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Resumo

O papel da cirurgia no mesotelioma pleural maligno é controverso devido à incapacidade de fazer uma res-
secção completa (R0). O papel da quimioterapia e da radiação em combinação com a cirurgia radical permanece 
um campo de investigação. As diretrizes atuais recomendam a ressecção completa macroscópica (MCR) para pa-
cientes selecionados com doença em estágio inicial em combinação com outras terapias. A MCR pode ser realizada 
com pleurectomia-decorticação (DP), DP estendida ou pneumonectomia extrapleural (PPE). A pneumonectomia 
extrapleural (PPE) e a pleurectomia-decorticação estendida (PPE) são procedimentos radicais com o objetivo de 
obter a ressecção macroscópica completa do tumor. Avanços recentes na seleção de pacientes, técnicas cirúrgicas, 
anestesia e manejos pós-operatórios diminuíram a taxa de mortalidade para menos de 5% em centros experientes 
para ambos os procedimentos. A escolha da cirurgia radical entre EPD e EPP permanece um debate aberto e a 
maioria dos centros escolherá as opções cirúrgicas com base em sua experiência, estado do paciente e achados 
radiológicos. Nossa análise preliminar da abordagem SMART com 90 pacientes mostrou resultados encorajadores 
com uma sobrevida média de 28,3 meses como uma análise por intenção de tratar. Esta sobrevida média dobrou 
em relação à nossa abordagem anterior com quimioterapia de indução seguida por EPP e radiação hemitorácica.

Descritores: mesotelioma pleural, tratamento multimodal, smart trial, pneumonectomia extrapleural, pleu-
rectomia/descorticação.

Abstract

The role of surgery in malignant pleural mesothelioma is controversial due to the inability to do a complete re-
section (R0). The role of chemotherapy and radiation in combination with radical surgery remains a field of investigation. 
Current guidelines recommend macroscopic complete resection (MCR) for selected patients with early stage disease in 
combination with other therapies. MCR can be performed with pleurectomy-decortication (PD), extended PD, or extra-
pleural pneumonectomy (EPP). Extrapleural pneumonectomy (EPP) and extended pleurectomy-decortication (EPD) are 
both radical procedures aiming to achieve complete macroscopic resection of the tumor. Recent advances in patient se-
lection, surgical techniques, anesthesia, and postoperative managements have decreased the mortality rate to less than 
5% in experienced centers for both of these procedures. The choice of radical surgery between EPD and EPP remains 
an open debate and most centers will choose the surgical options based on their experience, the patient’s status and ra-
diological findings. Our preliminary analysis of the SMART approach with 90 patients has shown encouraging results with 
a median survival of 28.3 months as an intention-to-treat analysis. This median survival has doubled from our previous 
approach with induction chemotherapy followed by EPP and hemithoracic radiation. 

Keywords: Pleural mesothelioma, Multimodal treatment, Smart Trial, Extrapleural pneumonectomy, Pleurec-
tomy/Decortication.
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Introduction
Malignant pleural mesothelioma (MPM) continues 

to be a worldwide health concern due to industrial and 
environmental exposure to asbestos1. MPM are characteri-
zed by alterations in tumor suppressor genes, poor prog-
nosis, and standard-of-care limited to chemotherapy with 
cisplatin-pemetrexed±bevacizumab1,2,3. The role of surgery 
is controversial due to the inability to do a complete re-
section (R0) in the context of disseminated tumor in the 
pleural cavity4. Current guidelines recommend macroscopic 
complete resection (MCR) for selected patients with early 
stage disease in combination with other therapies5. MCR 
can be performed with pleurectomy-decortication (PD), 
extended PD, or extrapleural pneumonectomy (EPP). The 
prognosis remains poor despite multimodality therapy with 
median survivals ranging between 13 and 20 months in 
the intention-to-treat analysis of large prospective trials6,7,8. 
Single agent immunotherapy so far had limited benefit in 
mesothelioma9. Double agent immunotherapy offers more 
promising results, but randomized clinical trials are still on-
going10,11. Pre-clinical work demonstrates that combining 
immunotherapy with conventional therapy such as chemo-
therapy or radiation therapy could provide the best appro-
ach to treat mesothelioma12,13,14. 

Current therapy
The treatment of mesothelioma is broad, from 

palliative therapy to aggressive curative-intent therapy 
using a multimodality approach with surgery, chemothera-
py and radiotherapy. Currently, chemotherapy and radiation 
therapy are recognized for palliation in MPM. Two rando-
mized trials have shown the benefit of cisplatin combined 
with an anti-folate agent (pemetrexed or raltitrexed) on 
survival with a benefit of about 3 months1,2.  More recently, 
the addition of bevacizumab, a VEGF-specific angiogenesis 
inhibitor, to cisplatin and pemetrexed was shown to provide 
additional benefit in a large randomized trial in France3. 
The survival improved from 16.1 months in patients re-
ceiving cisplatin-pemetrexed to 18.8 months in those re-
ceiving bevacizumab combined with cisplatin-pemetrexed3.

Radiation therapy is occasionally used for palliation 
of chest pain when a specific site of tumor invasion is seen6. 
A retrospective study on palliative radiation using 36 Gy in 
12 fractions from a single center in the United Kingdom has 
shown that palliative radiation could provide clinical benefit 
with reduction of chest pain in up to 57% of the patients4. 
More recently, a prospective multicenter phase II study 
has confirmed these findings with an effective pain relief 
in 35% of the patients at five weeks after radiation using 
20 Gy in 5 fractions5. Noteworthy, in 12.5% of patients a 
complete analgesic response was observed. The impact of 
radiation on the tumor activity was also shown on 18F-
-FDG PET/CT scan performed before and after palliative 
radiotherapy in a study looking at metabolic changes in 

total glycolytic volume6. The optimal dosage for palliative 
radiation is not yet defined and most centers currently use 
20 Gy in 5 fractions.

Prophylactic radiation with 21 Gy in 3 fractions as 
recommended by Boutin and colleagues in 1995 to pre-
vent tumor metastasis to the port sites has been mostly 
abandoned since two large randomized trials have been 
negative15,16,17. Of importance, however, was the differen-
ces in response to this short course of radiation between 
epithelioid and non-epithelioid mesothelioma38. Although 
the trials reported by Clive and colleagues was statistically 
negative, there was a clear trend in favor of radiation in 
the epithelioid group suggesting that the response to short 
courses of radiation may differ between the subtypes of 
mesothelioma16.    

Multimodality therapy
The role of chemotherapy and radiation in combi-

nation with radical surgery remains a field of investigation. 
Extrapleural pneumonectomy (EPP) and extended pleu-
rectomy-decortication (EPD) are both radical procedures 
aiming to achieve complete macroscopic resection of the 
tumor. Recent advances in patient selection, surgical tech-
niques, anesthesia, and postoperative managements have 
decreased the mortality rate to less than 5% in experien-
ced centers for both of these procedures7,8. In the absence 
of adequately powered clinical trials to assess the role of 
surgery, a propensity score analysis was performed using 
data from the National Cancer Database18. The analysis de-
monstrated that radical surgery provided significant benefit 
on median survival ranging from 2.2 months in sarcoma-
toid MPM to 4.7 months in epithelioid tumors on average18. 
The study also demonstrated that combination therapy 
provided better outcome than single therapy and trimoda-
lity therapy achieved the best survival. The median survival 
was extended from 11.2 months to 20.8 months in patients 
who completed the trimodality therapy18.

The choice of radical surgery between EPD and EPP 
remains an open debate and most centers will choose the 
surgical options based on their experience, the patient’s 
status and radiological findings. EPP or EPD are generally 
associated with chemotherapy in the induction or adjuvant 
setting. The results of EPP have been well documented as 
part of prospective clinical trials. In contrast, the experien-
ce with EPD have generally been reported as part of retros-
pective studies. The results of EPD have been variable with 
median survivals ranging between 7 and 32 months, and 
a disease free survival ranging between 10 and 12 months 
on average19. Local recurrence in the ipsilateral hemithorax 
is frequent and can be seen in up to 89% of the patients20. 
Several centers have been administering adjuvant hemi-
thoracic intensity modulated radiation therapy (IMRT) to 
decrease the rate of local recurrence after EPD21,22. The 
risk of severe radiation pneumonitis of the underlying lung 
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has decreased with experience from 20% in the initial ex-
perience to less than 10% in more recent publications22,23. 
In the largest series, the rate of local recurrence was 64% 
with a median disease free survival of 10 months22. The 
rate of local failure was more important in the presence of 
gross disease, emphasizing the importance of achieving an 
R1 resection even if adjuvant IMRT is given after EPD22.

SMART approach
In Toronto, we developed a first-in-man concept 

focusing on Surgery for Mesothelioma After Radiation The-
rapy (SMART). This approach entails the administration of 
a radiation dose of 25 Gy to the whole hemithorax in 5 
fractions over one week with a concomitant boost of 5 Gy 
to the gross disease on PET-CT scan24. The doses of 25 Gy 
in five fractions with boost of 5 Gy to areas at high risk are 
based on previous experience in neoadjuvant accelerated 
radiation for colorectal cancer. The fractionation, althou-
gh shorter and lower in dose compared to the adjuvant 
setting (50 Gy/25 fractions over 5 weeks), is comparable 
in radiobiological potency in sterilizing residual microscopic 
disease. The surgery consists in an EPP performed within a 
week after the end of radiation. The pneumonectomy is re-
quired to prevent the risk of pneumonitis of the underlying 
lung due to the high dose of radiation. We demonstrated 
that this approach was safe with all patients completing the 
intended radiation and surgery with a 90-day mortality of 
less than 5%25. 

The advantages of the SMART protocol are: 1) the 
higher proportion of patients successfully completing the 
treatment protocol due to improved compliance, 2) boos-
ting tumor area at high risk determined by high SUV on 
PET scan or area of infiltration and/or bulkiness on CT 
scan, 3) tumoricidal action of radiation potentially decre-
asing the risk of viable tumor spillage during the surgery, 
and 4) a shorter overall treatment duration which improves 
convenience and reduces risk of disease progression since 
the radiation is delivered over 5 days and the surgery is 
performed approximately one week after the end of the 
radiation (Figure 1).

Our preliminary analysis of the SMART approa-
ch with 90 patients has shown encouraging results with 

a median survival of 28.3 months as an intention-to-treat 
analysis6. This median survival has doubled from our pre-
vious approach with induction chemotherapy followed by 
EPP and hemithoracic radiation26. Patient characteristics, 
pathological stage and postoperative complication rates 
were similar between both cohorts of patients27. The 30-
day mortality has been less than 2% and rate of grade 4 
complications around 10% after SMART25. 

The SMART approach demonstrated particularly en-
couraging results in patients with epithelioid mesothelioma 
with a median survival of 36 months8. Further analysis sho-
wed that the median survival reached 47 months in epithe-
lioid mesothelioma in the absence of metastatic lymph no-
des, and 51 months in tumors less than 500cc3 volume8,28. 
However, despite prolonged survival, the vast majority of 
patients still developed recurrence, even beyond 5 years8. 

An analysis of the tumor microenvironment in our 
initial cohort of 69 consecutive patients undergoing the 
SMART approach was recently completed29. We observed 
that an increased infiltration of CD8+ T cells at the time 
of surgery after radiation was an independent predictor of 
improved survival (p=0.02, HR 0.47, 95%CI 0.25-0.89). 
Epithelioid histology (p=0.0004, HR 0.3, 95%CI 0.16-0.59) 
and metastatic nodal disease were other independent pre-
dictors of survival (p=0.03, HR 1.92, 95%CI 1.05-3.51). 
Further analysis in the same cohort of patients demonstra-
ted that expression of PD-L1 on tumor cells was associated 
with better survival in epithelioid mesothelioma and worse 
survival in biphasic disease compared to PD-L1 negative 
tumors. This observation supports previous work demons-
trating that epithelioid and non-epithelioid mesothelioma 
have different tumor immune microenvironment and that 
tumor cells may have different mechanisms of resistance 
to radiation30,31,32.

SMARTER: a platform for 
immunotherapy

Over the past decade, clinical and pre-clinical evi-
dence have demonstrated that oligofractionated radiation 
characterized by a short course (2-5 fractions) of hypo-

fractionated radiation can boost an antitumor 
immune response through the induction of type 
I interferon33,34. This effect has gained increasing 
interest over the past few years with the intro-
duction of immune checkpoint inhibitors in clini-
cal practice. The benefit of combining oligofrac-
tionated radiation with immune checkpoints has 
been particularly relevant in the context of me-
tastatic disease. Although the response rate has 
been variable, these studies have demonstrated 
that the combination of radiation and immuno-

therapy offers great potential35,36. One of the advantages 
of this new treatment paradigm is the ability to generate 

Figura 1. Evolution of multimodality therapy for mesothelioma in Toronto
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an immune activation by delivering a non-ablative dose of 
radiation, thus limiting its toxicity. Increasing evidence sug-
gests that the antigen load is a key determinant of clinical 
response and that even robust immune response may be 
clinically ineffective if the tumor burden is high37,38. Hence, 
the combination of a short course of radiation to generate 
a specific antitumoral immune response followed by radi-
cal surgery to reduce the tumor antigen load to a minimal 
appears very promising.

Considering our results with the SMART approach 
and the increasing knowledge on the impact of radiation 
on the immune system, the concept of oligofractionated 
radiation followed by surgery could offer an ideal platform 
for immunotherapy in mesothelioma. We have therefore 
designed a new clinical trial (SMARTER) to exploit the who-
le benefit of this new treatment paradigm (Figure 1). The 
optimal distribution of radiation to generate an immunoge-
nic cell death will correspond to the density of mesothelio-
ma cells with greater boost given to macroscopic disease 
and less dose given to microscopic disease. Based on our 
pre-clinical experience and the literature, we estimate that 
a dose of radiation of at least 21Gy in 3 fractions to the 

gross (macroscopic) disease will be optimal in activating 
the immune system and generate a potential abscopal 
effect that will target the sites of microscopic disease. The 
radiation will be followed by surgery, either EPD or EPP, 
which will reduce the tumor burden once the immune sys-
tem is activated to optimize the benefit of radiation. This 
new concept raises key questions related to safety, efficacy 
and the importance of radiating microscopic pleural disease 
to improve the abscopal effect that will be addressed in the 
SMARTER trial. 

Conclusions
Mesothelioma remains associated with poor outco-

me. New developments in immunotherapy and better un-
derstanding of the effect of radiation and chemotherapy on 
the immune system is offering new treatment paradigms 
that will hopefully achieve long term remission in this dise-
ase. The combination of a short course of radiation asso-
ciated with macroscopic complete resection could provide 
an optimal platform for immunotherapy. The SMARTER trial 
is designed to answer this question.
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