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Background: Radiation pneumonitis and immune-related pneumonitis have been studied independently,
but little information has emerged on the interactions between radiation therapy (RT) and immune
checkpoint inhibition (ICI). We examine whether RT and ICI are synergistic in causing pneumonitis.
Methods: A retrospective cohort was assembled using the Surveillance, Epidemiology, and End Results-
Medicare database, including Medicare beneficiaries diagnosed with American Joint Committee on Cancer
7th ed. (AJCC) stages IIIB-IV NSCLC between 2013-2017. Exposures to RT and ICI were determined by
evaluating for treatment within 12 months of diagnosis (RT group and ICI group) and for a second exposure
(e.g., ICI after RT) within 3 months after the first exposure (RT + ICI group). Untreated controls were
matched to treated patients who were diagnosed in the same three-month window. A validated algorithm
for identifying cases of pneumonitis in claims data was used to evaluate for the outcome within 6 months
after treatment. The primary outcome was the relative excess risk due to interaction (RERI), a quantitative
measure of additive interaction between two treatments.

Results: There were 18,780 patients included in the analysis with 9,345 (49.8%), 7,533 (40.2%), 1,332
(7.1%), and 550 (2.9%) in the control, RT, ICI, and RT + ICI groups, respectively. Relative to controls, the
hazards ratios of pneumonitis were 11.5 (95% CI: 7.9 to 17.0), 6.2 (95% CI: 3.8 to 10.3), and 10.7 (95%
CL: 6.0 to 19.2) in the RT, ICI, and RT-ICI groups, respectively. The RERIs were -6.1 (95% CI: -13.1 to
-0.6, P=0.97) and -4.0 (95% CI: -10.7 to 1.5, P=0.91) in the unadjusted and adjusted analyses, respectively,
consistent with no evidence of additive interaction (RERI <0) between RT and ICI.

Conclusions: In this study of Medicare beneficiaries with advanced NSCLC, RT and ICI were, at most,
additive rather than synergistic in causing pneumonitis. Pneumonitis risk in patients treated with RT and ICI

is not more than could be expected from each therapy alone.
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Introduction

Pneumonitis is a common complication of treatment for
advanced non-small cell lung cancer (NSCLC) (1-13).
Often labeled by its presumed precipitant, pneumonitis
can be caused by radiation (radiation pneumonitis),
immunotherapy (immune-related pneumonitis), and
other systemic agents (14). Radiation and immune-related
pneumonitis have been studied independently, but little
information has emerged describing the interactions
between radiation therapy (RT) and immune checkpoint
inhibition (ICI).

Studying the interactions between ICI and RT has
become increasingly important as more patients are
treated with immunotherapy since the first approvals for
NSCLC in 2015 (15,16). With prolonged survivals owing
to improvements in systemic therapies such as ICI, the
incorporation of local therapies such as RT may become
increasingly relevant to control symptoms or address gross
disease (17). Patients may be treated with palliative RT to a
thoracic mass and then start treatment with ICI to manage
systemic disease, or they might be treated with definitive
RT to a locally advanced mass and then start adjuvant
ICI (15). Additionally, there is greater utilization of RT
to oligometastatic patients before initiating ICI or after a
robust response to ICI (18-23). Understanding how RT and
ICI interact is imperative to safely escalate treatment.

Highlight box

Key findings

e In this population-based retrospective cohort study, there was no
interaction between immune checkpoint inhibition and radiation
therapy in causing pneumonitis.

What is known and what is new?

¢ Radiation therapy and immune checkpoint inhibition are common
causes of pneumonitis in patients with non-small cell lung cancer.

* The risk of pneumonitis for patients treated with both therapies
is no more than could be attributed by each therapy alone (i.e.,
no synergy between radiation therapy and immune checkpoint
inhibition).

What is the implication, and what should change now?

® These data support the safety of treating patients with radiation
therapy and immune checkpoint inhibition in routine clinical
practice.

¢ Immunotherapy-radiation combinations can be explored to
improve patient outcomes without exposing patients to excess

toxicity.
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While there is growing interest in combining RT and
ICI to leverage immune-mediated effects of RT against
tumor cells, there is an equal and opposite concern about
the overlapping toxicities of these two critical modalities.
Local tissue damage from radiation can prime an immune
response against self-antigens prior to ICI initiation or
restimulate immune-mediated toxicity after ICI treatment
(24,25). This biological interplay between RT and ICI has
been explored, but a definitive, clinically relevant interaction
has not been established (26). Simply observing higher than
expected rates of pneumonitis in patients treated with RT
and ICI does not imply a true synergistic effect (13,27). An
interaction between RT and ICI in causing pneumonitis
requires that the risk of pneumonitis from both therapies is
higher than the contribution of each therapy alone (28).

To address this clinical hypothesis, we performed a
retrospective cohort study of patients with NSCLC treated
with RT and ICI. We present this article in accordance with
the STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-1649/rc).

Methods
Study design and population

A retrospective cohort study was performed comparing
patients receiving RT, ICI, RT and ICI, and neither RT nor
ICI, using the Surveillance, Epidemiology, and End Results-
Medicare database (29). All patients over the age of 65
diagnosed from 2013-2017 with American Joint Committee
on Cancer 7" edition (AJCC) stages IIIB-IV NSCLC were
included. Patients were excluded if they were not enrolled
in Medicare parts A and B during the 12 months before
their lung cancer diagnosis or were enrolled in an health
maintenance organization (HMO) within 12 months after
diagnosis. These exclusions were made to ensure that all
treatments and toxicities would be evaluable in the dataset.
Each patient’s index date was their first diagnosis with
NSCLC (Figure S1). An exposure assessment window
was defined as the 12 months after the index date; first
exposures to RT and ICI were only measured during this
period. A double-exposure assessment window was defined
as the 3 months after the first exposure to either RT or ICIL.
If a second exposure (e.g., ICI after RT) occurred within
this window, then the patient was allocated to the RT +
ICI group. The control arm was assembled by randomly
matching all patients not treated with RT or ICI to a
treated patient diagnosed in the same three-month period
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(e.g., January—March 2013).

An outcome assessment window (OAW) was defined as
the 6 months after the first RT or ICI exposure (for RT and
ICI groups), or after the second exposure (for the RT + ICI
group), to evaluate for cases of pneumonitis. The control
patients were assigned an OAW to be the same as that of
their respective match. All patients who had pneumonitis
before the OAW were removed from the analysis.

Measures

A single Healthcare Common Procedure Coding System
(HCPCS) code in the outpatient or carrier data defined a
patient as exposed to that therapy (Table S1). RT claims
with a primary diagnosis code of 1983, 1984, C7931, or
C7932 (secondary brain metastases) associated with RT
claims were excluded to enrich for thoracic RT.

Development of pneumonitis was determined by
implementing a validated algorithm for identifying
pneumonitis in inpatient and outpatient claims data (30).
This algorithm was demonstrated to have a positive
predictive value of 86.9% for identifying pneumonitis. The
definition included a list of 11 ICD-10-CM codes, which
were then converted to ICD-9-CM with lookup tables
(Table S2).

Relevant covariates were measured prior to diagnosis
and at the time of diagnosis. AJCC Stage, presence of
brain metastases, age, squamous histology, and sex were
determined at the time of diagnosis. History of chronic
obstructive pulmonary disease (COPD) was determined by
evaluating ICD codes in outpatient and inpatient claims
prior to lung cancer diagnosis (Table S3).

Sensitivity analyses were performed to test whether
adjusting key assumptions altered the interaction estimate.
The exposure and outcome assessment windows were
extended and shortened, thus adjusting the available time
to identify treatments codes and pneumonitis diagnoses.
Another sensitivity analysis analyzed exposure to RT and
ICI as a time-varying covariate (31). To test if treatment
sequencing impacted the interaction between RT and ICI,
two analyses were performed only including those treated
with RT before ICI in the RT + ICI group and vice versa.
Additional sensitivity analyses were performed applying
more stringent criteria for defining exposure to RT, to
enrich for patients receiving thoracic RT: 15 fractions of
conventional RT, 5 fractions of stereotactic body radiation
therapy, or just one claim for intensity modulatory radiation
therapy or proton therapy were required. Analogously,
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one sub-analysis required exposure to nivolumab and
pembrolizumab (PD1 inhibitors) to be counted as
exposed to ICI (removing exposure to PDL1 and CTLA4
inhibitors). Other sensitivity analyses were performed
altering the inclusion criteria (stages IIIA-IIIC or only
stage IV NSCLC), implementing three distinct algorithms
for identifying pneumonitis (including only measuring
pneumonitis cases that resulted in steroid prescription), and
only analyzing inpatient pneumonitis diagnoses (30).

Statistical analysis

Baseline characteristics of patients in each treatment
group (control, RT, ICI, RT + ICI) were compared with
proportions and Chi-squared tests for categorical variables
and medians and Wilcoxon rank-sum tests for continuous
variables. Pneumonitis-free survival was computed using
the Kaplan-Meier method, censoring patients at the end
of the outcome assessment window or death. Hazard ratios
were computed using Cox regression in unadjusted and
adjusted models. Adjusted models included age at diagnosis,
sex, AJCC stage, histology (squamous vs. non-squamous),
history of COPD, and presence of brain metastases at
diagnosis. These covariates were determined # priori, from
multidisciplinary discussion of potential confounders that
would impact treatment allocation and development of
pneumonitis.

To accomplish the primary aim of the study, evaluating
for the presence of an interaction between RT and ICI,
the relative excess risk due to interaction (RERI) was
quantified. The RERI was chosen as the primary outcome #
priori because it quantifies whether the risks of pneumonitis
are additively higher in the RT + ICI group than could
be attributed to each individual treatment alone (32). The
RERI is considered a more biologically relevant measure
of interaction than the conventionally used interaction
coefficient from a statistical model (33). RERI was calculated
using the coefficients from Cox regression as previously
described (34). Ninety-five percent confidence intervals
(95% CI) of RERI were constructed using bootstrapping.
The primary endpoint would be met if the lower bound of
the 95% CI were greater than 0, and a one-tailed 7-test was
used to calculate P values (35). With an alpha cut-off of 0.05,
80% power, a baseline risk of pneumonitis of 1%, 40% of
patients in the control group, 40% of patients in the RT
group, 15% of patients in the ICI group, and 5% of patients
in the RT + ICI group, 5,600 patients are needed to detect
a risk ratio of 2.5, where the risk of pneumonitis is 2 times
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42,915 patients with AJCC IlIB-IV NSCLC

Y

3,625 patients excluded because not enrolled in Medicare

Part A/B in the 12 months before lung cancer diagnosis

14,879 patients excluded because enrolled in an HMO in the

Y

Y

12 months after diagnosis

24,411 patients with available claims

99 patients excluded because diagnosed with pneumonitis

Y

Y

before lung cancer diagnosis

24,312 patients without history of pneumonitis

Y

55 patients excluded because treated with RT or ICI before

Y

confirmed lung cancer diagnosis

24,257 patients analyzed

v Y Y

!

7,553 patients 1,332 patients
treated with RT treated with ICI

550 patients treated
with RT + ICI

14,882 patients not
treated with RT or ICI

5,537 patients excluded because
»| assigned an outcome assessment window
that occurred after death or pneumonitis

Y

9,345 patients analyzed
as controls

Figure 1 Study and patient enrollment diagram. AJCC, American Joint Commission on Cancer; NSCLC, non-small cell lung cancer;

HMO, health maintenance organization; RT, radiation therapy; ICI, immune checkpoint inhibition.

higher for those who were exposed to RT and ICI alone
relative to controls.

All analyses were conducted using SAS 9.4 (SAS Institute,
Cary, NC, USA). The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). This
study was approved by the Rutgers Biomedical and Health
Sciences Institutional Review Board (Pro2020002649) and
individual consent for this retrospective analysis was waived.

Results

A total of 42,915 patients with AJCC Stage IIIB-IV NSCLC
were identified (Figure I). Excluded from the analysis were
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3,625 (8.4%) patients who were not enrolled in Medicare
Parts A and B in the 12 months prior to diagnosis and
14,879 (34.7%) patients who were enrolled in an HMO
withinl2 months of their diagnosis. Of the remaining
24,411 patients, 99 (0.4%) patients were removed because
of a pneumonitis diagnosis before lung cancer diagnosis,
and 55 (0.2%) patients were removed because of treatment
with RT or ICI before confirmed lung cancer diagnoses.
In total, 24,257 patients were analyzed: 7,553 patients were
treated with RT, 1,332 patients were treated with ICI, and
550 patients were treated with RT + ICI. Of the remaining
14,882 patients who were not exposed to RT or ICI, 5,537
(37.2%) were excluded after matching because they died
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Table 1 Baseline characteristics and demographics
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Patient, n (%)

Variables P value
RT n=7,553 (40.2%) ICIn=1,332 (7.1%) RT +ICI n=550 (2.9%) Control n=9,345 (49.8%)

Age (years) <0.01
66-75 4,528 (60.0) 752 (56.5) 342 (62.2) 4,539 (48.6)
76-85 2,526 (33.4) 480 (36.0) 190 (34.6) 3,632 (38.9)
86+ 499 (6.6) 100 (7.5) 18 (3.3) 1,174 (12.6)

Sex <0.01
Male 4,011 (63.1) 682 (51.2) 300 (54.6) 4,742 (50.7)
Female 3,542 (46.9) 650 (48.8) 250 (45.4) 4,603 (49.3)

Race <0.01
White 6,412 (84.9) 1,140 (85.6) 482 (87.6) 7,637 (81.7)
Black 689 (9.1) 94 (7.1) 28 (5.1) 910 (9.7)
Al > > * 54 (0.6)
API 417 (5.5) 88 (6.6) 38 (6.9) 731 (7.82)
Unknown * * * 13 (0.1)

Year of diagnosis <0.01
2013 1,736 (23.0) 0 (0.0 * 2,256 (24.1)
2014 1,709 (22.6) 21(1.6) * 2,255 (24.1)
2015 1,620 (21.5) 232 (17.4) 70 (12.7) 1,863 (19.9)
2016 1,376 (18.2) 393 (29.5) 174 (31.6) 1,617 (17.3)
2017 1112 (14.7) 686 (51.5) 305 (55.5) 1,354 (14.5)

Histology <0.01
Squamous 2,336 (30.9) 304 (22.8) 136 (24.7) 1,902 (20.4)
Non-squamous 5,217 (69.1) 1,028 (77.2) 414 (75.3) 7,443 (79.7)

AJCC Stage <0.01
3B 1,487 (19.7) 85 (6.4) 32 (5.8) 682 (7.3)
4 6,066 (80.3) 1,247 (93.6) 518 (94.2) 8,663 (92.7)

Comorbidities
COPD 2,515 (33.3) 555 (41.7) 220 (40.0) 3,142 (33.6) <0.01
Brain metastases 1,738 (23.0) 212 (15.9) 119 (21.6) 1,494 (16.0) <0.01

**, suppressed cells to preserve anonymity in line with Centers for Medicare and Medicaid Services Policy. RT, radiation therapy; ICI,
immune checkpoint inhibition; Al, American Indian/Alaskan Native; API, Asian or Pacific Islander; AJCC, American Joint Commission on
Cancer; COPD, chronic obstructive pulmonary disease; brain metastases, identification of brain metastases at lung cancer diagnosis.

or developed pneumonitis before the assigned outcome

assessment window, leaving 9,345 patients to be analyzed as

controls.

Most patients included in the analysis were ages
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65-76 years (54.1%), male (51.8%), and White (83.5%).
The baseline characteristics of this patient population are
summarized in Table 1. Notably, 12.6% of patients in the

control group were over 85 years-old, compared to 6.6%,
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Table 2 Event counts, frequencies, and risks of non-infectious pneumonitis for patients with advanced non-small cell lung cancer treated with
radiation therapy and immune checkpoint inhibition

Hazard ratio (95% Cl) RERI (95% CI), P value*

Frequencies

Treatment Events/Total

(95% Cl) Unadjusted Adjusted Unadjusted Adjusted
Control 28/9,345 0.3% (0.2, 0.4) Reference Reference - -
RT 296/7,553 3.9% (3.5,4.4) 11.5(7.9,17.0) 9.5(6.4,14.0) - -
ICI 33/1,332 25% (1.8,3.5) 6.2(3.8,10.3) 6.2(3.7,10.2) - -
RT + ICI 19/550 35% (2.2,5.4) 10.7 (6.0,19.2) 10.6(5.9,19.0) -6.1(-13.1,-0.6), P=0.89 -4.0(-10.7, 1.5), P=0.91

Adjusted models control for age at diagnosis, sex, histology, AJCC stage, brain metastases at diagnosis, and history of chronic
obstructive pulmonary disease. *, hypothesis testing for RERI compared estimate to a null hypothesis of RERI <0. RT, radiation therapy;
ICI, immune checkpoint inhibition; RERI, relative excess risk due to interaction; 95% CI, 95% confidence interval; AJCC, American Joint

Commission on Cancer.

7.5%, and 3.3% in the RT, ICI, and RT + ICI groups,
respectively (P<0.01). There were also more female and
Black patients in the controls than any of the treatment
groups (P<0.01). Expectedly, most patients who were
exposed to ICI were diagnosed in 2015 or later (P<0.01).
While the RT group had more patients with squamous
histology and AJCC stage 3B disease than the other groups,
the ICI and RT + ICI groups had higher frequencies of
patients with a history of COPD (P<0.01). Also, the RT
and RT + ICI group had higher frequencies of patients
with brain metastases at the time of lung cancer diagnosis
(P<0.01).

There were significant differences in the type of
ICI utilized in the RT + ICI and ICI groups (P<0.01).
There were more patients treated with PDL1 inhibitors
(atezolizumab, durvalumab) in the RT + ICI group (5.3%)
than in the ICI group (3.0%). Treatment with CTLA4
inhibition (ipilimumab) was rare in this cohort; there
were <11 patients in the ICI group (<1.0%) treated with
ipilimumab compared to no patients in the RT + ICI group.

Pneumonitis events, frequencies, and hazard ratios are
presented in Table 2. There were 28 (0.3%), 296 (3.9%),
33 (2.5%), and 19 (3.5%) diagnoses of pneumonitis in
the control, RT, ICI, and RT + ICI groups, respectively
(P<0.01). Relative to controls, these events corresponded
to hazard ratios of 11.5 (95% CI: 7.9-17.0), 6.2 (95% CI:
3.8-10.3), and 10.7 (95% CI: 6.0-19.2) in the RT, ICI,
and RT-ICI groups, respectively. A Kaplan-Meier curve
depicting freedom from pneumonitis is presented in Figure
2; there was a median follow up of 139 days (right censored
at 180 days). After adjusting for age at diagnosis, sex,
histology (squamous vs. non-squamous), AJCC stage, brain
metastases at diagnosis, and a history of COPD, the hazard

© Journal of Thoracic Disease. All rights reserved.

ratio estimates remained consistent. There was no evidence
of interaction between RT and ICI in the unadjusted
(RERI =-6.1 (95% CI: -13.1 to -0.6), P=0.89) and adjusted
analyses (RERI =-4.0 (95% CI: -10.7 to 1.5), P=0.91).
While there was no evidence of interaction, the adjusted
hazard ratios of pneumonitis for RT + ICI relative to RT
and ICI were 1.1 (95% CI: 0.7-1.8, P=0.64) and 1.7 (95%
CI: 1.0-3.0, P=0.06), respectively.

Multiple sensitivity analyses were performed to
demonstrate the robustness of the estimate of no interaction
between RT and ICI in causing pneumonitis (Table S4).
When adjusting the exposure, double-exposure, and
outcome assessment windows, and analyzing RT and ICI
as time-varying covariates there was still no evidence of
interaction. Similarly, when adjusting the definitions of
RT and ICI exposure, definition of pneumonitis, and
inclusion criteria (AJCC stage), there was no evidence of
interaction. Of note, when analyzing RT and ICI as time-
varying covariates, the RERI approached 0, indicating pure
additivity of the hazards of pneumonitis from RT and ICI,
i.e., NO synergy or antagonism.

Discussion

This study is the first to our knowledge to examine
rigorously the presence of an interaction between RT
and ICI in causing pneumonitis in patients with advanced
NSCLC. We found no evidence of an interaction between
RT and ICI in our primary analysis and various sensitivity
analyses. While clinicians may observe a higher risk of
pneumonitis in patients receiving RT and ICI, concurrently
or in series, our analysis suggests that these risks are no
more than could be expected from the contribution of each
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Figure 2 Pneumonitis-free survival in patients treated with radiation therapy, immune checkpoint inhibition, both therapies, and neither

therapy. RT, radiation therapy; ICI, immune checkpoint inhibition.

therapy alone.

Understanding if RT and ICI interact in causing
pneumonitis is of major clinical relevance. First, many
patients with metastatic disease will receive RT to the
primary tumor in the weeks surrounding initiation of
ICI. Because most of the survival benefits in Stage IV
disease are secondary to ICI initiation and maintenance,
a synergism between RT and ICI in causing pneumonitis
would discourage utilization of RT. Similarly, in the setting
of locally advanced disease, where patients are treated with
definitive chemoradiation, a synergism between RT and
ICI, would reduce the real-world efficacy of this approach
especially in patients at higher risk of pneumonitis at
baseline (36). The lack of synergism between RT and ICI
in our study suggests that the risks of initiating RT and ICI
treatment can be considered independently.

© Journal of Thoracic Disease. All rights reserved.

The theoretical risks of combining RT and ICI
are founded in a reasonable biological rationale. RT
and ICI are both known to cause pneumonitis and
their mechanisms could plausibly be synergistic.
RT may result in an iz situ vaccination effect, which
could be leveraged to mount an anti-tumor immune
response, but also deleterious chronic inflammation
(24,37-40). When combined with ICI, a disinhibited
immune system may cause increased cytokine and cell-
dependent toxicity, thus promoting pneumonitis (41-43).
However, our study provided no evidence of synergy,
potentially indicating that this pre-clinical evidence is not
translatable to clinical practice.

Beyond the biological plausibility of the risks of
pneumonitis, investigators have raised concerns about
combining RT and ICI after pivotal clinical trials. The

7 Thorac Dis 2023;15(5):2458-2468 | https://dx.doi.org/10.21037/jtd-22-1649
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PACIFIC trial was one of the first studies to discuss this
effect. The investigators found an increased risk of any-grade
pneumonitis in patients receiving consolidative ICI after
definitive RT wvs. the placebo arm (33.9% wvs. 24.8%) (13).
These results are not at odds with the findings from our
study. In the sub-analysis of patients with Stage III disease
(Table S4), we found an insignificantly higher risk of
pneumonitis in the RT + ICI group than the RT group
and no evidence of interaction (RERI =2.2, P=0.50). Our
results in the context of the PACIFIC trial support that
risks of pneumonitis are higher in patients receiving both
RT and ICI, but these higher risks are not supra-additive
(synergistic). That being said, it might be premature to
make claims about the locally advanced NSCLC population,
because the PACIFIC regimen was not widely used before
the end of the study period. A future investigator may want
to repeat this analysis once more patients with Stage III
disease are treated with RT and ICI.

Another study of clinical trial data submitted to the
Federal Drug Administration some evidence of increased
risks of pneumonitis in patients receiving RT within
90 days of ICI (27). They found a 6.8% risk of any grade
pneumonitis in patients receiving RT within 90 days of ICI
compared to 3.6% risk in patients receiving RT >90 days
after ICI. While this study did not measure interaction
explicitly, these results were consistent with our primary
analysis. We found that there was an insignificantly higher
risk of pneumonitis in patients receiving RT and ICI
compared to ICI alone (HR =1.7, 95% CI: 1.0-3.0). Like
the PACIFIC trial findings, higher risk of pneumonitis is
not unexpected, and does not imply synergy.

Limitations

Our study is not without limitations. First, this study was a
retrospective analysis of routinely collected administrative
data. Without the benefits of randomization, confounding
by indication may exist, limiting the interpretability of
our interaction estimates. There are likely meaningful
differences between patients allocated to each treatment
group. While we did control for important measured
covariates in multivariable Cox regression, residual
confounding could exist.

Another weakness of using administrative data is the
limited information about the dose, fractionation, and
treatment site of RT. It is possible that a higher proportion
of patients in the RT group received definitive doses of
radiation to the primary tumor than patients in the RT +
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ICI group. Higher definitive doses in the RT group could
have led to inflated estimates of the hazards of pneumonitis
and bias the estimate of interaction towards the null.
Although this effect was explored in a sensitivity analysis by
applying a stricter definition of RT, residual confounding
may exist.

Similarly, assessing pneumonitis in claims data has the
risk of misclassification. To mitigate this risk, we used a
validated definition of pneumonitis for our primary analysis
that had a reported positive predictive value of 86.9%
and conducted the analysis using three other validated
definitions (30). Because these algorithms do not necessarily
identify only higher grade, clinically relevant pneumonitis,
we also conducted a sensitivity analysis only analyzing
diagnosis codes from hospital admissions. Although, we
found differing estimates of the risks of pneumonitis in each
algorithm used, we consistently detected no evidence of
interaction.

While our analysis found no interaction between
RT and ICI in causing pneumonitis, this null finding
may be the result of the treatment patterns and patient
characteristics between 2012-2018. Since 2018, radiation
and immunotherapy have been applied in other clinical
contexts and use has been expanding to more patients who
were untreated during our study period. Also, our analysis
only included patients ages 65 or greater; the Medicare-
eligible population might not receive the most aggressive
RT and ICI treatment. Thus, the generalizability of our
study may be limited, and synergism between RT and ICI
may need to be examined again after updates to the SEER-
Medicare database.

Finally, our primary analysis was hinged on establishing
discrete exposure, double exposure, and outcome assessment
windows. These windows were established & priori based
on clinical judgment but could have impacted the results.
We mitigated this risk by conducting numerous sensitivity
analyses adjusting these windows, and the estimate of
interaction did not significantly change. Similarly, a model
of time-varying exposure—which allows patients to move
between strata upon RT or ICI exposure—showed no
evidence of interaction.

Conclusions

In this retrospective analysis of data of Medicare
beneficiaries diagnosed with AJCC IIIB-IV NSCLC, there
was no evidence of interaction between RT and ICI in
causing pneumonitis. At most, it appears that pneumonitis
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risk from RT and ICI is additive, but not synergistic. The
risk of pneumonitis in patients treated with RT and ICI is
not greater than could be expected from the contribution
of each therapy alone. These results support the safety of
combining RT and ICI in patients with advanced NSCLC.
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Figure S1 Study design and structural timeline of cohort.

Table S1 Claims-based definitions of radiation therapy and immune checkpoint inhibition

Current Procedural Terminology (CPT)/Healthcare Common Procedure Coding System (HCPCS)

E
Xposure Codes
77401, 77402, 77403, 77404, 77406, 77407, 77408, 77409, 77411, 77412, 77413, 77414, 77416,
- G6003, G6004, G6005, G6006, G6007, G6008, G6009, G6010, G6011, G6012, G6013, G6014, 77418,
Radiation therapy

Immune checkpoint inhibition
Atezolizumab
Durvalumab
Ipilimumab
Pembrolizumab

Nivolumab

0073T, 0197T, 77385, 77386, G6015, G6016, G6017, 77387, 77421, G6001, G6002, G6017, 77520,
77521, 77522, 77523, 77524, 77525, 77422, 77423, 77373, 32701

J9022, C9483
J9173, C9492
J9228, C9284
J9271, C9027
J9299, C9453
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Table S2 Claims-based definitions of pneumonitis

Algorithm

International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM)-
based Definition of Pneumonitis

Algorithm B (Primary analysis)

Algorithm A

Algorithm B with Steroid Prescriptions

Algorithm A with Steroid Prescriptions

Steroids

J700, J701, J702, J703, J704, J708, J709, J84111, J84113, J84114, 5080, 5081, 5088, 5089,
51630, 51632, 51633, 51635

J679, J700, J701, J702, J703, J704, J708, J709, J8401, J8402, J8403, J8409, J8410, J84111,
J84112, J84113, J84114, J84115, J84116, J84117, J842, J8489, J849, 4959, 5080, 5081,
5088, 5089, 51630, 51631, 51632, 51633, 51634, 51636, 51637, 51635, 515, 5168, 5169

Algorithm B and an outpatient steroid prescription within 7 days of inpatient discharge or
outpatient encounter

Algorithm A and an outpatient steroid prescription within 7 days of inpatient discharge or
outpatient encounter

CORTISONE ACETATE, HYDROCORTISONE, HYDROCORTISONE ACETATE,
HYDROCORTISONE BUTYRATE, HYDROCORTISONE SOD SUCCINATE, PREDNISONE,
PREDNISOLONE, PREDNISOLONE SOD PHOSPHATE, PREDNISOLONE SODIUM
PHOSPHATE, DEXAMETHASONE, DEXAMETHASONE SOD PHOSPHATE, DEXAMETHASONE
SODIUM PHOSP/PF, METHYLPREDNISOLONE, METHYLPREDNISOLONE ACETATE,
METHYLPREDNISOLONE SOD SUCCINATE, METHYLPREDNISOLONE SOD SUCC/PF

Table S3 Claims-based definitions of covariates and Surveillance Epidemiology and End Results Selection Criteria

Diagnosis Definition
Non-small cell lung cancer 8010, 8012, 8014, 8015, 8020, 8021, 8022, 8030, 8031, 8035, 8310, 8046, 8050, 8051, 8052, 8053,
histology (ICD-O-3) 8060, 8070, 8071, 8072, 8073, 8074, 8075, 8076, 8077, 8078, 8083, 8084, 8140, 8211, 8230, 8231,

8250, 8251, 8252, 8253, 8254, 8255, 8260, 8323, 8480, 8481, 8490, 8550, 8551, 8552, 8560, 8570,
8571, 8673, 8574, 8575, 8576

COPD (ICD-10-CM and ICD-9-CM) J40, J410, J411, J418, J42, J430, J431, J432, J438, J439, J440, J441, J449, J470, J471, J479, J43,
J982, J983, P25, P250, P258, J43, J430, J431, J432, J438, J439, J982, J983, P25, P250, P258, 490,
4910, 4911, 49120, 49121, 49122, 4918, 4919, 4920, 4928, 4940, 4941, 496

COPD, chronic obstructive pulmonary disease. ICD-10-CM, International Classification of Diseases, Tenth Revision, Clinical Modification.
ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification
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Table S4 Sensitivity analyses
Control, aHR (95% CI) RT, aHR (95% CI) ICI, aHR (95% CI) RT +ICl, aHR (95% CI)  RERI (95% ClI), P value

Primary Analysis
Reference 9.5 (6.4, 14.0) 6.2 (3.7,10.2) 10.6 (5.9, 19.0) -4.0 (-10.7, 1.5), P=0.90

Primary analysis (EAW = 12 months, DEW = 3 months, OAW = 6 months)

Exposure Assessment Window (EAW) adjustments: time from diagnosis to first treatment

EAW = 9 months Reference 10.9 (7.3,16.2) 8.0 (4.8, 13.4) 12.4 (6.8, 22.5) -5.7 (-13.6, 1.1), P=0.94
EAW = 6 months Reference 12.1(8.1,17.9)  10.8 (6.4, 18.2) 11.2(5.8,21.7)  -8.6 (-21.6, —1.72), P=0.97
EAW = 3 months Reference 5.7 (4.3, 7.5) 5.2 (3.1, 8.9) 6.1(3.3,11.6) -3.0(-8.7, 0.8), P=0.95

Double Exposure Window (DEW) adjustments: time from first treatment to second treatment

DEW = 21 Days Reference 9.2 (6.3, 13.7) 5.6 (3.4, 9.2) 4.9 (1.5,16.1) -9.0 (-17.4, -2.2), P=0.99
DEW = 2 months Reference 9.6 (6.5, 14.2) 6.0 (3.6, 9.9) 8.4 (4.2, 16.9) -4.1(-14.9, -0.6), P=0.88
DEW = 6 months Reference 10.8(7.1,16.4) 6.8 (4.0, 11.5) 12.5 (7.5, 20.6) -4.5(-9.4, 0.4), P=0.96

Outcome Assessment Window (OAW) adjustments: time from treatment to event

OAW = 3 months Reference 8.7(5.0,15.3)  8.9(4.5,17.3) 12.1 (5.6, 26.3) -5.9 (-17.6, 3.7), P=0.87
OAW = 9 months Reference 9.0 (6.4, 12.6) 6.1 (3.9, 9.4) 10.2 (6.1, 17.0) -3.8(-9.3, 0.8), P=0.93
OAW = 12 months Reference 7.8 (5.8, 10.5) 5.1 (3.4, 7.6) 8.3 (5.1, 13.5) -3.0 (-7.6, 0.3), P=0.93

Time-varying exposure
Time-varying exposure Reference 9.6 (7.5, 12.4) 5.1 (3.5,7.3) 12.9 (9.5, 17.6) -0.8 (-3.9, 2.3), P=0.67

Claims-based exposure definitions for RT and ICI

Thoracic RT (TRT)* Reference 15.7 (11.3, 21.8) 7.2(4.8,10.8) 19.0 (9.6, 37.7) -2.8 (-15.1, 11.4), P=0.66
TRT with Deletions™* Reference 16.9 (12.1 23.6) 8.0 (5.3 12.0) 20.5(10.4 40.7) -3.4 (-18.5, 10.5), P=0.68
PD1 Inhibition Only Reference 9.5(6.4,14.1) 6.4 (3.9, 10.6) 9.6 (5.2,17.8) -5.3 (-11.6, 0.4), P=0.96
RT + ICI (RT before ICI) Reference 9.5 (6.4, 14.0) 6.2 (3.7,10.2) 10.7 (5.6, 20.3) -3.9(-11.2, 3.3), P=0.86
RT + ICI (ICI before RT) Reference 9.5 (6.4, 14.0) 6.2 (3.7,10.2) 9.7 (3.7 25.2) -4.9 (-15.0, 5.8), P=0.82

Claims-based outcome definitions for pneumonitis

Inpatient Pneumonitis Reference 12.1 (6.8, 21.4) 9.8 (5.0, 19.4) 15.4 (7.1, 33.4) -5.5(-20.5, 4.7), P=0.81
20 ICD-10-CM Codes Reference 1.3(1.1,1.5) 0.9 (0.7,1.2) 1.4(1.0,2.1) 0.2 (-0.4, 0.8), P=0.21

11 Codes + Steroid Rx Reference 15.7 (7.3, 34.0) 8.2(3.2,20.7) 16.6 (6.0, 46.0) -6.3 (-28.5, 8.3), P=0.50
20 Codes + Steroid Rx Reference 2.3(1.7,38.1) 1.9 (1.2, 3.0) 25(1.3,4.7) -0.7 (-2.3, 1.2), P=0.76

Stage of disease
Stage 3A-3C Reference 36.5(16.3,81.7) 12.6 (4.0, 39.0) 50.2 (18.6, 135.9) 2.2 (-47.9, 49.5), P=0.50
Stage 4 Reference 11.6 (7.1, 18.9) 8.9 (5.0, 15.8) 12.7 (6.5, 25.0) -6.7 (17.9, 1.0), P=0.92

*, Requiring a threshold number of fractions of RT: 15 for conventional, 5 for stereotactic body radiation therapy, 1 for intensity modulated
radiation therapy, 1 for proton therapy; **, Deleting non-threshold exposures to RT. RT, radiation therapy; ICI, immune checkpoint
inhibition; RERI, relative excess risk due to interaction; 95% CI, 95% confidence interval.
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