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Abstract: Malignant pleural mesothelioma (MPM) is an aggressive neoplasm with poor outcome. Novel
radical radiation techniques using intensity modulated radiation therapy (IMRT) have become an important
component of therapy in mesothelioma. Immunotherapy also provides new therapeutic options. However,
how best to integrate immunotherapy with standard therapy such as radiation, chemotherapy and surgery
remains unknown. A change of paradigm from adjuvant normofractionation to induction accelerated
hypofractionated hemithoracic radiation could provide a platform to combine immunotherapy due to the
potential benefit of short course high dose radiation on the immune system. Immunotherapy can also be
combined with chemotherapy. Although chemotherapy is generally considered immunosuppressive, some
chemotherapeutic agents do induce cell death that can be immunogenic and stimulate a specific immune
response against the tumor. Immunotherapy could also be used in between cycles of chemotherapy to limit

tumor cell repopulation and optimize the results of both treatments. The integration of immunotherapy into

a multimodality approach is opening new avenue of treatment for mesothelioma.
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Introduction

Malignant pleural mesothelioma (MPM) has been well-
documented to be a long-term complication of asbestos
exposure with an increasing incidence in industrialized
countries (1). MPM has a dismal prognosis with a medium
survival of 12 to 18 months after diagnosis (2). The efficacy
of current therapies including surgery, chemotherapy
and radiation is limited. Therefore, a large number of
studies have focused on multimodality approaches for the
treatment of this disease (3,4). Nowadays, combination of
multimodality treatment with immunotherapy has been
evaluated in pre-clinical studies and is entering clinical

trials (5-9).

© Translational lung cancer research. All rights reserved.

tlcr.amegroups.com

Standard of care in MPM

The standard of care for MPM treatment consists in
chemotherapy with cisplatin and pemetrexed as first
line therapy in patients who are not surgical candidates.
Cisplatin-pemetrexed was associated with an improvement
in survival of 2.8 months compared to cisplatin alone in
a large multicenter randomized trial (10). More recently,
a large randomized trial conducted in France with 448
patients demonstrated that the addition of bevacizumab
to cisplatin-pemetrexed provided an additional benefit
of 2.7 months over cisplatin-pemetrexed and this triplet
combination is now used as a possible first-line treatment for
unresectable MPM in appropriately selected patients (11).
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Figure 1 Evolution of radical hemithoracic radiation therapy in mesothelioma.

In patients with early stage disease, radical surgery including
extended pleurectomy-decortication (EPD) and extrapleural
pneumonectomy (EPP) has demonstrated to be associated
with longer survival when combined with other treatment
modality such as chemotherapy and/or radiation therapy (12).
EPP and EPD have been shown to be of greater benefit in
patients with epithelial subtypes of mesothelioma compared
to non-epithelial subtypes.

Radiation therapy in MPM

Radiation has been used for palliation, local prophylaxis
of surgical port sites and for radical treatment. Radical
radiation consists in radiation to the whole hemithorax
to doses higher than 40 Gy (13,14). Radical radiation in
mesothelioma has been reported for several decades, but
it is only over the past 15 years with the introduction of
intensity modulated radiation therapy (IMRT) that radical
radiation has become an important modality to treat
mesothelioma. Its role and optimal form of delivery is still
in evolution. High dose hemithoracic IMRT was initially
delivered after EPP (15,16). In recent years, experienced
centers have expanded its application to hemithoracic
IMRT after PD (IMPRINT) and to the preoperative setting
with an accelerated course of hemithoracic radiation before

EPP (SMART) (17,18). IMPRINT delivers 50.4 Gy of
radiation to the entire hemithorax in 28 fractions. SMART
consists in delivering 25 Gy in 5 fractions with a boost of
5 Gy to the area of gross disease detected on the CT scan or
PET scan. A summary of the evolution of radical radiation
for MPM is provided in Figure 1.

Immunotherapy in mesothelioma

Immunotherapy has opened new options in the treatment
of mesothelioma. Clinical trials with dendritic cells (DC)
vaccination and live-attenuated Listeria vaccine have
shown encouraging results and are being considered for
multicenter phase II trials (19,20). Several trials targeting
mesothelin have also been conducted or are ongoing with
antibody-based therapeutic agents or T-cell therapies (21).
Immune check point blockade are currently being tested
in multiple clinical trials in mesothelioma. The results of
immune check point inhibitors as a single agent have so
far not been as encouraging as in other malignancies such
as melanoma and lung cancer. Part of the limitations of
these immune check point inhibitors may relate to the
fact that the mutation rate in mesothelioma tumor has
remained limited despite the long term exposure to a
carcinogenic substance like asbestos (22). Hence, in contrast
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to lung cancer and melanoma, neoantigen formation in
mesothelioma is relatively low. A recent large international
clinical trial assessing the role of CLTA-4 blockade as
single agent for second line therapy in mesothelioma was
negative (23). In single arm clinical trials, however, there
has been some encouraging response with inhibitors of the
PD1/PD-L1 pathway in mesothelioma. Pembrolizumab,
a PD-1 inhibitor, for instance has been associated with a
20% radiological response rate based on modified RECIST
criteria (24).

Immunotherapy as a standalone therapy may not be the
optimal treatment for mesothelioma and integration of
immunotherapy with chemotherapy, radiation therapy and
surgery will potentially be an important component to get
the optimal benefit from these new treatments. Clinical
trials assessing the role of PD-1 blockade in combination
with chemotherapy or with radiation have recently been
opened. The Canadian Cancer Trials Group is conducting
a phase II randomized trial comparing patients treated
with pembrolizumab-cisplatin-pemetrexed to patients
treated with cisplatin-pemetrexed or with pembrolizumab
alone. The trial is accruing very well and is expected to
be completed in 2019. MD Anderson Cancer Center
recently opened a phase I trial to assess potential toxicity
when combining pembrolizumab to radiation therapy. Two
groups are being evaluated, a radical group treated with
hemithoracic radiation with the lung in place using IMRT
or proton therapy after at least two cycles of chemotherapy
and possibly PD, and a palliative group treated with
palliative radiation using different hypofractionated
doses.

Radiation and immunotherapy in mesothelioma

Radiation has traditionally been delivered with
normofractionation using 1.8-2 Gy per fraction. Over the
past 20 years, improvement in radiation technology has
allowed the safe delivery of higher dose of radiation per
fraction. Hypofractionated radiation with doses ranging
between 3 and 8 Gy per fraction and ablative radiation
with doses greater than 8 Gy are now routinely delivered
in clinical practice. Hypofractionated and ablative radiation
provides the advantage to be a shorter course of treatment
compared to normofractionation. Increasing evidence also
suggests that these short courses of high dose radiation
are immunogenic and potentially provide an excellent
platform to be combined with immunotherapy (25).
Hypofractionated radiation could lead to an equilibrium
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between the proliferation of malignant cells and the
immune-mediated tumor cell death triggered by radiation,
thus keeping the tumor in a dormancy state until the
immune system becomes exhausted (26). Hence, the
addition of immune check point blockade in combination
with hypofractionated radiation may have a synergistic
effect tilting the balance from an equilibrium state towards
tumor elimination.

Considering the encouraging results we have had with
our SMART approach in mesothelioma using an accelerated
course of hypofractionated radiation before surgery, we
questioned whether the benefit was related to the immune
activation generated by the short course of radiation (18,27).
We therefore established animal models of mesothelioma in
mice to assess the interaction of radiation and the immune
system using a non-ablative short course of hypofractionated
radiation such as 15 Gy in 3 fractions (9,27). When this
type of radiation is delivered to the primary tumor, tumor-
associated antigens (Ag) are released from dead tumor cells
and then processed by antigen presenting cells (APC) such
as DCs. APCs then traffic to the lymph nodes and present
Ags to the naive T cells which are activated and start to
proliferate. A large number of activated T cells especially
cytotoxic T cells (CTL) migrate and traffic to the tumor
site where the tumor Ags are expressed, and exert cytolysis
of tumor cells.

Assumingly, the process of activation of the immune
system takes at least 7 days after the start of radiation. In
our SMART protocol, radical surgery is performed an
average 5 days after the end of radiation or at least 10 days
after the start of radiation, suggesting that adequate time
was provided to activate the immune system. The specific
immune response generated by the preoperative radiation
could therefore be an opportunity to add immune check
point inhibitors before surgery to optimize the benefit of
radiation and surgery (Figure 2).

Using our mice model, we assess the impact of adding
immune check point blockade to a short course of non-
ablative radiation. The potential synergistic impact of this
combined approach was studied on the primary tumor as
well as distant tumor targeted through the abscopal effect.
We previously demonstrated that blockade of immune
suppressive CTLA-4 resulted in tumor growth delay when
combined with chemotherapy in murine mesothelioma
and thus used this compound with local radiation (7). We
injected primary and secondary tumors into mice and
treated the primary tumor only with local radiation. We
observed that both the primary tumor and the secondary
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Figure 2 Abscopal effect induced by local radiation can be enhanced when combined with immune checkpoint inhibitors. When local

radiation is delivered to the primary tumor, tumor-associated Ag are released from dead tumor cells and processed by APC such as DC.

APCs then traffic to the lymph nodes and present Ags to naive T cells which are activated and start to proliferate. A large number of

activated T cells especially CTLs migrate and traffic to the tumor site and exert cytolysis of tumor cells. The SMART approach with

an accelerated hypofractionated hemithoracic radiation followed by surgery could therefore provide an excellent platform to introduce

immunotherapy in clinical practice. Ag, antigens; APC, antigen presenting cells; DC, dendritic cells; EPP, extrapleural pneumonectomy.

distant tumor had growth delayed. Local radiation resulted
in more T cell infiltration into both tumors, including
regulatory T cells (Treg) and CTLs. Interestingly, the
proportion of Treg over effector T cells in both tumors
was reversed after CTLA-4 blockade, while CD8 T cells
were further activated. The expression of the immune-
related genes was upregulated and cytokine production
was significantly increased. Local radiation resulted in
an increase of tumor-infiltrating T cells, while CTLA-
4 blockade led to significant reduction of Tregs and
increase of CTLs in both tumors. The abscopal effect
was enhanced by targeting the immune checkpoints
through modulation of T cell immune response in murine
mesothelioma (9).

We then assessed the impact of local radiation on the
immune system in combination with radical surgery in our
mouse mesothelioma model to reproduce the SMART
protocol (28). Blunt surgery and radical surgery were
performed to analyze the short and long term impact
of radiation and surgery. Our results showed that local
radiation led to a specific immune activation against the
tumor associated with significant upregulation of CD8"
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T cells limiting the negative impact of an incomplete
surgical resection. The same radiation protocol performed
7 days before radical surgery led to a long term antitumor
immune protection that was primarily driven by CD4" T
cells. Radical surgery alone or in combination with local
radiation completed 24 hours before radical surgery did not
provide this vaccination effect. Combining this radiation
protocol with CTLA-4 blockade provided better results
than radiation alone. We concluded that a specific activation
of the immune system against the tumor contributes to the
benefit of accelerated hypofractionated radiation before
surgery. The surgical removal of the primary tumor (and
thus the site of neoantigen release) did not preclude the
long term benefit of radiation. However, adequate timing
between the radiation and surgery was important to
ensure that the immune system had time to be activated.
Hence, local radiation combined with surgery provides
an excellent platform to introduce immune checkpoint
blockades in the clinical setting. These experiments also
suggest that a dose of 15 Gy of radiation may be sufficient
to generate the immune benefit and that higher doses may
not be necessary.
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Targeting cancer stem cells to inhibit repopulation
between cycles of chemotherapy
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Figure 3 Mesothelioma stem cells (MSC) could be a key target
to inhibit repopulation between cycles of chemotherapy. Tumor
growth delay can be achieved with chemotherapy, however, tumor
grows back rapidly due to cancer cell repopulation between cycles
of chemotherapy (blue curve). This hypothesis model assumes that
targeting MSC would be able to eliminate cancer cell repopulation

during the intervals of chemotherapy (red curve).

Chemotherapy and immunotherapy in
mesothelioma

Neglected issue of cancer cell repopulation between cycles of
chemotherapy

Chemotherapy is widely used to treat patients with
cancers. Chemotherapy is typically given every 3 weeks for
3—6 cycles in total, and expected to kill proliferating tumor
cells in the S-phase of the cell cycle. However, normal cells
such as bone marrow and gastro-intestinal mucosa cells
that proliferate rapidly are also killed, leading to systemic
toxicity. The intervals between cycles of chemotherapy
allow normal cells to recover. However, surviving cancer
cells also have a chance to re-proliferate, a phenomenon
known as repopulation (26). Cancer cell repopulation used
to be a neglected factor, but now has been recognized as
a major cause of drug resistance (29). Specific inhibitors
targeting this process have been studied in a wide variety
of malignancies and obtained inspiring results (30-32).
Cancer stem cells may be a predominant component in the
process of cancer cell repopulation during the intervals of
chemotherapy treatments (Figure 3).

Based on a large clinical trial completed in 2003, the first
line of chemotherapy for MPM has become cisplatin and
pemetrexed, which was approved by the Food and Drug
Administration (FDA). The clinical benefit is that survival
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time was prolonged by 2.8 months compared with cisplatin
alone (11). Hence, cancer cell repopulation might be a
potential strategy to improve the efficacy of chemotherapy
by specifically inhibiting this process. Tumor repopulation
is a phenomenon that has not been well studied in
MPM,; it is often overlooked due to current customized
experimental study strategies. Therefore, new therapeutic
options to abrogate tumor repopulation will provide new
avenues to improve chemotherapeutic response and clinical
outcome (33).

The impact of chemotherapy on the immune system

For a long time, the belief was that chemotherapy was
immunosuppressive by killing immune cells thus having a
deleterious effect on immunity to fight the cancer (34,35).
However, some chemotherapeutic agents such as taxanes
(paclitaxel and docetaxel) have been demonstrated to
be immunostimulatory rather than immunosuppressive
against tumors, suggesting that other mechanisms than
inhibition of cell division may be at play (35,36). In support
of these experimental observations, some studies have
indicated that advanced breast cancer patients responded to
treatment with paclitaxel or docetaxel through an increase
of interferon (IFN)-y, IL-2, IL-6, GM-CSF cytokine levels
and enhancement of natural killer (NK) and lymphokine-
activated killer (LAK) cell activity in peripheral blood (37).

Cyclophosphamide as an alkylating agent has been used
clinically for several decades. There is also considerable
experience using this drug as an immunosuppressive
agent for the treatment of autoimmune diseases.
Hence, interestingly, besides its antiproliferative effects,
cyclophosphamide has a paradoxal immunomodulatory
effects depending on the dosage used. Indeed, high-dose
cyclophosphamide can lead to complete eradication of
haematopoietic cells, while low dose is able to selectively
suppress Tregs only. Hence, low dose cyclophosphamide
can be used to counteract immunosuppression in cancer.
However, recently a study suggested that cyclophosphamide
has an even more complex interaction with the immune
system by increasing the number of myeloid-derived
suppressor cells (MDSC) (38).

MDSC plays a critical role in cancer immune evasion
by inhibiting adaptive and innate immunity. Therefore,
MDSC is considered an obstacle for the successful
cancer immunotherapy. Interestingly, Alizadeh er al. (39)
demonstrated that doxorubicin selectively eliminated
MDSC in the spleen, blood, and tumor beds in a murine
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mammary cancer model. On the contrary, the frequency of
CD4, CD8 T cells and NK cells were significantly increased
after doxorubicin treatment. Importantly, the cytolytic
enzymes perforin and granzyme B and cytokine IFN-y
produced by NK and CTL were increased as well. The
results indicate that doxorubicin can be used as a cytotoxic
drug and an immunostimulatory agent, through selectively
inhibiting MDSC thus facilitating CTL activity (38).

In another study, an interesting phenomenon was
observed with doxorubicin treatment resulting in increased
CD86 expression on B cells and increased CD4" T cell
activation in the presence of superantigen, an effect
that could be blocked by CD86 antibody. In addition,
doxorubicin resulted in a decrease of the anti-inflammatory
cytokines IL-10 and TNF-a. Specific chemotherapy agents
can thus be beneficial on the immune system in cancers
and could be particularly interesting in combination with
immunotherapy (39,40).

Combination of chemo-immunotherapy to inhibit cancer
cell repopulation

Immune modulation approaches are becoming promising
strategies to inhibit cancer cell repopulation during courses
of chemotherapy (41,42). As previously demonstrated,
CD4" CD25" Tregs can promote tumor growth. Using an
intrathoracic murine model of malignant mesothelioma,
we provided evidence suggesting that Treg blockade could
enhance survival when combined with pemetrexed in
established tumor (6). AC29 murine mesothelioma cells
were injected into the right pleural cavity of CBA mice for
tumor development. Four days after the tumor injection,
tumor-bearing mice were then treated with pemetrexed
alone, Treg blockade alone, or a combination of pemetrexed
and Treg blockade. We observed a synergistic antitumor
effect of Treg blockade combined with pemetrexed
resulting in prolonged survival. The combination of Treg
blockade and pemetrexed was associated with decreased
tumor-infiltrating Tregs, increased IL-2 production, DC
maturation, and increased IFN-y in tumor-infiltrating
CD8" T cells when compared with mice treated with
pemetrexed alone or Treg blockade alone. The survival
benefit was abrogated if anti-CD8 mAb was administered
simultaneously. Likewise, the survival benefit resulting
from the combined Treg blockade with pemetrexed was
not observed when immunodeficient mice were used.
Therefore, this study suggests that Treg blockade combined
with pemetrexed can suppress mesothelioma growth in
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established tumor i vive through an immune-mediated
process. This study also validated a new intrathoracic tumor
model of pleural effusion to explore the role of antitumor
immunity in murine mesothelioma (6).

In further studies, systemic depletion of Treg with
monoclonal antibody against CD25 was carried out in a
murine mesothelioma AC29 subcutaneous model (41).
Tumor growth delay was achieved by cisplatin followed
by the CD25 antibody PC61 or cyclophosphamide.
The BrdU labeling index indicated that tumor cell
repopulation between weekly cycles of cisplatin treatment
was significantly inhibited by PC61. The CD4" CD25"
Foxp3™ Tregs in tumor and lymphoid organs were almost
completely depleted, whereas the CD4" or CD8" T cells
did not change. PC61 after chemotherapy resulted in an
increase of gene expression of IFN-y, granzyme B, perforin,
and IP-10, thus leading to tumor cell lysis in cytotoxic
lymphocyte assay. Nevertheless, cell killing induced by
cyclophosphamide combined with cisplatin was due to
cytotoxicity rather than specific immune response. Treg
depletion between cycles of chemotherapy could improve
the outcome of mesothelioma (41,42).

Cancer immunotherapy has shown promising results
when combined with chemotherapy. Blocking CTLA-
4 signaling by monoclonal antibody between cycles of
chemotherapy may inhibit cancer cell repopulation and
enhance the antitumoral immune reaction, thus improve the
efficacy of chemotherapy in mesothelioma. The impact of
CTLA-4 blockade on the early stage of tumor development
was evaluated in a subcutaneous murine mesothelioma
model (41). CTLA-4 blocking antibody was administered
following each cycle of chemotherapy, and monotherapy
was included as controls. Antitumor effect was evaluated
by tumor growth delay and survival of the animals. Tumor
cell repopulation was quantified by bromodeoxyuridine
incorporation and Ki67 by immunohistochemistry and/
or flow cytometry. In vitro cell killing was determined by
classic chromium-released assay, and reverse transcription
PCR (RT-PCR) was carried out to determine the
gene expression of associated cytokines. Anti-CTLA-4
monoclonal antibody was able to inhibit tumor growth at
early stage of tumor development. Antitumor effect was
achieved by administration of CTLA-4 blockade between
cycles of chemotherapy. Tumor cell repopulation during the
intervals of cisplatin was inhibited by CTLA-4 blockade.
Anti-CTLA-4 therapy gave rise to an increased number
of CD4 and CD8 T cells infiltrating the tumor. RT-PCR
showed that the gene expression of interleukin IL-2, IFN-y,
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granzyme B, and perforin increased in the tumor milieu.
Blockade of CTLA-4 signaling showed effective anticancer
effect, correlating with inhibiting cancer cell repopulation
between cycles of chemotherapy and upregulating tumor-
infiltrating T lymphocytes, cytokines, and cytolytic enzymes
in a murine mesothelioma model (7,41).

We also found that CD1d-restricted natural killer T
(NKT) cells provided activity against cancer by producing
IFN-y (42). To elucidate the antitumor effect of invariant
NKT (iNKT) cells in the tumor microenvironment
we used the intrathoracic murine MPM model that we
previously developed to provide pleural effusion as a good
surrogate of the tumor microenvironment. We found that
the number of iNKT cells increased dramatically in the
pleural effusion after intrathoracic tumor cell injection at an
earlier phase compared with accumulation of CD8 T cells.
These iNKT cells showed increased expression of CD25
and increased ratio of cells positive for IFN-y intracellular
staining. iNKT cells sorted from pleural effusion of tumor
burden mice produced larger amount of IFN-y compared
with naive mice. Mice pretreated iz vivo with anti-CD1d-
blocking Ab showed increased amount of pleural effusion
and decreased ratio of total and effector-type CD8 T cells
as well as decreased intracellular IFN-y expression of CD8
T-cell in the pleural effusion. In vivo administration of
a-galactosylceramide (a-GalCer, a-GC), a specific activator
of NKT cells, led to prolonged survival associated with less
pleural effusion and increased ratio of IFN-y-positive iNKT
cells and CD8 T cells in the pleural effusion. Therefore,
this study suggests that iNKT cells accumulating in the
tumor microenvironment play an antitumor effect by
producing IFN-y and enhancing subsequent CD8 T-cell
response. Furthermore, iz vivo administration of o-GalCer
could suppress mesothelioma growth by activating iNKT
cells (8).

We studied the impact of NKT cell activation by
a-GC on cancer cell repopulation during chemotherapy
in murine mesothelioma. The number of NKT cells was
found to be increased during the development of murine
mesothelioma. NKT cells specifically recognize a-GC
through CD1d resulting in their activation and expansion.
Tumor-bearing mice were treated with chemotherapy
once weekly, and a-GC was followed after each cycle of
chemotherapy. Anti-tumor effect was evaluated on wild-
type (WT) and CD1d knockout (CD1dKO) mice. Cancer
cell proliferation and apoptosis were evaluated by Ki67 and
TUNEL immunohistochemistry. CD4(+) and CD8(+) T

cell proportion and activation in tumor, spleen, draining
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lymph node and peripheral blood were determined by
flow cytometry, and gene expression of activated T cell-
related cytokines was quantified by RT-PCR. NKT cells
were identified by CD1d-0-GC-tetramer staining. In WT
mice, tumor growth delay was achieved by cisplatin (Cis),
and this effect was improved in combination with a-GC,
but a-GC alone had little effect. Cancer cell proliferation
during chemotherapy was significantly inhibited by a-GC,
while cancer cell death was significantly upregulated. 0-GC
following chemotherapy resulted in NKT cell expansion
and an increase of IFN-y production in the draining lymph
node, blood and spleen. Gene expression of immune-
associated cytokines was upregulated. Strikingly, the
percentage of inducible T cell co-stimulator positive CD4
T cells, Th17/Tcl7 cells increased in splenocytes. In CD1d
KO mice, however, Cis alone was less effective and Cis +
a-GC provided no additional benefit over Cis alone. a-GC
alone had minimal effect in both mice. In conclusion, NKT
activation between cycles of chemotherapy could improve
the outcome of mesothelioma treatment (42).

Tumor-associated macrophage might be critical target to
control mesothelioma genicity

We developed an RNS5 murine mesothelioma in Nf2
heterozygous mice that were exposed to asbestos fibers (43).
We observed that the number of macrophages and
mesothelial precursor cells increased in parallel in
peritoneal lavage. This phenomenon was confirmed by
injecting RN cells ip into mice. More interestingly, when
macrophages were depleted, the population of mesothelial
precursors significantly decreased as well. The number of
tumor spheroids in the peritoneal lavage reduced compared
with untreated mice, suggesting that macrophages may play
critical roles in mesothelioma tumorigenesis in this model
(unpublished data).

A recent study also showed evidence that M1
macrophages secrete pro-inflammatory cytokines
and express CD40 and CD80, while suppressive M2
macrophages secrete anti-inflammatory cytokines and
express CD206 and CX3CR1 during mesothelioma
progression and during chemo-immunotherapy. Jackaman
et al. (44) showed in an in vitro study that mesothelioma-
conditioned media generated CD206” CX3CR1" MCP-
1" TGF-B" macrophages that induced T cell proliferation
but prevented T cell IFN-y production. In vivo studies
showed that inoculation of macrophages with mesothelioma
cells together led to faster tumor growth, and depleting
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macrophages using anti-F4/80 antibody induced tumor
regression. IL-2/agonist anti-CD40 antibody polarized
macrophages into M1 phenotype coinciding with tumor
regression thus leading to a therapeutic target for the
generation of antitumor immunity (44).

Concluding remarks

Chemotherapy is the standard of care for patients with
advanced MPM. Innovative approaches with radical pleural
IMRT (IMPRINT) and accelerated IMRT followed by
radical surgery (SMART) have been shown to be safe
and feasible in the treatment of MPM and provide new
therapeutic options in the treatment of this disease. We
have shown in a mice model that short course of high
dose non-ablative radiation could promote an anti-
tumor immune response. This approach could thus
provide a valuable platform for immunotherapy in clinical
practice. Meanwhile, integration of chemotherapy and
immunotherapy with immune checkpoint inhibitors could
lead to better outcomes.
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