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Background: Combining radiotherapy (RT) and immunotherapy (IT) may enhance outcomes for 
metastatic non-small cell lung cancer (mNSCLC). However, data on the immunomodulatory effects of 
extracranial RT remains limited. This retrospective database analysis examined real-world practice patterns, 
predictors of survival, and comparative effectiveness of extracranial radioimmunotherapy (RT + IT) versus 
early-incorporation immunotherapy (eIT) in patients with mNSCLC.
Methods: Patients diagnosed with mNSCLC between 2004–2016 treated with eIT or RT + IT were 
identified in the National Cancer Database. Practice patterns were assessed using Cochrane-Armitrage 
trend test. Cox proportional hazards and Kaplan-Meier method were used to analyze overall survival (OS). 
Propensity score matching was performed to account for baseline imbalances. Biologically effective doses 
(BED) were stratified based on the median (39 Gy10). Stereotactic body radiotherapy (SBRT) was defined as 
above median BED in ≤5 fractions.
Results: eIT utilization increased from 0.3% in 2010 to 13.2% in 2016 (P<0.0001). Rates of RT + eIT 
increased from 38.8% in 2010 to 49.1% in 2016 among those who received eIT (P<0.0001). Compared to 
eIT alone, RT + eIT demonstrated worse median OS (11.2 vs. 13.2 months) while SBRT + eIT demonstrated 
improved median OS (25 vs. 13.2 months) (P<0.0001). There were no significant differences in OS based on 
sequencing of eIT relative to RT (log-rank P=0.4415) or irradiated site (log-rank P=0.1606). On multivariate 
analysis, factors associated with improved OS included chemotherapy (HR 0.86, P=0.0058), treatment at 
academic facilities (HR 0.83, P<0.0001), and SBRT (HR 0.60, P=0.0009); after propensity-score multivariate 
analysis, SBRT alone showed improved OS (HR 0.28, P<0.0001).
Conclusions: Utilization of RT + eIT in mNSCLC is increasing. SBRT + eIT was associated with 
improved OS on propensity-score matched analysis. There were no significant differences in OS based on 
RT + eIT sequencing or site irradiated. Whether these observations reflect patient selection or possible 
immunomodulatory benefits of RT is unclear and warrants further study.
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Introduction

Metastatic non-small cell lung cancers (mNSCLC) 
account for more than 80% of all lung cancers in the 
United States (1). Most NSCLC patients are diagnosed 
with distant metastases, resulting in poor 5-year overall 
survival (OS) (2). Beginning with pembrolizumab in 2017, 
several immunotherapy (IT) drugs have been approved for 
first-line treatment for mNSCLC based on significantly 
improved OS (3-5). However, there is still room for 
significant improvement, and there is significant interest 
in developing new combination therapeutic strategies to 
continue to improve outcomes for mNSCLC patients. In 
particular, there are a number of current investigations 
looking at interaction of radiotherapy (RT) and systemic 
therapies that modulate the host immune system (6).

Emerging preclinical evidence suggests that RT in 
combination with IT may drive immunomodulation in the 
local tumor microenvironment (7-10). A secondary analysis 
of patients with mNSCLC enrolled on KEYNOTE-001 
demonstrated that those who received extra-cranial RT 
prior to pembrolizumab administration had significantly 
higher OS and progression free survival (PFS) than patients 
who did not receive prior RT (11). In addition, combining 
chemoradiotherapy with IT does not appear to significantly 
increase toxicities in stage IIIB and IV NSCLC (12-14). 

Despite these results, there is lack of clinical data to 
directly support synergy of RT and IT (15). A single prior 
study analyzing the National Cancer Database (NCDB) 
reported that stereotactic RT (>80% intracranial) was 
associated with improved OS among patients receiving IT, 
whereas non-stereotactic RT was associated with reduced 
OS (16). However, this conclusion could be attributable 
to patient selection bias and not necessarily differences in 
immunomodulation based on RT. To date, no study has 
examined practice patterns of RT utilization in mNSCLC 
patients that receive early-incorporation IT (eIT), defined 
as IT receipt within 120 days of diagnosis. This is especially 
important as more IT regimens gain approval as first-
line treatment for mNSCLC. In addition, differences in 
immunomodulation from varying aspects of extracranial RT, 
such as sequencing, site irradiated, and dose-fractionation, 
are unknown.

Our primary objective was to analyze practice patterns 
of eIT and utilization of RT in patients with mNSCLC 
using the NCDB. Secondary objectives were to (A) identify 
predictors of OS in mNSCLC patients who received 
eIT with or without extracranial RT and (B) perform a 

hypothesis-generating comparative effectiveness analysis 
in patients that received eIT and extracranial RT based 
on RT + eIT sequencing, irradiated site, and RT dose-
fractionation. We hypothesized that an increasing number 
of patients received RT + eIT since 2004 and that patients 
who received RT + eIT had improved OS compared to eIT 
alone. We present the following article in accordance with 
the STROBE guideline checklist (available at http://dx.doi.
org/10.21037/tlcr-20-537).

Methods

In this study, we conducted a retrospective cohort database 
analysis with a specific focus on patients with mNSCLC 
who received eIT or RT + eIT from 2004 to 2016 
included in the NCDB. The NCDB is a joint project of 
the Commission on Cancer of the American College of 
Surgeons and the American Cancer Society that captures 
approximately 70% of newly diagnosed malignancies in the 
United States (17). Hospitals accredited by the Commission 
on Cancer provide data to the NCDB from their registries 
using standardized coding and data item definitions (18). 
We used the NCDB because other databases like the 
Surveillance, Epidemiology, and End Results (SEER) do 
not distinguish between chemotherapy and IT (18).  

De-identified data for patients ages 18 to 90 diagnosed 
with histologically-confirmed lung cancers from 2004 to 
2016 were obtained from the NCDB Participant User 
File. Patients were excluded from the patterns-of-care 
analysis for the following reasons: no distant metastases, 
American Joint Committee on Cancer (AJCC) 7th edition 
stage I-III tumors, diagnosis of prior malignancies, or non-
NSCLC histologies (e.g., small cell, carcinoid, or sarcoma). 
Additionally, patients were excluded from the comparative 
effectiveness analysis for the following reasons: no IT 
delivery, IT administered >120 days after the diagnosis date 
(i.e., above a pre-defined early-incorporation threshold), 
prolonged radiation duration (>60 days), intracranial or 
inappropriate (e.g., prostate or whole body) radiation site, 
brachytherapy modality, and missing survival status. Patients 
with pleural or pericardial metastases (AJCC 8th edition 
M1a) as the only identifiable reason for metastatic disease 
were also excluded since these patients have more favorable 
prognosis with similar survival to stage IIIC NSCLC and 
typically do not receive palliative RT (19).

Cumulative RT dose in Gray (Gy) and the number of 
RT fractions were used to calculate the biologically effective 
dose (BED) using the formula BED=n * d * (1+ d ÷ [α/β]) 
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where n = number of fractions, d = dose per fraction, and 10 
is the assumed alpha/beta ratio for NSCLC tumors (20,21). 
With the exception of 8 Gy in 1 fraction (BED=14.4 Gy10), 
10 Gy in 1 fraction (BED=20.0 Gy10), 20 Gy in 5 fractions 
(BED=28 Gy10), 17 Gy in 2 fractions (BED=31.45 Gy10), 
and 24 Gy in 6 fractions (BED=33.5 Gy10), which are five 
commonly used palliative dose-fractionations endorsed 
by consensus American Society of Radiation Oncology 
guidelines (22), patients with other low BED values  
<39 Gy10 were excluded (23). The upper limit of acceptable 
BED was based on 60 Gy in 3 fractions, and all other BED 
values >180 Gy10 were excluded. Stringent inclusion criteria 
were applied because anomalous RT data has been shown 
to significantly alter survival results (24). All remaining 
patients were then either assigned to the RT + eIT cohort if 
their first coded course of RT was to an extracranial site or 
to the eIT only cohort. A limited number of patients with 
brain metastases at diagnosis not treated with intracranial 
irradiation as first course, potentially because they were 
small and/or asymptomatic, were included in the eIT only 
cohort to minimize bias.

Three subgroups were created within the RT + eIT 
cohort based on the biologically effective radiation dose 
(BED), treatment sequencing, and irradiated site. All 
patients who received RT + eIT were stratified into three 
categories: BED <39, BED =39, and BED >39. BED 
=39 Gy10 was used as a cutoff because it represented the 
median and comprised nearly half of the entire population 
of patients that received RT. Patients in the highest 
BED stratum treated in 1–5 fractions were categorized 
as receiving stereotactic body radiotherapy (SBRT) (25) 
to account for patients treated aggressively and who may 
have had oligometastatic disease. Treatment sequencing 
subgroups were created based on whether the patient 
received eIT after completing RT or whether eIT was 
administered before or during RT. Irradiated site subgroups 
were created based on whether the patient received their 
first course of RT to the lung/mediastinum, an osseous site, 
or other site. Due to insufficient power and limitations in 
the data dictionary, the ‘osseous’ subgroup (e.g., spine, rib, 
pelvis, femur, humerus, etc.) and the ‘other’ subgroup (e.g., 
liver, adrenal, lymph node) was not further subdivided.

Statistical analysis

Demographic and clinical covariates for analysis included 
mean age at diagnosis, race, sex, insurance status, facility 
type, Charlson-Deyo Comorbidity Index (26), histology, 

grade, number of organs with metastases, clinical N and 
T stages, and receipt of CT. Chi-squared test and t-tests 
were used to analyze differences in baseline characteristics 
between patients who received RT + eIT versus RT alone. 
Patterns-of-care analyses examined three trends between 
2010 and 2016: (I) eIT among all patients with mNSCLC, 
(II) RT utilization among patients with mNSCLC who 
received eIT, and (III) sequencing of eIT and RT among 
patients with mNSCLC who received RT + eIT. The 
expected proportion of individuals receiving a specific 
treatment regimen and 95% confidence interval (CI) were 
also calculated using bivariate logistic regression with 
year of diagnosis as a nominal variable. The Cochrane-
Armitrage test was conducted to evaluate trends from 2010 
to 2016.

Overall survival was calculated from diagnosis to death 
(event data) or last date of follow-up (censored data). 
Predictors of overall survival (OS) were compared among 
patients with eIT using Cox proportional hazards regression 
model, providing hazard ratios (HR) with 95% CI. All 
variables were included in a logistic regression model 
to calculate HRs. Kaplan-Meier methods were used for 
univariate survival analyses while the log-rank test was used 
to make OS comparisons between and/or among groups 
based on RT receipt, sequencing of eIT relative to RT, and 
BED. 1:1 matching using the nearest neighbor algorithm 
was performed with patients who received no RT and those 
that received BED >39 Gy10 (excluding SBRT) to calculate 
propensity-matched scores. Patients were matched based on 
diagnosis year, age, race, sex, comorbidity index, insurance 
status, facility type, histology, number of organs with 
metastasis, and chemotherapy receipt. A Wald chi-square 
interaction test was also conducted to assess the relationship 
between BED and sequencing of eIT relative to RT. Any 
patient with missing data was excluded from the overall 
survival analysis. Given that the NCDB is a centralized 
database, we do not anticipate that a certain type of patient 
is more likely to have missing data than others, mitigating 
risk for bias.

Statistical analyses were performed using SAS version 
9.4 (SAS Institute Incorporated, Cary, NC). A P value 
less than 0.05 was considered significant for all analyses. 
The Institutional Review Board deemed this study exempt 
from review given the deidentified nature of the data. All 
procedures performed in this study were in accordance with 
the Declaration of Helsinki (as revised in 2013). Because of 
the retrospective nature of the research, the requirement for 
informed consent was waived.
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Results

Between 2004 and 2016, 490,701 patients diagnosed with 
mNSCLC were included in the NCDB (Figure 1). Of 
these, 14,301 patients received eIT between 2010 and 
2016, increasing from 0.3% in 2010 to 13.2% in 2016 
(P<0.0001). Among patients that received eIT, 6,687 
(46.8%) also received RT, increasing from 38.8% in 2010 
to 49.0% in 2016 (P<0.0001) (Figure 2A). In particular, 
there was an increase in the proportion of patients 
receiving SBRT from 8.5% in 2010 to 18.7% in 2016 with 
a corresponding decrease in the proportion of patients 
receiving BED >39 Gy10 from 66.0% in 2010 to 24.1% in 
2016 (Figure 2B). 4,188 (67.4%) patients received eIT after 
completion of their first RT course, increasing from 46.7% 
in 2010 to 67.4% in 2016 (P=0.0001). Bivariate logistic 
regression analysis with 95% CIs further confirmed that 
the proportion of patients receiving RT+IT irrespective 
of sequencing (P<0.0001) and eIT after RT (P=0.0005) 
significantly increased from 2010 to 2016 despite marked 
differences in sample size across years. 

Baseline characteristics analysis

A total of 6,564 patients were included in the overall survival 
analysis. Of these, 4,547 (69.3%) were treated without RT 

and 2,017 (31.7%) received RT. Baseline characteristics are 
shown in Table 1.

There were significant baseline imbalances between 
patients who received RT versus those that did not 
receive RT. Patients who received RT were more likely 
to be slightly younger at diagnosis (P<0.0001), have 
private insurance (P<0.0001), and receive care outside 
an academic or comprehensive care center (P=0.0009). 
Patients who received RT had a higher proportion of non-
adenocarcinoma histology (P<0.0001) and metastases in 
more organs at diagnosis (P<0.0001).

Patients who received RT were also stratified by BED. 
Two hundred eighty-three (14.0%) patients received BED 
<39 Gy10, 917 (45.5%) patients received BED =39 Gy10, 
and 817 (40.5%) patients received BED >39 Gy10. Patients 
who received BED =39 Gy10 most commonly received a 
dose-fractionation of 30 Gy in 10 fractions (~99%). Of the 
patients who received BED>39 Gy10, 122 patients (14.9%) 
received SBRT. The most common dose-fractionations in 
the SBRT cohort were 30 Gy in 5 fractions (17%), 50 Gy 
in 5 fractions (14%), 27 Gy in 3 fractions (9%), 24 Gy in  
3 fractions (7%), 40 Gy in 5 fractions (7%), and 30 Gy in  
3 fractions (7%). Patients with BED <39 Gy10 were less 
likely to receive chemotherapy (P<0.0001) and had more 
organs involved with metastases at diagnosis (P<0.0001). 

Figure 1 CONSORT diagram. NCDB, national cancer database; IO, immunotherapy; RT, radiation therapy; NSCLC, non-small cell lung cancer.

1,535,577 patients with lung 
cancer in the NCDB between 

2004-2016

10,254 patients with stage IV 
NSCLC who received IO as 

first-line therapy remaining for 
practice pattern analysis

6,564 patients with stage IV 
NSCLC who received IO as 

first-line therapy remaining for 
comparative effective analysis

4,547 patients with stage IV 
NSCLC who received IO as 
first-line therapy and no RT

2,017 patients with stage IV NSCLC 
who received IO as first line therapy 

and RT

Excluded:
• Survival Status Missing (N=3,690)

Excluded:
•	 No Distant Metastases and Stage I-III (N=917,975)
•	 No Prior Malignancy (N=108,573)
•	 Inappropriate Histology (N=18,148)
•	 Did Not Receive IO as Early Incorporation (N=475,526)
•	 IO >120 Days from Diagnosis (N=210)
•	 Inappropriate Radiation Modality (N=57) 
•	 Intracranial or Inappropriate Radiation Site (N=2,756)
•	 Inappropriate Biologically Effective Dose (BED) (N=633)
•	 Pleural/Pericardial Metastases with No Distant Node or Contralateral Lung 

Metastases and No Liver, Lung, Brain, or Bone Metastases (N=827) 
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Figure 2 Patterns of care analysis, 2010–2016. (A) Utilization of eIT and RT in patients with mNSCLC increased from 38.8% in 2010 to 
49.0% in 2016 (N=6,687, P<0.0001). (B) Utilization SBRT (brown) increased from 7.2% in 2010 to 16.5% in 2016. Trends for BED <39 
(blue), BED =39 (red), and BED >39 (green) are also shown. eIT, early-incorporation immunotherapy; RT, radiotherapy; NSCLC, non-
small cell lung cancer.

Kaplan-Meier survival analysis

Kaplan-Meier plots investigating the relationship of RT + 
eIT versus eIT alone are shown in Figure 3A. Patients who 
received RT + eIT (median OS, 11.2 months) demonstrated 
worse OS compared to patients who received eIT alone 
(median OS, 13.2 months) (log-rank P<0.0001). 

Within the cohort that received RT + eIT, there were 
no significant differences in OS for patients receiving 
eIT after RT or eIT before or concomitant to RT (log-
rank P=0.4333). Dose-dependent stratification revealed 
significant differences in OS, with OS increasing with 
higher BED doses (log-rank P<0.0001; Figure 3B). Median 
OS was 25.0, 12.6, 10.8, and 8.3 months for SBRT, BED 
>39 Gy10, BED =39 Gy10, and BED <39 Gy10, respectively. 
Patients treated with SBRT and eIT had improved OS 
compared to patients who received eIT alone (median OS 
25.0 versus 13.2 months, log-rank P<0.0001). There were 
no significant differences in OS based on irradiated site (lung 
versus osseous versus other targets) (log-rank P=0.1395).

A significant interaction was observed between BED and 
sequencing of eIT relative to RT (Wald chi-square test, 
P=0.005 for bivariate and P=0.02 for adjusted). Results of 
this analysis are shown in Table 2. Patients who received 
BED <39 Gy10 (P=0.0037) or BED =39 Gy10 (P=0.0185) had 
improved OS when eIT was delivered after RT compared 
to patients who received eIT before or concomitant to 
RT. BED >39 Gy10 and SBRT did not show significant OS 
differences based on eIT sequencing relative to RT. Given 

the variability in timing of eIT and RT within each cohort 
(Table 3), we also conducted a sensitivity analysis restricting 
the number of days between eIT and RT to 30 days (results 
not shown). This analysis corroborated prior findings that 
patients who received BED <39 Gy10 (HR 0.69, 95% CI: 
0.49–0.97) or BED =39 Gy10 (HR 0.86, 95% CI: 0.71–1.04) 
had improved OS when eIT was delivered after RT with no 
significant improvements in OOS for patients who received 
BED >39 or SBRT. 

Predictors of overall survival analysis 

Bivariate and multivariate Cox proportional hazards 
regression model revealed that RT + eIT overall was 
associated with worse survival (HR 1.13, 95% CI: 1.06–
1.20, P<0.0001) compared to eIT alone. A subsequent 
Cox proportional  hazards regression model  with 
dose stratifications by BED was conducted. Bivariate, 
multivariate, and propensity-score matched results are 
reported in Table 4. Factors significantly associated with 
higher risk of death on results from a multivariate model 
with 6,471 patients include: older age at diagnosis (HR 
1.01, P=0.0008), male sex (HR 1.24, P<0.0001), Medicaid 
insurance (HR 1.23, P=0.0004), large cell (HR 1.51, 
P<0.0001), non-small cell not otherwise specified (HR 
1.31, P<0.0001), squamous cell (HR 1.18, P=0.0017), >1 
organ with metastases (HR 1.20, P<0.0001), BED <39 
Gy10 (HR 1.67, P<0.0001), and BED =39 Gy10 (HR 1.20, 
P<0.0001). Factors significantly associated with lower risk 
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Table 1 Baseline demographic and tumor characteristics

Total eIT Alone eIT + RT P values

Count 6,564 4,547 2,017

Age at diagnosis, median [IQR] 64 [57–71] 64 [57–72] 63 [56–70] <0.0001

Race 0.3059

White 5,363 (81.7%) 3,708 (81.5%) 1,655 (82.1%)

Black 681 (10.4%) 462 (10.2%) 219 (10.9%)

Hispanic 208 (3.2%) 154 (3.4%) 54 (2.7%)

Other 312 (4.7%) 223 (4.9%) 89 (4.4%)

Sex 0.2364

Female 3,118 (47.5%) 2,182 (48.0%) 936 (46.4%)

Male 3,446 (52.5%) 2,365 (52.0%) 1,081 (53.6%)

Insurance status <0.0001

Private 2,565 (39.1%) 1,720 (37.8%) 845 (41.9%)

Medicare 3,031 (46.2%) 2,156 (47.4%) 875 (43.4%)

Medicaid 485 (7.4%) 311 (6.8%) 174 (8.6%)

Uninsured 198 (3.0%) 131 (2.9%) 67 (3.3%)

Other Gov't 90 (1.4%) 61 (1.3%) 29 (1.4%)

Unknown 195 (3.0%) 168 (3.7%) 27 (1.3%)

Facility type 0.0009

Comprehensive 2,883 (44.5%) 2,017 (44.9%) 866 (43.5%)

Academic 2,183 (33.7%) 1,548 (34.5%) 635 (31.8%)

Other 1,417 (21.9%) 925 (20.6%) 492 (24.7%)

Missing 81 57 24

Charlson comorbidity 0.4362

0 4,432 (67.5%) 3,052 (67.1%) 1,380 (68.4%)

1 1,559 (23.8%) 1,083 (23.8%) 476 (23.6%)

2 433 (6.6%) 308 (6.8%) 125 (6.2%)

≥3 140 (2.1%) 104 (2.3%) 36 (1.8%)

Histology <.0001

Adenocarcinoma 5,240 (79.8%) 3,707 (81.5%) 1,533 (76.0%)

Large cell 104 (1.6%) 69 (1.5%) 35 (1.7%)

Non-small cell NOS 662 (10.1%) 442 (9.7%) 220 (10.9%)

Squamous cell 499 (7.6%) 292 (6.4%) 207 (10.3%)

Adenosquamous 59 (0.9%) 37 (0.8%) 22 (1.1%)

Table 1 (continued)
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Table 1 (continued)

Total eIT Alone eIT + RT P values

Number of organs with metastasis <.0001

0 2,599 (39.6%) 1,924 (42.3%) 675 (33.5%)

1 2,699 (41.1%) 1,835 (40.4%) 864 (42.9%)

2 1,034 (15.7%) 642 (14.1%) 392 (19.4%)

3 212 (3.2%) 138 (3.0%) 74 (3.7%)

4 20 (0.3%) 8 (0.2%) 12 (0.6%)

Chemotherapy 0.4117

Yes 6,056 (92.4%) 4,187 (92.3%) 1,869 (92.8%)

No 495 (7.6%) 351 (7.7%) 144 (7.2%)

Missing 13 9 4

RT, radiotherapy; eIT, early-incorporation immunotherapy.

Figure 3 Kaplan-Meier regression analysis. (A) Survival analysis comparing patients who received radiotherapy and immunotherapy (blue) 
with immunotherapy alone (red) (log-rank test, P<0.0001). (B) Survival analysis comparing patients who received radiotherapy stratified by 
BED <39 (green), BED =39 (blue), BED >39 (red), and SBRT (brown) (log-rank test, P<0.0001). BED, biologically effective dose.

of death included: academic facility (HR 0.83, P<0.0001), 
chemotherapy receipt (HR 0.86, P=0.0051), and SBRT (HR 
0.58, P=0.0003). After propensity-score matching, BED 
>39 Gy10 was not associated with improved overall survival 
(HR 0.89, P=0.1526). When a propensity-score matched 
analysis was conducted with SBRT (not shown), SBRT was 
associated with improved survival (HR 0.28, P<0.0001).

Discussion

In this study we sought to (A) characterize patterns of care 

in real world practice prior to regulatory approval of IT and 
(B) characterize the synergy (if any) of eIT and RT on OS 
in mNSCLC patients. This analysis indicates that, among 
patients with mNSCLC, there was a significant increase 
in the use of RT + eIT. In addition, several patient-specific 
factors such as tumor histology and number of organs 
with metastases, in addition to treatment factors such as 
dose fractionation, sequencing, and treatment type, were 
associated with differences in survival. This is the first study 
to characterize potential synergies associated with dose 
fractionation and sequencing pattern in a large population 
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of mNSCLC patients who received RT + eIT. 
Contrary to our initial hypothesis, patients who received 

RT + eIT had worse OS than patients who received eIT 
alone. This is in contrast to results from PEMBRO-RT 
and KEYNOTE-001 (11,15). PEMBRO-RT showed that 
patients with advanced NSCLC who received SBRT prior 
to pembrolizumab administration had a higher median 
PFS (6.6 months) compared to patients who received 
pembrolizumab alone (1.9 months) (15). In a secondary 
analysis of KEYNOTE-001, Shaverdian et al. also showed 
improved PFS (HR 0.56, 95% CI: 0.34–0.91) and OS (HR 
0.58, 95% CI: 0.36–0.94) in patients who received any RT 
before the first cycle of pembrolizumab (11).

Our data may differ from these studies due to baseline 
imbalances among patients who received eIT alone vs. 
combined RT + eIT. Palliative-intent RT is often utilized 

in patients with more advanced disease causing symptoms, 
thus these patients overall may be expected to have a worse 
prognosis. Patients in the KEYNOTE-001 secondary 
analysis included those who received prior RT with curative 
intent for stage I–III NSCLC at initial diagnosis. The RT 
subgroup also had significantly longer intervals between 
diagnosis and receipt of pembrolizumab, thus the favorable 
outcomes may have been a reflection of a more indolent 
biology and lead time bias. Conversely, patients included in 
our analysis received RT in the context of metastatic disease. 
In addition, patients who received combined RT + eIT were 
more likely to have non-adenocarcinoma histologies (24.0% 
vs. 18.5%) and multiple organs with metastases (23.7% 
vs. 17.3%) compared to those who received eIT alone. 
Adenocarcinoma histology and decreased metastatic burden 
are associated with better OS in NSCLC (8,9,27). These 
factors collectively may explain the inferior outcomes overall. 
Randomization as done in PEMBRO-RT (NCT03396471) 
would be necessary to account for these imbalances.

Dose stratification revealed that SBRT was associated 
with improved OS on initial multivariate analysis and after 
propensity score matching. This is in line with Hasselle 
et al.’s findings that patients with oligometastatic NSCLC 
treated with hypofractionated image-guided radiotherapy 
had improved PFS (28). Multiple studies have shown that 
patients who receive SBRT in the setting of mNSCLC have 
improved OS and PFS compared to patients who received 
eIT alone (29-32). A recent database analysis also found 
that SBRT+IT was associated with improved OS compared 
to IT alone and external beam radiotherapy (EBRT) + IT in 
mNSCLC (16). SBRT is hypothesized to help release neo-
antigens, leading to maturation and proliferation of naïve 
T-cells, while immunotherapy activates and amplifies naïve 
T-cells (33). Both may also reciprocally potentiate each 
other’s effects through further amplification of tumoricidal 
effects of T-cells (33). It is interesting to note that this 
study found improved OS even at palliative dosing given 
that many clinical studies examining the effects of SBRT on 
OS use ablative dosing. In fact, Mazzola et al. suggest that 
the effects of SBRT on immunomodulation is highly drug-
dependent and tissue-dependent (34). More robust data on 
dose escalation effects in mNSCLC patients is needed to 
evaluate whether these findings reflect patient selection or 
actually improved outcomes.

Lastly, we found no OS difference based on the 
sequencing of RT and eIT in the mNSCLC setting. 
There is a paucity of literature to guide the sequencing 
of radioimmunotherapy (11,12). A subgroup analysis of 

Table 3 Number of days between RT and eIT by cohort

eIT Before or concomitant 
to RT (N=817)

eIT after RT 
(N=1,153)

Minimum 0 1

First quartile 13 9

Median 32 19

Third quartile 92 41

Maximum 783 1035

RT, radiotherapy; eIT, early-incorporation immunotherapy.

Table 2 Interaction analysis between BED and RT + eIT sequencing

eIT Before or concomitant 
to RT (N=817)

eIT after RT 
(N=1,153)

Median OS (months)

BED <39 6.83 9.20

BED =39 9.63 11.96

BED >39 (excl SRT) 13.47 12.06

SRT 24.87 25.00

HR (95% CI)

BED <39 Ref 0.68 (0.52–0.88)

BED =39 Ref 0.83 (0.72–0.97)

BED >39 (excl SRT) Ref 1.07 (0.91–1.26)

SRT Ref 0.90 (0.49–1.66)

BED, biologically effective dose; RT, radiotherapy; eIT, early-
incorporation immunotherapy.
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Table 4 Hazard ratios for overall survival

Bivariate (N=6,564) Multivariate (N=6,471) Propensity-matched (1:1) (N=788)

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age at diagnosis (per year) 1.009 (1.006–1.012) <0.0001 1.007 (1.003–1.010) 0.0009 1.011 (0.998–1.025) 0.1034

Race

White Ref Ref Ref Ref Ref Ref

Black 0.96 (0.87–1.05) 0.3601 0.98 (0.90–1.08) 0.7517 0.91 (0.61–1.38) 0.6629

Hispanic 0.73 (0.62–0.86) 0.0002 0.77 (0.65–0.92) 0.0041 0.48 (0.07–3.48) 0.4688

Other 0.75 (0.65–0.86) <0.0001 0.78 (0.67–0.90) 0.0006 0.77 (0.43–1.38) 0.3757

Sex

Female Ref Ref Ref Ref Ref Ref

Male 1.27 (1.20–1.34) <0.0001 1.24 (1.17–1.31) <0.0001 1.09 (0.93–1.29) 0.2973

Insurance status 

Private Ref Ref Ref Ref Ref Ref

Medicare 1.20 (1.13–1.27) <0.0001 1.04 (0.97–1.13) 0.2736 0.89 (0.70–1.13) 0.3340

Medicaid 1.21 (1.08–1.35) 0.0009 1.23 (1.10–1.38) 0.0004 1.30 (0.93–1.82) 0.1262

Uninsured 1.18 (1.00–1.39) 0.0552 1.15 (0.97–1.36) 0.1116 2.16 (1.31–3.56) 0.0025

Other Gov’t 1.15 (0.91–1.46) 0.2377 1.10 (0.87–1.40) 0.4102 0.76 (0.28–2.07) 0.5854

Unknown 1.05 (0.90–1.23) 0.5417 1.10 (0.93–1.30) 0.2536 1.27 (0.59–2.71) 0.5420

Facility type 

Comprehensive Ref Ref Ref Ref Ref Ref

Academic 0.81 (0.76–0.87) <0.0001 0.83 (0.77–0.88) <0.0001 0.93 (0.76–1.14) 0.4977

Other 1.00 (0.93–1.08) 0.9029 1.01 (0.94–1.08) 0.8348 0.97 (0.78–1.22) 0.7981

Charlson comorbidity

0 Ref Ref Ref Ref Ref Ref

1 1.21 (1.14–1.29) <0.0001 1.16 (1.09–1.24) <0.0001 1.51 (1.22–1.87) 0.0002

2 1.24 (1.11–1.39) 0.0001 1.19 (1.07–1.33) 0.0022 1.56 (0.90–2.70) 0.1113

≥3 1.50 (1.24–1.80) <0.0001 1.31 (1.09–1.58) 0.0046 1.83 (0.75–4.50) 0.1861

Histology

Adenocarcinoma Ref Ref Ref Ref Ref Ref

Large cell 1.61 (1.31–1.98) <0.0001 1.49 (1.21–1.84) 0.0002 1.66 (0.95–2.92) 0.0769

Non-small cell NOS 1.36 (1.25–1.49) <0.0001 1.31 (1.19–1.43) <0.0001 1.83 (1.34–2.49) <0.0001

Squamous cell 1.32 (1.19–1.46) <0.0001 1.18 (1.07–1.31) 0.0017 1.14 (0.67–1.94) 0.6353

Adenosquamous 1.04 (0.76–1.42) 0.7886 0.99 (0.72–1.35) 0.9416 2.62 (0.63–10.88) 0.1859

Table 4 (continued)
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Table 4 (continued)

Bivariate (N=6,564) Multivariate (N=6,471) Propensity-matched (1:1) (N=788)

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Number of organs with metastases .

0 Ref Ref Ref Ref Ref Ref

1 0.88 (0.83–0.93) <0.0001 0.90 (0.84–0.96) 0.0020 1.04 (0.85–1.27) 0.6844

2 1.18 (1.09–1.28) <0.0001 1.20 (1.10–1.31) <0.0001 1.34 (1.03–1.73) 0.0269

3 1.24 (1.06–1.45) 0.0060 1.41 (1.20–1.65) <0.0001 0.77 (0.37–1.60) 0.4806

4 1.03 (0.63–1.68) 0.9184 1.07 (0.64–1.78) 0.8046 N/A N/A

Chemotherapy .

No Ref Ref Ref Ref Ref Ref

Yes 0.81 (0.73–0.90) <0.0001 0.86 (0.77–0.96) 0.0051 0.84 (0.50–1.42) 0.5156

Biologically effective doses (BED) .

No RT Ref Ref Ref Ref Ref Ref

<39 1.63 (1.43–1.86) <0.0001 1.67 (1.46–1.91) <0.0001 N/A N/A 

39 1.24 (1.14–1.34) <0.0001 1.20 (1.11–1.30) <0.0001 N/A N/A 

>39 1.05 (0.96–1.14) 0.2974 0.99 (0.91–1.08) 0.8553 0.89 (0.76–1.05) 0.1526

SBRT 0.58 (0.43–0.78) 0.0003 0.60 (0.44–0.81) 0.0009 N/A N/A 

Year of diagnosis 0.98 (0.97–0.99) <0.0001 0.98 (0.97–0.99) 0.0005 1.00 (0.96–1.04) 0.9452

the PACIFIC study found that the PFS improvement in 
favor of durvalumab was more pronounced in patients who 
had their last radiation dose within two weeks of starting 
IT compared to those who had their last radiation dose  
earlier (12).  Few studies have tested concomitant 
administration of RT + IT, and only a few case reports have 
described a benefit with IT before RT (14,35-37). This 
study also pointed to a possible interaction effect between 
BED and sequencing of RT + IT, with patients who 
received lower BED showing improved OS with RT prior 
to eIT compared to those that received RT after eIT, even 
after conducting a sensitivity analysis that restricted the 
timing difference between eIT and RT to 30 days. Early-
onset disease progression may play an important role in 
this relationship, as progression on eIT requiring palliative 
RT often portends poor prognosis. 

The interactions of radiation and immunotherapy seen 
in our analysis may be influenced by many other factors 
including the number of metastases present. Two recent 
randomized trials have shown that local consolidative 
therapy is associated with improved OS in patients with 

oligometastatic NSCLC after initial treatment. Gomez 
et al. reported that local consolidative therapy (including 
conventional RT, SBRT, or surgery) in patients with 
oligometastatic NSCLC that did not progress after front-
line therapy was associated with a significantly improved 
PFS (median, 14.2 months) and OS (median, 41.2 months) 
compared to maintenance therapy or palliative care (38-40).  
Similarly, SABR-COMET also found that SBRT in 
oligometastatic patients was associated with improved OS 
(median, 41 months) compared to those without SBRT 
(median, 28 months) with no impact on quality of life 
(41,42). While these studies point to potential impact of 
number of metastases, we were not able to stratify for 
this within our analysis and look forward to the results of 
ongoing trials, including SABR COMET-10, to shed light 
on this interaction.

Add i t iona l l y,  wh i l e  some  have  demons t r a t ed 
“immunogenic” effects of SBRT at an ablative dose, 
there is lack of clarity in these studies as to what specific 
radiation schedules, dosing, and fractionations result in 
the most optimal immune response necessary to improve 
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OS and PFS (34). To date there have been promising data 
suggesting that in PD-L1 negative tumors, the addition of 
SBRT to immunotherapy can improve numerical survival. 
Additionally, Bauml et al. found promising outcomes 
with SBRT was integrated with immunotherapy in 
oligometastatic NSCLC patients (43). It is possible that 
the non-ablative (palliative) SBRT doses in this study may 
explain the lack of OS or PFS benefit in relation to eIT in 
the present analysis.

The key strength of this study is the large number 
of mNSCLC patients identified using a large, national, 
hospital-based cancer registry. However, these results are 
subject to the limits of a retrospective database review 
including lack of centralized pathological review, lack of 
standardization in RT techniques, and selection bias in the 
treatment modalities offered. Additionally, performance 
status, a crucial prognostic factor in clinical trial eligibility 
and cancer treatment decision-making, is not available. 
There is also no information on smoking history, molecular 
genotype (KRAS, EGFR, ALK, etc.), or PD-L1 analysis 
of the tumor in NCDB. In particular, molecular markers 
and mutational burden of lung cancer tumors are critical 
indicators of the effectiveness of eIT in these patients (44).  
Imbalances in the biomarkers may be contributing to 
differential OS outcomes in this analysis. Multivariate 
and propensity score matched analyses were conducted 
to minimize these risks, yet the impact of unmeasured 
confounders cannot be fully mitigated. In addition, the 
NCDB does not collect data on locoregional or distant 
recurrence, cause-specific survival, or treatment-related 
toxicities, endpoints that would be useful in understanding 
the full impact of a combined modality approach.

Conclusions

The utilization of RT in combination with eIT is increasing. 
The use of any RT in the context of eIT was associated 
with inferior OS, likely as a result of patient selection and 
imbalance of prognostic factors. The hypothesis-generating 
observation of superior OS for patients receiving SBRT and 
the interaction between BED and RT + eIT sequencing 
suggest that RT may provide immunomodulatory benefits 
to a select group of patients. These results underscore the 
need for more prospective clinical trials examining radiation 
dose, sequencing, and site in multi-modality treatment 
and support efforts to evaluate optimal radiation modality, 
doses, and sequencing patterns in prospective randomized 
trials.
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