
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(4):1269-1278jtd.amegroups.com

Original Article

Defining the role of adjuvant radiotherapy for malignant pleural 
mesothelioma: a propensity-matched landmark analysis of the 
National Cancer Database

David B. Nelson1#, David C. Rice1#, Kyle G. Mitchell1, Anne S. Tsao2, Ara A. Vaporciyan1,  
Mara B. Antonoff1, Wayne L. Hofstetter1, Garrett L. Walsh1, Stephen G. Swisher1, Jack A. Roth1,  
Daniel R. Gomez3, Reza J. Mehran1#, Boris Sepesi1#

1Department of Thoracic and Cardiovascular Surgery, 2Department of Thoracic/Head and Neck Medical Oncology, 3Department of Radiation 

Oncology, The University of Texas MD Anderson Cancer, Houston, TX, USA

Contributions: (I) Conception and design: DB Nelson, DC Rice, AS Tsao, DR Gomez, KG Mitchell, RJ Mehran, B Sepesi; (II) Administrative 

support: DC Rice, AS Tsao, AA Vaporciyan, MB Antonoff, WL Hofstetter, GL Walsh, SG Swisher, JA Roth, DR Gomez, RJ Mehran, B Sepesi; 

(III) Provision of study materials or patients: B Sepesi; (IV) Collection and assembly of data: DB Nelson, KG Mitchell; (V) Data analysis and 

interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
#These authors contributed equally to this work. 

Correspondence to: Boris Sepesi, MD, FACS. Assistant Professor, Department of Thoracic and Cardiovascular Surgery, The University of Texas MD 

Anderson Cancer Center, 1515 Holcombe Blvd, Houston, TX 77030, USA. Email: bsepesi@mdanderson.org. 

Background: Multimodality therapy may prolong survival among resectable malignant pleural 
mesothelioma (MPM). However, the role of adjuvant radiation remains controversial. We explored a large 
nationwide database to determine whether adjuvant radiation is associated with improved survival. 
Methods: The National Cancer Database (NCDB) was queried to identify patients with MPM who 
received cancer-directed surgery between 2004–2013. Adjuvant radiation included intensity modulated 
radiation therapy or conformal 3D radiation. Propensity matching was performed with a 150-day landmark 
to address survivorship bias. Cox regression was used with an interaction term between pathologic stage and 
radiation.
Results: A total of 2,846 patients were identified as having undergone cancer-directed surgery for MPM; 
among whom 213 (7%) received adjuvant radiation. Adjuvant radiation was associated with improved survival 
among those who were stage I–II (P=0.024), but not stage III or IV (P=0.890 and P=0.183, respectively). 
After propensity matching, adjuvant radiation was associated with improved survival for those who were 
stage I–II [hazard ratio (HR) 0.52, P=0.035], whereas no similar effect was observed for those who were stage 
III or IV (P=0.190 and P=0.562, respectively). Multivariable regression revealed that sarcomatoid histology 
(HR 1.80, P=0.018) and stage IV disease (HR 1.65, P=0.033) were also associated with worse survival.
Conclusions: Adjuvant radiation was associated with improved survival among those with pathologic 
stage I–II MPM. No survival advantage was observed for those with pathologic stage III or stage IV MPM, 
however. Our results justify the need for further prospective trials to investigate the utility of adjuvant 
radiotherapy among those with MPM.
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Introduction

Malignant pleural mesothelioma (MPM) is an aggressive 
and rapidly fatal malignancy. Median survival after diagnosis 
is short, approximately ten months (1). Trimodality therapy 
offers the best chance to prolong survival, with several phase 
II studies showing medial survival as high as 36 months (2-5). 
Adjuvant radiation, arguably a critical component of multi-
modality therapy for mesothelioma, has been demonstrated 
to be associated with significantly improved local control (6).  
However, the importance of optimizing local control 
has not been clearly demonstrated, with many patients 
nonetheless still succumbing to distant disease. A recent 
phase II trial showed no improvement in locoregional 
relapse-free survival after randomizing 54 patients to 
adjuvant hemithoracic radiotherapy (7). However, a major 
limitation of this randomized trial remains whether the 
study was adequately powered.

The purpose of this analysis was to evaluate a large, 
prospectively maintained nationwide oncologic outcomes 
database to assess whether adjuvant radiation after cancer-
directed surgery for MPM was associated with improved 
survival. We defined adjuvant radiation as that involving 
intensity-modulated radiation therapy (IMRT) or conformal 
3D radiotherapy. To reduce the risk of treatment selection 
bias and immortality bias, we used propensity matching 
with a landmark analysis. 

Methods

The National Cancer Database (NCDB) is a joint project of 
the Commission on Cancer (CoC) of the American College 
of Surgeons and the American Cancer Society. The CoC’s 
NCDB and the hospitals participating in the CoC NCDB 
are the source of the de-identified data used herein; they 
have not verified and are not responsible for the statistical 
validity of the data analysis or the conclusions derived by 
the authors. The NCDB uses de-identified data and has 
been deemed exempt from MD Anderson Cancer Center 
Institutional Review Board oversight.

Patient selection

A query of the NCDB Participant User File from 2004 to 
2013 was performed using mesothelioma as the site code. 
Patients who were selected for analysis were those who had 
histologically confirmed MPM who underwent cancer-
directed surgery without neoadjuvant or intraoperative 

radiotherapy. 

Variable definitions

Cancer-directed surgery was defined as one of the following 
SEER site-specific codes: [30] simple/partial surgical 
removal of the primary site; [40] total surgical removal of the 
primary site; [50] surgery stated to be debulking; [60] radical 
surgery, according to previously described methods (8).  
Chemotherapy was defined as any combination of single 
or multi-agent chemotherapy. Patients who were coded 
as having undergone therapy with palliative intent were 
allowed as having undergone treatment. Time zero was 
defined as the date of definitive surgery. The 6th or 7th 
edition of the AJCC staging criteria was used to define 
pathologic stage. ICD-O-3 histology codes were used to 
define histologic subtype.

Radiation therapy was defined as IMRT or conformal 3D 
radiation involving 30 Gy or more targeting the thorax or 
without descriptive target site. All other radiation modalities 
were considered as no radiotherapy for the purposes of 
this analysis. All radiotherapy was given within 150 days 
after cancer-directed surgery, with radiotherapy given after  
150 days being categorized as no radiotherapy. 

To address missing staging information, pathologic data 
from other fields was used to enter summary staging data 
for those for whom the summary stage field was missing. 
For example, all patients recorded as pT4 with missing 
summary stage were recoded to stage IV according to the 
7th edition of the AJCC staging criteria. Furthermore, 
patients who were recorded to have surgically resected 
regional lymph nodes examined by the pathologist and 
negative were recoded as pN0. Patients who had T-status 
defined by the SEER data fields (CS_EXTENSION) and 
were notated to be entered either by operative or post-
operative pathologic detail (CS_TUMOR_SIZEEXT_
EVAL) were used to inform pT status. Patients with missing 
pM status (2,536/2,633 records) were assumed to be pM0. 
This data imputation using pathologic data from other 
fields revealed the following additional staging information: 
9 pStage 1; 22 pStage 2; 44 pStage 3; 111 pStage 4.

Statistical methods

Chi-squared was used to compare frequency of categorical 
variables. Cochrane-Armitage test was used to evaluate 
for trends in adjuvant radiation utilization during the 
study duration. To address treatment selection biases, a 
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propensity matched analysis was performed. The propensity 
score towards receiving adjuvant radiation was estimated 
using logistic regression. The following variables were 
used to calculate the propensity score: age, Charlson 
comorbidity score, sex, insurance status, facility type, 
histology, pathologic stage, neoadjuvant chemotherapy, 
race, and margin status. One:1 matching was performed 
using the propensity using the nearest neighbor technique 
without replacement. Maximum allowed caliper was 0.02. 
Diagnostic tests are shown in Figures S1 and S2 and indicate 
standardized mean differences less than 10% after matching. 
Among the propensity matched cohort, a landmark analysis 
was used to mitigate an immortal time bias. An immortal 
time bias is when radiotherapy patients by definition 
survived long enough to receive radiotherapy, conferring 
an “immortal” period during this period for radiotherapy 
patients alone. With the landmark, analysis was restricted 
to those who survived to 150 days without death or loss to 
follow-up. Sensitivity analysis exploring other landmarks 
was performed, including 90, 120, and 180 days.

Kaplan-Meier method with log-rank test was used to 
compare survival differences. A cox regression model was 
used to calculate the hazard for overall survival. Variables 
with P<0.25 on univariable or those of clinical interest were 

used to create a multivariable model. The final multivariable 
model included an interaction term between pathologic 
stage and adjuvant radiation. The hazard ratio for adjuvant 
radiation for each pathologic stage for the multivariable 
model was calculated using the marginal effect. All tests 
were two-sided and considered statistically significant for 
P<0.05. All statistics were performed using STATA version 
14.2 (College Station, TX, USA). 

Results

Demographics and tumor-related information

A total of 2,846 patients were identified as having 
undergone cancer-directed surgery for MPM between 
2004 to 2013 (Figure 1). Rate of undergoing adjuvant 
radiation was 213/2,846 (7.5%). Those who received 
adjuvant radiation were younger (P<0.001), more likely 
to be privately insured (P<0.001), treated at an academic 
center (P=0.002), with a lower Charlson comorbidity score 
(P=0.003), have epithelial histology (P<0.001), be treated 
with neoadjuvant chemotherapy (P<0.001), represent 
pathologic stage III disease (P<0.001), or have an R0/R1 
resection (P<0.001) (Tables S1,S2). There were no secular 
trends in rate of adjuvant radiotherapy identified (P=0.991). 

Figure 1 Study flowchart. NCDB, National Cancer Database; PUF, participant user file; IMRT, intensity-modulated radiation therapy.

NCDB Mesothelioma PUF
(N=25,752)

Cancer-directed surgery
N=2,846

Excluded:
•	 Extrapleural site (n=4,764)
•	 No cancer-directed surgery (n=17,706)
•	 No survival data (n=367)
•	 Missing date of surgery (n=54)
•	 Missing date of radiotherapy completion (n=12)
•	 Neoadjuvant IMRT/C3D (n=3)

211 matched pairs
N=422

No IMRT/conformal
N=2,633

IMRT/conformal
N=213
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Unmatched survival analysis

Patients with pathologic stage I–II MPM who received 
adjuvant radiation were associated with improved survival 
(P=0.024, Figure S3). However, those with stage III or 
stage IV disease who received adjuvant radiation were 
not associated with no survival advantages (P=0.890 and 
P=0.183, respectively).

Propensity matched survival analysis

After matching, there were no clinically relevant or statistically 
significant differences among those who underwent 
adjuvant radiation and those who did not (Tables 1,2).  
Patients with pathologic stage I–II MPM who received 
adjuvant radiation were associated with improved survival 
(P=0.037, log-rank), an effect that was not seen with stage 
III or stage IV MPM (Figure 2).

On univariable analysis, age greater than 60, Medicare 
insurance status, biphasic and sarcomatoid histology, and 
advanced pathologic stage were also associated with worse 
survival, with female sex showing a non-significant trend 
towards favorable survival (Table 3). After multivariable 
adjustment, biphasic and sarcomatoid histology and 
advanced stage disease continued to be associated with 
worse survival, with age greater than 60 showing clinically 
relevant but no longer statistically significant differences. 
Furthermore, adjuvant radiation continued to be an 
independent predictor of improved survival among patients 
with stage I–II disease (HR 0.52, 95% CI: 0.29–0.95, 
P=0.035), but not with stage III (HR 1.24, 95% CI: 0.90–
1.71, P=0.190) or stage IV (HR 0.85, 95% CI: 0.49–1.48, 
P=0.562). We performed a subgroup analysis restricting to 
patients who received induction or adjuvant chemotherapy 
and continued to observe no survival advantage for those 
with stage III or IV disease who received adjuvant radiation.

Discussion

In this large nationwide series, those who received adjuvant 
radiation after cancer-directed surgery for pathologic stage 
I–II MPM were associated with improved survival relative to 
those who did not receive adjuvant radiation. Importantly, 
this survival difference was not observed for those with 
stage III or stage IV disease. We used propensity matching 
and a landmark analysis to reduce patient selection bias and 
to reduce survivorship bias.

The role of radiation therapy in malignant mesothelioma 

continues to be a challenging and intensely discussed 
topic. The primary challenge of delivering radiation 
therapy among patients with MPM are the excessively 
large radiation fields and associated toxicity. Therefore, 
adjuvant radiation has been most commonly given 
following extrapleural pneumonectomy (EPP), since the 
lung is already removed. Adjuvant radiation has been 
also administered following pleurectomy/decortication 
(P/D) with good results in expert centers (9). However, 
this approach is not standardized and agreed upon by 
mesothelioma experts, since it induces significant lung 
injury and essentially leads to a functional pneumonectomy 
over a period of time.

The SAKK 17/04 trial randomized patients to high-
dose hemithoracic radiotherapy after receiving neoadjuvant 
chemotherapy and an EPP. After recruiting 151 patients 
who received neoadjuvant chemotherapy, only 113 were 
able to complete EPP, and among these, 54 patients were 
randomized to hemithoracic radiation. There were no 
differences in locoregional relapse-free survival or overall 
survival among those who received adjuvant radiation. The 
locoregional relapse-free survival was 9.4 months after 
radiation and 7.6 months among those who did not receive 
adjuvant radiation. Most patients (>70%) were found to be 
stage III or greater after EPP. 

Several well-designed phase II observational trials 
have shown improved locoregional control with adjuvant 
radiation (2,6), which is believed to contribute to favorable 
survival after trimodality therapy (3-5,10,11). A previous 
report revealed that among 63 patients who received IMRT 
after EPP, surprisingly only 3 patients (5%) had recurrence 
within the irradiated field. However, distant recurrence 
remained an issue, being present among 33 of 61 (54%) 
evaluable patients. Overall, 87% of resected patients had 
stage III or stage IV disease. Similar results have been 
shown at other centers, with another phase II study showing 
only 3/57 (5%) patients harboring local recurrence within 
the margins of the irradiated field after EPP (2). As prior, 
most patients were stage III or stage IV and the rate of 
distant metastases was high.

Adding to the radiation “effectiveness” and controversy 
are very encouraging results of the neoadjuvant radiation 
trial in MPM by Cho et al. (12). In this trial, 25 patients  
underwent induction radiation with 25 Gy in 5 fractions 
followed by EPP within 8 days following radiation. This 
trial demonstrated unprecedented 84% cumulative 3-year 
survival in patients with epithelioid histology.

Our study demonstrates that the benefit of radiation 
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Table 1 Demographic and tumor characteristics: propensity matched

Variable
Adjuvant radiotherapy  

(n=211), N [%]
No adjuvant radiotherapy  

(n=211), N [%]
P value 

Age group (years) 0.862

≤50 13 [6] 11 [5]

51–60 55 [26] 53 [25]

61–70 100 [47] 99 [47]

71–80 38 [18] 45 [21]

>80 5 [2] 3 [1]

Sex 0.442

Male 158 [75] 151 [72]

Female 52 [25] 60 [28]

Year of diagnosis 0.666

2004 12 [6] 22 [10]

2005 17 [8] 14 [7]

2006 26 [12] 24 [11]

2007 17 [8] 14 [7]

2008 21 [10] 20 [9]

2009 21 [10] 19 [9]

2010 30 [14] 20 [9]

2011 24 [11] 26 [12]

2012 21 [10] 24 [11]

2013 22 [10] 28 [13]

Race/ethnicity 0.341

Non-Hispanic White 195 [92] 202 [96]

Hispanic 8 [4] 4 [2]

Other 8 [4] 5 [2]

Insurance status 0.837

Private/managed care 111 [53] 104 [49]

Medicare 88 [42] 97 [46]

Uninsured 5 [2] 4 [2]

Other 7 [3] 6 [3]

Facility type 0.343

Community 2 [<1] 0 [0]

Comprehensive community 56 [27] 52 [25]

Academic/research 135 [64] 148 [70]

Integrated network 14 [7] 9 [4]

Unknown 4 [2] 2 [<1]

Table 1 (continued)
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Table 1 (continued)

Variable
Adjuvant radiotherapy  

(n=211), N [%]
No adjuvant radiotherapy  

(n=211), N [%]
P value 

Median income 0.616

Less than $38,000 21 [10] 22 [10]

$38,000–$47,999 37 [18] 34 [16]

$48,000–$62,999 61 [29] 56 [27]

$63,000+ 89 [42] 91 [43]

Unknown 3 [1] 8 [4]

Charlson score 0.933

0 176 [83] 178 [84]

1 30 [14] 29 [14]

2 5 [2] 4 [2]

Histologic subtype 0.716

Not specified 31 [15] 24 [11]

Epithelioid 131 [62] 141 [67]

Biphasic 37 [18] 35 [17]

Sarcomatoid 12 [6] 11 [5]

Table 2 Treatment information: propensity matched

Variable
Adjuvant radiotherapy  

(n=211)
No adjuvant radiotherapy  

(n=211)
P value 

Neoadjuvant chemotherapy 79 [37] 73 [35] 0.543

Adjuvant chemotherapy 60 [28] 55 [26] 0.585

Pathologic stage 0.964

Stage I 12 [6] 10 [5]

Stage II 26 [12] 27 [13]

Stage III 110 [52] 105 [50]

Stage IV 39 [18] 43 [20]

Missing 24 [11] 26 [12]

Margin status 0.350

R0/R1 147 [70] 137 [65]

R2 9 [4] 17 [8]

R1/R2, unspecified 24 [11] 27 [13]

Unknown 31 [15] 30 [14]

Inpatient LOS 7 [5–10] 7 [5–10] 0.719

Unplanned readmission 8 [4] 6 [3] 0.587

Data were presented as N [%], mean ± standard deviation or median [25th–75th percentile]. LOS, length of stay.
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Figure 2 Overall survival after adjuvant radiation: propensity matched landmark analysis. (A) Stages I–II; (B) stage III; (C) stage IV.
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therapy in adjuvant setting may be most pronounced in 
earlier stage. This is intuitive since radiation therapy is 
local modality therapy which is most likely to contribute to 
improved locoregional disease control. With positive nodal 
disease, it would be expected to encounter eventual distant 
disease progression.

There are several limitations to this study. Although the 
NCDB is a prospectively maintained nationwide registry, 
coding errors remain a possibility. Secondly, although we 
used a propensity matched landmark analysis, the possibility 
for residual confounding between those who were treated 
with adjuvant radiation and those who are not remains. 
Postoperative morbidity and functional status may influence 
the decision to proceed to adjuvant radiation, and are not 
tracked using the NCDB. Additionally, due to limitations 
with surgical coding we are unable to distinguish between 
an EPP and P/D within the NCDB. Although the safety 
and efficacy of hemithoracic radiation after P/D has 
been demonstrated (9,13), the possibility remains that 

adjuvant radiation in this nationwide study is a surrogate 
for those who received an EPP. Analysis of 1,494 patients 
from the IASLC database who underwent curative-intent 
surgery showed that stage I patients who received an EPP 
demonstrated prolonged survival (median 40 months, 95% 
CI: 29–58 months) relative to P/D (median 23 months, 95% 
CI: 20–29 months), suggesting the importance of EPP for 
early stage disease (14). Thirdly, using a landmark analysis, 
deaths attributable to radiation that occurred before the 
landmark (150 days post-resection) will be excluded. 
Strengths of this study include its large nationwide registry 
as well as detailed radiotherapy, chemotherapy, oncologic 
and medical comorbidity information.

In conclusion, we show that adjuvant radiation was 
associated with improved survival after cancer-directed 
surgery for early stage MPM. No survival advantage was 
observed among those with advanced stage disease. These 
encouraging results should prompt further efforts towards 
investigating radiotherapy for MPM, especially among 



1276

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(4):1269-1278jtd.amegroups.com

Nelson et al. Adjuvant radiation NCDB meso

Table 3 Determinants of survival

Variable
Univariable Multivariable

HR 95% CI P value HR 95% CI P value 

Age, years

≤60 (reference)

>60 1.40 1.09–1.80 0.008 1.28 0.99–1.66 0.061

Sex

Male (reference)

Female 0.81 0.63–1.05 0.118 0.82 0.62–1.07 0.149

Race/ethnicity

Non-Hispanic White (reference)

Hispanic 1.01 0.52–1.97 0.967 – – –

Other 1.33 0.68–2.58 0.406 – – –

Insurance statusa

Private (reference)

Medicare 1.27 1.00–1.60 0.048 – – –

Other 0.74 0.40–1.36 0.331 – – –

Facility type

Comprehensive community (reference)

Academic/research 1.02 0.76–1.32 0.886 – – –

Other 1.05 0.64–1.71 0.850 – – –

Median income

Less than $38,000

$38,000–$47,999 1.46 0.92–2.30 0.107 – – –

$48,000–$62,999 1.20 0.78–1.84 0.418 – – –

$63,000+ 1.08 0.72–1.64 0.683 – – –

Unknown 2.70 1.27–5.73 0.010 – – –

Charlson comorbidity score

0 (reference)

1 0.88 0.62–1.23 0.446 – – –

2 1.09 0.51–2.31 0.827 – – –

Histology

Epithelial (reference)

Biphasic 1.39 0.97–1.84 0.071 1.39 0.99–1.94 0.054

Sarcomatoid 1.90 1.18–3.04 0.008 1.80 1.11–2.93 0.018

Unspecified 1.05 0.75–1.49 0.770 1.08 0.76–1.54 0.660

Neoadjuvant chemotherapy 0.85 0.66–1.08 0.183 0.89 0.68–1.16 0.388

Table 3 (continued)
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Table 3 (continued)

Variable
Univariable Multivariable

HR 95% CI P value HR 95% CI P value 

Pathologic stage

Stage I–II (reference)

Stage III 1.21 0.88–1.66 0.237 0.90 0.60–1.34 0.611

Stage IV 2.01 1.38–2.93 <0.001 1.65 1.04–2.62 0.033

Missing 1.31 0.85–2.01 0.229 1.16 0.67–2.00 0.589

Adjuvant chemotherapy 0.86 0.67–1.11 0.251 0.80 0.61–1.05 0.107

Unplanned readmission 0.72 0.34–1.53 0.398 – – –

Adjuvant radiation

Effect for those stage I–II 0.53 0.29–0.97 0.040 0.52 0.29–0.95 0.035

Effect for those stage III 1.33 0.97–1.84 0.073 1.24 0.90–1.71 0.190

Effect for those stage IV 0.96 0.57–1.64 0.889 0.85 0.49–1.48 0.562

Effect for those with missing stage 1.06 0.51–2.20 0.878 0.91 0.43–1.89 0.793
a, Medicare insurance status was collinear with age and no longer significant on multivariable analysis.

those with early stage MPM. Currently, there is a major 
ongoing effort by the IASLC and Mesothelioma Applied 
Research Foundation to consolidate therapeutic strategies 
for MPM. Since randomized trials in mesothelioma are 
difficult to run, even single arm and or registry trials would 
be a step forward in the comprehensive management of this 
lethal disease
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Table S1 Nationwide adjuvant radiotherapy utilization (unmatched)

Variable
Adjuvant radiotherapy  

(n=213), N [%]
No adjuvant radiotherapy  

(n=2,633), N [%]
P value

Age group (years) <0.001

≤50 13 [6] 148 [6]

51–60 55 [26] 430 [16]

61–70 102 [48] 955 [36]

71–80 38 [18] 852 [32]

>80 5 [2] 248 [9]

Sex 0.065

Male 158 [74] 2,094 [80]

Female 55 [26] 539 [20]

Year of diagnosis 0.208

2004 12 [6] 265 [10]

2005 17 [8] 234 [9]

2006 26 [12] 203 [8]

2007 18 [8] 220 [8]

2008 21 [10] 244 [9]

2009 21 [10] 275 [10]

2010 30 [14] 287 [11]

2011 24 [11] 275 [10]

2012 21 [10] 292 [11]

2013 23 [11] 338 [13]

Race/ethnicity 0.470

Non-Hispanic White 197 [92] 2,385 [91]

Hispanic 8 [4] 96 [4]

Other 10 [5] 150 [6]

Insurance status <0.001

Private/managed care 113 [53] 981 [37]

Medicare 88 [41] 1,481 [56]

Uninsured 5 [2] 32 [1]

Other 7 [3] 139 [5]

Facility type 0.002

Community 2 [<1] 139 [5]

Comprehensive community 56 [26] 870 [33]

Academic/research 137 [64] 1,374 [52]

Integrated network 14 [7] 217 [8]

Unknown 4 [2] 33 [1]

Median income 0.492

Less than $38,000 21 [10] 295 [11]

$38,000–$47,999 37 [17] 517 [20]

$48,000–$62,999 63 [30] 688 [26]

$63,000 + 89 [42] 1,057 [40]

Unknown 3 [1] 76 [3]

Charlson score 0.003

0 178 [84] 1,921 [73]

1 30 [14] 581 [22]

2 5 [2] 131 [5]

Histologic subtype <0.001

Not specified 31 [15] 647 [25]

Epithelioid 133 [62] 1,355 [51]

Biphasic 37 [17] 367 [14]

Sarcomatoid 12 [6] 264 [10]

Supplementary

Figure S1 Kernel density plot before and after match.

Figure S2 Standardized mean differences before and after match.
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Table S2 Nationwide treatment characteristics (unmatched)

Variable Adjuvant radiotherapy (n=213) No adjuvant radiotherapy (n=2,633) P value

Neoadjuvant chemotherapy 81 [38] 406 [15] <0.001

Adjuvant chemotherapy 61 [29] 824 [31] 0.420

Pathologic stage <0.001

Stage I 12 [6] 216 [8]

Stage II 26 [12] 319 [12]

Stage III 112 [53] 757 [29]

Stage IV 39 [18] 560 [21]

Missing 24 [11] 781 [30]

Margin status <0.001

R0 116 [54] 815 [31]

R1 33 [15] 185 [7]

R2 9 [4] 203 [8]

R1/R2, unspecified 24 [11] 301 [11]

Unknown 31 [15] 1,129 [43]

Inpatient LOS 7 [5–10] 6 [4–10] 0.164

Unplanned readmission 8 [4] 131 [5] 0.427

Data were presented as N [%] or median [25th–75th percentile]. LOS, length of stay.

Figure S3 Overall survival among those who received adjuvant radiation. (A) Stages I–II; (B) stage III; (C) stage IV; (D) stage missing.
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