") Check for updates

Relationship Between Prior Radiotherapy and
Checkpoint-Inhibitor Pneumonitis in Patients

With Advanced Non—Small-Cell Lung Cancer

Khinh Ranh Voong,l Sarah Z. Hazell," Wei Fu,* Chen Hu,* Cheng Ting Lin,’
Kai Ding,1 Karthik Suresh,® Jonathan Hayman,6 Russell K. Hales,! Salem Alfaifi,’
Kristen A. Marrone,”” Benjamin Levy,” Christine L. Hann,” David S. Ettinger,”
Josephine L. Feliciano,” Valerie Peterson,” Ronan J. Kelly,2 Julie R. Brahmer,>>

Patrick M. Forde,*? Jarushka Naidoo*?

Abstract

In patients with non—small-cell lung cancer treated with anti—PD-1/PD-L1 agents, no specific radiation
parameter was significantly associated with immune-related (IR) pneumonitis. We identify on subset analysis
of patients who developed IR pneumonitis and received chest radiation, patients were numerically more likely
to have received chest radiation with curative intent than with palliative intent (89% vs. 11%), that approached
statistical significance.

Purpose: To investigate the relationship between radiotherapy (RT), in particular chest RT, and development of
immune-related (IR) pneumonitis in non—small-cell lung cancer (NSCLC) patients treated with anti—programmed
cell death 1 (PD-1)/programmed death ligand 1 (PD-L1). Patients and Methods: Between June 2011 and July
2017, NSCLC patients treated with anti—PD-1/PD-L1 at a tertiary-care academic cancer center were identified.
Patient, treatment, prior RT (intent, technique, timing, courses), and IR pneumonitis details were collected. Treating
investigators diagnosed IR pneumonitis clinically. Diagnostic IR pneumonitis scans were overlaid with available
chest RT plans to describe IR pneumonitis in relation to prior chest RT. We evaluated associations between
patient, treatment, RT details, and development of IR pneumonitis by Fisher exact and Wilcoxon rank-sum tests.
Results: Of the 188 NSCLC patients we identified, median follow-up was 6.78 (range, 0.30-79.3) months and
median age 66 (range, 39-91) years; 54% (n = 102) were male; and 42% (n = 79) had stage I-Ill NSCLC at initial
diagnosis. Patients received anti—PD-1/PD-L1 monotherapy (n = 127, 68%) or PD-1/PD-L1-based combinations
(n =61, 32%). In the entire cohort, 70% (132/188) received any RT, 53% (100/188) chest RT, and 37% (70/188)
curative-intent chest RT. Any grade IR pneumonitis occurred in 19% (36/188; 95% confidence interval, 13.8-25.6).
Of those who developed IR pneumonitis and received chest RT (n = 19), patients were more likely to have received
curative-intent versus palliative-intent chest RT (17/19, 89%, vs. 2/19, 11%; P = .051). Predominant IR pneu-
monitis appearances were ground-glass opacities outside high-dose chest RT regions. Conclusion: No RT
parameter was significantly associated with IR pneumonitis. On subset analysis of patients who developed IR
pneumonitis and who had received prior chest RT, IR pneumonitis was more common in patients who received
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curative-intent chest RT. Attention should be paid to NSCLC patients receiving curative-intent RT followed by anti

—PD-1/PD-L1 agents.

Clinical Lung Cancer, Vol. 20, No. 4, e470-9 © 2019 Elsevier Inc. All rights reserved.
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Introduction

Immune checkpoint inhibitors (ICIs) directed against pro-
grammed cell death 1 (PD-1) and programmed death ligand 1
(PD-L1) have improved survival for patients with advanced
non—small-cell lung cancer (NSCLC).' In addition, these agents
have a mild overall toxicity profile. Despite this, 5% to 10% of
patients may experience immune-related (IR) adverse events, which
can be severe and potentially fatal.*

Pneumonitis is a focal or diffuse inflammation of the lung pa-
renchyma,” and its association with ICIs was first reported in a case
report of 3 patients who received anti—PD-1 antibodies for the
treatment of melanoma.® Pneumonitis accounted for 3 treatment-
related deaths (1%) in an early phase study of nivolumab.” The
reported incidence of IR pneumonitis after anti—PD-1/PD-L1
therapy ranges from 1% to 10%,%” with a higher incidence among
those receiving combination immunotherapy.'®'" The median time
to onset of IR pneumonitis is 2 to 3 months, with a wide range from
less than 1 month to more than 27 months after initiation of
anti—PD-1/PD-L1 therapy.®*""

Radiotherapy (RT) is a standard treatment modality provided to
patients with NSCLC; it may be administered with either curative
or palliative intent. Consequently, there are variations in RT dosing
and delivery techniques that may include simple 2- to 3-beam
conformal arrangements for palliative treatments or highly modu-
lated curative-intent treatments. Preclinical studies and clinical
observations support potential immunologic synergy between RT
and ICIs.">"? Because RT delivered to the chest may cause its own
pneumonitis, there is a theoretical concern for enhanced pulmonary
toxicity in NSCLC patients receiving subsequent anti—PD-1/PD-
L1 therapy. In an analysis of 97 NSCLC patients from the
KEYNOTE-001 phase 1 trial, 8% (2/24) of patients who received
prior chest RT developed IR pneumonitis, compared to 1% (1/73)
of patients who had not received prior chest RT.'* While these
observations suggest a potential relationship between prior chest RT
and the development of IR pneumonitis, the absolute numbers of
IR pneumonitis cases were limited, and further studies are needed to
explore associations between specific RT parameters and the
development of IR pneumonitis. Moreover, the spatial distribution
between IR pneumonitis and irradiated lung regions has not been
evaluated.

We have previously reported on non—radiation-related clinical
factors affecting the incidence risk rates of IR pneumonitis and
overall survival (OS) among those who developed IR pneumonitis
in a large series of NSCLC patients.'”'® Herein, we assess associ-
ations between RT intent, technique, and timing with the devel-
opment of IR pneumonitis in patients treated with prior RT, and in
particular chest RT. We also explore the distribution and appear-
ance of radiographic IR pneumonitis as well as RT dose regions in
the chest.

Patients and Methods

Patients with advanced NSCLC treated with anti—PD-1/PD-L1
therapy at Johns Hopkins University between January 2011 and
June 2017 were identified. All patients received anti—PD-1/PD-L1
therapy either as the standard of care, or as part of an institutional
review board (IRB)-approved clinical trial, and consented to have
their data prospectively collected in an IRB-approved database.

The diagnosis of IR pneumonitis was defined as clinical symp-
toms with or without radiologic inflammatory changes in the lung
after ICI therapy, was clinically determined by the treating inves-
tigator (J.N., PM.F., KAM., C.L.H., JRB., D.S.E., RJ.K), and
confirmed by an IR toxicity team consisting of a radiologist (C.L.),
pulmonologist (K.S.), and second medical oncologist (J.N.) where
relevant, as previously reported.'>' IR pneumonitis was a diagnosis
of exclusion, so any patients with confirmed or suspected alternative
etiologies, including active pulmonary infection, progressive
NSCLC, and RT pneumonitis, were excluded from the IR pneu-
monitis cohort. Active pulmonary infection was defined as pulmo-
nary symptoms and/or radiologic changes that improved after
empiric antibiotics or as infection confirmed by culture. Progressive
NSCLC was determined radiologically, and in selected cases by
pathologic confirmation. RT pneumonitis was defined as radiologic
inflammatory changes found in or within close proximity to the
irradiated lung tissue as per radiation plans with or without clinical
symptoms within 12 months after chest RT.'”'® RT pneumonitis
was radiologically and/or clinically determined by the treating
provider with or without the input of a multdisciplinary team
where appropriate.

All comparisons are between those who developed IR pneumo-
nitis and those who did not.

Patient and tumor characteristics, treatment data, RT parameters,
and IR pneumonitis data were collected by electronic data
abstraction, confirmed by retrospective review, and stored in an
IRB-approved database. Patient demographics, tumor histology,
and cancer stage at diagnosis were collected. Treatment data
included: prior cancer therapy received at diagnosis, anti—PD-1/
PD-L1 agent, secondary agent or agents where applicable, and date
of first anti—PD-1/PD-L1 dose. RT data included the following:
RT dates, treatment location (chest vs. non-chest), RT intent
(palliative vs. curative), dose (Gy) and fractions, RT technique
(stereotactic body RT, intensity-modulated RT/volumetric modu-
lated arc therapy, 2- or 3-dimensional conformal therapy), and chest
RT dosimetric parameters (mean lung dose: the average dose in Gy
delivered to lungs, MLD; percentage lung volume receiving 20 Gy,
V20). For patients who received multiple courses of chest RT, the
highest chest RT dose and dosimetric parameters identified were
analyzed per patient. Curative-intent chest RT was defined as
receipt of any prior definitive, postoperative, or consolidative chest
RT, including but not limited to treatment for NSCLC. Details of
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RT received after development of IR pneumonitis were not
included in this analysis. IR pneumonitis data collected included:
date of first IR pneumonitis event and highest IR pneumonitis
grade. Date of IR pneumonitis was defined as the date of diagnosis
of clinical symptoms and/or radiographic findings, confirmed by the
treating provider. IR pneumonits grade was reported using the
National Cancer Institute Common Toxicity Criteria for Adverse
Events (CTCAE version 4.0).

In order to describe the features of IR pneumonitis in relation to
regions of prior irradiated lung, electronic RT plans were restored
and rigidly fused with diagnostic chest computed tomographic (CT)
scans using Velocity Al software (Varian Medical Systems, Palo
Alto, CA)" in patients with IR pneumonitis who had prior chest
RT at our institution only. For standardized comparison, RT doses
were converted to equivalent doses in 2 Gy fractions”” using an ot/
ratio of 3, acknowledging the limitations of this approach.”’ Dose
regions were defined as follows: high dose, > 45 Gy; intermediate
dose, > 20 Gy; low dose, < 20 Gy; and outside the RT fall-off dose
region, < 1 Gy. Overlaid isodose lines were then displayed on
diagnostic chest CT scans. A thoracic radiologist (C.T.L.) evaluated
these diagnostic CT scans in lung windows for radiographic features
of inflammation (ground-glass opacities, GGOs; organizing pneu-
monia; centrilobular tree-in-bud nodularity) and fibrosis (combi-
nations of masslike consolidation, volume loss, architecture
distortion, traction bronchiectasis), and estimated the percentage
involvement of CT findings within and outside of the standardized
RT dose regions.

Associations between patient and treatment characteristics and
the development of any grade IR pneumonitis was evaluated by the
Fisher’s exact and Wilcoxon rank-sum tests. OS was calculated from
the date of first anti—PD-1/PD-L1 administration until date of
death or last follow-up. To avoid survivorship bias, landmark ana-
lyses were performed to evaluate the role of IR pneumonitis and
receipt of prior chest RT on survival.

Results
Patient Characteristics

One hundred eighty-eight patients with advanced NSCLC
treated with anti—PD-1/PD-L1 therapy were identified between
2011 and 2017 and are a subset of the 205 patients treated between
2007 and 2017 reported by us previously.'”'® The median age was
66 (range, 39-91) years. In the entire cohort, 54% (n = 102) were
male, 78% (n = 147) were white, and 80% (n = 151) were former
or current smokers. The majority of patients had lung adenocarci-
nomas (65%, n = 123). At the time of initial presentation, 13%
(n = 25) of patients had stage I/II, 29% (n = 54) had stage III, and
58% (n = 109) had stage IV NSCLC. There were no differences in
patient, tumor, or treatment characteristics between those who
developed IR pneumonitis and those who did not (P > .05)
(Table 1).

All subjects consented to participate (IRB00087582).

Radiation Treatment. Among the entire cohort, 70% (132/188)
of patients received at least one course of any RT, 53% (100/188)
received chest RT, and 14% (26/188) received more than one
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course of chest RT (Table 2; Supplemental Figure 1 in the online
version). Among the 100 patients who received chest RT, 70%
(n = 70) received curative-intent chest RT and 30% (n = 30)

received palliative-intent chest RT.

Chest Radiation and IR Pneumonitis

Of the 36 patients who developed IR pneumonitis, 53% (19/36)
had received any prior chest RT— of which, patients who received
chest RT with curative intent (17/19, 89%) more likely to develop
IR pneumonitis compared to those who received palliative-intent
chest RT (2/19, 11%; P = .051). Correspondingly, among all 100
patients who received ICI therapy and who were treated with chest
RT, IR pneumonitis was more common in patients treated with
curative-intent chest RT (17/70, 24%) compared to those treated
with palliative-intent chest-RT (2/30, 7%) (P = .051).

Dose details were available for 84% (84/100) of patients who
received chest RT. The median highest dose of chest RT was 30
(range, 20-30) Gy in the palliative-intent chest RT group and 60.5
(range, unknown to 70) Gy in the curative-intent group (Table 2,
Supplemental Figure 1 in the online version). Dosimetric details
were available for 53% (53/100) of patients. There were no sig-
nificant differences between available mean lung dose and per-
centage lung volume receiving 20 Gy in the no—IR pneumonitis
and IR pneumonitis group (P > .05; Table 2). Data regarding chest
RT technique were available in 68% (68/100) of patients. There
were no significant associations between chest-RT technique and
development of IR pneumonitis (P > .05, Table 2).

Timing of Chest RT and IR Pneumonitis

In this cohort of patients who developed IR pneumonitis, pa-
tients received chest RT before or after anti—PD-1/PD-L1 therapy
(Figure 1). The time from receipt of ICIs to development of IR
pneumonitis in relation to chest RT was examined. Of the 36 pa-
tients who developed IR pneumonitis, the median time from first
anti—PD-1/PD-L1 therapy to onset of IR pneumonitis was not
statistically different among those patients who received chest RT
compared to those patients who did not receive chest RT (P = .41;
Figure 1).

Radiologic Features in Patients With IR Pneumonitis and
Prior Irradiated Lung

Of the 19 IR pneumonitis patients who had prior chest RT
treated at our institution, electronic RT plans were available for 13
patients. Table 3 outlines the descriptive radiologic findings of IR
pneumonitis in relation to prior chest RT details. Two (15%) of 13
patients had palliative-intent chest RT (range, 20-30 Gy), and the
remaining 11 (85%) had curative-intent chest RT (range, 52.5-
66 Gy). Overall, the predominant IR pneumonitis feature on chest
CT was GGOs in 10 patients (77%), organizing pneumonia in 2
(15%), and centrilobular tree-in-bud nodularity in 1 (8%). A
representative example of each of these pneumonitis features is
depicted in Figure 2A. The majority of GGOs were located outside
the high RT dose regions, either within the low-dose range (n = 5,
38%; > 1 Gy and < 20 Gy) or outside the RT fall-off dose region
(n=7,54%; < 1 Gy). In 1 patient (8%), the majority of the GGOs
were within the intermediate-dose range (> 20 Gy and < 45 Gy).



Khinh Ranh Voong et al

Table 1 Patient, Tumor, and Treatment Characteristics

Characteristic No IR Pneumonitis IR Pneumonitis All Patients P
N (%) 152 (80.9) 36 (19.1) 188
Patient Characteristics
Sex
Male 83 (54.6) 19 (52.8) 102 (54.3)
Female 69 (45.4) 17 (47.2) 86 (45.7) .86
Age (Years)
Median 66.3 65.7 66.3
Range 38.6-90.6 50.8-83.5 38.6-90.6 46
Race
White 120 (78.9) 27 (75) 147 (78.2)
African American 28 (18.4) 7 (19.4) 35 (18.6)
Asian 2 (1.3 1(2.8) 3(1.6)
Other 2 (1.3 1(2.8) 3(1.6) 48
Smoking Status
Current 11(7.2) 2 (5.6) 13 (6.9
Former 110 (72.4) 28 (77.8) 138 (73.4)
Never 31 (20.4) 6 (16.7) 37 (19.7) .90
Median pack-years 33 31.2 32.8 42
Tumor Characteristics
Tumor Histology
Adenocarcinoma 105 (69.1) 18 (50) 123 (65.4)
Adenosgquamous carcinoma 10.7) 0 1(0.5)
Atypical carcinoid tumor 2(1.3 0 2010
Large-cell neuroendocrine carcinoma 2 (1.3 383 52.7)
NSCLC NOS 1(0.7) 0 1(0.5)
Poorly differentiated carcinoma 2 (1.3 12.8) 3(1.6)
Sarcomatoid carcinoma 10.7) 0 1(0.5)
Squamous-cell carcinoma 38 (25) 14 (38.9) 52 (27.7) 11
Initial Stage
I 12 (7.9 1(2.8) 13 (6.9
II 7 (4.6) 5(13.9) 12 (6.4)
[ 43 (28.3) 11 (30.6) 54 (28.7)
v 90 (69.2) 19 (52.8) 109 (58) 17
Treatment Characteristics
Treatment Naive Before Immunotherapy
Yes 19 (12.5) 8 (22.2) 27 (14.4)
No 133 (87.5) 28 (77.8) 161 (85.6) 18
Prior Treatment at Initial Diagnosis®
Surgery
Yes 30 (19.7) 7 (19.4) 37 (19.7)
No 122 (80.3) 29 (80.6) 151 (80.3) 1.00
Definitive/Adjuvant Radiation
Yes 39 (25.7) 13 (36.1) 52 (27.7)
No 113 (74.3) 23 (63.9) 136 (72.3) 22
Chemotherapy
Yes 121 (79.6) 24 (66.7) 145 (77.1)
No 31 (20.4) 12 (33.3) 43 (22.9) 12
Immunotherapy
Primary immunotherapy
Nivolumab 120 (78.9) 34 (94.4) 154 (81.9)
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Table 1 | Continued

Characteristic No IR Pneumonitis
Pembrolizumab 22 (14.5)
Durvalumab 10 (6.6)

Single agent versus combination
Monotherapy 105 (69.1)
Combination 47 (30.9)
Secondary agent N = 47
Anti—CTLA-4 12 (25.5)
Chemotherapy 4 (8.5
Other investigational therapy 31 (70.0)

IR Pneumonitis All Patients P
128 23 (12.2)
1.8 11 (6.9 10
22 (61.1) 127 (67.6)
14 (38.9) 61 (32.4) 43
N=14 N = 61
6 (42.9) 18 (29.5)
2 (14.3) 6 (9.8)
6 (42.9) 37 (60.7) 25

Data are presented as n (%) unless otherwise indicated.

Abbreviations: CTLA-4 = cytotoxic T-lymphocyte—associated antigen 4 receptor; IR = immune related; NSCLC NOS = non—small-cell lung cancer not otherwise specified.
3Prior treatment at time of initial diagnosis included surgery, definitive or adjuvant radiation to chest, and first-line chemotherapy, concurrent chemoradiation or adjuvant chemotherapy.

Corresponding examples of chest RT plans fused over diagnostic IR
pneumonitis CT scans are depicted in Figure 2B.

There were 9 patients (69%) with radiographic patterns of
fibrosis. In all cases, the majority of the fibroses fell within the high
RT dose range (> 45 Gy).

Survival

For the entire cohort, the median OS was 14.6 months (95% CI,
10.6-21.8). There was no difference in OS when stratified by
receipt of chest RT (P> .05) at all landmark analysis time points (0,
3, 9, and 12 months). We previously described the impact of IR
pneumonitis on survival in these patients via multistate Markov
modeling and its associations with non—RT-related clinical
factors.'®

Discussion

Previous reports on this large series of patients with advanced
NSCLC who developed IR pneumonitis after receipt of anti—PD-1/
PD-L1 therapy have focused on non—radiation-related clinical
factors affecting the incidence risk of IR pneumonitis and OS
among those who develop IR pneumonitis using multistate
modeling. In this study, we focused specifically on identifying as-
sociations between the development of IR pneumonitis and past
receipt of radiation, specifically chest RT, parameters. Importantly,
we did not identify any specific RT-related treatment parameter
(such as technique, timing, courses, prior chest-RT dosimetric
parameter) that was associated with the development of IR pneu-
monitis. However, in patients treated with anti—PD-1/PD-L1 who
developed IR pneumonitis and who received chest RT (n = 19), we
identified a numeric difference between receipt of chest RT with
curative-intent than with palliative intent (89% vs. 11%) that
approached statistical significance (P = .051). Correspondingly, in
patients who were treated with anti—PD-1/PD-L1 and who
received any prior chest RT (n = 100), IR pneumonitis was
numerically more common in patients treated with curative-intent
compared to palliative-intent (24% vs. 7%) chest RT (P = .051).
This study highlights for clinicians the potential increased risk for
IR pneumonitis in patients who have received prior-curative intent
rather than palliative-intent chest RT.
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The ability to stratify the risk of IR pneumonitis in the context of
prior chest RT is of particular relevance in light of the recent publi-
cation of the phase III PACIFIC trial. In this trial, patients with stage
III NSCLC received 1 year of maintenance durvalumab within 6
weeks after completion of definitive chemoradiation, with any grade
and grade 3+ pneumonitis occurring in 33.9% (161/475) and 3.4%
(16/475) of durvalumab-treated patients, respc:ctivc:ly.22 Accordingly,
this US Food and Drug
Administration—approved indication were higher than in previously
reported anti—PD-1/PD-L1 trials in advanced NSCLC. Smaller se-
ries evaluating pulmonary IR adverse events and their relationship to

the rates of pneumonitis in

chest-RT have been reported. In a retrospective series of 164 lung
cancer patients with any grade IR pneumonitis, the incidence of IR
pneumonitis was marginally higher in those who received prior chest
RT versus those who did not (6/73, 8.2%, vs. 5/91, 5.5%, P=.54).>
Odur results build on this observation in that we identify that specif-
ically curative-intent chest RT may increase the risk of any grade IR
pneumonitis. Unlike prior retrospective studies that have focused
principally on associations with clinical benefit of anti—PD-1/PD-L1
therapy and prior RT, our study explored whether specific RT pa-
rameters may influence the development of IR pneumonitis.
Importantly, we did not observe any significant associations between
the RT technique (stereotactic body RT, intensity-modulated RT) or
the timing of anti—PD-1/PD-L1 therapy and the development of IR
pneumonitis.

Furthermore, the ability to identify IR pneumonitis and distin-
guish it from RT changes is an important clinical skill. In this study,
we spatially related the radiographic features of IR pneumonitis to
the regions of previously irradiated lung. We identified that for
those who developed IR pneumonitis, the predominant radio-
graphic feature of GGOs was found within lung volumes that
received intermediate and low doses of RT rather than areas of
higher RT dose delivery, where fibrosis predominated. Although the
numbers of patients and the availability of appropriate scans in this
study were small, our data suggest that this spatially distinct
description of radiographic IR pneumonitis features may assist
thoracic oncologists in their ability to differentiate between IR
pneumonitis and RT-related fibrotic changes in patients treated

with prior chest RT.



Table 2 Radiotherapy Characteristics and Associations With IR Pneumonitis

Khinh Ranh Voong et al

Characteristic
RT Characteristic
Any RT
Yes
No
RT Within 1 Year of Anti—PD-1/PD-L1 Therapy
Yes
No
Any Chest RT
Yes
No
> 1 Course Chest RT
Yes
No
Chest RT Within 1 Year of/anti—PD-1/PD-L1 Therapy
Yes
No

> 1 Course Chest RT Within 1 Year of Anti—PD-1/PD-L1
Therapy

Yes
No
Chest-RT Characteristic
Chest RT Indication
Palliative
Curative intent
Chest RT Dose (Gy)
Available
Median
Range
Radiation Dosimetric Parameter
Mean lung dose (Gy)
Lung V20?
Any SBRT Chest RT
Yes
No
Any IMRT/VMAT Chest RT
Yes
No
Any 2-D/3-D Conformal Chest RT
Yes
No
Curative-Intent Chest-RT Characteristic
Curative intent Chest RT Before Anti—PD-1/PD-L1
Yes
No
RT Dosimetric Parameter
Mean lung dose (Gy)
Lung V20

No IR Pneumonitis
N = 152 (81)

111 (73)
41 (27)

8 (5.3
144 (94.7)
N = 81 (81)

65
60
20-70
N =43
12.46 (0.6-20.8)
23 (1-36)

786
74 (91.4)

23 (28.4)
58 (71.6)
N = 53 (76)

49 (92.5)
4(7.5)
N =30
15.1 (2.8-20.8)
25.5 (2-36)

IR Pneumonitis
N = 36 (19)

2 (5.6)
34 (94.4)
N = 19 (19)

17 (89.5)

19
60
20-66.6
N=12
12.4 (1.4-19.9)
20.5 (0-34)

6 (31.6)
13 (68.4)
N = 17 (24)

16 (94.1)
169
N =10
12.8 (8.7-19.8)
22 (14-34)

All Patients P
N = 188
132 (70.2)
56 (29.8) A1
104 (55.3)
84 (44.7) 19
100 (53.2)
88 (46.8) 1.00
26 (13.8)
162 (86.2) 1.00
68 (36.2)
120 (63.8) .85
10 5.3)
178 (94.7) 1.00
N = 100
30 (30)
70 (70) 051
84
60
20-70 46
N =53
12.4 (0.6-20.8) 72
22 (0-36) 79
99
91 (91) 68
46 (46)
54 (54) 61
29 (29)
71 (71) 78
N=170
65 (92.9)
5(7.1) 1.00
N =38
14.8 (2.8-20.8) 62
24 (2-36) 78

Data are presented as n (%) unless otherwise indicated.

Abbreviations: 2-D = 2-dimensional; 3-D = 3-dimensional; curative intent = definitive, adjuvant, or consolidative radiation; IMRT = intensity-modulated radiotherapy; IR = immune related;
PD-1 = programmed cell death 1 receptor; PD-L1 = programmed cell death ligand 1; RT = radiotherapy; SBRT = stereotactic body radiotherapy; VMAT = volumetric modulated arc therapy;

V20 = percentage lung volume receiving 20 Gy.

Three patients in no-IR pneumonitis group had mean lung dose available, but did not have V20 available.
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Figure 1

Relationship of Inmune-Related Pneumonitis Timing
and Chest Radiation
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Scatterplot showing time from first dose of anti—PD-1/PD-L1 therapy to development of
immune-related pneumonitis, stratified by receipt of chest radiation. median Ttme interval and
interquartile ranges are shown

Abbreviations: PD-1 = programmed cell death receptor 1; PD-L1 = programmed death
ligand 1.

Our intent was to evaluate the association between various
radiation parameters and the development of IR pneumonitis. A
secondary goal was to describe the spatial relationship between
radiologic findings of IR pneumonitis and regions of the lung that
received radiation. As more patients are treated with both definitive
chest RT and immunotherapy following the demonstrated survival
benefit of adjuvant durvalumab after definitive chest RT, the ability
of clinicians to distinguish RT pneumonitis from IR pneumonitis
becomes exceedingly important. Of note in the Pacific trial, their
definition of pneumonitis was not clearly attributed to an under-
lying cause (IR, RT, or combined pneumonitis). Although the scope
of our study was not to distinguish between IR and RT pneumo-
nitis, as patients with both IR pneumonitis and RT pneumonitis
were unavailable for comparison, this remains an area that requires
further investigation. Future studies are needed for in-depth and
direct comparisons of the radiographic features among patients who
develop IR pneumonitis alone, RT pneumonitis alone, and both IR
and RT pneumonitis.

While this is to our knowledge the largest analysis in the literature
of padents with IR pneumonitis aimed at exploring relationships
between chest RT and IR pneumonitis in NSCLC, we are limited
by the small sample size, the relatively uncommon event of IR
pneumonitis, and the retrospective nature of our study. In addition,
although we extensively reviewed RT history and parameters for
each patient, the analysis was limited to those in whom RT details
were available. Finally, it will be important in future studies to assess
other clinical data that may affect IR pneumonitis risk, such as
receipt of type of prior chemotherapy or targeted agents, and tox-
icities associated with prior therapies.

As the indications for ICIs expands in stage III and IV NSCLC,
practicing oncologists will need to risk-stratify patients for the
development of IR pneumonitis as well as identify clinical pa-
rameters that help to differentiate this phenomenon from other
diagnoses, especially RT pneumonitis. We previously reported
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Table 3 IR Pneumonitis and IR Pneumonitis Radiographic
Features in Relation to RT Fields
Characteristic Value
IR Pneumonitis (CTCAE grade) n (%)
All grades 36 (100)
Grade 2 14 (38.9)
Grade 3 14 (38.9)
Grade 4 2 (5.6)
Grade 5 5(13.9)
Unknown 1.9
IR Pneumonitis Radiographic Features With N =13
Overlaid Chest RT Plans
Chest RT Indication
Palliative intent (20-30 Gy) 2 (15)
Curative intent (52.5-66 Gy) 11 (85)
Predominant IR Pneumonitis Feature
Moderate to marked GGO 7 (54)
Minimal to mild GGO 323
Organizing pneumonia 2 (15)
Centrilobular tree-in-bud nodularity 1)
Predominant Location of IR Pneumonitis Feature in
Relation to Chest-RT Dose Regions®
High-dose RT 0
Intermediate-dose RT 18
Low-dose RT 5 (38)
Outside RT dose fall-off region 7 (58)

High dose, > 45 Gy; intermediate dose, > 20 Gy and < 45 Gy; low dose, < 20 Gy; outside RT
fall-off region, < 1 Gy.

Abbreviations: CT = computed tomography; CTCAE = Common Terminology Criteria for
Adverse Events version 4.0; Curative intent = definitive, adjuvant, or consolidative radiation;
GGO = ground-glass opacity; IR = immune related; RT = radiotherapy.

@0ne patient with minimal GGO pattern of IR pneumonitis was not categorized in relation to
radiation dose zones, given minimal radiographic extent. One patient had GGOs equally
distributed between low RT dose region and beyond RT dose fall-off region.

that IR pneumonitis incidence (19%) was higher than rates re-
ported in published clinical trials. In this series, we found that
there is potentially a higher risk of this phenomenon in patients
treated with curative-intent chest RT, but the timing and
potentially the technique of chest RT is unlikely to be a relevant
risk factor. A better understanding of the risks of chest RT will
require a secondary analysis of chest RT plans from the phase III
PACIFIC trial. It will also require the development of well-
curated registries of multidisciplinary patient-specific data—data
that include RT details and toxicities, pneumonitis CT images,
lung functional data, and pulmonary lavage samples—to
comprehensively identify risk factors for IR pneumonitis in the
context of prior chest RT.

Clinical Practice Points

e The reported incidence of IR pneumonitis following anti—PD-1/
PD-L1 therapy ranges from 1% to 10%.

e Our study explored whether specific RT parameters may influ-
ence the development of IR pneumonitis in patients with
advanced NSCLC who received anti—PD-1/PD-L1 checkpoint
inhibition at a single institution.
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Figure 2 Representative Inmune-Related Pneumonitis Diagnostic Scans With Overlaid Prior Chest Radiation

Ground-glass opacities

75% of GGOs within intermediate RT dose range
Moderate GGOs (unilateral, patchy)

80% of GGOs within low RT dose range
Marked GGOs (bilateral, diffuse)

Centrilobular tree-in-bud nodularity

75% of GGOs outside of radiation field
Marked GGOs (bilateral, diffuse)

(A) Representative axial images of diagnostic CT scans of 3 patients who developed immune-related pneumonitis showing features of (a) ground-glass opacities (GGOs), (b) centrilobular tree-in bud
nodularity, and (c) organizing pneumonia. (B) Respective RT dose zones are overlaid on top of chest CT images in 3 patients who developed immune-related pneumonitis showing GGOs. these
examples show where the majority of immune-pneumonitis radiologic features of GGOs localize within (a) the intermediate range of chest-radiation doses (> 20 Gy and < 45 Gy), (b) the low range of

chest-radiation doses (> 1 Gy and < 25 Gy), and (c) outside the radiation field (< 1 Gy)
Abbreviation: CT = computed tomography.

e No RT parameter (technique, timing, courses, prior chest RT
dosimetric parameter) was statistically significantly associated
with the development of IR pneumonitis. However, we identi-
fied on subset analysis of patients who developed IR pneumonitis
and received chest radiation (chest RT), patients who developed
IR pneumonitis were numerically more likely to have received
chest RT with curative intent than with palliative intent (89% vs.
11%), that approached statistical significance.

We identified for those who developed IR pneumonitis and who

had overlaid electronic chest RT plans on diagnostic chest im-
aging that the predominant radiographic feature of GGOs was
found spatially within lung volumes that received intermediate
and low doses of RT, rather than areas of higher RT dose de-

livery, where features of fibrosis predominated.

This study highlights for clinicians the potential for higher risk
for IR pneumonitis in patients who have received prior curative-
intent, rather than palliative-intent, chest RT.

This study’s spatial description of IR pneumonitis features in
relation to chest RT dose regions may assist thoracic oncolo-
gists in their ability to differentiate between IR pneumonitis
and RT-related fibrotic changes in patients treated with prior
chest RT.
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Supplemental Figure 1 ' Flow Diagram Describing Radiation Details of Cohort
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47 Brain/Head-neck
81 Chest
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65 Available Dose

58 Available Fraction

53 Available Technique

63 RT before Immunotherapy
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56 RT within 1 year before or
after 10

21 >1 chest-RT treatment

y
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RT dose: median (range)*
61.2 Gy (30.6-70)
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47 Available Dose
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49 RT before Immunotherapy
4 RT after Immunotherapy

25 RT within 1 year before or
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8 =1 RT treatment
5 >1 chest-RT treatment
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18 RT before Immunotherapy
1 RT after Immunotherapy
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after IO

5 =1 chest-RT treatment

y
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RT dose: median (range)*
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Flow diagram depicting details of radiation received prior to development of IR pneumonitis in entire cohort of 188 patients with advanced NSCLC treated with anti—PD-1/PD-L1 therapy. details
include: any history of RT, any history of radiation to the chest (chest-RT), and chest-RT parameters including intent, dose, technique, timing, and courses of chest-RT in relation to receipt of first anti
—PD-1/PD-L1 immune checkpoint inhibitor (ICI). *two patients within the curative-intent chest-RT cohort received doses of < 45 Gy, not related to their NSCLC (unknown dose due to testicular cancer
> 20 years prior, and 30.6 Gy for lymphoma > 10 years prior)

Abbreviations: IR = immune related; NSCLC = non—small-cell lung cancer; PD-1 = programmed cell death 1; PD-L1 = programmed death ligand 1; RT = radiotherapy.
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