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Introduction

The pattern of spread of malignant pleural mesothelioma
(MPM) poses unique challenges to a radiation oncologist.
Since the disease is most often confined to the ipsilateral
pleura, local control is the primary concern, particularly
after surgical resection. Yet, treating the entire pleura
requires a large radiation field, increasing toxicity risks.
Initially, when administering radiotherapy (RT) as
adjuvant therapy following extrapleural pneumonectomy
(EPP) or pleurectomy/decortication (P/D), patients were
treated with conventional radiation techniques using
anterior and posterior fields. More recently, complex
intensity-modulated radiation therapy (IMRT) techniques
for the treatment of MPM have been explored, with early
outcomes suggesting acceptable safety in appropriately
selected patients. Here, we review the lessons learned
from conventional radiation techniques and the
development of novel radiation techniques for MPM
treatment.

Conventional radiation techniques

Traditionally, adjuvant RT has been given through anterior
and posterior fields that encompass the entire involved
hemithorax. This simple approach has the advantage of
avoiding oblique angles that could expose the contralateral
lung to low doses of radiation. Sparing of organs in the RT
field, e.g., heart, liver, kidneys, or stomach, is achieved by
blocking those areas and adding an electron boost to the
anterior and posterior chest wall to compensate for the
missing dose. This invariably leads to dose uncertainties
along the edges of blocked areas as well as under- and
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overdosing of the pleural space and chest wall. Also,
tolerance limits require blocking the spine after 4,140 cGy,
often leading to underdosing of the medial pleura and
hilum.

Conventional RT after EPP

This technique was first used in patients after EPP, who
therefore had no intact lung in the radiation field (1).
Blocking was only required for the heart and organs of the
upper abdomen (liver and kidney on the right, stomach
and kidney on the left), but not within the thorax. A phase
II trial exploring high-dose hemithoracic RT to 54 Gy
following EPP demonstrated high rates of local control,
with only two isolated locoregional failures in 54 patients
and a median survival of 17 months (2) (stage I and II
tumors, 33.8 months; stage III and IV, 10 months). Multiple
subsequent studies incorporated this technique into a
multimodality approach combining chemotherapy, EPP, and
hemithoracic radiation (3-6). However, with conventional
RT there may be radiation underdosing near regions that
are blocked. This has the potential to lead to increased risk
of local failure in approximately 10-15% of patients (7).

Conventional RT after P/D

A similar hemithoracic RT technique has also been tested after
P/D. Since the ipsilateral lung remains in situ after P/D, a
block was added for the central part of the lungs. The heart
and upper abdominal organs were blocked following the
same technique as for patients after EPP. Accordingly the
anterior and posterior chest walls located underneath the
heart, lung and upper abdominal blocks were boosted with
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Figure 1 Example of an adjuvant IMRT plan after P/D to a total dose of 48.6 Gy

an electron field. Unfortunately, this technique resulted
in a disappointing 1-year local control rate of 42% and a
median survival of 13.5 months (8). Possible explanations
include median radiation dose being only 42.5 Gy, and the
dose uncertainties with this technique. In addition, the
treatment was quite toxic, with 28% grade 3-4 toxicity and
two patients with possible grade 5 cardiac and pulmonary
toxicity. A different technique is therefore needed to
improve outcomes after P/D.

Novel radiotherapy techniques
IMRT

IMRT is a highly conformal radiation technique that allows
more effective sparing of normal tissues, providing an
opportunity for safer, less toxic treatments and increased
efficacy by enabling higher radiation doses to the tumor
target. It comes with a much higher level of dosimetric
control and certainty, leading to better target coverage than
conventional techniques (9). Areas of under- or overdosing
are readily recognizable and can be corrected in the
planning phase.

IMRT after EPP

A potential disadvantage of IMRT is the dose of radiation
delivered to the contralateral lung, which potentially leads
to a higher risk of pneumonitis. Several groups reported
significantly increased toxicity and even deaths from
radiation pneumonitis in patients treated with IMRT after
EPP (10-12). A higher mean lung dose and the volume of
lung receiving 5, 10, or 20 Gy have been associated with
a greater risk for lung toxicity (11-13). Strict dosimetric
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guidelines, particularly on the contralateral lung, are
therefore paramount. Increasing experience with the
technique appears to lead to improved target coverage and
decreased toxicity rates (13-16).

IMRT after P/D

Recently the use of EPP for the surgical management of
MPM has declined, due to reports suggesting a lack of
survival benefit compared with P/D (17,18). As such, RT
techniques will need modification to overcome the challenge
of administering it to patients with two intact lungs. A small
series investigating palliative IMRT in unresectable MPM
reported no severe side effects (19). Recently, we published
our initial experience with pleural IMRT in 36 patients
with two intact lungs (Figure 1) (20). All patients were
planned with a PET/CT scan to aid target delineation.
Six to nine coplanar 6 MV beams equispaced over 200-
240 degrees around the ipsilateral hemithorax were used.
Treatment was delivered in 1.8 Gy fractions up to a total
dose of 50.4 Gy. The total delivered dose was driven by
the ability to meet normal tissue constraints, in particular a
median lung dose <21 Gy. With a median dose of 46.8 Gy,
1- and 2-year survival was 75% and 53%, with a median
survival of 26 months in patients who underwent P/D.
Seven (20%) patients experienced grade 3 or 4 pneumonitis.
These encouraging results have led to an ongoing phase II
trial of trimodality therapy using induction chemotherapy
with cisplatin and pemetrexed, P/D, and adjuvant pleural
IMRT. A failure-pattern analysis of 64 patients treated with
this technique revealed that the majority of local failures
occurred in sites of gross disease, indicating the need to
achieve macroscopically complete surgical resection when
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feasible (21). Increasing experience over time led to fewer
marginal failures and decreased toxicity, suggesting the
improvement in target delineation and RT planning.

The higher precision of IMRT requires a detailed
knowledge of the anatomy of the thorax and the diaphragm,
the incorporation of all diagnostic imaging tools available,
information about the pathologic findings at the time of
surgery, assessment of the respiratory tumor motion using a
4D scan, and image-guided treatment delivery. IMRT with
integration of a boost to areas of gross disease is technically
feasible (14,16,22-24), but needs testing in a larger series.
The use of 18-fluorodeoxyglucose positron emission
tomography (FDG-PET) for RT planning purposes may
reduce the likelihood of geographic misses and detect
radiographically occult lymph node involvement (25). Small
series have suggested that PET may guide the delineation of
an integrated boost volume (24) or improve local control (26).

Future radiotherapy techniques

Arc therapy or helical tomotherapy are rotational RT
techniques that deliver radiation from even more beam
angles than IMRT. They are ideally suited for spherical or
circular targets and are therefore of particular interest in
MPM. Sterzing et al. reported improved target coverage
with tomotherapy compared with IMRT (27). Early clinical
results with tomotherapy following EPP suggest high rates
of local control, but also showed two grade 5 pneumonitis
events (28). We recently compared arc therapy and IMRT
plans in patients with two intact lungs and found that arc
therapy significantly lowered RT dose to lungs and heart,
and shortened the treatment duration (29).

The widespread interest in proton radiation therapy
has begun to carry over to MPM. To date, two theoretical
planning studies have been published that suggest that
proton therapy allows better sparing of normal organs at
risk while providing better target coverage in patient after
EPP (30,31). However, many uncertainties regarding the
feasibility of proton therapy in thoracic RT remain, given
the significant impact of respiratory motion and stark
tissue density variation in the thorax on accurate proton
dosimetry. Clinical validation of proton therapy for MPM
remains to be shown.

Conclusions

RT techniques have evolved rapidly in the last decade and
continue to be refined. IMRT is currently being explored as
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adjuvant or definitive treatment in MPM. Severe toxicities
have been observed with IMRT, and thus patients should
only be treated at high-volume centers with significant
experience. Since MPM is rare, as many patients as possible
should be enrolled in clinical trials to identify treatment
approaches that lead to improved outcomes. Future studies
will need to test whether the theoretical advantages of
newer RT techniques such as arc or proton therapy can be
translated into clinical benefit for MPM patients.
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