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Objective: By reviewing the literature on post-operative radiotherapy, pre-operative therapy, radiotherapy
for procedure-site metastases, and radiotherapy for non-operative management of malignant pleural
mesothelioma (MPM), we hope to provide guidance for the role of radiotherapy in the treatment of this
cancer.

Background: MPM is an aggressive rare cancer associated with high rates of morbidity and mortality.
Trimodality treatment consisting of surgery, chemotherapy, and radiotherapy has shown promise for
mesothelioma, as these tumors have been demonstrated to be radiosensitive.

Methods: Works of interest were identified using MEDLINE/PubMed and Cochrane Library searches.
Eligible studies included those done on patients who received curative intent therapy for histologically
confirmed mesothelioma.

Conclusions: Post-operative radiotherapy following either extrapleural pneumonectomy or pleurectomy-
decortication has shown to reduce local recurrence with increased median survival. There is limited but
promising results for pre-operative radiotherapy; further research is warranted. There does not appear to be
a role for prophylactic radiotherapy in procedure-site metastases. Radiotherapy may provide benefit for non-
operative management in patients that are poor surgical candidates. Based on the current body of literature,
radiotherapy is especially well-suited for those with epithelioid tumors. Special attention must be paid to
reduce mean lung dosages and the volume of lung receiving high radiation doses in order to lower the risk of

adverse effects and pulmonary toxicity.
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Introduction from 6 to 14 months (2,3). Curative-intent therapy includes

Malignant pleural mesothelioma (MPM) is a rare cancer surgery as the cornerstone for MPM. This includes both

with the majority of cases resulting from occupational extrapleural pneumonectomy (EPP) and pleurectomy-

or environmental exposure (1). MPM is an aggressive
malignancy with high rates of morbidity and mortality,
with a median survival from diagnosis reported anywhere
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decortication (P/D) as options. Trimodality therapy
consisting of chemotherapy, surgery, and radiotherapy

has been considered a promising approach. Studies have
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indicated that MPMs are radiosensitive tumors (4). Local
relapse rates of MPM have been shown to be high in the
absence of radiation therapy, with median survival rates
of patients treated with surgery alone reported as low as
10 months (5).

Subtypes of mesothelioma include epithelioid,
sarcomatoid, and biphasic. Typically, curative intent therapy
is reserved for epithelioid and biphasic tumors, however,
small-volume sarcomatoid MPM can also be considered
for curative intent therapy. Radiotherapy can be used post-
operatively after both EPP and P/D. Pre-operative and
definitive radiotherapy are only very rarely used and not
well studied (6). Three-dimensional techniques have been
used in the treatment of MPM for several years, but in
more recent years, intensity modulated radiation therapy
(IMRT) has been shown to improve the target volume
coverage with the downside of delivering greater radiation
doses to the contralateral lung compared to conventional
techniques (7). While an initial study of IMRT showed
a substantial rate of fatal pneumonitis of almost 50% (8),
recent strides in IMRT have greatly improved safety
profiles (9). Volumetric arc therapy (VMAT) is a type of
IMRT that dynamically delivers radiation as the gantry
rotates around the patient, allowing for better dosage
delivery to the tumor while sparing healthy surrounding
tissues (10). We provide here a general overview of the
utility, efficacy, and safety of curative intent radiation
therapy for MPM. In this review we discuss topics including
post-operative radiotherapy following EPP, post-operative
radiotherapy following P/D, pre-operative radiotherapy,
role of radiotherapy in procedure site metastases, palliative
radiotherapy for nonresectable tumors, and the implications
of tumor heterogeneity. We present the following article
in accordance with the Narrative Review reporting
checklist (available at https://asj.amegroups.com/article/
view/10.21037/asj-21-26/rc).

Methods

To identify relevant works of interest, we conducted
MEDLINE/PubMed and Cochrane databases searches
in February to April of 2021. The search included the
following keywords: “mesothelioma AND radiotherapy”
and “mesothelioma AND radiation” and was limited to
clinical trials, meta-analysis, and randomized clinical trials
conducted on humans. Eligible studies included those in
patients with histologically confirmed mesothelioma who
received curative intent therapy.
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Discussion
Post-operative radiotherapy after EPP

Radiotherapy has been traditionally used following surgical
resection of MPM, with a majority of studies focusing on
the safety and efficacy of radiotherapy after EPP. A study
on 100 patients with mesothelioma who underwent EPP
found that median overall survival was 10.2 months (11).
Median overall survival was increased to 14.2 months
in the 63 of these patients who also received IMRT, and
the 3-year survival of those who received IMRT with
epithelioid histology was 28 months. Thirteen percent
had local recurrence and 54% had distant metastases
after radiotherapy, implying the efficacy of IMRT in
controlling local recurrence but the continued need for
systemic therapy. A phase II trial of mesothelioma patients
undergoing chemotherapy followed by EPP and possibly
radiotherapy found that survival increased from 21.9 to
29.1 months with adjuvant radiotherapy compared to
chemotherapy and EPP alone (12).

A later study conducted at MD Anderson on 86 patients
who received IMRT after EPP found that recurrence in
the ipsilateral hemithorax occurred in only 16% of patients
during the median follow up time of 10.2 months, although
59% of patients had distant metastases (13). Overall
survival was 14.7 months. Patients with epithelioid tumors
and negative mediastinal lymph nodes had improved
survival compared to others, implying increased utility of
radiotherapy in this specific patient population. Almost
all patients experienced GI symptoms Grade 2 or higher,
and five patients experienced fatal Grade 5 pulmonary
toxicity. Of these five, three were toxicity from radiation
pneumonitis; reinforcing that risk of lung toxicity must be
weighed against the benefits from locoregional control. A
later study by Simon et a4l. analyzed 78 patients undergoing
IMRT post or without EPP from 2007-2016; no subject
has Grade 3 or high toxicities (14). Patients received a
similar dosage as the previous trial; however, authors
used a restricted field approach that was shown to have
improved target coverage and normal tissues sparing (15).
The majority of these patients in this study (78%) had the
epithelioid subtype.

A phase II trial by Federico ez /. studied pre-operative
chemotherapy, surgery, and post-operative hemithoracic
radiation in 54 patients with MPM (16). Forty-five subjects
underwent surgery, with 32 of these subjects receiving
radiotherapy, and 22 subjects completing the full treatment
course. The median event-free survival was 6.9 months with
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Table 1 Studies on radiation therapy following extrapleural pneumonectomy

Authors Year reisik\)/ji?;tls:ﬁ tz iﬂi::tc:zr; M defsizn Median OS Toxicity

Rice et al. 2007 63 IMRT 45 Gy 14.2 months Severe respiratory distress: 1 patient

Krug et al. 2009 44 Not specified  45.9 Gy 29.1 months Radiation pneumonitis: 2 patients

Gomezetal. 2013 86 IMRT 14.7 months Grade 5 pulmonary toxicity: 5 patients

Simon et al. 2018 27 IMRT 54 Gy 34.9 months (mean) No Grade 3+ toxicities

Federicoetal. 2013 32 Not specified 50.4 Gy 13% experienced serious adverse events related
to radiotherapy

Stahel et al. 2015 27 Not specified  55.9 Gy 19.3 months Grade 4+ pneumonitis: 2 patients

Overall survival and serious toxicities are reported specifically for patients receiving radiotherapy when provided by the author. RT,
radiation therapy; IMRT, intensity modulated radiation therapy; OS, overall survival.

33.3% and 24.1% of patient remaining event-free at 1 and
2 years respectively. The authors concluded the trimodal
therapy was feasible with manageable toxicity profile;
however, analyzes were limited to overall efficacy outcomes
and not stratified by treatment completion and whether
subjects received radiotherapy. Authors emphasized that
patients should be carefully selected for trimodal therapy.
More recently, the Phase II SAKK 17/04 trial evaluated
the effect of radiotherapy after EPP on local relapse-free
survival defined as relapse within the ipsilateral hemithorax
or death from any cause (17). Patients were initially treated
with neoadjuvant cisplatin and pemetrexed prior to EPP.
If the patients had a complete macroscopic resection they
were randomized to observation or high dose radiotherapy.
"Two clinical target volumes (CTVs) were defined as field of
surgery (including entire hemothorax, thoracotomy channel,
and mediastinum if involved/violated during surgery) and a
boost which involved areas of highest risk for intrathoracic
relapse. These volumes were expanded by 0.5-1 cm to the
planning target volumes (PTV) where radiotherapy was
targeted. Three types of dose and fractionation were given
depending on available technology and treatment standards
of different centers in this multi-institutional trial. This
included 45 Gy large volume with a 12.6 Gy boost all in
1.8 Gy fractions; 46 Gy with a 10 Gy boost in 2 Gy per
fraction, and 45.5 Gy in 26 fractions with a simultaneous
boost to 55.9 Gy. After a median follow-up period of
17 months, the local relapse rate was 24%. Progression-free
survival remained low largely due to a high distant relapse
rate of 81%, with the majority of this being outside the
radiotherapy field. Additionally, while authors concluded
that results did not support the routine use of radiation
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therapy after EPP, the trial had several limitations including
lack of statistical power, and experts have continued to
recommend radiation therapy in conjunction with EPP
despite the results of this trial (18). Table 1 summarizes
the above studies and reported median overall survival for
patients undergoing EPP and subsequent radiotherapy.
Compared to conventional radiotherapy, IMRT improves
target volume coverage at the expense of increasing the
radiation dose to the contralateral lung, with an increase
in mean lung dose (MLD) and percentage lung volume
receiving 13 Gy (V13) and 20 Gy (V20) (7). A study at
MD Anderson evaluated the dose dependent pulmonary
toxicity after IMRT for MPM in 63 patients. The V,, was
predictive of pulmonary-related death on multivariate
analysis, suggesting that V,, should be kept as low as
possible (19). Mean lung doses of >8.5 Gy were associated
with pulmonary-related death on univariate analysis but not
multivariate analysis. Based on the results, authors aimed
to keep the MLD <8.5 Gy and mean V,,<7%. A small
retrospective study done at Dana Farber Cancer Institute
reviewed the records of 13 MPM patients who received
IMRT after EPP and adjuvant chemotherapy, 6 of whom
developed fatal pneumonitis (8). The median V,,, mean
lung dose, and V; (volume of lung receiving 5 Gy or more)
were 17.6%, 15.2 Gy, and 98.6% respectively for subjects
who developed pneumonitis compared to 10.9%, 12.9 Gy,
and 90% respectively for subjects who did not develop
pneumonitis; however, none of these three comparisons
were statistically significant. Both of these papers indicate
the importance reducing the mean lung dose and V,,
when using IMRT. Current guidelines from the National
Comprehensive Cancer Network recommend that the mean

AME Surg 7 2021;1:23 | https://dx.doi.org/10.21037/asj-21-26



Page 4 of 8

Table 2 Studies on radiation therapy following pleurectomy-decortication
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Authors Year reizi?/jii(;tsRT tF; iﬂﬁgﬁg Median dose Median OS Toxicity

Rosenzweig et al. 2012 36 IMRT 46.8 Gy 18 months Grade 4 + pneumonitis: 2 patients
Gupta et al. 2005 123 EBRT 42.5 Gy 13.5 months Grade 4 + pneumonitis: 2 patients
Rimner et al. 2016 27 IMRT 46.8 Gy 23.7 months No Grade 4 + toxicities

Overall survival and serious toxicities are reported specifically for patients receiving radiotherapy. RT, radiation therapy; IMRT, intensity
modulated radiation therapy; EBRT, external beam radiation therapy; OS, overall survival.

lung dose is kept as low as possible, preferably <8.5 Gy (20).

Post-operative radiotherapy after P/D

Given the demonstrated survival benefit of lung-sparing
P/D surgery over EPP, this surgery is increasingly
preferred to EPP (21). Rosenzweig et al. studied IMRT
in 36 patients with MPM, 20 of whom received P/D
prior to radiotherapy (22). Patients who received P/
D and IMRT had a median survival of 26 months from
diagnosis; survival rate was 75% and 53% at 1 and
2 years respectively. These patients had a local and distant
failure rate during the first 12 months of 48% and 10%
respectively. These survival rates were an improvement
from a previous study at the same institution on patients
who received P/D and adjuvant conventional radiotherapy,
with a median survival of 13.5 months and overall 2-year
survival of 23% (23).

In the IMPRINT phase II trial, authors evaluated
the safety of hemithoracic intensity-modulated pleural
radiation therapy (IMPRINT) in patients who had
undergone pleurectomy-decortication (P/D) and
chemotherapy (24). Given the lung-sparing nature of the P/
D, radiation techniques must spare both the ipsilateral and
contralateral lung tissue. 27 patients were evaluated. No
grade 4 or 5 toxicities were seen; eight patients developed
grade 2 or 3 radiation pneumonitis that improved with
steroid administration. Five patients experienced Grade
3 fatigue. Authors concluded that IMRT in patients
with P/D was safe, with an acceptable rate of radiation
pneumonitis. A phase III trial to determine overall survival
and local-failure-free survival between a treatment arm
that receives P/D and chemotherapy and a treatment arm
that receives P/D, chemotherapy, and IMRT is currently
underway (Clinicaltrials.gov NCT04158141) (25). Table 2
summarizes the aforementioned studies on radiotherapy
after P/D.

© AME Surgical Journal. All rights reserved.

A recent Phase III trial investigated whether radical
hemithoracic radiation (RHR) therapy would improve
overall survival compared with palliative radiation (PR)
therapy in subjects with MPM who underwent lung-
sparing surgery (26). A total of 108 patients who received
either P/D, extended P/D, or partial pleurectomy were
randomized to receive either RHR or PR. Authors found
a statistically significant benefit of RHR, with the 2 year
overall survival rate 58% in the RHR compared to 28%
in the PR arm (P=0.031). Notably, toxicity was higher in
the RHR arm, with 20% of patients experiencing Grade 3
toxicity or greater, compared with no patients experiencing
Grade 3 toxicity or greater in the PR arm. Sixteen percent
of patients in the RHR arm experienced Grade 2 or greater
pneumonitis, including one possibly fatal event. While
RHR is promising for increased survival of patients with
MPM who receive lung-sparing surgery, patients must be
carefully selected given the non-negligible side effects of
increased radiation doses. A consensus expert opinion from
the National Cancer Institute, International Association
for the Study of Lung Cancer Research, and Mesothelioma
Applied Research Foundation recommends, based on the
current literature, that in patients with two intact lungs, the
mean lung dose should be kept to 20.5 Gy or less, the total
lung V,, (volume receiving 20 Gy or more) to 37% or less,
the ipsilateral lung V., (volume receiving 40 Gy or more) to
67% or less, and the contralateral lung dose to <8 Gy (18).
Clinical practice guidelines from the American Society
of Clinical Oncology recommend that IMRT following
lung-sparing surgery should be performed only at highly
experienced centers, preferably in the context of a clinical
trial, given the toxicity concerns (27).

Pre-operative radiotherapy

De Perrot et al. developed a protocol named surgery for
mesothelioma after radiation therapy (SMART), which
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was a reversal of the traditional protocol of surgery
followed by radiation (6). Intensity-modulated radiation
therapy (IMRT) was administered to 62 patients. EPP was
performed within 2 weeks of the last dose of radiotherapy.
Median overall survival was 51 months in epithelioid
subtype versus 10 months in biphasic subtype. A total of
30 patients developed tumor recurrence, most commonly
seen in the contralateral chest (n=9) or abdomen (n=8);
8 patients developed recurrence in the ipsilateral chest.
Of those 8 patients, the majority of patients (n=5) had
the biphasic subtype. An important consideration with
this approach is that patients must be able to proceed to
surgery following radiation treatment, which may limit
the number of candidates given the possible toxicity of the
radiotherapy. More research is warranted on pre-operative
radiotherapy for MPM.

Role of radiation in procedure tract metastases

The SMART trial (not to be confused with the
aforementioned surgery for mesothelioma after radiation
therapy trial) was aimed to determine whether immediate
radiotherapy given within 42 days of pleural intervention
reduced the incidence of procedure-tract metastases (P TM)
versus delayed radiotherapy in subjects with histologically
proven MPM (28). A total of 203 patients were randomized
to receive immediate radiotherapy (n=102) or deferred
radiotherapy (n=101) after large-bore pleural interventions.
No significant difference was found overall in incidence of
PTM, analgesia use, survival, or quality of life. However,
when authors performed a subgroup analysis on subjects
with epithelioid tumors, prophylactic radiotherapy suggested
some benefit over delayed radiotherapy with 6/71 (8%) of
subjects and 15/72 (21%) developing PTM respectively
(P=0.06). The results from this trial aligned those from a
meta-analysis of five randomized controlled trials, which
concluded that prophylactic radiotherapy did not reduce
procedure site recurrence (29). Consensus recommendations
from a multidisciplinary team of mesothelioma expects
do not recommend radiation to prevent PTMs, with the
exception of patients with histologically confirmed positive
procedure tracts (18). More research is warranted on
specifically for the population with epithelioid tumors to
determine if there is any benefit.

Radiotherapy with non-operative management

The overall survival benefit of MPM patients after
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undergoing a major surgical resection such as EPP or
P/D depends largely on patient factors. Patients with
sarcomatoid or biphasic histology, nodal disease, elevated
platelets, and advanced age have been shown to be poor
surgical candidates (30). Unresectable disease is typically
managed with chemotherapy alone (31). For nonresectable
tumors or patients with poor surgical prognostic factors,
limited studies have demonstrated that radiotherapy may
be used as curative intent therapy. A study by Jenkins ez al.
found that in 54 MPM patients receiving palliative
radiotherapy, there was a response rate of 43%, with
22 patients achieving a partial response and 1 patient
achieving a complete response (4). Response rates were
similar to phase II studies of chemotherapy for MPM (32).
Survival correlated favorably with non-sarcomatous
histological subtype. A retrospective study using 23,414
patients with mesothelioma in the National Cancer
Data Base (NCDB) found that compared with subjects
who did not undergo surgery or definitive radiotherapy,
subjects who received both surgery and radiotherapy
had the largest decrease in mortality with a hazard ratio
(HR) of 0.60 (95% CI: 0.53-0.69). Subjects who received
definitive radiotherapy alone had decreased mortality
with a HR=0.74 (95% CI: 0.62-0.88), and subjects who
received surgery alone had similarly decreased mortality
with a HR=0.75 (95% CI: 0.71-0.80) (33). These findings
suggest that definitive radiotherapy is a useful option
both in combination with surgery and for patients with
unresectable disease.

Lastly, radiotherapy has been widely used to alleviate
pain in MPM and may be of benefit for symptom relief
in patients with nonresectable tumors. A systemic review
article published in 2014 reported that there is no high
quality evidence exists to support the routine use of
radiotherapy for pain relief (34). Following this, this
SYSTEMS Phase II trial assessed the role of radiotherapy
in pain management for MPM (35). Fourteen (35%) of
patients had a clinically significant improvement in pain
5 weeks post radiotherapy, with 38%, 40%, and 66.6%
of epithelioid, sarcomatoid, and mixed histology patients
responding, respectively. Importantly, results demonstrated
pain relief may be achieved regardless of tumor histological
subtype. While studies are limited, demonstrated tumor
response and symptom relief shows a promising role
for radiotherapy in the management of nonresectable
MPM. Additionally, recently published clinical guidelines
recommend offering palliative radiation therapy in patients
with symptomatic disease (27).
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Tumor heterogeneity

As detailed in the above sections, more favorable results
were achieved with radiotherapy used for the epithelioid
subtype of MPM as opposed to the sarcomatoid subtype.
However, recent research has emphasized the intratumor
heterogeneity of certain malignant neoplasms. This
intratumor heterogeneity may allow some tumor cells to
survive during targeted therapy, contributing to acquired
resistance and relapse of the neoplasm (36). MPM has
been shown to have both inter-tumor heterogeneity
between patients and intra-tumor heterogeneity within a
tumor sample of a given patient (37). A study by Kiyotani
et al. found heterogeneity in both the genomic landscape
and immune microenvironment of MPM (38). Non-
synonymous mutations and gene expression profiles differed
among individual tumors as well as different tumor sites
in an individual patient. Authors concluded that a single
tumor-biopsy specimen may not be adequate to characterize
the tumor nature; however, obtaining multiple biopsy
specimens remains challenging. Blum ez 4/. described MPM
heterogeneity using a bioinformatics method called WISP,
allowing the proportion of epithelioid and sarcomatoid
morphologies of a given tumor to be taken into account.
Authors compared survival for patients with >22% of
S-score (percentage of sarcomatoid components) to those
with <22% of S-score and found a hazard ratio of 6.28
(P=0.001) (39), with a difference in median overall survival
of greater than 10 months between the groups. Research
in the area of tumor heterogeneity in MPM is relatively
new but an important consideration moving forward given
the prognostic factors of different tumor subtypes and
the treatment decisions made based on patient prognosis,
particularly as it relates to our discussion of radiotherapy.

Conclusions

Unfortunately, the overall prognosis for mesothelioma
remains poor. Radiation therapy has been shown to be
effective in reducing local recurrence and appears to be
especially well-suited for epithelioid cell types. Additionally,
radiation therapy prior to surgery has shown benefit for
certain patients, especially those with early-stage epithelioid
tumors, although current evidence is limited. While adverse
effects from radiation, including radiation pneumonitis are
not insignificant, recent technical advances have improved
local control and decreased the radiation dosage to the
contralateral lung. Radiotherapy appears to be safe with
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tolerable side effects in conjunction with either EPP or P/D,
although patients should be carefully selected.
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