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ABSTRACT

Introduction: Durvalumab consolidation therapy is the
standard of care after concurrent chemoradiotherapy (CRT)
for stage III NSCLC. Immune-related pneumonitis during
durvalumab treatment is potentially fatal; however, infor-
mation is lacking regarding the impact of pneumonitis on
patient survival. This study investigates the effect of pul-
monary and nonpulmonary immune-related adverse events
(irAEs) on the efficacy of durvalumab treatment in patients
with stage III NSCLC.

Methods: We retrospectively assessed 158 patients who
received durvalumab after CRT at nine Japanese institutions
between July 2018 and March 2020. Survival outcomes
were compared between patients who developed pneumo-
nitis with those who developed irAEs other than pneumo-
nitis. Patients who survived for less than 3 months were
excluded to reduce immortal time bias.

Results: Among 158 evaluated patients, 76 (48%) experi-
enced grade less than or equal to one irAEs, whereas 82
(52%) experienced grade greater than or equal to two
irAEs. Among the patients with grade greater than or equal
to two irAEs, those with grade greater than or equal to two
pneumonitis (n ¼ 55) were compared with those with
grade greater than or equal to two irAEs other than pneu-
monitis (n ¼ 27). Patients with grade greater than or equal
to two pneumonitis exhibited a significantly worse overall
survival than those with grade greater than or equal to two
irAEs that excluded pneumonitis. Multivariate analysis
revealed that grade greater than or equal to two pneumo-
nitis (hazard ratio ¼ 3.71; 95% confidence interval, 1.85–
7.45; p < 0.001) and squamous histology (hazard ratio ¼
2.64; 95% confidence interval, 1.29–5.42; p ¼ 0.008) were
independently associated with worse overall survival.

Conclusions: After minimizing immortal time bias, pneu-
monitis grade two or greater and squamous histology were
poor prognostic factors in patients who received consoli-
dation durvalumab after CRT.

� 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: Immune-related adverse event; Chemo-
radiotherapy; Durvalumab; Pneumonitis; Stage III
Introduction
Immune checkpoint inhibitors have dramatically

improved the prognosis of many patients with cancer.
Therefore, immune-related adverse events (irAEs) are of
great interest in clinical practice, because they can lead to
treatment discontinuation and even fatal outcomes.
Pneumonitis is the most common fatal irAE in patients
receiving programmed cell death protein 1 (PD-1) and
programmed death ligand-1 (PD-L1) inhibitors (such as
durvalumab), and it accounts for 35% of all fatalities from
irAEs.1

Durvalumab maintenance therapy is the standard of
care after definitive concurrent chemoradiotherapy
(CRT) for stage III NSCLC. In the PACIFIC study,2 pneu-
monitis of any grade occurred in 33.9% of patients
treated with durvalumab and was the most frequent
adverse event that led to treatment discontinuation.
Therefore, pneumonitis is an adverse event of special
concern in patients with locally advanced NSCLC.

Previous studies have confirmed that irAEs are
associated with improved survival outcomes in patients
with advanced or recurrent NSCLC.3–5 Immune-related
pneumonitis, however, is reportedly associated with a
worse survival outcome in patients with advanced
NSCLC.6–9 Nevertheless, in locally advanced NSCLC, data
on the association between development of pneumonitis
and the efficacy of durvalumab treatment are currently
lacking. Therefore, the present study aimed to investi-
gate the impact of pulmonary and nonpulmonary irAEs
on the efficacy of durvalumab treatment in patients with
stage III NSCLC.
Materials and Methods
Study Population

This multicenter retrospective study was approved
by the ethics review board of each participating insti-
tution. The study was conducted in accordance with the
Declaration of Helsinki and its subsequent amendments.
We evaluated patients with unresectable stage III NSCLC
who were treated with at least one dose of durvalumab
after concurrent CRT. Patients were enrolled from nine
institutes in Japan between July 2018 and March 2020.
Those with active steroid treatment or poor Eastern
Cooperative Oncology Group performance status (ECOG
PS) (�2) were excluded from the study. Furthermore,
patients who survived for less than 3 months were
excluded to reduce immortal time bias. The indication
for durvalumab therapy after CRT was determined by
the absence of grade greater than or equal to two radi-
ation pneumonitis. Durvalumab was administered every
2 weeks for up to 12 months at a dose of 10 mg/kg or
until disease progression or intolerance occurred.
Pneumonitis was diagnosed by multiple pulmonologists
and radiologists, primarily based on the clinical course,
laboratory data, and computed tomography findings.
Patients presenting with apparent pulmonary infection,
heart failure, tumor progression, or a substantial likeli-
hood of one of these conditions were excluded. Never-
theless, patients in which radiation pneumonitis was

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Table 1. Baseline Patient Characteristics Classified According to Severity Grade

Characteristics
Overall,
N ¼ 158

Grade � 1,
n ¼ 76

Grade � 2,
n ¼ 82 p Value

Age (IQR), y 69 (62–75) 69 (63–75) 69 (62–75) 0.76
Sex, n (%) 0.25
F 42 (27) 17 (22) 25 (30)
M 116 (73) 59 (78) 57 (70)

Performance status, n (%) 0.80
0 64 (41) 30 (39) 34 (41)
1 94 (59) 46 (61) 48 (59)

Smoking status, n (%) 0.49
Current 64 (40) 34 (45) 30 (37)
Former 83 (53) 38 (50) 45 (55)
Never 11 (7) 4 (5) 7 (8)

Histology, n (%) 0.97
Nonsquamous 85 (54) 41 (54) 44 (54)
Squamous 73 (46) 35 (46) 38 (46)

Stage, n (%) 0.82
IIIA 90 (57) 44 (58) 46 (56)
IIIB/IIIC 68 (43) 32 (42) 36 (44)

PD-L1 status, n (%) 0.92
<25% 62 (39) 31 (41) 31 (38)
�25% 74 (47) 35 (46) 39 (48)
Unknown 22 (14) 10 (13) 12 (15)

Driver mutation, n (%) 0.47
Negative 145 (92) 71 (93) 74 (90)
Positive 13 (8.2) 5 (6.6) 8 (9.8)

Time to durvalumab, n (%) 0.65
<28 d 119 (75) 56 (74) 63 (77)
�28 d 39 (25) 20 (26) 19 (23)

Irradiation type, n (%) 0.86
ENI 82 (52) 40 (53) 42 (51)
IFRT 76 (48) 36 (47) 40 (49)

RT method, n (%) 0.24
3D-CRT 105 (66) 54 (71) 51 (62)
IMRTa 53 (34) 22 (29) 31 (38)

RT dose, Gy, n (%) >0.99
<60 Gy 3 (1.9) 1 (1.3) 2 (2.4)
>66 1 (0.6) 0 (0) 1 (1.2)
60–66 154 (97) 75 (99) 79 (96)

NLR at baseline (IQR) 3.45 (2.32–5.48) 3.73 (2.28–5.46) 3.38 (2.43–5.69) 0.90
No. of durvalumab doses (IQR) 19 (7–24) 23 (18–24) 13 (4–19) <0.001
Time to durvalumab (IQR), d 15 (10–27) 16 (11–28) 14 (9–25) 0.21
V5, % 33.3 (28.0–43.8) 33.0 (28.1–40.1) 34.4 (27.9–46.0) 0.30
V20, % 20.0 (15.5–24.8) 20.0 (16.5–23.7) 20.0 (14.4–25.2) 0.90
MLD, Gy 11.3 (8.5–14.0) 11.3 (9.0–14.0) 11.4 (7.8–14.1) 0.93
aData included five cases of VMAT.
ENI, elective nodal irradiation; F, female; IFRT, involved-field radiotherapy; IMRT, intensity-modulated radiation therapy; IQR, interquartile range; M, male;
MLD, mean lung dose; NLR, neutrophil-to-lymphocyte ratio; PD-L1, programmed death-ligand 1.
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suspected to coexist with checkpoint inhibitor-related
pneumonitis were included. Pneumonitis grade was
established according to the Common Terminology
Criteria for Adverse Events version 5.0.

Statistical Analysis
Considering the lead time bias due to the time-

dependent nature of irAEs, a landmark analysis was
conducted to minimize the immortal time bias. Patients
who survived for less than 3 months were excluded from
the evaluation to minimize immortal time bias.
Progression-free survival (PFS) and overall survival (OS)
were measured, as from the initiation of durvalumab
treatment. Survival curves were analyzed using the
Kaplan–Meier method and compared between groups
with the log-rank test. Continuous variables were
analyzed through the Mann–Whitney U test and cate-
gorical variables with Fisher’s exact test. Univariate and



Figure 1. Kaplan–Meier curves of PFS and OS in patients with stage III NSCLC who received durvalumab consolidation therapy.
(A, B) All patients, n ¼ 158. (C, D) Patients were divided into two groups based on the severity and type of irAEs they
experienced: grade less than or equal to one irAEs and grade greater than or equal to two irAEs. (E, F) Patients were divided
into the following three groups: grade less than or equal to one irAEs, grade greater than or equal to two pneumonitis, and
grade greater than or equal to two irAEs other than pneumonitis. CI, confidence interval; irAE, immune-related adverse
event; OS, overall survival; PFS, progression-free survival.
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multivariate analyses were performed using the Cox
proportional hazards and logistic regression models.
Variables with a p value less than 0.1 on univariate
analysis and those related to treatment outcome based
on previous reports were included in the multivariate
Cox model analysis. All statistical analyses were con-
ducted using R software version 4.2.1 (R Core Team,
Vienna, Austria). All p values were two sided, and a p less
than 0.05 was considered statistically significant.
Results
In total, 158 patients with unresectable stage III

NSCLC who underwent definitive CRT followed by dur-
valumab therapy were included in the analysis. The
baseline demographic and clinicopathologic characteris-
tics of the patients according to the irAE grade are
summarized in Table 1. The median patient age was 69
(interquartile range [IQR], 62–75) years. Most patients
were men (73%), had an ECOG PS of 1 (59%), were at
stage IIIA (57%), and were current or former smokers
(93%). The PD-L1 tumor proportion score (TPS) was
evaluated in 136 patients, of which 62 (39%) had a TPS
less than 25% and 74 (47%) had a TPS greater than or
equal to 25%. The expression of PD-L1 was assessed by
immunohistochemistry using 22C3 pharmDx testing. The
median radiation dose was 60 Gy (IQR: 60–66), and 97%
of patients received 60–66 Gy. The median V5, V20, and
mean lung doses in the entire cohort were 33.3% (IQR:
28.0–43.8), 20.0% (IQR, 15.5–24.8), and 11.3 Gy (IQR:
8.5–14.0), respectively. The median number of durvalu-
mab doses administered was 19 (IQR: 7–24).

Overall, 76 (48%) patients developed grade one or no
irAEs (defined as the low-grade group) and 82 (52%)
developed grade greater than or equal to two irAEs
(defined as the high-grade group). The number of
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durvalumab doses received was lower in the high-grade
than in the low-grade group (p < 0.001); however, there
were no differences in other baseline characteristics
between these groups (Table 1). Moreover, there were
no significant differences in the V5, V20, or mean lung
doses between the two groups.

The median follow-up period was 27.3 months
(Kaplan–Meier estimate). In the overall cohort, the me-
dian PFS was 27.3 months (95% confidence interval [CI]:
21.4–not reached); the median OS was not reached; and
the 2-year OS rate was 74.5% (95% CI: 67.7–81.9)
(Fig. 1A and B). The high-grade group exhibited a shorter
PFS than the low-grade group (22.1 mo versus 30.6 mo,
p ¼ 0.17) (Fig. 1C). The high-grade group also had a
significantly worse OS than the low-grade group (36.1
mo versus not reached, p ¼ 0.0037) (Fig. 1D). To eval-
uate the impact of pneumonitis on survival benefit, the
high-grade irAE group was split in two according to the
presence or absence of pneumonitis, and there was a
statistically significant difference among the resultant
three groups in terms of both PFS and OS (log-rank test
for trend, p <0.001) (Fig. 1E and F). The patients who
developed grade greater than or equal to two pneumo-
nitis had a significantly worse OS than those who
developed grade greater than or equal to two irAEs other
than pneumonitis. Multivariate analysis of tumor pro-
portion score, histology, and irAE type revealed that
squamous histology (hazard ratio [HR] ¼ 2.64; 95% CI:
1.29–5.42; p ¼ 0.008) and grade greater than or equal to
two pneumonitis (HR ¼ 3.71; 95% CI: 1.85–7.45; p <

0.001) were independently associated with OS
(Supplementary Table 1).

A total of 27 patients (17%) developed grade greater
than or equal to two irAEs other than pneumonitis.
Among them, nine required corticosteroid therapy,
mainly due to the presence of hepatitis, skin rash, colitis,
or arthritis. Grade greater than or equal to two pneu-
monitis was observed in 35% (55 of 158) of the patients.
Of the 52 patients who required corticosteroid therapy,
23 (41%) underwent rechallenge with durvalumab,
leading to a relapse of pneumonitis in five (21%) pa-
tients. The permanent discontinuation rates in patients
who experienced grade greater than or equal to two
irAEs other than pneumonitis and those who experi-
enced grade greater than or equal to two pneumonitis
were 29.6% (eight of 27) and 50.1% (28 of 55),
respectively. A higher severity grade of pneumonitis was
significantly associated with decreased OS and PFS (log-
rank test for trend, p < 0.001) (Supplementary Fig. 1A
and B), and median OS in patients who developed grade
greater than or equal to three pneumonitis was as short
as 11.5 months (Supplementary Fig. 1B). This result was
in contrast to the OS of patients who developed grade
greater than or equal to three irAEs other than
pneumonitis (Supplementary Fig. 1C). Although not sta-
tistically significant, grade greater than or equal to three
pneumonitis was more common in patients with squa-
mous cell carcinoma than in those with nonsquamous
cell carcinoma (11.0% versus 5.8%, p ¼ 0.26).
Discussion
We established that patients with grade greater than

or equal to two irAEs had a significantly worse OS than
those with grade one or no irAEs. Moreover, this result
could be attributed to the poor prognosis of patients
with grade greater than or equal to two pneumonitis.
Grade greater than or equal to two pneumonitis was
negatively associated with survival outcomes compared
with grade greater than or equal to two irAEs other than
pneumonitis. Multivariate analysis revealed that grade
greater than or equal to two pneumonitis and squamous
histology were independent factors associated with
worse OS. Our results suggest that a higher grade of
pneumonitis and squamous histology are detrimental to
the efficacy of consolidation therapy with durvalumab.

Pneumonitis is a common irAE that is of high concern
to clinical practitioners because of its potentially fatal
prognosis.1 Previous studies have indeed confirmed that
severe immune-related pneumonitis is associated with a
poor prognosis among patients with advanced-stage
lung cancer.6–9 Several retrospective studies of patients
with stage III NSCLC who received durvalumab, howev-
er, revealed that grade greater than or equal to two
pneumonitis after durvalumab was not a prognostic
factor for PFS.10,11 Nevertheless, definitive conclusions
could not be drawn from these studies due to the short
follow-up periods and small sample sizes involved. Our
study differed from the aforementioned ones in that it
evaluated the relationship between grade greater than or
equal to two pneumonitis and its negative impact on OS
from durvalumab therapy, and we included a larger
sample size and longer follow-up period. Moreover, a
recent systematic review and meta-analysis12 reported
that the occurrence of irAEs contributed to OS
improvement (pooled HR ¼ 0.54; 95% CI: 0.45–0.65).
Nevertheless, benefits varied widely depending on the
irAE type present. A significant OS benefit was observed
in patients who experienced endocrine or dermatologic
irAEs (pooled HR ¼ 0.52 and 0.45, respectively).
Conversely, no OS benefit was observed in patients who
experienced pulmonary irAEs (pooled HR ¼ 1.22). Our
findings align with these results, and the OS of patients
who developed grade greater than or equal to two irAEs
varied significantly depending on the presence or
absence of pneumonitis.

In the present study, the durvalumab discontinuation
rate was higher in patients who developed grade greater
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than or equal to two pneumonitis than in those who
developed grade greater than or equal to two irAEs other
than pneumonitis. It has been suggested that the
discontinuation of durvalumab consolidation therapy
due to adverse events may have significant negative ef-
fects on OS.13,14 Therefore, the high rate of durvalumab
discontinuation due to grade greater than or equal to
two pneumonitis may have contributed to the worse
survival outcomes in our study population. Furthermore,
a potential reason for the unfavorable prognosis linked
with squamous histology may be the higher frequency of
grade greater than or equal to three pneumonitis
observed in patients with squamous cell carcinoma
compared with that in patients with nonsquamous cell
carcinoma.

Our PFS and OS times were longer than those in the
PACIFIC study2 (median PFS 27.3 mo versus 16.8 mo
and 2-y OS rate 74.5% versus 66.3%). Nevertheless, our
data were comparable with those of two recent in-
vestigations; in the PACIFIC-R15 and PACIFIC-KR16

studies, in which the median PFS was 21.7 months and
25.9 months and the 2-year OS rate was 71.2% and
71.0%, respectively. Our cumulative incidence of grade
greater than or equal to two pneumonitis was 34.8%,
which is higher than the 19.8% recorded in the PACIFIC
study.2 Nevertheless, previous real-world data11,17–22

have reported that the incidence of grade greater than
or equal to two pneumonitis ranges from 22.9% to
46.7%, which is comparable with our findings. These
data should be interpreted with caution, because the
incidence rates may account for radiation-induced
pneumonitis and purely checkpoint inhibitor-related
pneumonitis.

Our study had some limitations. First, it was a
retrospective study with a relatively small number of
patients. Second, patients diagnosed with having pneu-
monitis may have included those with radiation-induced
pneumonitis and checkpoint inhibitor-related pneumo-
nitis. Because it is extremely challenging to completely
differentiate between these pulmonary adverse events in
clinical practice, we defined pneumonitis conservatively
to include both immune-related and radiation-induced
pneumonitis, suspected to coexist with checkpoint
inhibitor-related pneumonitis. Of note, distinctly
different clinical signs existed between our patients with
grade greater than or equal to two pneumonitis and
those with grade greater than or equal to two irAEs
other than pneumonitis. Third, the presence of 13 pa-
tients harboring driver mutations in the present study
(12 with EGFR mutations and one with ALK rearrange-
ments) might have potentially influenced the main re-
sults. Nevertheless, supplementary analyses revealed the
absence of clinically significant associations between
mutation status and both therapeutic efficacy and safety
outcomes. Finally, we did not evaluate pulmonary
comorbidities and baseline pulmonary function that
might have interfered with the course and severity of
checkpoint inhibitor-related pneumonitis. Considering
these limitations, our study should be regarded as a
framework for designing future studies.

In conclusion, we found that the development of
grade greater than or equal to two pneumonitis and
squamous histology were negatively associated with
survival outcomes in patients with stage III NSCLC who
were treated with durvalumab after concurrent CRT.
Minimizing the occurrence of severe pneumonitis during
durvalumab treatment may yield survival benefits.
Further studies are warranted to identify the risk factors
predisposing patients to high-grade pneumonitis and
factors contributing to poor survival outcomes.
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