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ABSTRACT

Introduction: Thoracic radiotherapy (TRT) is increasingly
used in patients receiving osimertinib for advanced NSCLC,
and the risk of pneumonitis is not established. We investi-
gated the risk of pneumonitis and potential risk factors in
this population.

Methods: We performed a multi-institutional retrospective
analysis of patients under active treatment with osimertinib
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2þ pneumonitis, with a median time to pneumonitis of 3.2
months (range: 1.5–6.3). Pneumonitis risk was not signifi-
cantly increased in patients who continued osimertinib
during TRT compared with patients who held osimertinib
during TRT (9.1% versus 15.0%, p ¼ 0.729). Three patients
(2.9%) had grade 3 pneumonitis, none had grade 4, and two
patients had grade 5 events (2.0%, diagnosed 3.2 mo and
4.4 mo post-TRT). Mean lung dose was associated with the
development of grade 2þ pneumonitis in multivariate
analysis (OR ¼ 1.19, p ¼ 0.021).

Conclusions: Although the overall rate of pneumonitis in
patients receiving TRT and osimertinib was relatively low,
there was a small risk of severe toxicity. The mean lung
dose was associated with an increased risk of developing
pneumonitis. These findings inform decision-making for
patients and providers.

� 2023 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Keywords: Pneumonitis; Osimertinib; Radiation; Lung can-
cer; Tyrosine kinase inhibitors

Introduction
Lung cancer is a leading cause of cancer-related

mortality, and the use of EGFR inhibitors has trans-
formed the management of patients with advanced
NSCLC harboring EGFR mutations.1,2 Osimertinib is a
third-generation EGFR tyrosine kinase inhibitor (TKI)
that has exhibited remarkable efficacy in the manage-
ment of patients with metastatic EGFR-mutated NSCLC
and resected stage IB to IIIA EGFR-mutated NSCLC and is
the recommended first-line systemic agent for metastatic
disease.3–5 Given the high rates of systemic control
associated with osimertinib, the use of thoracic radio-
therapy (TRT) for patients for oligoprogression or
palliation is increasing. A better understanding of the
potential risks of TRT in patients receiving osimertinib
is, therefore, imperative.

Treatment-related pneumonitis represents a major
safety concern in this patient population. Whereas the
randomized phase 3 Stereotactic Body Radiation Ther-
apy (SBRT) in Newly Diagnosed Advanced Staged Lung
Adenocarcinoma (SINDAS) trial reported a significant
improvement in PFS in patients and an encouraging
safety signal with the use of SBRT before first-generation
TKIs in patients with newly diagnosed oligometastatic
EGFR-mutant NSCLC, other studies of concurrent earlier-
generation TKIs with RT have reported high rates of
severe pneumonitis.6–9 Osimertinib monotherapy is
associated with a 4% to 18% risk of pneumonitis in
patients with advanced NSCLC. Although inconsistently
reported, grade 2 or higher (2þ) pneumonitis rates
ranged from 9% to 13.6% and grade 3 or higher pneu-
monitis ranged from 1.8% to 9.1% with osimertinib
alone.4,10–15 There are no prospective studies assessing
the safety of combining osimertinib with TRT. Small,
single-institution, retrospective studies have raised
safety concerns; however, the limited sample size of
these studies suggests the need for further investigation
to clarify pneumonitis risk factors in this population.16,17

To address this knowledge gap, we conducted a
pooled, multi-institutional retrospective study of pa-
tients receiving TRT while on treatment with osimerti-
nib. We identified the incidence of pneumonitis and
associated risk factors. We specifically evaluated the
differential risk of pneumonitis in patients for which
osimertinib was held or not during TRT and explored
disease progression patterns in this patient population.
Materials and Methods
Study Design and Patient Population

This was a pooled retrospective cohort study con-
ducted at two institutions. Consecutive patients with
EGFR-mutant NSCLC who received osimertinib and un-
derwent TRT between April 2016 and July 2022 were
identified from institutional data repositories. Patients
were eligible for inclusion when they had at least 45
days of follow-up after completion of TRT and received
osimertinib within 30 days of TRT initiation. Medical
records were abstracted by means of a standardized
instrument (Supplementary Appendix A) and reviewed
for patient demographics, clinical characteristics, radia-
tion treatment details, and oncologic outcomes. Tumor
location was defined as peripheral, central, or ultra-
central, with central defined as within 2 cm of the
tracheobronchial tree and ultracentral defined as tumor
abutment or involvement of the tracheobronchial tree,
esophagus, heart, or great vessels. Radiation treatment
techniques, dose, and fractionation were determined by
the treating radiation oncologist according to institutional
guidelines and patients’ clinical circumstances. The deci-
sion to hold osimertinib and hold timing was determined
on a case-by-case basis at the discretion of the treating
medical and radiation oncologists. SBRT was defined as
the delivery of 5 Gy or more per fraction for the purposes
of the study. The intent of treatment was inferred from the
radiation dose delivered; SBRT treatments with biological
equivalent doses in Gy10 (BED10) greater or equal to 100
Gy and non-SBRT treatments with equivalence dose in 2
Gy fractions (EQD2) greater or equal to 60 Gy were
considered radical whereas SBRT treatments with BED10
less than 100 Gy and non-SBRT treatments with EQD2 less
than 60 Gy were considered palliative.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Figure 1. Internal database queries identified patients who received radiation therapy and had a previous or current history
of osimertinib use. This population was further narrowed down to patients that were on active osimertinib therapy within 30
days of the start of thoracic radiation therapy. Finally, only patients with at least 45 days of follow-up were retained for
analysis. #, number.
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The incidence of treatment-related pneumonitis after
TRT was recorded, along with the grade of pneumonitis
using both Common Terminology Criteria for Adverse
Events (CTCAE) version 5.0 and Radiation Therapy
Oncology Group grading schemas (Supplementary
Appendix B).18,19 Treatment-related pneumonitis was
defined as a clinician-reported diagnosis of pneumonitis
with radiologic evidence of pneumonitis encompassing
the radiation-treated lung region. The studywas approved
by the institutional review boards at both participating
institutions. Reporting follows the Strengthening the
Reporting of Observational Studies in Epidemiology
guidelines (PubMed identifier: 17938396). The studywas
conducted under a waiver of informed consent.
Statistical Analysis
The primary end point of the study was the rate of

clinically impactful pneumonitis occurring post-TRT in
the pooled cohort, defined as grade 2 or higher by means
of the CTCAE version 5.0 definition. Secondary end
points included overall pneumonitis incidence and
progression-free survival. Descriptive statistics were
used to characterize patient demographics, clinical
characteristics, treatment details, and rates of pneumo-
nitis across the cohort. Univariate logistic regression
analysis was performed to evaluate the association be-
tween patient and treatment factors, including over-
lapping osimertinib and TRT, and the development of
clinically significant pneumonitis. Factors with a p value
of 0.150 or less on univariable analysis were included in
a multivariable logistic regression model. Dosimetric
data were analyzed as continuous variables and were
checked for collinearity before inclusion. All statistical
analyses were performed using Stata 17.0. A two-sided p
value equal to or less than 0.05 was considered statis-
tically significant.
Results
Population and Treatment Characteristics

We identified 378 patients receiving RT to any dis-
ease site while on osimertinib from April 2016 to July
2022 at the two participating institutions. Of these, 125
patients received TRT, and 102 patients had at least 45
days of follow-up postradiation and were included in the
analyses (Fig. 1). Clinical details of this population are
presented in Table 1. Most patients (n ¼ 80, 78.4%) had
osimertinib held during radiation. The median age was
64 (range: 31–95), and 71 (69.6%) were women. Radi-
ation treatment sites included 73 lesions (71.6%) in the
lungs or mediastinum, and 29 (28.4%) extrapulmonary,
intrathoracic sites including thoracic spine, chest wall,
scapular, and supraclavicular regions. Pulmonary
comorbidities (which included chronic obstructive pul-
monary disease, restrictive lung disease, or previous
lung surgery) were present in 20 patients (19.6%), nine
patients (8.8%) previously received TRT, and one pa-
tient had preexisting interstitial lung disease. Of the
entire cohort, 44 patients (43.1%) were treated with
radical intent—28 patients received SBRT and 16
received non-SBRT treatments—and 58 patients
(56.9%) were treated with palliative intent (Table 1).
There was a significantly higher proportion of patients
receiving TRT to a lung or mediastinal location among
patients who continued osimertinib during radiation
treatment (Table 1). Though not statistically significant,
there was numerically lower use of SBRT and a lower



Table 1. Patient Characteristics and Radiation Treatment Details

Characteristics
Total
(N ¼ 102)

Osimertinib Overlapping
(n ¼ 22)

Osimertinib Held
(n ¼ 80) p Value

Age (y), median [range] 64 [31–95] 63 [31–78] 66 [37–95] 0.165
Sex, n (%) 0.602

Male 31 (30.4) 8 (36.4) 23 (28.8)
Female 71 (69.6) 14 (63.6) 57 (71.2)

Tumor location, n (%) 0.016
Lung/mediastinum 73 (71.6) 11 (50.0) 62 (77.5)
Other 29 (28.4) 11 (50.0) 18 (22.5)

Pulmonary comorbidity, n (%) 0.553
No 82 (80.4) 19 (86.4) 63 (78.7)
Yes 20 (19.6) 3 (13.6) 17 (21.3)

Prior thoracic radiotherapy, n (%) 0.098
No 93 (91.2) 18 (81.8) 75 (93.8)
Yes 9 (8.8) 4 (18.2) 5 (6.2)

Prescribed dose (Gy), median [range] 45 [8–70] 30 [24–66] 45 [8–70] 0.322
Number of fractions, median [range] 6 [1–35] 10 [3–33] 5 [1–35] 0.112
Treatment type, n (%) 0.092

SBRT 50 (49.0) 7 (31.8) 43 (53.7)
Non-SBRT 52 (51.0) 15 (68.2) 37 (46.3)

Treatment intent,a n (%) 0.331
Palliative 58 (56.9) 15 (68.1) 43 (53.7)
Radical 44 (43.1) 7 (31.8) 37 (46.3)

Note: p Values comparing each parameter using Wilcoxon rank-sum test or Fisher’s exact test.
aRadical intent defined as SBRT with BED10 greater than or equal to 100 Gy, or non-SBRT with EQD2 greater than or equal to 60 Gy.
BED10, biological equivalent doses in Gy10; EQD2, equivalence dose in 2 Gy fractions; SBRT, stereotactic body radiotherapy.
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proportion of patients who previously received TRT
among patients who had osimertinib held during radia-
tion treatment. No other statistically significant imbal-
ance of clinical parameters among the group of patients
with held osimertinib and the group with overlapping
osimertinib was appreciated.

Pneumonitis and Associated Risk Factors
The median clinical follow-up was 10.2 months

(range: 1.9–53.2). A total of 16 patients (15.7%)
Table 2. Breakdown of Treatment-Related Pneumonitis Inciden
Adverse Events Version 5.0

Pneumonitis Grade
Category

Total
(N ¼ 102)

None or grade 1 88 (86.3)
Grade 2þ 14 (13.7)
Pneumonitis by grade
None 86 (84.3)
Grade 1 2 (2.0)
Grade 2 9 (8.8)
Grade 3 3 (2.9)
Grade 4 0 (0.0)
Grade 5 2 (2.0)

Time to grade 2þ pneumonitis,
median [range] in mo

3.2 [1.5–6.3]

Note: All values are n (%) unless otherwise specified.
RT, radiotherapy.
developed any-grade pneumonitis, and 14 (13.7%)
developed CTCAE grade 2þ pneumonitis (Table 2, Ra-
diation Therapy Oncology Group grade breakdown in
Supplementary Appendix C). Among the 22 patients who
received osimertinib overlapping with TRT, two (9.1%)
developed grade 2þ pneumonitis, compared with 12
(15.0%) of the 80 patients for whom osimertinib was
held during TRT (p ¼ 0.729, Fisher’s exact test) (Table 2
and Fig. 2). The median time to grade 2þ pneumonitis
was 3.2 months (range: 1.5–6.3 mo).
ce by Grade According to Common Terminology Criteria for

Osimertinib Overlapping
(n ¼ 22)

Osimertinib Held During
RT (n ¼ 80)

20 (90.9) 68 (85.0)
2 (9.1) 12 (15.0)

18 (81.8) 68 (85.0)
2 (9.0) 0 (0.0)
1 (4.6) 8 (10.0)
1 (4.6) 2 (2.5)
0 (0.0) 0 (0.0)
0 (0.0) 2 (2.5)
2.2 [1.6–2.7] 3.4 [1.5–6.3]



Figure 2. Incidence of radiation pneumonitis by Common Terminology Criteria for Adverse Events version 5.0.
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Table 3 provides patient details for those who expe-
rienced grade 2þ pneumonitis. Among patients with
grade 2þ pneumonitis, 11 (79%) had central or ultra-
central tumors, and nine patients (64%) had ultracentral
tumors. Two patients (2.9%) experienced fatal (grade 5)
pneumonitis; of those, the first was a 20-pack-year
former smoker who received SBRT (6 Gy � 5) to a pe-
ripheral lung lesion and the second was a 95-year-old
who received SBRT (8 Gy � 5) to a centrally located
tumor (Table 3). They were diagnosed with treatment-
related pneumonitis 3.2 and 4.4 months after comple-
tion of TRT, respectively. All had osimertinib held during
TRT; both patients were treated with steroids but
experienced progression of pneumonitis and significant
respiratory decline.

On univariable analyses of factors associated with
clinically significant pneumonitis, only the mean lung
dose (OR ¼ 1.18, 95% confidence interval [CI]: 1.03–
1.34, p ¼ 0.014) and EQD2 normalized mean lung dose
(OR ¼ 1.21, 95% CI: 1.03–1.43, p ¼ 0.024) were statis-
tically significant (Table 4). The practice of holding osi-
mertinib (versus overlapping) during TRT was not
associated with a significant change in the risk of
pneumonitis (OR ¼ 1.76, 95% CI: 0.364–8.55, p ¼
0.480). Tumor location (lung/mediastinum versus
other), sex (female versus male), and mean lung dose
(continuous) reached the threshold for inclusion in the
multivariable model set at a p value of 0.2 or less (of
note, lung volume receiving a dose of �5 Gy, �20 Gy,
and EQD2-normalized mean lung dose were excluded
from the multivariate analysis because of collinearity
with mean lung dose). On multivariable regression,
only mean lung dose was found to be significantly
associated with pneumonitis (OR ¼ 1.19, 95% CI: 1.03–
1.37, p ¼ 0.021).
Oncologic Outcomes
The median progression-free survival was 5.8

months from the start of TRT (95% CI: 3.2–7.5 mo), with
most patients experiencing distant progression
(Table 5). Of the entire cohort, 78 patients (76.5%)
experienced disease progression after TRT, which was
mainly distant progression, defined as disease progres-
sion beyond the irradiated lesion and draining lymph
nodes. Three (2.9%) patients experienced disease pro-
gression during TRT, two of whom had osimertinib held
during TRT. In all three cases, there was known preex-
isting central nervous system (CNS) disease and pro-
gression occurred in the CNS. Of note, two patients
developed rapid and symptomatic leptomeningeal dis-
ease (LMD) during radiation. The first patient was
receiving SBRT for an oligoprogressive lung lesion, this
patient had osimertinib held for 11 days and was
restarted on osimertinib after the diagnosis of LMD. The
second patient was receiving postoperative radiation to
an isolated site of small cell progression in the supra-
clavicular fossa, they remained on osimertinib during
radiation therapy but were started on pemetrexed after
LMD diagnosis. Both patients eventually completed TRT
as prescribed.

Discussion
To our knowledge, we report the largest and only

multi-institutional study to-date characterizing the risk
of pneumonitis in patients on osimertinib who receive
TRT, an increasingly common yet underinvestigated
clinical scenario. In 102 patients across two institutions,
we found that TRT in patients receiving osimertinib was
relatively safe with a moderate risk of clinically signifi-
cant pneumonitis. Although most patients held osi-
mertinib during RT, our study found that carefully
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selected patients who received osimertinib overlapping
with TRT did not seem to have a significantly increased
risk of pneumonitis. Whereas robust risk factor analysis
is limited by the relatively small cohort, we identified
mean lung dose as a strong predictor of pneumonitis.
Similarly to Smith et al.,16 we found that most patients
with clinical pneumonitis had at least central, and pre-
dominantly ultracentral tumors, which should inform
caution when discussing risks in these scenarios.

Several points require further discussion. Pneumo-
nitis is critical toxicity for patients with EGFR-mutant
NSCLC, not only because of short-term risks but also
the potential for the need for prolonged TKI hold and
impact on access to subsequent treatments and/or
clinical trials. Although the FLAURA trial reported a low
risk of grade 2þ pneumonitis of less than 5% in patients
treated with osimertinib, subsequent retrospective se-
ries have reported rates of pneumonitis ranging as high
as 18% with grade 2þ ranging from 9% to 13.6% and
grade 3 or higher ranging from 1.8% to 9.1%. 4,10–15 Our
reported incidence of 15.7% (13.7% grade 2þ, and
4.9% grade 3 or higher) falls at the higher end of this
range, though the historical comparison is difficult to
interpret given differences in patient and treatment
characteristics.

Currently, there are no prospective series assessing
the risk of pneumonitis in patients receiving TRT with
osimertinib, although the ongoing NORTHSTAR trial
should help address this gap.20 Historically, trials
seeking to combine TRT with earlier-generation TKIs
reported significant toxicities, including rates of pneu-
monitis ranging as high as 44%.6–8 These trials were
characterized by large treatment fields. More recently,
the randomized phase 3 SINDAS trial of first-generation
TKI with or without SBRT reported encouraging results,
with significant improvement in PFS and a rate of grade
3 to 4 pneumonitis of 5% with the use of SBRT in
addition to TKI.21 However, it is important to note that
SBRT was delivered before TKI administration, not
concurrently. The LAURA trial, currently in progress,
also evaluates the use of TRT before TKI and will pro-
vide additional insight.22

Two small retrospective series of concurrent RT and
osimertinib highlight the significant potential risks
associated with concurrent use of osimertinib with TRT.
Jia et al.17 reported that 10 out of 11 patients (91%)
experienced grade 2 or greater pneumonitis, whereas
Smith et al.16 noted that 9 of 16 patients (56%) receiving
TRT while on osimertinib developed grade 2 or greater
pneumonitis. It is critical to note that all patients treated
in the study by Jia et al.17 and all but two patients
treated in the study by Smith et al.16 continued osi-
mertinib during RT without a treatment hold and that
patients in both studies were treated to relatively high



Table 4. Logistic Regression Analyses for Clinically Significant (Common Terminology Criteria For Adverse Events Version 5.0
Grade 2 or More) Treatment-Related Pneumonitis by Patient and Treatment Characteristics

Variable

Univariable

95% CI p Value

Multivariable

95% CI p ValueOR OR

Sex (male)
Female 6.72 (0.839–53.9) 0.073 6.34 (0.735–54.8) 0.093
Agea 1.02 (0.971–1.07) 0.412
Osimertinib status (overlapping)
Held 1.76 (0.364–8.55) 0.480
Tumor location (other)
Lung/mediastinum 6.07 (0.756–48.7) 0.090 3.77 (0.442–32.2) 0.225
Pulmonary comorbidity (no)
Yes 1.14 (0.286–4.54) 0.854
Previous thoracic radiotherapy (no)
Yes 0.769 (0.089–6.67) 0.812
Treatment type (non-SBRT)
SBRT 1.05 (0.339–3.23) 0.937
Lung V5a 1.03 (0.995–1.06) 0.103
Lung V20a 1.06 (0.996–1.13) 0.066
Mean lung dosea 1.18 (1.03–1.34) 0.014 1.19 (1.03–1.37) 0.021
EQD2 normalized mean lung dose 1.21 (1.03–1.43) 0.024

Note: Reference variables in parentheses.
aContinuous variables per percentage point (for V5, and V20) or per Gy (for mean lung dose).
CI, confidence interval; EQD2, equivalence dose in 2 Gy fractions; SBRT, stereotactic body radiotherapy; V5, lung volume receiving a dose of �5 Gy; V20, lung
volume receiving a dose of �20 Gy.
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doses of RT. Both factors may have contributed to the
significant rates of pneumonitis reported.

Whereas we did not see an increased risk of pneu-
monitis in patients who continued osimertinib during
RT, it is critical to note that most patients in our study
held osimertinib during TRT. In addition, a significantly
lower fraction of patients who continued osimertinib
during RT received radiation to a lung or mediastinal
lesion. Although not statistically significant, the median
prescribed radiation dose was numerically lower in our
cohort of patients who received osimertinib overlapping
with radiation compared with patients for whom osi-
mertinib was held and compared with patients in both
the studies of Jia et al.17 and Smith et al.16 In carefully
Table 5. Follow-Up and Oncologic Outcomes

Measured Outcome
Total
(N ¼ 102)

Follow-up (mo), median [range] 10.2 [1.9–53.2
Overall survival (mo), median (95% CI) 23.2 (13.7–44
Progression-free survival (mo), median (95% CI) 5.8 (3.2–7.5)
Any progression 78 (76.5)
Local progression 27 (26.5)
Regional progression 38 (37.3)
Distant progression 71 (69.6)
Progression during RT 3 (2.9)

Note: All values are n (%) unless otherwise specified.
CI, confidence interval; RT, radiotherapy.
selected patients who continued osimertinib, there was
no increased risk of pneumonitis.

Holding osimertinib is not without potential risks. In
our study, there was a low, though not negligible, rate of
disease progression during RT, including a patient who
experienced rapid and symptomatic disease progression
in the CNS whereas osimertinib was held for TRT.
Caution should be taken before holding osimertinib in
patients with known extrathoracic metastases.

Our study identified mean lung dose as the only
significant factor associated with the development of
pneumonitis on multivariate analysis. This finding is
consistent with previous studies, which have suggested
that higher lung doses are associated with an increased
Osimertinib Overlapping
(n ¼ 22)

Osimertinib Held
During RT (n ¼ 80)

] 8 [1.9–53.2] 12.7 [2.1–52.3]
) 13.7 (7.5–NR) 23.7 (15.2–44.9)

3.0 (2.2–7.3) 7.0 (3.7–8.9)
19 (86.4) 59 (73.8)
7 (31.8) 20 (25.0)
10 (45.5) 28 (35.0)
16 (72.7) 55 (68.8)
1 (4.6) 2 (2.5)
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risk of developing pneumonitis.7,23 In addition, we noted
an overrepresentation of central and ultracentral tumors
among patients who developed clinically significant
pneumonitis. This is consistent with the recent work by
Smith et al.16 who noted that severe pneumonitis was
limited to patients receiving TRT to central lung lesions,
suggesting that central location could represent an
additional risk factor for the development of pneumo-
nitis in this patient population.

The disease and mortality outcomes for the patients
included in the study were also analyzed. We noted a
median overall survival of 23.2 months and progression-
free survival of 5.8 months. There was, however, signif-
icant variability in each of these outcomes, reflecting the
heterogeneity of our patient population. Most patients
(76.5%) experienced disease progression, however, the
survival post-TRT was observed to be markedly longer
than the progression-free survival. This is likely
explained by the availability of additional interventions
(further radiation, ablation, alternative systemic thera-
pies), and supports the use of radical interventions like
TRT for patients with oligoprogressive disease and
otherwise well-controlled metastatic disease.

There are several important limitations to this study.
First, the retrospective nature of this study introduces
inherent biases in our results. Furthermore, the combi-
nation of the relatively small sample size and the limited
number of pneumonitis events limits our ability to
comprehensively analyze the risk factors of pneumonitis.
More importantly, there was significant heterogeneity in
patient characteristics and treatment conditions
including fractionation schemes, which further limits the
strength of our conclusions. Finally, the limited number
of patients receiving TRT overlapping with osimertinib
therapy, and the relatively short median follow-up for
patients in this subpopulation (7.7 mo) restricted our
ability to capture late pneumonitis events in this cohort
and, therefore, limited our ability to make definitive
conclusions regarding the safety of this practice across
large patient cohorts.

In conclusion, this pooled multi-institutional study
represents the largest to-date analysis of patients
receiving TRT and osimertinib therapy. It establishes
incidence rates of pneumonitis in this population and
denotes the relative safety of this approach in carefully
selected patients. Furthermore, this work investigates
potential risk factors for pneumonitis and identifies
mean lung dose and central lung tumor location as
potentially associated with an increased risk of clinically
significant pneumonitis. Collectively, the study provides
important data to inform thoracic oncology providers
and patients in their decision-making when discussing
the use of thoracic radiation in combination with
osimertinib.
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