although immunotoxins have been used to treat MPM, its
application in other solid malignancies generally has been
limited.

Mesothelin (MSLN) is a cell surface protein that
is overexpressed in a variety of solid tumors including
mesothelioma, ovarian, and pancreatic cancers. SS1P is
an immunotoxin consisting of an anti-MSLN antibody
fragment fused to Pseudomonas exotoxin A. Hassan et al.
initially demonstrated that SS1P can be administered safely
with moderate antitumor efficacy as a monotherapy (28);
however, when it was combined with pemetrexed and
cisplatin there was an impressive antitumor response (29).
In a cohort of 13 patients with MPM, 77% of patients
demonstrated at least a partial response. A recently
completed Phase I clinical trial that tested SS1P combined
with cisplatin and pemetrexed is awaiting data analysis.
LMB-100 is another MSLN-targeted immunotoxin that is
currently being assessed in an open and recruiting Phase I
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clinical trial.

One limitation of immunotoxin therapy is the
development of patient-derived neutralizing antibodies
against the toxin (29). Immunosuppressants can be used to
counteract the development of these antibodies but they are
associated with multiple side effects as well. Additionally,
since there are few target antigens identification of
additional targets is of great importance going forward.

Oncolytic viral therapy

Oncolytic viruses are replicating viruses that harness the
replicative life cycle of the virus by preferentially infecting
and lysing tumor cells, and then releasing viral progeny,
which results in death of neighboring cancer cells (30). The
concept of viruses exhibiting antitumor activity has been
described since the early 1900s when patients with leukemia
and lymphoma had undergone spontaneous remission after
various viral infections (31). To date, there have been several
clinical trials that have investigated oncolytic viral therapy
for solid tumors including MPM.

Granulocyte-macrophage colony stimulating factor
(GMCSF) can facilitate antitumor response through
recruitment of CD8+ T cells and NK cells. Attempts at
systemic administration of GMCSF have been limited
by poor tumor penetration and toxic side effects (32). To
minimize these side effects and increase the concentration
of GMCSF in the tumor microenvironment, oncolytic
viruses that express GMCSF have been employed.
ONCOS-102 is an attenuated adenovirus modified to express
GMCSE. Ranki ef al. demonstrated in a phase I clinical trial
that ONCOS-102 is safe and well tolerated. Additionally,
they showed an increase in pro-inflammatory cytokines,
tumor infiltrating lymphocytes (T1Ls), and inhibitory ligands
(e.g., PD-L1) in 11 out of 12 patients. These findings suggest
that ONCOS-102 can be used as a priming agent that is
implemented with other immunotherapies (33). As such, a
phase Ib/II clinical trial is currently recruiting patients to
assess the safety of ONCOS-102 combined with pemetrexed/
cisplatin; afterward, a randomized cohort will be assessed to
determine if there is a correlation between clinical outcomes
and immunologic data (7zble I). Additionally, there is an
open and recruiting trial assessing combination ONCOS-102
with durvalumab—a checkpoint inhibitor—for patients with
peritoneal malignancies including peritoneal mesothelioma.
These trials may pave the way for a clinical trial assessing
combination therapy for MPM.

Vaccinia is an enveloped virus that is highly immunogenic
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but safe when administered to patients, as evidenced by the
fact that it was the active component of the vaccine that
eradicated smallpox. This virus has a large genome that
allows for insertion of multiple genes without compromising
its ability to replicate (34). Vaccinia was also effective at
killing MPM cell lines iz vitro and in an orthotopic mouse
model of MPM; tumor burden was significantly reduced
with improved 30-day survival (35). These preclinical results
led to a clinical trial where the GL-ONCI vaccinia virus
was administered intrapleurally to patients with malignant
pleural effusions; this trial has been completed at our center
and data analysis is pending. There is another open and
recruiting clinical trial treating patients with solid organ
tumors, including MPM, which combines GL-ONCI1
and eculizumab, a monoclonal antibody that targets the
complement cascade (7able 1).

Attenuated measles virus (MV) is similar to vaccinia and
has been proven safe when administered to patients as a
vaccine. The first clinical trial employing oncolytic MV was
a small, open-label Swiss study of patients with cutaneous
T-cell lymphoma. The MV was injected intratumorally
and, after 28 days, 5 of 6 tumors had regression and 1
of those 5 resolved completely. Additionally, oncolytic
MYV exhibited an abscopal effect, which means that after
injection into the primary tumor there was regression of
metastatic tumor sites (36). These promising results have
led to the application of oncolytic MV for various solid
tumors including ovarian cancer, squamous cell head and
neck malignancies, and MPM. These trials include an open
and recruiting Phase I clinical trial investigating intrapleural
delivery of MV therapy for patients with stage I-IV or
recurrent MPM.

Although this strategy of immunotherapy has been
slow to develop in the clinic, there are several reasons to
believe this will be an area of growth going forward for
the treatment of MPM and other solid tumors. Viruses
are structurally diverse and provide a multitude of delivery
options. Additionally, oncolytic viruses can potentiate
antitumor immunity while causing minimal toxicity in
patients. Nonetheless, there are several limitations to
oncolytic viral therapy. Systemic delivery of therapy can
elicit the development of neutralizing antibodies that result
in sequestration by Kupffer cells in the liver and spleen,
thus resulting in limited intratumoral virus spread (37).

Anticancer vaccines

Cancer vaccination is a method of immunotherapy that
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involves activating an immune response using a specific
peptide antigen with the purpose of inducing specific
antitumor immunity against tumor-associated antigens.
Antigen-exposed autologous dendritic cells (DC) are
perhaps the most potent APC (38). They are capable
of capturing and processing tumor antigens, expressing
co-stimulatory molecules, and secreting cytokines to
initiate immune responses. As such, DCs have been used
increasingly in tumor cell vaccinations for MPM. When
combined with cyclophosphamide, 7 of 10 patients with
MPM survived >24 months and there were 2 patients who
survived 50 and 66 months after treatment (39). There are
several open and recruiting clinical trials of DC-VAC for the
treatment of MPM (Table I). Additionally, there are open
and recruiting clinical trials evaluating targeted vaccination
as a monotherapy or combined with chemotherapy.

In order for cancer vaccinations to be a successful
treatment for solid tumor malignancies there are two
limitations that must be overcome—the lack of strong
expression of target antigens on cancer cells and the reliance
on the ability of the host immune system to mount an
immune response.

Adoptive cell therapy (ACT)

ACT entails the collection of immune cells from
peripheral blood or the tumor itself, followed by isolation,
modification, and ex vivo expansion of the targeted immune
cells. The modified immune cells are then reinfused back
to the patient as therapy (40). ACT offers the advantage
of targeting effector cells to a specific tumor-associated
antigen (TAA) and leads to direct cytotoxicity.

ACT was first used as a treatment modality in the 1960s
but has seen rapid growth in development and application
since the turn of the century. The first application of
adoptive T-cell therapy involved in virro activation,
expansion, and reinfusion of antigen-specific TILs isolated
from fresh cancer specimens (41). TIL therapy initially
showed success in the treatment of malignant melanoma
but its application to other malignancies has presented
several challenges. The extraction of sparse tumor-reactive
lymphocytes and subsequent isolation and expansion of
T cells that retain specificity and functionality can be
difficult (42). Additionally, prolonged clinical response to
TIL therapy requires lymphodepletion (40). Given these
difficulties, there have been several different strategies that
aim to harness the antitumor efficacy of T cells including
genetically modifying the T-cell receptor (TCR) and
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chimeric antigen receptor (CAR) modified T cells.

TCR therapy

TCR therapy consists of genetically engineering large
populations of T cells to target specific TAAs. T-cell
specificity is mediated through the a- and p-chain
heterodimers of the TCR complex (43). The a/f chain
gene can be modified to target a specific antigen and then
transduced retrovirally into T cells from healthy donors (43).
TCR therapy is major histocompatibility complex (MHC)-
dependent. This means that in order for T-cell activation
to occur the TCR must bind to a specific MHC-antigen
complex. Because of this, TCR therapy is restricted to
MHC-matched patients (41). Another limitation of TCR
therapy is that tumors can escape the cytotoxicity of TCRs
by downregulating MHC class I expression (43). There
is currently an open and recruiting clinical trial involving

TCR immunotherapy targeting WT-1 (Table I).

Chimeric antigen receptor I-cell therapy

The limitations of TCR therapy have led to the
development of CAR-modified T cells that are not
restricted by MHC, which means that CAR-modified T
cells can potentially target any antigen (i.e., any tumor).
A CAR construct consists of an extracellular antigen-
binding domain that is hinged to one or more intracellular
signaling domains (42). Once constructed, the CAR is then
transduced into autologous T cells and transfused back to
the patient as therapy. CARs specific for CD19, a B-cell
activation receptor, have been successful in the treatment of
B-cell malignancies including acute lymphoblastic leukemia
and chronic lymphocytic leukemia (44). These successes
have led to rapid growth in this intriguing subfield of
immunotherapy.

Our laboratory work is focused on investigating CAR
T-cell therapy for MSLN-expressing tumors. As previously
mentioned, MSLN is expressed in a variety of malignancies
including MPM. Our lab has demonstrated that MSLN is
uniformly and strongly expressed on MPM cells and has
limited expression on normal tissue (45). We established
an orthotopic mouse model of MPM and demonstrated
that regional delivery of MSLN-targeted CAR T cells
were able to eradicate tumors at a 30-fold lower dose
than systemically delivered CAR T cells (46). These
intrapleurally administered CAR T cells outperformed
the systemically delivered CAR T cells in terms of T-cell
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activation, proliferation, persistence, tumor eradication, and
survival. The underlying biologic reasons for the observed
benefits following regional delivery are the avoidance of
pulmonary sequestration that occurs following systemic
delivery, whereas intrapleural delivery results in immediate
antigen-activation and CD4-dependent additive benefits.
These preclinical results have led to the development of
an open and recruiting Phase I study where patients with
MPM or other secondary pleural malignancies receive a
single dose of intrapleurally delivered MSLN-targeted CAR
T cells, with or without prior cyclophosphamide therapy
(Table 1). MSLN-targeted CAR T-cell therapy trials are also
being conducted at the National Cancer Institute and the
University of Pennsylvania.

Combination therapy

The impressive, yet limited successes, seen with the
administration of single immunotherapeutic agents have
led to a variety of combination strategies. The CheckMate
067 trial compared dual checkpoint blockade therapy
(nivolumab and ipilimumab) with monotherapy for
patients with advanced stage melanoma. Combination
therapy resulted in an ORR of 60% and a median PFES of
11.5 months compared with 6.9 and 2.9 months for
nivolumab or ipilimumab alone, respectively (47).

These promising results have led to clinical trials that
combine different methods of immunotherapy. There are
currently two open and recruiting clinical trials evaluating
the efficacy of combination tremelimumab and durvalumab
(anti-PD-L1) (Table I). There have been preclinical studies
that have assessed a combination of checkpoint inhibitors
with oncolytic viruses as well as antitumor vaccinations;
however, these preclinical studies have yet to be translated
into clinical trials. The limitations of checkpoint inhibition
monotherapy—including lack of prognosticative biomarkers
and irAEs—apply to combination therapy as well and will
undoubtedly be limitations to future clinical successes.

Our group recently has demonstrated that a combination
of CAR T-cell therapy and checkpoint blockade results in
remarkable tumor regression and improved OS in mice
with MPM (48); however, repeated administration of
PD-1 blocking antibodies were required to achieve these
results. In an effort to circumvent repeated dosing, we have
constructed CAR T cells that express a T-cell intrinsic PD-1
dominant negative receptor (DNR) that binds to PD-L1
but does not transmit inhibitory signaling to the T-cell (48).
Such innovative techniques can potentially circumvent the
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toxicities associated with combination CAR T-cell therapy
and checkpoint blockade.

Conclusions

Immunotherapy employs novel therapies and is a promising
and rapidly developing approach for treatment of solid
tumor malignancies. This review highlights some of the
successes as well as the limitations of immunotherapy for
MPM. The barriers to success that must be overcome
are identification of biomarkers that are capable of
determining which patients will benefit most from specific
treatment options, identification of target antigens, and
overcoming the mechanisms of resistance and inhibition
within the complex tumor immune microenvironment.
There are many early phase clinical trials that have assessed
immunotherapy in different lines of therapy as monotherapy
and in combination with other treatment modalities. The
plethora of results from these diverse trials, both the failures
and successes, have laid the foundation for the future of this
exciting therapeutic approach.
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