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Abstract: Malignant pleural mesothelioma (MPM) is a particularly aggressive thoracic malignancy with
limited survival following combination chemotherapy. As a result, there has been increased interested
in immunotherapy for mesothelioma, both in the first-line and salvage settings. Early investigations of
interleukin-2 (IL-2) and interferon alfa-2a/b have been limited by modest response rates and toxicity,
whereas cytokine gene therapy is currently being investigated and shows early promise. The most prominent
class of immunotherapies to be trialed with mesothelioma in the past half-decade has been immune
checkpoint inhibitors (CPI). Early results are encouraging, particularly for agents targeting the PD-1/PD-
L1 pathways. With the increasing recognition of the immune potential of mesothelioma, interest in the
immunomodulatory properties of radiation therapy has emerged. The combination of immunotherapy
and radiation therapy may allow for complimentary immunologic effects that can enhance antitumor
response. This article reviews the existing literature on the efficacy of immunotherapy for MPM, describes
the rationale for combining immunotherapy with radiation therapy, and discusses early literature on this

treatment combination.
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Introduction been shown to be associated with germline BAP1 gene
mutations (3). The histologic subtypes of MPM include

Malignant pleural mesothelioma (MPM) is an aggressive epithelioid (approximately 60%) and non-epithelioid types

malignant neoplasm arising from the mesothelial lining of (approximately 40%); non-epithelioid variants include the
the pleura. MPM is a relatively rare malignancy and annual subtypes of sarcomatoid, spindle, desmoplastic, fibrous,
biphasic, and not otherwise specified (4). In general, MPM

is considered to be an incurable malignancy and is often

incidence varies between countries: 29 per 1,000,000 people
per year in Australia and the UK, 10 per 1,000,000 people

per year in the USA, and eight per 1,000,000 people per
year in Japan (1). MPM is primarily caused by inhalation of
asbestos fibers, and exposure to asbestos can be documented
in up to 80% of cases (2). More recently, familial

predisposition for the development of mesothelioma has
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diagnosed at an advanced stage.

The current available treatments for MPM include
resection with the intent to achieve a gross total resection,
radiation, and systemic chemotherapy. Surgical therapy
is a viable option in a minority of patients, with only
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10-15% of patients presenting as medically operable and
at a stage where resection is feasible (5). The generally
preferred surgical procedure for resection is extended
pleurectomy and decortication (EP/D). Prior studies
evaluating extrapleural pneumonectomy (EPP) have failed
to demonstrate a significant survival benefit (6). Although
underpowered for survival, the MARS trial suggested
that EPP was not better, and may be inferior, to standard
chemotherapy (7). Studies of EP/D as the primary surgical
modality have generally shown less operative morbidity/
mortality than EPP. The reported median overall survival
ranges between 13-29 months for EP/D and 12-22 months
for EPP, with a trend favoring EP/D (8), with even more
extended survival in select EP/D series. However, the
benefits of surgical resection may be limited to patients with
epithelioid histology (9,10).

The standard first-line chemotherapy regimen is the
combination of cisplatin and pemetrexed, which is associated
with a median overall survival of about 12 months (11).
More recently, the addition of anti-angiogenic therapy to
chemotherapy demonstrated improvement in overall survival
outcomes. In a phase III randomized trial, the addition
of bevacizumab to cisplatin/pemetrexed significantly
improved the median overall survival compared to
chemotherapy alone, 18.8 vs. 16.1 months, respectively (12).
There are no FDA-approved therapies for subsequent
therapy. Single-agent chemotherapy with gemcitabine or
vinorelbine is commonly used, although response rates
are around 10% (13). Re-treatment with single-agent
pemetrexed has also shown benefit in patients who have
demonstrated disease control of at least 12 months with
initial therapy (14).

Immunotherapy for mesothelioma

The immune system plays an important role in cancer
surveillance and tumor rejection (15). Evidence of this role
can be seen in cases of spontaneous tumor regression, the
regression of metastases after removal of the primary tumor,
infiltration of tumors by immune effector cells, and higher
incidence of cancers in immunocompromised patients.
Immunotherapy of cancer has come to forefront with the
discovery of novel targets of immune regulation; however,
immunotherapy is certainly not a new concept. The first
attempts at immunotherapy for cancer date back to the
1890s when Dr. William Coley demonstrated regression
of tumors with the injection of heat-killed preparations of
Strep. pyogenes and Serratia marcescens (16). While “Coley’s
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toxin” was never used for mesothelioma, infection has been
reported as a trigger for spontaneous regression of thoracic
malignancies (17).

Broader applications of immunotherapy became possible
with the discovery of cytokines in the 1950s, including
interferons and interleukins (18). For example, interleukin-2
(IL-2) has been shown to activate cytotoxic T-lymphocytes
and natural killer (NK) cells and is clinically active in the
treatment of advanced melanoma and renal cell carcinoma (19).
The toxicity of IL-2 limits therapeutic efficacy with immune
activation symptoms of fever, vascular leak and shock.
Interferon alfa-2a/b (IFN-a) is also active in many cancers,
including melanoma, renal cell carcinoma, Kaposi’s sarcoma
and hematologic malignancies (20). IFN-o activates NK
cells, increases MHC class I expression, and promotes a
Th1 immune profile, all of which can drive an anti-tumor
immune response. Systemic toxicity is also limiting for
IFN-a therapy, with fever, fatigue, malaise and cytopenias
being most common. Many studies have evaluated
cytokine therapy in the treatment of MPM. Intravenous,
subcutaneous and intrapleural administration of IL-2 has
shown some effects on tumor regression in MPM (21,22).
IL-2 may exert effects through promotion of tumor-
infiltrating lymphocytes (TILs), as well as reduction in the
micro-vessel count (23). Subcutaneous IFN-a-2a was found
to be somewhat efficacious and reasonably well-tolerated,
with a 14% overall response rate as monotherapy for
MPM (24). Cytokine gene therapy has been explored as
a modality to deliver high local doses of cytokines while
limiting systemic toxicities. In a recent study, intrapleural
therapy with a modified adenovirus containing the human
IFN-a-2b gene (Ad.IFN) was given in combination with
systemic chemotherapy. In the cohort of previously treated
patients, second-line therapy with chemotherapy and Ad.IFN
demonstrated a median overall survival of 21.5 months,
which was numerically better than historical reports of
second-line therapy (25).

In the modern era, immunotherapy has been
reinvigorated by the use immune checkpoint inhibitors
(CPI) targeting CTLA-4 and the PD-1/PD-L1
pathways (26). The first commercially-available CPI was
ipilimumab, a CTLA-4 antibody which blocks inhibitory
signaling mediated by CTLA-4 on the immune effector
T-cell. Ipilimumab has been shown to be an effective
treatment for advanced melanoma in both previously-
treated and treatment-naive patients (27,28), and also as
adjuvant therapy for resected melanoma with lymph node
involvement (29). Inhibition of CTLA-4 has also been
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explored as therapy for MPM with disappointing results. An
initial single-arm, phase II study of the CTLA-4 antibody
tremelimumab showed a disease control rate of 38% in
previously-treated MPM (30). A subsequent randomized
phase III study of tremelimumab vs. placebo in previously-
treated MPM was recently completed. This study of 571
patients showed no significant improvement in overall
survival for tremelimumab vs. placebo, 7.7 vs. 7.3 months,
respectively (31).

Antibodies targeting PD-1 and PD-L1 have demonstrated
remarkable activity in a variety of malignancies. Commercially
available agents include pembrolizumab, nivolumab, and
atezolizumab. The PD-1 antibody pembrolizumab is
currently FDA-approved for treatment of melanoma, PD-
L1+ non-small cell lung cancer, and platinum-treated head
and neck squamous cell cancers. Pembrolizumab has also
demonstrated efficacy in the treatment of MPM. In a phase
I study of 25 patients with PD-L1+ MPM, pembrolizumab
demonstrated an overall response rate of 20%, with
an additional 52% showing stable disease for at least
6 months; the median overall survival was 18.0 months, and
four patients had ongoing response at nearly 2 years from
initiation of therapy (32). The PD-1 antibody nivolumab is
also being investigated in MPM. Preliminary data from a
phase II study demonstrated a disease control rate of 50%
at 12 weeks with 5 of 34 evaluable patients showing a partial
radiographic response (33). The PD-L1 antibody avelumab
has also been investigated in MPM. In a phase Ib study of
53 previously-treated patients with unresectable pleural or
peritoneal mesothelioma, the unconfirmed objective response
rate was 9.4% (all partial responses), median progression-free
survival was 17.1 weeks, and toxicities were manageable (34).

The available data confirm immunotherapy as a viable
treatment modality for MPM. Despite the remarkable
durability of responses seen in some patients, the overall
response rates with immunotherapy remain low at
10-20%. Future studies will be evaluating combination
approaches to enhance the activity of immunotherapy
agents. Combination treatments with CTLA-4 and PD-1
antibodies have already demonstrated improved efficacy
in melanoma therapy, albeit with increased toxicity (35).
Combination therapy with nivolumab and ipilimumab is
being investigated in previously-treated MPM (36) as well
as first-line therapy compared to standard chemotherapy
in treatment-naive patients (37). Anti-angiogenic
agents may improve trafficking of TILs into the tumor
microenvironment. The use of anti-angiogenic therapy
with bevacizumab and the PD-L1 antibody atezolizumab is
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being evaluated in rare tumors, including MPM (38).

Combining radiation therapy and immunotherapy
for mesothelioma

Radiation therapy has long been used in the treatment of
MPM. Most commonly, radiation therapy has been used for
palliation of symptoms or to prevent impending symptoms
in patients with advanced disease. Radiation therapy also
has an established role as adjuvant therapy in patients
undergoing surgical resection. Less commonly, radiation
therapy may be considered in select cases as a definitive
therapy in patients who are not surgical candidates or who
are experiencing isolated or more limited progression on or
after system therapy.

With the increasing recognition of the importance of
systemic immunotherapy across numerous disease sites,
including mesothelioma, it is also notable to recognize
that radiation therapy may itself be immunomodulatory.
Radiotherapy has been shown to upregulate TILs (39).
Radiation therapy can also activate CD8 T-cells and
enhances MHC class I expression that allows for the
immune system to react to tumor neoantigens (40,41).
Furthermore, it has been recognized that delivery of
radiation therapy to a local tumor site in select cases can
simultaneously achieve radiation-induced cell death locally
and a tumor response outside of the radiation portal. This
out-of-field tumor response, thought to be the result of
a stimulatory signal to the immune system from the local
anti-tumor effects of irradiation, is termed “abscopal” effect,
meaning “away from the target” (42).

Research in other disease sites, including that of
melanoma (43,44), suggests that the immunomodulatory
properties of radiation therapy, as assessed either by CD8
activation and the ability to induce an abscopal response or
by the upregulation of regulatory T cells, may be greater for
hypofractionated treatment courses when compared with
conventional fractionation. However, other murine studies
suggest potential benefits of conventional fractionation
for immunomodulation (45). Clinical data to support one
approach or the other in MPM is, at this time, lacking.

While knowledge that irradiation can induce an abscopal
effect has long been known (40), interest in the use of
radiation therapy as a means to induce an immune response
has been dramatically intensified in the past decade due to
the proliferation of cancer-directed immunotherapies (46).
Radiation therapy can achieve an abscopal effect with or
without immunotherapy. The combination of radiation
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therapy and immunotherapy can serve to achieve a
synergistic therapeutic effect (47). Specifically, irradiation
can increase tumor antigen production and presentation.
Given the increasing evidence demonstrating a potential
role for CPI for mesothelioma, radiotherapy has also been
shown to enhance the antitumor immune responses of
CPI (48). Radiation therapy can achieve synergy with CPI
by upregulating cytotoxic T-lymphocyte activity (47) and
downregulating myeloid-derived suppressor cells (49).
While the optimal dose-fractionation regimen of
radiation therapy to induce an abscopal response has
not been determined, a prominent line of thinking is
that stereotactic body radiation therapy (SBRT), also
termed stereotactic ablative radiation therapy (SABR)
(50,51), may be the radiation therapy modality that holds
the most promise when delivered in combination with
immunotherapy. By delivering high, ablative doses of
irradiation, SBRT induces a robust immune response that
can allow for the upregulation of cellular expression of
major histocompatibility complex I, immunomodulatory
cytokines, inflammatory mediators, heat shock proteins,
death receptors, costimulatory molecules, and adhesion
molecules, all of which can augment the antitumor immune
responses of immunotherapy (52). Additionally, due to
the immunologic effects of proton therapy and its ability
generally to better spare critical normal structures from
excessive irradiation in the thorax, proton therapy may also
hold promise as an optimal radiation therapy modality to be
used in combination with immunotherapy for MPM (53-55).
The data on combining radiation therapy and
immunotherapy in MPM to date is exceedingly spare. A
recent report by investigators at University of Toronto found
that the growth of primary tumors in a murine mesothelioma
model was significantly inhibited by localized radiation
therapy, and that CTLA-4 antibody enhanced the antitumor
effect (56). Interestingly, they found that the growth of a
second tumor not treated with localized radiotherapy was
delayed when the primary tumor was radiated. In their
analysis, localized irradiation increased T cell infiltration
(for both Treg and cytotoxic T cells) into both the irradiated
and un-irradiated tumors, and that the proportion of Treg to
effector T cells in both tumors was reversed after blockade
with CTLA-4, whereas CD8 T cells upregulated. With an
increase in immune-related gene expression, radiotherapy
was found to increase of tumor-infiltrating T cells, and
CTLA-4 blockade allowed for reductions of Tregs and
increases in cytotoxic T cells. Their findings suggest that an
abscopal effect is feasible to be achieved in mesothelioma,
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and that this effect from radiotherapy can be enhanced with
the modulation of the T cell immune response that can be
achieved with immune CPL

Reported clinical data on combining immune CPI and
radiation therapy, to date, are lacking. While awaiting
clinical outcomes and toxicity data, practitioners should be
aware of the potential for enhanced pulmonary toxicity when
combining radiation therapy and immunotherapy. Among
the potential toxicities of thoracic radiotherapy, patients
are at risk for acute or subacute radiation pneumonitis
that can occur in the weeks to months following treatment
completion. Radiation pneumonitis is an inflammation of
the lung tissues from irradiation that results in hyperemia,
increase capillary permeability, cytokine release, leukocytic
infiltration, and exudative alveolitis (57). Radiation
pneumonitis can be highly symptomatic, with patients
commonly presenting with dyspnea, nonproductive cough,
low grade fevers, and pleuritic chest pain, and in some cases
symptoms patients can develop respiratory compromise that
can be life threatening (58).

The acute and subacute lung changes from radiation
pneumonitis can lead to chronic parenchymal damage
and the development of late fibrosis (59). Although less
commonly experienced, patients receiving immune CPI
are also at risk of developing pneumonitis even in the
absence of radiotherapy (60). At this time, it is unclear if
the incidence of pneumonitis from radiation therapy to
the thorax is higher if delivered concurrently or in close
proximity to immune CPI and if pneumonitis symptoms
would be more severe with the treatment combination in
patients who do develop pneumonitis (Figure I). As such,
until more clinical data are available, providers should
be vigilant about monitoring for symptoms or signs of
pneumonitis in patients receiving thoracic radiation therapy
with immunotherapy. Further mechanistic insights gained
from preclinical studies and analysis of clinical samples
may help guide rational therapeutic strategies designed to
mitigate toxicity.

Conclusions

The recent studies demonstrating the efficacy of
immunotherapy in the treatment of MPM have fueled
interest in the immunomodulatory properties of radiation
therapy in this disease. Combination treatments with
immunotherapy and radiation therapy could potentiate
antitumor effects by inducing an immunogenic cell death
that promotes a robust T-cell response and favorable
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Figure 1 Robust radiation-induced fibrosis in a 71-year-old female patient treated with pembrolizumab. Axial CT images through the chest

obtained (A) prior to starting pembrolizumab, and (B) at 6 weeks and (C) 4 months following the start of pembrolizumab demonstrating the

development of robust radiation fibrosis by 6 weeks of therapy in this patient with recently completed radiation to the chest wall and pleura.

A coronal CT reconstruction (D) demonstrates a zone of pulmonary fibrosis with sharp linear borders typical of a radiation portal.

microenvironment for tumor antigen presentation and
systemic immune response. Ongoing clinical trials will
help define the role of radiation and immunotherapy in the
treatment of mesothelioma.
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