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ABSTRACT

Background. Pleural mesothelioma is a rare but aggres-

sive form of cancer. Local recurrence represents the

majority of treatment failures and overall survival (OS)

outcomes remain dismal. Adding locoregional treatment

with radiotherapy after surgical resection has been con-

sidered but its role remains uncertain.

Objective. The purpose of this study was to evaluate the

outcomes of adjuvant radiation therapy (RT) for patients

with malignant pleural mesothelioma.

Methods. The National Cancer Data Base (NCDB) was

queried (2004–2013) for patients with malignant

mesothelioma. Patients were divided into three groups:

observation, surgery alone, and surgery followed by adju-

vant RT. Statistics included Fisher’s exact or Chi square

tests to analyze categorical proportions between groups,

Kaplan–Meier analysis to evaluate OS, and Cox propor-

tional hazards modeling to determine variables associated

with OS. Propensity matching was performed to make

comparisons between homogenous groups.

Results. Overall, the surgery plus radiotherapy group had

a higher median survival (21.4 months) compared with

surgery alone (16.59 months) [p\ 0.001]. RT was more

likely to be delivered after extrapleural pneumonectomy

than with lung-sparing surgical approaches. On multivari-

able analysis, receipt of surgery plus radiotherapy,

chemotherapy administration, and higher socioeconomic

status were associated with improved OS (p\ 0.0001).

After propensity matching, receipt of surgery plus radio-

therapy and chemotherapy administration were still

associated with improved OS (p\ 0.05).

Conclusions. In the treatment of malignant pleural

mesothelioma, adjuvant radiotherapy after surgical inter-

vention was associated with improved OS. This study is the

largest study of adjuvant radiotherapy to date, and our

findings highlight the need for additional prospective data.

Pleural mesothelioma is a rare form of cancer, but its

incidence is increasing.1 It represents an aggressive

malignancy, with a median survival of B 12 months.2 The

optimal treatment for pleural mesothelioma remains con-

troversial.1 Different surgical techniques, systemic

chemotherapy, and radiation therapy (RT) have all been

used as single modality treatments with varying degrees of

success. Trimodality treatment with chemotherapy, sur-

gery, and radiotherapy is the most aggressive approach to

therapy;1 however, for all treatment strategies, local

recurrence represents the majority of treatment failures and

overall survival (OS) outcomes remain dismal.3

Because of this, adding locoregional treatment with

radiotherapy after surgical resection has been considered

but its role remains uncertain. Part of this uncertainty may

be due to the inherent issues and toxicities associated with

delivering radiotherapy after surgical intervention in
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patients with already limited pulmonary function.4,5 In

addition, older radiotherapy, surgical, and chemotherapy

techniques used in older radiation studies make it difficult

to extrapolate findings to the present day. Finally, the rarity

of cases limits the power of statistical analysis. Large,

national retrospective reviews on the incorporation of

radiation into the treatment paradigm (as single-agent

therapy or part of multimodality therapy) have found

conflicting results.6,7 To better understand the role of

radiotherapy, specifically in the adjuvant setting after sur-

gical intervention, we utilized the large, contemporary

National Cancer Data Base (NCDB) to study the effect of

adjuvant radiotherapy on survival outcomes.

MATERIALS AND METHODS

This study used the NCDB, which is a hospital-based

database under the administration of the American College

of Surgeons and the American Cancer Society and

accounts for 70% of new cancer diagnoses in the US.8–14

The most recently released NCDB dataset corresponded to

the years 2004–2013. For inclusion, patients required his-

tological diagnostic confirmation and a recorded vital

status. Patients without proper staging were removed;

however, patients with metastatic disease were still inclu-

ded as local progression remains a leading cause of death.3

Patients were divided into three groups: no local therapy

(hereby defined as the observation group), surgery alone,

and surgery followed by adjuvant RT. The observation

group was kept to serve as a helpful comparison baseline

for the two local intervention groups. For patients receiving

adjuvant radiotherapy, only patients receiving at least

40 Gy were included to exclude patients undergoing pal-

liative radiotherapy. Information collected on each patient

included demographic data, comorbidity information,

clinicopathologic tumor parameters, and treatment char-

acteristics. All statistical tests were two-sided, with a

threshold of p\ 0.05 for statistical significance, and were

performed using JMP version 13 (SAS Institute, Inc., Cary,

NC, USA). Fisher’s exact or Chi square tests were used to

analyze categorical proportions between groups. The

Kaplan–Meier method was used for survival analysis, and

comparisons between the two treatment paradigms were

performed using the log-rank test for all patients. OS was

defined as the interval between the date of diagnosis and

the date of death or last contact. Multivariable Cox pro-

portional hazards modeling was additionally used to

identify variables associated with OS in the entire cohort.

Variables included in the multivariable analysis were those

found to be statistically significant on univariate analysis.

Median follow-up was calculated using the reverse

Kaplan–Meier method.

Propensity score matching was performed using age,

sex, stage, Charlson–Deyo comorbidity score, and resi-

dential setting as the matching variables to reduce the

influence of heterogeneity on survival outcomes. Multi-

variable Cox proportional hazards modeling was

additionally used to identify variables associated with OS

in the matched cohort.

RESULTS

In total, 24,914 patients met the inclusion criteria. Of

these, 17,262 (69.3%) patients received no local interven-

tion, 5918 (23.8%) patients underwent surgery alone, and

762 (3.1%) patients received surgery plus radiation.

Table 1 displays the demographic and clinical character-

istics of the analyzed patients. The majority of patients

were male, Caucasian, had locoregional disease, and had a

Charlson–Deyo comorbidity score of 0. Epithelioid his-

tology had the highest incidence and the most common age

of presentation was between 71 and 80 years.

A greater proportion of patients who received adjuvant

radiotherapy had locoregional disease, private insurance,

higher income, epithelioid histology, and lower Charlson–

Deyo comorbidity score. Patients who received adjuvant

radiotherapy were also more likely to receive chemother-

apy. These factors are summarized in Table 2. In addition,

in patients who had undergone surgery, radiation was more

common in the group undergoing EPP rather than lung-

sparing surgery such as pleurectomy and decortication.

The median follow-up was 60.9 months. In the whole

cohort, the surgery plus radiotherapy group had the highest

median survival (21.4 months) compared with observation

(7.6 months) and surgery alone (16.59) months. The sur-

gery plus radiation group also had the highest rates of

survival at 1 and 2 years compared with the observation

and surgery alone groups. These results are summarized in

Table 3.

On multivariable analysis, male sex, advancing age,

higher Charlson–Deyo comorbidity score, fibroid (sarco-

matoid) and biphasic histologies, and lower socioeconomic

status were associated with worse OS. In contrast, receipt

of surgery plus radiotherapy, chemotherapy administration,

and higher socioeconomic status were associated with

improved OS. These results are tabulated in Table 4.

Propensity score matching was performed using age,

sex, stage, Charlson–Deyo comorbidity score, and resi-

dential setting as the matching variables (electronic

supplementary Table 1). After matching, there were 454

patients in the surgery alone group and 454 patients in the

surgery plus radiotherapy group. On multivariable analysis

of this matched cohort, receipt of surgery and chemother-

apy administration were associated with improved OS. In
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contrast, fibroid (sarcomatoid) and biphasic histologies

were associated with worse OS. These results are tabulated

in Table 5.

DISCUSSION

Given the lack of clear evidence to guide adjuvant

management for malignant pleural mesothelioma, the cur-

rent study provides important information regarding the

utility of adjuvant radiotherapy for patients in this patient

population. To our knowledge, this is the largest study to

date to specifically examine the use, role, and benefit of

adjuvant radiotherapy after surgical intervention. Several

observations can be made from our analysis. First, the

majority of patients do not undergo locoregional inter-

vention with surgery or radiation. This may be due to the

poor prognosis of these patients and the high age of pre-

sentation precluding intensive locoregional treatment. This

is supported by the fact that approximately 50% of this

group also did not receive chemotherapy, suggesting that

performance status may have prohibited aggressive treat-

ment. Second, male sex, elevated comorbidity score, and

the presence of sarcomatoid, mixed or desmoplastic his-

tology (represented by the fibrinous and biphasic groups in

TABLE 1 Patient

characteristics
Category Variable Frequency Total (%) p Value

Sex Male 18,698 75.1 p\ 0.0001

Female 6216 25.0

Race White 22,941 93.0 p\ 0.0001

Black 1215 4.9

Other 509 2.1

Hispanic origin Hispanic 1042 4.5

Non-Hispanic 22,367 95.6

Age at diagnosis, years 0–40 523 2.1 p\ 0.0001

41–50 956 3.8

51–60 2817 11.3

61–70 6297 25.3

71–80 8435 33.9

80 ? 5886 23.6

Insurance status Uninsured 492 2.0 p\ 0.0001

Private insurance 6673 27.5

Medicare/Medicaid/Government 17,085 70.5

Median income quartile, US$ \ 30,000 2337 9.8 p\ 0.0001

30,000–35,999 4117 17.3

36,000–45,999 6861 28.8

46,000 ? 10,502 44.1

Residence Metro 19,746 82.8 p\ 0.0001

Urban 3604 15.1

Rural 479 2.0

Disease burden Locoregional 9664 58.1 p\ 0.0001

Metastatic 6976 41.9

Histology Mesothelioma, NOS 10,989 44.1 p\ 0.0001

Fibroid 2581 10.4

Epithelioid 9025 36.2

Biphasic 1645 6.6

Other 674 2.7

Charleston comorbidity score 0 17,321 69.5 p\ 0.0001

1 5499 22.1

2 ? 2094 8.4

Chemotherapy Not administered 11,984 49.9 p = 0.0841

Administered 12,009 50.1

NOS not otherwise specified
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the NCDB) were associated with worse OS. These findings

are in accordance with, and give credence to, a previous

European Organization for Research and Treatment of

Cancer (EORTC) prognostic model for malignant pleural

mesothelioma patients who observed worse survival out-

comes in patients with these prognostic factors.15,16

In addition, our analysis found a significant OS benefit

for patients receiving non-palliative doses of radiotherapy

after surgical intervention. This benefit remained even after

multivariable analysis and propensity score matching. This

suggests that there are patients (well-selected with good

performance status) who may benefit from additional

locoregional therapy with adjuvant radiation. This finding

TABLE 2 Practice patterns in malignant mesothelioma

Category Variable Observation

[n = 17,262] (%)

Surgery only

[n = 5918] (%)

Surgery and radiation

[n = 762] (%)

Chi square

Sex Male 13,219 (76.6) 4156 (70.2) 557 (73.1) p\ 0.0001

Female 4043 (23.4) 1762 (29.8) 205 (26.9)

Race White 15,905 (93.0) 5454 (93.1) 707 (93.8) p\ 0.0001

Black 850 (5.0) 294 (5.0) 23 (3.1)

Other 346 (2.0) 110 (2.0) 24 (3.2)

Hispanic origin Hispanic 703 (4.4) 264 (4.7) 32 (4.4) p = 0.5667

Non-Hispanic 15,459 (95.6) 5366 (95.3) 693 (95.6)

Age at diagnosis,

years

0–40 172 (1.0) 313 (60.1) 21 (2.8) p\ 0.0001

41–50 436 (2.5) 423 (43.7) 53 (7.0)

51–60 1574 (9.1) 938 (32.5) 199 (26.1)

61–70 3941 (22.8) 1175 (27.5) 309 (40.6)

71–80 6174 (35.8) 1769 (20.5) 162 (21.3)

80 ? 4965 (28.8) 700 (11.6) 18 (2.4)

Insurance status Uninsured 359 (2.1) 107 (1.8) 10 (1.4) p\ 0.0001

Private insurance 3825 (22.5) 2260 (39.3) 371 (51.7)

Medicare/Medicaid/

Government

12,800 (75.4) 3386 (58.9) 336 (46.9)

Median income

quartile, US$

\ 30,000 1663 (10.1) 515 (9.1) 58 (8.0) p\ 0.0001

30,000–35,999 2963 (17.9) 891 (15.8) 105 (14.5)

36,000–45,999 4908 (29.7) 1527 (27.1) 191 (26.3)

46,000 ? 6995 (42.3) 2710 (48.0) 317 (51.2)

Residence Metro 13,659 (82.7) 4705 (83.1) 613 (84.0) p = 0.8903

Urban 2517 (15.2) 847 (15.0) 102 (14.0)

Rural 337 (2.0) 113 (2.0) 15 (2.1)

Disease burden Locoregional 6282 (53.8) 2599 (68.0) 500 (77.8) p\ 0.0001

Metastatic 5392 (46.2) 1221 (32.0) 143 (22.3)

Histology Mesothelioma, NOS 8565 (49.6) 1852 (31.3) 154 (20.2) p\ 0.0001

Fibroid 1899 (11.0) 494 (8.3) 59 (7.7)

Epithelioid 5522 (32.0) 2739 (46.3) 427 (56.0)

Biphasic 915 (5.3) 586 (9.9) 93 (12.2)

Other 361 (2.1) 247 (4.2) 29 (3.8)

Charleston

comorbidity score

0 11,602 (67.2) 4336 (73.3) 644 (84.5) p\ 0.0001

1 3979 (23.1) 1251 (21.1) 101 (13.3)

2 ? 1681 (9.7) 331 (5.6) 17 (2.2)

Chemotherapy Not administered 8993 (53.6) 2358 (41.3) 205 (27.3) p\ 0.0001

Administered 7777 (46.4) 3355 (58.7) 545 (72.7)

NOS not otherwise specified
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makes sense given that the majority of malignant pleural

mesothelioma patients fail locally and die from local pro-

gression of disease.3

The delivery of adjuvant radiotherapy after surgical

intervention has changed over the years. After an initial

study showed that intraoperative radiotherapy was not a

beneficial treatment at the time of surgery,17 a phase II trial

examining the role of three-dimensional conformal radio-

therapy (3D-CRT) to the hemithorax after extrapleural

pneumonectomy (EPP) was conducted and showed good

locoregional control results.18 Eventually, intensity-modu-

lated radiotherapy (IMRT), which uses multiple beams to

modulate the radiation dose to the body, became prevalent.

Unfortunately, initial reports using IMRT noted high

mortality rates due to fatal pneumonitis of the contralateral

lung after hemithoracic IMRT status post EPP.4,19 How-

ever, these studies extrapolated radiation dose constraints

TABLE 3 Long-term survival data based on treatment alone

Overall Observation Surgery alone Surgery and radiation p-Value

Median follow-up, months 60.91 63.44 57.72 64.43 NSS

Median survival, months (95% CI) 9.63 (9.46–9.89) 7.59 (7.39–7.75) 16.59 (15.84–17.31) 21.42 (19.71–22.51) p\ 0.001

1-year survival (%) 43.3 35.9 60.2 76.5 p\ 0.001

2-year survival (%) 22.8 16.6 38.8 42.7 p\ 0.001

NSS non-statistically significant, CI confidence interval

TABLE 4 Factors associated

with overall survival on

multivariable analysis

Category Variable Hazard ratio p-Value

Sex Male 1.23 p\ 0.0001

Female Reference

Age at diagnosis, years 0–40 Reference p\ 0.0001

41–50 1.12

51–60 1.46

61–70 1.54

71–80 1.71

80 ? 2.31

Median income quartile, US$ \ 30,000 Reference p\ 0.0001

30,000–35,999 0.88

36,000–45,999 0.88

46,000 ? 0.82

Disease burden Locoregional Reference p\ 0.0001

Metastatic 1.35

Histology Mesothelioma, NOS 1.18 p\ 0.0001

Fibroid 2.23

Epithelioid Reference

Biphasic 1.56

Other 2.19

Charleston comorbidity score 0 Reference p\ 0.0001

1 1.13

2 ? 1.28

Chemotherapy Not administered Reference p\ 0.0001

Administered 0.65

Treatment Observation Reference p\ 0.0001

Surgery only 0.70

Surgery and radiation 0.63

NOS not otherwise specified
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from lung cancer5 and newer studies using more stringent

dose constraints have reported lower rates of radiation

pneumonitis.20–25

Just as radiation planning and delivery have advanced,

so have surgical techniques. EPP has been historically

used, but lung-sparing approaches such as pleurectomy and

decortication have been developed and are used on the

majority of patients.26 Retrospective comparisons of EPP

and lung-sparing approaches have suggested that a lung-

sparing approach is equivalent to improved survival out-

comes with fewer complications.26–29 However, treatment

guidelines conflict on the role of lung-sparing surgery as

part of a curative treatment plan due to concerns that it is

less of an oncologic procedure.30,31 This distinction on the

type of surgery performed is relevant for any discussion of

post-surgical radiation. Radiotherapy to the pleural cavity

and not the entire hemithorax has been developed and has

been shown to be both feasible and safe.32–34 We found

that patients who underwent EPP were more likely to

receive adjuvant radiation, possibly due to concerns about

the increased risk of ipsilateral radiation pneumonitis after

pleurectomy due to the large volume of ipsilateral lung

being irradiated. However, prospective studies suggest that

the risk remains low if stringent constraints are used.32–34

As further radiotherapy advances are made, including the

increased utilization of proton therapy, there may be fur-

ther improvement in local control rates and survival

outcomes, as well as reduced toxicities.

There are several limitations with our analysis. First, the

retrospective nature of this study means we must

acknowledge the possibility of selection bias. Propensity

score matching was performed to minimize its effects.

Second, the NCDB does not keep track of several end-

points such as tolerance of therapy, cancer-specific

survival, and local/regional control, and does not include

information on the reasoning behind treatment decisions or

data on the use of targeted or salvage treatments. Finally,

although the NCDB accounts for 70% of new US cancer

diagnoses, only Commission on Cancer-accredited facili-

ties collect data for the NCDB. Overall, these limitations

do not diminish the need for further study of the role of

adjuvant therapy for malignant pleural mesothelioma.

CONCLUSIONS

In the treatment of malignant pleural mesothelioma,

adjuvant radiotherapy after surgical intervention was

associated with improved OS. A greater proportion of

patients who received adjuvant radiotherapy had locore-

gional disease, private insurance, higher income,

epithelioid histology, and lower Charlson–Deyo comor-

bidity score. RT was more likely to be delivered after EPP

than with lung-sparing surgical approaches. Patients who

received adjuvant radiotherapy were also more likely to

receive chemotherapy. On multivariable analysis, male sex,

advancing age, higher Charlson–Deyo comorbidity score,

fibroid (sarcomatoid) and biphasic histologies, and lower

socioeconomic status were associated with worse OS. In

contrast, receipt of surgery plus radiotherapy, chemother-

apy administration, and higher socioeconomic status were

associated with improved OS. After propensity score

matching between the surgery-alone group and the surgery

plus radiotherapy group, the receipt of radiotherapy and

chemotherapy was still associated with improved OS on

multivariable analysis. This study is the largest study of

adjuvant radiotherapy to date, and our findings highlight

the need for additional prospective data. We eagerly await

the results of the currently ongoing clinical trials on this

topic.

ACKNOWLEDGMENTS John H. Lee Foundation.

DISCLOSURE Gary D. Lewis, Shraddha M. Dalwadi, Andrew

Farach, E. Brian Butler, and Bin S. Teh declare that no conflicts of

interest exist.

REFERENCES

1. Matsuo Y, Shibuya K, Okubo K, et al. Long-term outcomes of

intensity-modulated radiotherapy following extra-pleural pneu-

monectomy for malignant pleural mesothelioma. Acta Oncol.

2017;56(7):957–962.

2. Robinson BWS, Musk AW, Lake RA. Malignant mesothelioma.

Lancet. 2005;366(9483):397–408.

3. Okubo K, Sonobe M, Fujinaga T, et al. Survival and relapse

pattern after trimodality therapy for malignant pleural mesothe-

lioma. Gen Thorac Cardiovasc Surg. 2009;57(11):585–590.

4. Kristensen CA, Nøttrup TJ, Berthelsen AK, et al. Pulmonary

toxicity following IMRT after extrapleural pneumonectomy for

malignant pleural mesothelioma. Radiother Oncol.

2009;92(1):96–99.

TABLE 5 Factors associated with overall survival on multivariable

analysis of the matched cohort

Category Variable Hazard ratio p-Value

Histology Mesothelioma, NOS 1.19 p\ 0.0001

Fibroid 2.71

Epithelioid Reference

Biphasic 1.62

Chemotherapy Not administered Reference p = 0.0369

Administered 0.84

Treatment Surgery only Reference p = 0.0313

Surgery and radiation 0.88

NOS not otherwise specified

1884 G. D. Lewis et al.



5. Rice DC, Smythe WR, Liao Z, et al. Dose-dependent pulmonary

toxicity after postoperative intensity-modulated radiotherapy for

malignant pleural mesothelioma. Int J Radiat Oncol Biol Phys.

2007;69(2):350–357.

6. Taioli E, Wolf AS, Camacho-Rivera M, et al. Determinants of

survival in malignant pleural mesothelioma: a surveillance, epi-

demiology, and end results (SEER) study of 14,228 patients.

PLoS One. 2015;10(12):e0145039.

7. Ohri N, Taioli E, Liu B, et al. Radiation therapy for localized

malignant pleural mesothelioma: a propensity score-matched

analysis of the National Cancer Data Base. J Radiat Oncol.

2017;6(3):265–272.

8. Bilimoria KY, Stewart AK, Winchester DP, Ko CY. The National

Cancer Data Base: a powerful initiative to improve cancer care in

the United States. Ann Surg Oncol. 2008;15(3):683–690.

9. Bott MJ, Patel AP, Verma V, et al. Patterns of care in hilar node-

positive (N1) non-small cell lung cancer: a missed treatment

opportunity? J Thorac Cardiovasc Surg.

2016;151(6):1549–1558.e2.

10. Haque W, Verma V, Butler EB, Teh BS. Patterns of care and

outcomes of multi-agent versus single-agent chemotherapy as

part of multimodal management of low grade glioma. J Neu-

rooncol. 2017;133(2):369–375.

11. Haque W, Verma V, Butler EB, Teh BS. Definitive chemoradi-

ation at high volume facilities is associated with improved

survival in glioblastoma. J Neurooncol. 2017;135(1):173–181.

12. Haque W, Verma V, Fakhreddine M, Hatch S, Butler EB, Teh

BS. Addition of chemotherapy to definitive radiotherapy for IB1

and IIA1 cervical cancer: analysis of the National Cancer Data

Base. Gynecol Oncol. 2017;144(1):28–33.

13. Haque W, Lewis GD, Verma V, Darcourt JG, Butler EB, Teh BS.

The role of adjuvant chemotherapy in locally advanced bladder

cancer. Acta Oncol. 2018;57(4):509–515.

14. Haque W, Verma V, Lewis GD, Lo SS, Butler EB, Teh BS.

Utilization of radiotherapy and stereotactic body radiation ther-

apy for renal cell cancer in the USA. Futur Oncol.

2018;14(9):819–827.

15. Fennell DA, Parmar A, Shamash J, et al. Statistical validation of

the EORTC prognostic model for malignant pleural mesothe-

lioma based on three consecutive phase II trials. J Clin Oncol.

2005;23(1):184–189.

16. Curran D, Sahmoud T, Therasse P, van Meerbeeck J, Postmus

PE, Giaccone G. Prognostic factors in patients with pleural

mesothelioma: the European Organization for Research and

Treatment of Cancer experience. J Clin Oncol.

1998;16(1):145–152.

17. Rosenzweig KE, Fox JL, Zelefsky MJ, Raben A, Harrison LB,

Rusch VW. A pilot trial of high-dose-rate intraoperative radiation

therapy for malignant pleural mesothelioma. Brachytherapy.

2005;4(1):30–33.

18. Rusch VW, Rosenzweig K, Venkatraman E, et al. A phase II trial

of surgical resection and adjuvant highdose hemithoracic radia-

tion for malignant pleural mesothelioma. J Thorac Cardiovasc

Surg. 2001;122(4):788–795.

19. Allen AM, Czerminska M, Jänne PA, et al. Fatal pneumonitis

associated with intensity-modulated radiation therapy for

mesothelioma. Int J Radiat Oncol Biol Phys.

2006;65(3):640–645.

20. Chi A, Liao Z, Nguyen NP, et al. Intensity-modulated radio-

therapy after extrapleural pneumonectomy in the combined-

modality treatment of malignant pleural mesothelioma. J Thorac

Oncol. 2011;6(6):1132–1141.

21. Patel PR, Yoo S, Broadwater G, et al. Effect of increasing

experience on dosimetric and clinical outcomes in the manage-

ment of malignant pleural mesothelioma with intensity-

modulated radiation therapy. Int J Radiat Oncol Biol Phys.

2012;83(1):362–368.

22. Tonoli S, Vitali P, Scotti V, et al. Adjuvant radiotherapy after

extrapleural pneumonectomy for mesothelioma. Prospective

analysis of a multi-institutional series. Radiother Oncol.

2011;101(2):311–315.

23. Ahamad A, Stevens CW, Smythe WR, et al. Intensity-modulated

radiation therapy: A novel approach to the management of

malignant pleural mesothelioma. Int J Radiat Oncol Biol Phys.

2003;55(3):768–775.

24. Buduhan G, Menon S, Aye R, Louie B, Mehta V, Vallières E.

Trimodality Therapy for malignant pleural mesothelioma. Ann

Thorac Surg. 2009;88(3):870–876.

25. Du K, Both S, Friedberg J. Extrapleural pneumonectomy, pho-

todynamic therapy and intensity modulated radiation therapy for

the treatment of malignant pleural mesothelioma. Cancer Biol

Ther. 2010;10(5):425–429.

26. Verma V, Ahern CA, Berlind CG, et al. National Cancer Data-

base report on pneumonectomy versus lung-sparing surgery for

malignant pleural mesothelioma. J Thorac Oncol.

2017;12(11):1704–1714.

27. Batirel HF, Metintas M, Caglar HB, et al. Adoption of pleurec-

tomy and decortication for malignant mesothelioma leads to

similar survival as extrapleural pneumonectomy. J Thorac Car-

diovasc Surg. 2016;151(2):478–484.

28. Flores RM, Pass HI, Seshan VE, et al. Extrapleural pneu-

monectomy versus pleurectomy/decortication in the surgical

management of malignant pleural mesothelioma: results in 663

patients. J Thorac Cardiovasc Surg. 2008;135(3):620–626.

29. Cao C, Tian D, Park J, Allan J, Pataky KA, Yan TD. A systematic

review and meta-analysis of surgical treatments for malignant

pleural mesothelioma. Lung Cancer. 2014;83(2):240–245.

30. Aisner DL, Bauman J, Chase Cancer Center Joe Chang FY, et al.

NCCN guidelines panel disclosures-Farber/Brigham and

Women’s Cancer Center NCCN guidelines version 2.2018

Malignant Pleural Mesothelioma. 2018. Available at: https://ww

w.nccn.org/professionals/physician_gls/pdf/mpm.pdf. Accessed

18 Mar 2018.

31. Scherpereel A, Astoul P, Baas P, et al. Guidelines of the Euro-

pean Respiratory Society and the European Society of Thoracic

Surgeons for the management of malignant pleural mesothe-

lioma. Eur Respir J. 2010;35(3):479–495.

32. Rosenzweig KE, Zauderer MG, Laser B, et al. Pleural intensity-

modulated radiotherapy for malignant pleural mesothelioma. Int J

Radiat Oncol Biol Phys. 2012;83(4):1278–1283.

33. Minatel E, Trovo M, Bearz A, et al. Radical radiation therapy

after lung-sparing surgery for malignant pleural mesothelioma:

survival, pattern of failure, and prognostic factors. Int J Radiat

Oncol Biol Phys. 2015;93(3):606–613.

34. Rimner A, Zauderer MG, Gomez DR, et al. Phase II study of

hemithoracic intensity-modulated pleural radiation therapy

(IMPRINT) as part of lung-sparing multimodality therapy in

patients with malignant pleural mesothelioma. J Clin Oncol.

2016;34(23):2761–2768.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

The Role of Adjuvant Radiotherapy in the Treatment of Pleural Mesothelioma 1885

https://www.nccn.org/professionals/physician_gls/pdf/mpm.pdf
https://www.nccn.org/professionals/physician_gls/pdf/mpm.pdf

	The Role of Adjuvant Radiotherapy in the Treatment of Pleural Mesothelioma
	Abstract
	Background
	Objective
	Methods
	Results
	Conclusions

	Materials and Methods
	Results
	Discussion
	Conclusions
	Acknowledgments
	References




