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Abstract

Purpose: We compared treatment-related pulmonary adverse events (TRPAE), progression-free
survival (PFS), and overall survival (OS) among locally advanced non-small cell lung cancer
(NSCLC) patients who received concurrent chemoradiotherapy (CRT) versus CRT followed by
immune check point inhibitor (ICI) immunotherapy (CRTI).

Materials and methods: TRPAE was defined as any pulmonary events as defined in CTCAE
v.5 occurring within 12 months after completion of radiotherapy. Outcomes were compared
between CRT and CTRI by Cox proportional hazard regression and Kaplan-Meier analyses. We
also assessed if TRPAE-induced discontinuation of ICI affected survival.
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Results: We analyzed 326 patients treated between July 2010 and November 2019; 195 patients
received CRT and 131 received CRTI. The incidences of severe grade = 3 TRPAE were similar
between the two groups, however, symptomatic TRPAE was almost doubled in CRTI group (65.7
% CTRI vs 35.9 % CRT, P< 0.0001). The rates of 4-year OS and PFS were 54.5 % vs 36.7 % (P
=0.0003) and 43.8 % vs 35.8 % (P =0.038) in CRT + Durvalumab and CRT group, respectively.
Receipt of ICI Durvalumab was associated with better 4-year OS (HR 0.53, 95 % CI 0.36-0.78,
P=0.001) and PFS (HR 0.55, 95 % CI 0.38-0.80, A= 0.002). Patients who discontinued ICI
because of TRPAE had worse 4-year OS (£ = 0.001) and higher rates of distant metastasis (P =
0.003) than those who completed planned ICI after developing TRPAE.

Conclusion: CRT followed by adjuvant ICI led to improved 4-year OS and PFS consistent with
published data. CRTI was associated with higher incidence of grade = 2 TRPAE in both high and
low mean lung dose groups without significant difference in grade = 3 TRPAE. Discontinuation of
ICI due to TRPAE was associated with poorer OS and distant disease control than completing ICI
as planned after developing TRPAE.

Keywords
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toxicities; Non-small cell lung cancer

The use of immune checkpoint inhibitors (ICI) represents a breakthrough in the treatment of
locally advanced non-small cell lung cancer (LA-NSCLC). The median overall survival
(OS) time for these patients has improved to 47.5 months with standard concurrent
chemoradiotherapy (CRT) and adjuvant ICI immunotherapy with Durvalumab [1,2].
Findings from the landmark PACIFIC trial led to Durvalumab being granted approval by the
US Food and Drug Administration as consolidation therapy for patients with unresectable
stage 111 NSCLC [3,4]. However, both CRT and adjuvant ICI carry risks of adverse effects
on healthy lung tissue. Moreover, in the PACIFIC trial, only patients who did not develop

symptomatic pneumonitis, disease progression, unresolved symptomatic adverse events from

CRT were included in the randomization for ICI, which may have excluded up to 55 % of
patients who might benefit from ICI immunotherapy [5].

Findings from other prospective studies have also shown increased pulmonary toxicity
among patients who receive thoracic RT with concurrent or sequential PD-1/PD-L1
inhibitor, suggesting that these therapies may interact in ways that increase the risk of
pulmonary toxicity [6,7]. A meta-analysis published in abstract form showed that receipt
of thoracic RT with ICI for NSCLC led to a higher incidence of ICI-related pneumonitis

than that without receiving CRT [8]. Clinically, treatment-related pulmonary adverse events
(TRPAE) after CRT or other cancer treatment can present in many different forms including
cough, dyspnea, pleural effusion, hypoxia, respiratory distress, infection, even though
pneumonitis has been most commonly reported. It is important for clinicians to understand
the whole spectrum of possible TRPAE after cancer treatment. Several reports (including
the PACIFIC trial) have shown that consolidation ICI can improve survival, however, little
“real-world” evidence is available on the incidence of TRPAE and their impacts on survival.
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In this study, we hypothesized that consolidation ICI and TRPAE affect disease outcomes
after CRT. We retrospectively assessed (1) the effects of CRT followed by adjuvant ICI on
TRPAE and rates of 4-year OS and disease progression in patients with LA-NSCLC and (2)
whether discontinuation of ICI due to TRPAE would affect OS and disease progression.

Materials and methods

Patients

This was a retrospective analysis of outcomes in 361 patients with inoperable LA-NSCLC
who were consecutively treated either with concurrent CRT or CRT plus consolidation ICI
immunotherapy (CRTI, routinely use after November 2017) at a single institution. Inclusion
criteria includes: 1) NSCLC patients with stage I1-111 or recurrent disease after initial lung
surgery; 2) received concurrent CRT + adjuvant ICI for the first time; 3) radiation total
tumor dose = 60 Gy. Exclusion criteria were 1) active or previous autoimmune diseases

or infections (n = 15); 2) history of primary immunodeficiency (n = 2); 3) active steroids
treatment (n = 3, also have immune diseases). Finally, 326 patients were included in this
analysis (Suppl. Fig. S1). Information on patient-, disease-, and treatment-characteristics and
outcomes (survival and lung toxicities) were collected under an IRB-approved protocol for
retrospective chart review, and informed consent was waived.

Treatment and follow-up

All patients received definitive concurrent CRT. Chemotherapy regimen was mainly
platinum-based doublets with taxanes. Radiation was delivered in daily 2-Gy fractions by
photon or proton therapy (median dose 66 Gy, range 6078 Gy). Patients received radiation
doses 66 Gy or higher routinely from 2010. After publication of the RTOG0617 [9,10],

our radiation prescription has been changed to give GTV 66 Gy, while maintaining 60
Gy/30 fractions for the PTV. In 2016, we also started treating LA-NSCLC patients using
protons as our routine practice. The selection of radiation modality was based on dosimetric
comparison demonstrating potential benefit of the selected modality, either proton or
photons, or if patient was treated on previously completed proton protocol. Patients who

are currently enrolled to therapeutic protocols are not included in the current study. Adjuvant
ICI immunotherapy usually started at 4-6 weeks after completion of CRT and continued for
1 year. ICI agents include Durvalumab (n = 118, 90.1 %), Pembrolizumab (n = 6, 4.6 %),
Atezolizumab (n =5, 3.9 %), and Nivolumab (n = 2, 1.5 %). The non-Durvalumab ICIs
were mostly used before the FDA approval of Durvalumab as standard consolidation ICI
treatment after CRT. ICI may be discontinued due to adverse events or disease progression.

Follow-up evaluations after treatment included surveillance chest CTs or PET/CTs
performed at 4-8 weeks after RT completion, and then every 3—-4 months thereafter for
the next 2 years. Findings documented in diagnostic radiology reports were confirmed
independently by a board-certified radiation oncologist.

Treatment-related pulmonary adverse events (TRPAE) were diagnosed and graded by two
radiation oncologists or pulmonologists according to the CTCAE 5.0 including pneumonia,
pneumonitis, fibrosis, pleural effusion, hypoxia, and respiratory distress. Patients who were
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diagnosed with pneumonia simultaneously with pneumonitis, or when it was difficult to
rule out pneumonitis when patients were diagnosed with pneumonia after RT were included
as TRPAE events in this analysis. Patients developed severe respiratory distress needing
intubation without clear evidence of pneumonitis (e.g. no imaging changes to indicate
inflammation in the lung) were categorized as respiratory distress. Similarly, patients
developed hypoxia without clear evidence of pneumonitis were categorized as hypoxia.

Statistical analyses

Results

The endpoints of this study were symptomatic (grade = 2) TRPAE, OS, and progression-free
survival (PFS). Time to TRPAE was computed from the start of CRT to the date of the

first documented lung toxicity. Maximum grade of TRPAE was used for analysis. Patients
who did not develop TRPAE were censored at the time of the last follow-up or death

within 1 year after CRT. Demographics and clinical characteristics were compared with
ttest (for continuous variables) or XZ test (for categorical variables) between treatment
groups. Endpoints were estimated by Kaplan-Meier method and compared with log-rank
test. Cox proportional hazard regression models were applied to identify associated factors,
including clinical factors (age, sex, smoking status, clinical disease stage, tumor location and
histology, radiation dose, receipt of chemotherapy, and receipt of ICI), lung and tumor dose
parameters, and radiation modalities. Risk factors were entered multivariable model if P<
0.1 in univariable analysis or clinically relevant to the endpoint. < 0.05 was the threshold
for statistical significance. Statistical analyses were conducted with SAS version 9.4 (SAS
Institute Inc., Cary, NC).

Patients’ characteristics are shown in Table 1. A total of 326 inoperable LA-NSCLC patients
treated from July 2010 through November 2019 were included in this study. Among them,
195 (59.8 %) were treated with CRT from 2010 to 2019, and 131 (40.2 %) were treated

with CRTI from 2014 to 2019. Pretreatment patient-related variables (age, sex, smoking
status, ECOG performance status score) and disease-related variables (disease stage, tumor
histology and location, gross tumor volume [GTV]) were well balanced between the two
groups except more white ethnic in CRT group (92.3 % vs 82.4 %).

As for treatment characteristics, majority of patients received standard radiation dose of
60-66 Gy (64.4 %) with photon therapy (75.8 %). A small portion of patients received >
66 Gy (35.6 %) and treated with proton therapy (24.2 %) when dosimetric plan comparison
suggested better sparing or neighboring normal organs such as lung, heart, and esophagus.
More patients in CRTI group received standard radiation dose compared to CRT group (83.2
% vs 51.8 %, P< 0.0001). However, the mean lung dose (MLD) was similar between the
two groups (CRTI vs CRT, 14.3 Gy vs 15.1 Gy, P=0.084). Seventeen percent of total
patients received induction chemotherapy. No significant difference was found in induction
chemotherapy between the two groups. There were 57 (29.2 %) patients in CRT group
received adjuvant chemotherapy. All patients in CTRI group received ICI in an adjuvant
setting except for 3 (2.3 %) patients who received consolidation immunotherapy with
chemotherapy.
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The grades and incidences of TRPAE are listed in Table 2. The incidence of grade =2
TRPAE was nearly doubled in CRTI group comparing to CRT group (65.7 % vs 35.9 %, P<
0.0001). However, there was no significant difference in grade = 3 TRPAE between the CRT
and CRTI groups (26.2% vs 32.1%, P= 0.247). The median time to grade = 2 TRPAE was
5.1 months (IQR 2.8-7.7) after the start of CRT in the entire population; 5.8 months (IQR
3.5-8.2) for the CRTI group; and 4.3 months (IQR 2.1-6.7) for the CRT group (£ = 0.019).
In the CRT group, 85.7 % TRPAE occurred < 8 months and 14.3 % occurred > 8 months
after RT. However, more patients in the CRTI group developed TRPAE > 8 months after RT
(72.1 % <8 months and 27.9 % >8 months, 2= 0.040). The incidences of pneumonitis were
62.9 %, 52.3 %, and 78.6 % for the whole, the CRT, and the CRTI groups, respectively.

The cumulative incidences of grade = 2 TRPAE are plotted in Fig. 1A. Curves for patients
with and without ICI started to diverge at about 5 months after CRT. Because MLD is an
established radiation dosimetric risk factor for TRPAE after CRT for NSCLC [11], we also
considered possible interactions between ICI and MLD in this study. We used the mean
MLD value of the entire study population (14.8 Gy) as the cutoff to define high and low
MLD subgroups. The incidences of grade > 2 TRPAE were 51.1 % in high MLD group
and 43.9 % in low MLD group with marginally significant difference (P=0.062, Fig. 1B).
However, MLD was a strong predictor of TRPAE for CRT patients only (high vs low MLD,
43.9 % vs 24.7 %, P=0.017, Fig. 1C) but not for CRTI patients. In another word, reduced
MLD did not lower the incidences of TRPAE in CRTI group (high vs low MLD, 64.7 %
Vs 66.7 %, P=0.717, Fig. 1C), suggesting that ICI induced TRPAE may have a different
mechanism independent of radiation induced lung injury.

Univariable Cox regression analysis (Suppl. Table S1) showed that CRTI (Durvalumab)
doubled the risk of grade = 2 TRPAE compared to CRT (hazard ratio [HR] = 2.00, 95 %
confidence interval [C1] 1.45-2.75, P< 0.0001). Number of ICI cycle was also a strong risk
factor for grade = 2 TRPAE (HR 1.02, 95 % CI 1.004-1.035, £= 0.016). Other clinical
factors associated with grade = 2 TRPAE were age (=67 years), race (other ethnicities),
GTV, ECOG score (=1), and MLD (=14.8 Gy). In multivariable Cox regression analysis
(Table 3), receipt of ICI Durvalumab was independently associated with more than 2-fold
of risk of grade = 2 TRPAE (HR = 2.37, 95 % CI 1.56-3.40, A< 0.0001) after adjusting

for age, race, GTV, tumor location, ECOG score, smoking status, MLD, total tumor dose
and radiation technique. Race, GTV, and radiation technique were significant risk factors for
grade = 2 TRPAE after adjustment.

The median times of PFS were 12.4 and 16.7 months for CRT and CRTI group respectively.
The median time of OS was 31.0 months for CRT group, while it was not reached but
longer than 48 months for CRTI group. Kaplan-Meier estimates for the disease outcomes,
including PFS, local-regional progression—free survival (LPFS), distant metastasis—free
survival (DMFS), and OS at 4 years by treatment groups are shown in Fig. 2. All rates

of 4-year survival outcomes excluding DMFS were significantly higher in the CRT +
Durvalumab group than those of the CRT group: PFS, 43.8 % CRTI and 35.8 % CRT (P=
0.038); LPFS, 73.1 % CRTI and 59.7 % CRT (P= 0.016); DMFS, 52.1 % CRTI and 45.4 %
CRT (P=0.102); and OS, 54.5 % CRTI and 36.7 % CRT (~=0.0003). However, in patients
who received CRT + other ICI agent (n = 13), only the rate of 4-year OS was higher than
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that of CRT group (53.9 % vs 36.7 %, 2= 0.001), and no significant differences in the rates
of PFS, LPFS, or DMFS. Twelve patients (92.3 %) in this ICI subgroup had local-regional
failure (53.8 %, £=0.280) or distant failure (61.5 %, £=0.401) within 4 years after CRT.
The median time of OS for CRTI group was longer than 4 years, while it was 31 months for
CRT group ().

Univariable Cox regression analyses for OS and PFS at 4 years are shown in Suppl. Table
S1. Receipt of Durvalumab as consolidation ICI was associated with significantly improved
4-year OS (HR =0.52, 95 % ClI 0.36-0.75, A= 0.0005) and PFS (HR = 0.70, 95 % CI
0.51-0.97, P=0.031) compared with CRT only patients. Number of ICI cycle was also a
strong factor for OS (HR = 0.95, 95 % CI1 0.93-0.97, £< 0.0001) and PFS (HR = 0.70, 95 %
Cl 0.51-0.97, P=0.031). Kaplan-Meier estimates of OS, LRFS, DMFS and PFS stratified
by cycles of ICI were plotted in Suppl. Fig. S2. Patients received > 12 cycles of ICI had
better OS (62.0 % vs 46.3 %, P=0.002), DMFS (59.6 % vs 36.6 %, A= 0.0002) and PFS
(49.0 % vs 25.4 %, £=0.0001) than patients received < 12 cycles of ICI. Other clinical
factors associated with 4-year OS were disease stage, tumor histology, GTV, ECOG score,
smoking status, and MLD. Clinical factors associated with 4-year PFS were age, disease
stage, GTV, and MLD (Suppl. Table S1).

In multivariable Cox regression analysis (Table 3), receipt of Durvalumab was independently
associated with improved 4-year OS (HR = 0.53, 95 % CI 0.36-0.78, A= 0.001) and PFS
(HR =0.55, 95 % CI 0.38-0.80, A= 0.002) after adjustment for selected clinical factors.
GTV, ECOG score, smoking status, and MLD were clinical factors significantly associated
with 4-year OS after adjustment. Age, GTV, tumor location and MLD were clinical factors
significantly associated with 4-year PFS after adjustment (Table 3).

Finally, we conducted a subgroup analysis to evaluate the effects of TRPAE-caused
discontinuation of ICI on disease outcomes. Of the 131 patients in the CTRI group, 55
(42.0 %) completed 1 year adjuvant ICI (50 [38.2 %] patients with TRPAE and 5 [3.8 %]
without TRPAE); 72 patients (55.0 %) discontinued ICI; 2 patients (1.5 %) lost follow up.
There were a variety of reasons for discontinuation of ICI, chief among them being toxicity
events (32 events (24.4 %): 27 TRPAE [20.6 %]; 1 skin toxicity [0.8 %]; 2 arthritis or joint/
muscle pain [1.5 %]; 1 cognitive issues and fatigue [0.8 %]; and 1 vomiting and weakness
[0.8 %]). The second reason was disease progression (25 patients [19.1 %]). Ten patients
(7.6 %) discontinued ICI for other reasons, such as death, change in health status and
patient’s decision. Among patients developed TRPAE, 50 (38.2 %) completed ICI therapy
and 27 (20.6 %) discontinued ICI therapy because of TRPAE. Discontinuation of ICI had
significant negative effects on 4-year DMFS (ICI discontinued vs continued, 45.4 % vs 60.2
%, P=0.003) and 4-year OS (ICI discontinued vs continued, 52.3 % vs 62.9 %, A= 0.001)
relative to those patients who continued ICI after developing TRPAE (Fig. 3). Representative
radiographic features of severe TRPAE leading to discontinuation of ICI in two patients are
shown in Suppl. Fig. S3.
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Discussion

In this real-world, single-institution analysis, receipt of consolidation ICI immunotherapy
after CRT significantly increased the incidence of symptomatic (grade 2) TRPAE. Patients
who received CRTI had more TRPAE despite receiving lower radiation dose when compared
with CRT group. MLD was a strong predictor of TRPAE risk for patients who received

CRT, but not for patients who received CRTI. The risk of TRPAE in CRTI treated

patients was uniformly high in both high and low MLD subgroups, which implies that

ICI immunotherapy was indeed an independent risk factor for TRPAE. We also showed that
receipt of Durvalumab immunotherapy led to significantly improved 4-year OS and PFS
compared with CRT only. We further found that among the CRTI group, discontinuation of
ICI immunotherapy because of TRPAE had significant negative effects on 4-year DMFS and
OsS.

Clinical data from prospective trials suggested that thoracic RT could increase pulmonary
toxicities of ICI, given concurrently or sequentially, for NSCLC [6,7] In the PACIFIC

trial, the incidence of pneumonitis/pneumonia among patients receiving Durvalumab was
46.1 % (any grade) and 7.8 % (grade 3/4) compared with 31.2 % (any grade) and 6.0 %
(grade 3/4) among patients given placebo [4]. In real-world retrospective studies, there is
inconsistency in the reported incidence of pneumonitis [5,6,12-23] (Suppl. Table S2). For
examples, Hassanzadeh et al. [21] reported 2/34 (6 %) grade 3 pneumonitis; Bruni et al. [23]
reported 7/155 (5 %) grade = 3 pneumonitis; Perna et al. [16] reported 7/187 (4 %) grade >
3 pneumonitis, consistent with that reported from PACIFIC trial. However, there are studies
reported high rates of grade = 3 pneumonitis [5,12,13,15,17,18,24]. For examples, Jung et
al. [5] reported 9/21 (43 %) grade = 2 and 3/21 (14.3 %) grade 3 pneumonitis versus 8/40
(20 %) grade =2 and 1/40 (2.5 %) grade 3 pneumonitis in Durvalumab versus observation
group. Thomas et al. [13] reported 26/123 (21 %) grade = 2 and 17/123 (13 %) grade 3/4
pneumonitis in CRTI patients. Mayahara et al. [18] reported 50/56 (89 %) grade = 2 and
22/56 (39 %) grade = 3 pneumonitis. Similarly, the incidences of pneumonitis grades 2 and
3 in our study were largely increased in CRTI group as listed in Suppl. Table S2. There
were 76/131 (58 %) grade = 2 and 33/131 (25 %) grade = 3 pneumonitis versus 44/195

(23 %) grade = 2 and 33/195 (14 %) grade = 3 pneumonitis in CRTI versus CRT group.
These differences in the incidences of pneumonitis between the real-world reports including
our study and PACIFIC trial could reflect the use of strict patient selection criteria and the
exclusion of patients who developed symptomatic pneumonitis in the PACIFIC trial. Small
sample size and different inclusion criteria of real-world retrospective studies were also
potential reasons for the wide range of reported incidences.

In our study, we found 65.7 % grade = 2 TRPAE and 32.1 % grade = 3 TRPAE in CRTI
treated patients. This high incidence of TRPAE was due to the inclusion of all possible
pulmonary adverse events that were attributable to CRT or CRTI in the definition of events
in the current study. These pulmonary adverse events included not only pneumonitis but also
fibrosis, pleural effusion, hypoxia, respiratory distress, and pneumonia. In a study reported
by Reibnitz et al. [12], there were 34/79 (43 %) grade 2 + and 15/79 (19 %) grade 3 +
TRPAE in NSCLC patients received CRTI, including pneumonitis, pneumonia, dyspnea,
cough, pleural effusion, pulmonary embolism, and bronchopulmonary aspergillosis. Our
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motivation to include all pulmonary adverse events in this report was to provide a more
comprehensive description of all possible pulmonary adverse events that can impact on
patient quality of life and even the treatment outcomes. Therefore, incidences of TRPAEs
from the current study should not be considered as equivalent to “radiation induced
pneumonitis” and should not be directly compared with those reports that only included
pneumonitis. In fact, the incidence of grade 3 or higher pneumonitis in our study after CRT
or CRTI were quite consistent with our previous reports [25-27] and reports from others
listed in Suppl. Table S2 [5,12,18].

Use of the PD-L1 inhibitor Durvalumab as consolidation therapy after concurrent CRT

has significantly extended survival times and now represents the current standard of care
for unresected stage 111 NSCLC [28]. In Jung et al.’s analysis [5], use of Durvalumab

for consolidation was associated with favorable PFS in the entire population as well as

a subgroup of patients who did not meet the criteria for the PACIFIC study. Similarly,
Desilets et al. [22] reported an improved median OS time for patients given Durvalumab for
historical patients. Our findings of improved OS with median > 48 months (vs. 31 months)
and improved PFS with median of 16.7 months (vs. 12.4 months) in the CRTI group seems
to agree with the results of both the PACIFIC trial and the reported real-world evidences.

Discontinuation of cancer therapy could be expected to negatively affect survival outcomes.
In the PACIFIC trial, 15.4 % patients in Durvalumab group and 9.8 % in placebo group
discontinued the trial regimen because of grade 3/4 adverse events [3]. Pneumonitis was
the most common adverse events for ICI discontinuation. In our study, 24.4 % patients
discontinued ICI immunotherapy because of adverse events (mainly grade 3/4 TRPAE), 18
% were discontinued because of pneumonitis, which is consistent with previous reports
listed in Suppl. Table S2 [5,6,13-15,17,18,21,22]. These patients had poorer OS and
DMFS relative to those who completed ICI even after developing TRPAE. These findings
underscore the importance of identifying risk factors, means of early diagnosis, and effective
management for TRPAE to allow more patients to complete ICI therapy and, potentially,
experience survival and disease control benefits.

We identified MLD was only a risk factor for TRPAE in CRT group but not CRTI group.
The radiation dose to certain threshold volumes of the lung has been well established as a
risk factor for radiation-induced TRPAE [11]. However, using stricter lung-dose constraints
may not be as effective in reducing pneumonitis in the setting of CRTI as it has been in the
setting of CRT, because lung injury induced by ICI may involve different pathophysiologic
pathways. The precise means by which immunotherapy leads to adverse events is largely
unknown, some have proposed that it relates to the temporal process of how immune
checkpoints maintain immunologic homeostasis; the point at which PD1 inhibits T cells in
peripheral tissues, for example, is thought to be related to the type of tissue injury induced
by ICI with anti-PD1 [29]. Recent study also suggested that Th17 mediated inflammation
may play a critical role in the pathophysiology of ICl-related pulmonary complications
[30]. Additional preclinical and translational research is needed to better understand the
mechanisms underlying various types of immunotherapy-related toxicities to develop more
specific interventions for TRPAE induced by ICI immunotherapy.
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We acknowledged that this retrospective single-center study was subject to all the limitations
inherent in retrospective analyses. For example, patients in the CRT group were treated
from 2010, and all patients in the CRTI group were treated more recently because of the
practice changes resulting from the PACIFIC trial findings. However, the standard work-up
and concurrent CRT regimens for LA-NSCLC have been quite consistent for the past 2
decades, and the CRTI group had similar preclinical characteristics to those treated earlier.
We also included patients who were diagnosed with pneumonia but also had findings that
indistinguishable from TRPAE because of the difficulty in ruling out pneumonitis from
pneumonia based on clinical symptoms or diagnostic images, and because these two events
often co-exist. We realize that this approach, though more conservative and safer, may add
noise to the analysis and contribute to the higher incidence of the TRPAE in our study.
Since it is extremely challenging to differential pneumonitis and pneumonia clinically, it
might be warranted to perform bronchial airway lavage in all cases of pneumonitis to
exclude pneumonia, and to develop tests that “diagnose” pneumonitis and distinguish from
pneumonia. Furthermore, as additional patients are treated with this new standard of care,
our findings will need to be confirmed by larger, prospective multicenter studies.

In conclusion, we found that concurrent CRT followed by consolidation immunotherapy
with ICI led to improved survival and disease control relative to concurrent CRT only for
patients with LA-NSCLC, consistent with published data. Compared with CRT, CRTI was
associated with increased grade 2 TRPAE without significant increase in severe grade = 3
TRPAE regardless of radiation MLD. Discontinuation of ICI resulting from TRPAE was
associated with poorer disease outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CRT Chemoradiotherapy

ICI Immune checkpoint inhibitor

CRTI Chemoradiotherapy plus consolidation immune checkpoint inhibitor
immunotherapy

CTCAE Common Terminology Criteria for Adverse Events

CT Computed tomography

PET Positron emission tomography

GTV Gross tumor volume

MLD Mean lung dose
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Cumulative incidence of grade > 2 treatment-related pulmonary adverse events (TRPAE) in
all patients stratified by (A) treatment (CRT vs CRTI), (B) mean lung dose (MLD), and (C)
a combination of the two. Significant increases in the incidence of grade = 2 TRPAE were
associated with receipt of immune checkpoint inhibitors (ICI) (A) and in patients with a
high (=14.8 Gy) MLD (B). Receipt of ICI was associated with significantly higher incidence
of grade > 2 TRPAE regardless of the MLD. MLD was a strong predictor of grade = 2
TRPAE among patients who received CRT, but not among patients given CRTI (C), because
all patients given ICI had a high incidence of TRPAE regardless of whether the MLD was

high or low.
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Four-year disease outcomes stratified by receipt of chemoradiotherapy (CRT) or
chemoradiotherapy followed by adjuvant immune checkpoint inhibitor Durvalumab or
other ICI immunotherapy (CRTI). (A) Progression-free survival (PFS); (B) local-regional
progression-free survival (LPFS); (C) distant metastasis-free survival (DMFS); and (D)
overall survival for patients with non-small cell lung cancer. Receipt of Durvalumab ICI
immunotherapy led to improved local and distant progression-free survival and overall
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Four-year disease outcomes in patients with non-small cell lung cancer who developed
treatment-related pulmonary adverse events (TRPAE), grouped by completion of
immunotherapy. Patients who discontinued immunotherapy had worse (A) distant
metastasis-free survival and (B) overall survival than did those who continued ICI therapy
after developing TRPAE.
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