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ABSTRACT

Introduction: Interstitial pneumonia (IP) is one of the most
common and poor prognostic comorbidities in patients with
NSCLC and a known risk factor for pneumonitis. Atezoli-
zumab monotherapy is an established treatment for recur-
rent NSCLC and reported to have a lower risk of
pneumonitis than programmed cell death protein 1 in-
hibitors. This study aimed to assess the safety and efficacy
of atezolizumab monotherapy in patients with pretreated
advanced or recurrent NSCLC with idiopathic IP.

Methods: Patients with advanced or recurrent NSCLC with
comorbid idiopathic, chronic fibrotic IP with % forced vital
capacity of greater than 70% and no history of immune
checkpoint inhibitors were enrolled. The patients received
atezolizumab (1200 mg) every 3 weeks until the discon-
tinuation criteria were met. The primary end point of this
study was the 1-year survival rate. A sample size of 38
patients was set.

Results: This study was terminated early owing to high
incidence of pneumonitis. A total of 17 patients were
enrolled, with a median age of 70 years. The median %
forced vital capacity and % diffusing capacity for carbon
monoxide at baseline were 85.4% and 54.4%, respectively.
The incidence of pneumonitis was 29.4% (5 of 17) for all
grades, 23.5% (4 of 17) for grade greater than or equal to 3,
and 5.9% (1 of 17) for grade 5. A total of 57.1% patients (4
of 7) with honeycomb lung developed pneumonitis with a
grade greater than or equal to 3, whereas only one patient
(10%) without honeycomb lung (n ¼ 10) with grade 1
pneumonitis was found.

Conclusions: Patients with NSCLC with comorbid IP as
defined by the selection criteria for this study might have an
increased risk of immune checkpoint inhibitor–induced
pneumonitis.

� 2020 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. All rights reserved.

Keywords: Atezolizumab; Non–small cell lung cancer;
Interstitial pneumonia; Pneumonitis
Introduction
Interstitial pneumonia (IP) is one of the most com-

mon comorbidities with poor prognosis in patients with
NSCLC, with a prevalence of approximately 10%.1 It is
also a known risk factor for pneumonitis.2,3 Recently,
two small single-arm trials of nivolumab, an anti-pro-
grammed cell death protein 1 antibody, revealed safe
and promising efficacy in patients with pretreated
NSCLC with mild idiopathic IP, with an incidence of
pneumonitis of 0% (n ¼ 6)4 and 11.1% (n ¼ 18).5 On the
basis of these results, nivolumab was occasionally
administered to patients with NSCLC with IP in Japanese
general practice.

Atezolizumab, an anti-programmed cell death-ligand
1 antibody, is an established treatment for recurrent
NSCLC.6 In addition, the incidence of pneumonitis was
reported to be lower than that in previous reports of
anti-programmed cell death protein 1 antibody and
other cytotoxic agents.7 Therefore, some have proposed
that atezolizumab might be a safer option for second-line
therapy among various immune checkpoint inhibitors
(ICIs).

In this regard, we launched a multicenter, single-arm
phase 2 trial to assess the safety and efficacy of atezo-
lizumab for patients with pretreated advanced or
recurrent NSCLC with comorbid idiopathic IP.8 However,
this study was terminated early owing to the high inci-
dence of pneumonitis with a Common Terminology
Criteria for Adverse Events (CTCAE) grade greater than
or equal to 3. We have evaluated that the information
regarding the risks from this trial should be promptly
made available to physicians using similar treatments in
general practice and to physicians planning similar
studies.

Materials and Methods
Study Population

Patients who met the eligibility criteria
(Supplementary Table 1) from 22 institutes in Japan
were enrolled. The eligibility criteria of IP comprises the
following four items: (1) high-resolution computed to-
mography (HRCT) result revealing reticular shadow with
basal and peripheral predominance suggestive of usual
IP pattern or peribronchovascular shadow suggestive of
nonspecific IP pattern; (2) without known cause (e.g.,
infection, pneumoconiosis, drug, sarcoidosis, and
collagen vascular disease); (3) % forced vital capacity (%
FVC) greater than or equal to 70%; and (4) % diffusing
capacity for carbon monoxide (%DLco) greater than or
equal to 35%. Ordinarily, histopathologic examination
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and multidisciplinary discussion are recommended for
the definitive diagnosis of IP.9 However, considering the
fact that the patients in this study were in a situation in
which treatment of advanced or recurrent NSCLC with
poor prognosis was preferred over IP and that few
hospitals were able to perform histopathologic exami-
nation and multidisciplinary discussion of IP satisfacto-
rily, the diagnosis and pattern classification of IP in this
study were based on the HRCT findings. Moreover, ac-
cording to the postmarketing surveillance of pirfenidone
and the subgroup analysis of a randomized phase 3 trial
of nintedanib in patients with idiopathic pulmonary
fibrosis, there is a particularly high risk of acute exac-
erbation in patients with a baseline %FVC of less than
70%.10,11 On the basis of these results, %FVC was set at
greater than or equal to 70% to ensure a certain level of
safety in this study.

Other key inclusion criteria include the following: (1)
histologically or cytologically proven NSCLC; (2) unre-
sectable stage III/IV or recurrent NSCLC; (3) had
received chemotherapy previously, including platinum
doublet; (4) age greater than or equal to 20 years; and
(5) Eastern Cooperative Oncology Group performance
status of 0 to 1. The key exclusion criteria include the
following: (1) history of acute exacerbation of preexist-
ing IP; (2) treatment history with an ICI; (3) systemic
treatment with steroids at a daily dose of greater than 10
mg of prednisolone or an equivalent immunosuppres-
sant; (4) active autoimmune disease or history of auto-
immune disease requiring treatment; (5) symptomatic
brain metastasis or spinal cord metastases; and (6)
treatment history with thoracic radiotherapy.
Intervention
The patients received atezolizumab (1200 mg for a

day) every 3 weeks until the discontinuation criteria
were met. The discontinuation criteria included the
following: (1) disease progression; (2) occurrence of
acute exacerbation of IP; and (3) occurrence of unac-
ceptable immune-related adverse events, including
pneumonitis, hepatotoxicity, hepatitis, nervous system
disorder, renal disorder, eye disorder, myocarditis with a
CTCAE grade greater than or equal to 3, colitis, diarrhea,
pancreatitis, panhypopituitarism, skin disorder with a
CTCAE grade greater than or equal to 2, encephalitis,
meningitis, Guillain-Barre syndrome, and myasthenia
gravis with a CTCAE grade greater than or equal to 1.
Ethics Approval and Consent to Participate
This study was conducted in accordance with the

Declaration of Helsinki and the Clinical Trials Act of
Japan. The Niigata University Certified Review Board of
Clinical Research approved this protocol on July 23,
2019 (approval number, SP19005). This clinical trial was
registered in the Japan Registry of Clinical Trials on
August 26, 2019 (registry number, jRCTs031190084).
All patients provided their written informed consent. In
addition, consent for publication was obtained from all
patients.
Evaluation of Pneumonitis
Adverse events were recorded under the CTCAE,

version 5.0. In this study pneumonitis is defined as fol-
lows: (1) appearance of new shadows in the lung field
after initiation of atezolizumab and (2) identification that
it is not an infection, heart failure/hypertransfusion, or
an exacerbation of carcinomatous lymphangitis by the
investigator. A central review committee adjudicated all
investigator-reported pneumonitis events. Moreover,
baseline HRCTs were collected and imaging findings of
IP reviewed in detail by the central review committee for
post hoc risk factor analysis of pneumonitis.
Statistical Analysis
The primary end point was the 1-year survival rate.

We set an expected value of 40% and a threshold value
of 15%. Taking statistical points (two-sided a ¼ 0.05; 1-
b ¼ 0.9) and ineligible patients into consideration, the
sample size was set at 38 calculated by the exact bino-
mial test.
Results
Patient Population and Disposition

The registration began on September 2, 2019. At the
time of enrollment, three of the 15 patients enrolled
(20%) developed grade 3 pneumonitis, so the new pa-
tient enrollment was interrupted on January 31, 2020.
Two patients, for whom consent had already been ob-
tained, were reintroduced, and a total of 17 patients
were eventually registered. Subsequently, one patient
who had pneumonitis worsened from grade 3 to grade 5,
and one new patient developed grade 3 pneumonitis.
Therefore, this study was terminated per the recom-
mendation of the efficacy and safety evaluation
committee.

For the purposes of these reports focusing on adverse
events, the data cutoff date was set to April 8, 2020. The
median follow-up time was 2.95 months (95% confi-
dence interval [CI]: 1.42–4.49). The 17 patients enrolled
in the trial who had received greater than or equal to one
cycle of treatment were categorized as the safety anal-
ysis population (Fig. 1). In addition, we defined the full
analysis set (efficacy analysis population) as 16 patients,
excluding one patient in whom the eligibility criteria
were violated.



Figure 1. Patient disposition. f-NSIP, fibrotic nonspecific IP; %
FVC, % forced vital capacity; IP, interstitial pneumonia; IPF,
idiopathic pulmonary fibrosis.
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Characteristics
The characteristics of the 17 enrolled patients are

summarized in Table 1 and Supplementary Table 2. The
median age was 70.0 years, and 16 patients (94.1%)
were male. The median %FVC and %DLco at baseline
were 85.4% and 54.4%, respectively.
Treatment Delivery
The median delivered cycles of treatment to each

patient was 3 (Table 2). Five of the six patients who
were on treatment at the time the trial were termi-
nated, and continued to receive atezolizumab as the
usual clinical treatment outside of this trial because
they understood the risks and still wanted to (as of
April 8, 2020).
Adverse Events
The major adverse events are presented in Table 3.

The incidence of pneumonitis was 29.4% (5 of 17) for all
grades, 23.5% (4 of 17) for grade greater than or equal
to 3, and 5.9% (1 of 17) for grade 5. All five patients with
pneumonitis had newly developed bilateral ground-glass
opacities as revealed by HRCT. The median time from the
initiation of treatment to the onset of pneumonitis was
36 days.
Risk Factors for Pneumonitis
We evaluated the risk factors for pneumonitis by a

post hoc analysis. The comparison of baseline charac-
teristics between the patients who developed pneumo-
nitis (n ¼ 5) and those without pneumonitis (n ¼ 12)
revealed a significantly lower body weight (p ¼ 0.049)
and hemoglobin (p ¼ 0.013) and higher serum levels of
C-reactive protein (p ¼ 0.014) in patients with pneu-
monitis (Table 1 and Supplemental Table 2). Subse-
quently, univariate logistic regression analysis did not
identify statistically significant risk factor for pneumo-
nitis but suggested that a honeycomb lung revealed on
HRCT may be a candidate risk factor (OR: 12.0, 95% CI:
0.936–154.0, p ¼ 0.056) (Table 4). In fact, in seven pa-
tients with a honeycomb lung on HRCT, four (57.1%)
developed pneumonitis with a grade greater than or
equal to 3 (Fig. 2B and C). In contrast, in patients without
a honeycomb lung (n ¼ 10, Fig 2A), only one patient
(10%) with grade 1 pneumonitis was found.
Efficacy
As of April 8, 2020, when the data were cutoff at this

time, the primary end point, 1-year survival rate, could not
be assessed. The objective response rate and disease
control rate were 6.3% and 62.5%, respectively. The
median progression-free survival time was 3.38 months
(95% CI: 0.84–5.93).

Discussion
The high incidence of pneumonitis indicated in this

study deviates from previously reported results of two
prospective trials of nivolumab for patients with pre-
treated NSCLC with IP. Because all these trials had a
small number of patients, it is possible that this differ-
ence was accidental. However, we suspect that the
discrepancy in the results may be owing to the following
two differences in the eligibility criteria of IP between
the trials: (1) acceptance or exclusion of patients with a
honeycomb lung and (2) a lower limit of %FVC.

Previously reported nivolumab trials excluded patients
with a honeycomb lung,4,5 but in this study, 41.1% of the
patients (7 of 17) had honeycomb lungs. In terms of pneu-
monitis or acute exacerbation of preexisting IP induced by
cytotoxic chemotherapy, ahoneycomb lung isoneof themost
common risk factors.2 However, the risk factors of ICI–
induced pneumonitis in patients with comorbid IP remain
unclear. Moreover, identifying a honeycomb lung is difficult
for nonspecialists, and there is often disagreement about the
identification of honeycomb lung, even among experienced
chest radiologists.12 Therefore, we did not include the pres-
ence of honeycomb lungs in the exclusion criteria for this
study, in view of simplicity and generalization of the study
results. However, the risk factor analysis of pneumonitis in



Table 1. Characteristics

Characteristics
Overall Population
(N ¼ 17)

Without Pneumonitis
(N ¼ 12)

With Pneumonitis
(N ¼ 5) p Value

Backgrounds
Median age 70.0 (66.0–73.0) 69.0 (65.5–73.5) 70.0 (68.0–73.0) 0.634
Sex 1.000
Male 16 (94.1) 11 (91.7) 5 (100)
Female 1 (5.9) 1 (8.3) 0

Smoking history —

Current 3 (17.6) 2 (16.7) 1 (20.0)
Past 14 (82.4) 10 (83.3) 4 (80.0)
Never 0 0 0

Height (cm) 167 (164–170) 167 (165–170) 164 (163–168) 0.506
Body weight (kg) 66.1 (58.4–74.0) 69.8 (65.9– 76.3) 58.4 (56.2– 62.1) 0.049
Performance status (0/1) 1.000
0 4 (23.5) 3 (25.0) 1 (20.0)
1 13 (76.5) 9 (75.0) 4 (80.0)

SpO2 (%) 96.0 (95.0–98.0) 97.0 (95.8–98.0) 96.0 (95.0– 96.0) 0.422
Lung cancer
Histologic type —

Adenocarcinoma 9 (52.9) 6 (50.0) 3 (60.0)
Squamous cell carcinoma 7 (41.2) 5 () 2 (40.0)
Not otherwise specified 1 (5.9) 1 (8.3) 0

Staging —

IIIA 2 (11.8) 2 (16.7) 0
IIIB 4 (23.5) 3 (25.0) 1 (20.0)
IIIC 2 (11.8) 1 (8.3) 1 (20.0)
IVA 3 (17.6) 2 (16.7) 1 (20.0)
IVB 3 (17.6) 1 (8.3) 2 (40.0)
Recurrence 3 (17.6) 3 (25.0) 0

PD-L1 expressiona [TPS (%)] —

<1 4 (23.5) 3 (25.0) 1 (20.0)
1–49 3 (17.6) 1 (8.3) 2 (40.0)
�50 7 (41.2) 6 (50.0) 1 (20.0)
Unknown 3 (17.6) 2 (16.7) 1 (20.0)

No. of previous lines of therapies —

1 11 (64.7) 6 (50.0) 5 (100)
2 3 (17.6) 3 (25.0) 0
3 2 (11.8) 2 (16.7) 0
4 1 (5.9) 1 (8.3) 0

IP
Radiologic pattern —

UIP 6 (35.3) 3 (25.0) 3 (60.0)
Probable UIP 3 (17.6) 3 (25.0) 0
Indeterminate for UIP 8 (47.1) 6 (50.0) 2 (40.0)

Honeycomb lung on HRCT 7 (41.2) 3 (25.0) 4 (80.0) 0.101
%FVC (%) 85.4 (80.6– 92.2) 84.9 (80.2– 92.2) 86.4 (84.0– 92.2) 0.721
%DLco (%) 54.4 (48.2–65.2) 57.0 (51.3–66.3) 52.1 (47.8–63.3) 0.646

Note: Categorical data are presented as numbers (percentages) and compared using the Fisher’s exact test. Continuous data are presented as medians
(interquartile ranges) and compared using Mann-Whitney U test. The p value was calculated by comparing subjects with and without pneumonitis; p less than
0.05 was statistically significant.
%DLco, % diffusing capacity for carbon monoxide; %FVC, % forced vital capacity; IP, interstitial pneumonia; PD-L1, programmed cell death-ligand 1; SpO2,
saturation of peripheral oxygen; TPS, tumor proportion score; UIP, usual IP; HRCT, high-resolution computed tomography.
aPD-L1 expression was assessed by immunohistochemistry using 22C3 pharmDx assay (Agilent Technologies, Santa Clara, CA).

December 2020 Atezolizumab for NSCLC With IP 1939
this study revealed the possibility that exclusion of patients
with honeycomb lung on baseline computed tomography
images may reduce the risk of developing pneumonitis.
Nonetheless, careful consideration of a larger number of
patients is mandatory for the validation of this result.
Low %FVC was also a common risk factor for cyto-
toxic chemotherapy–induced pneumonitis or acute
exacerbation of preexisting IP.13 Previously reported
trials of nivolumab have included patients with %FVC
greater than or equal to 80%, whereas, this trial included



Table 2. Treatment Delivery

Characteristics N ¼ 17

Total no. of treatment cycles 3 [2, 5]
Cycles received, n (%)

1 4 (23.5)
2 4 (23.5)
3 2 (11.8)
�4 7 (41.2)

Reason for discontinuation of study treatment, n (%)
Disease progression 5 (29.4)
Pneumonitis 5 (29.4)
Termination of this clinical trial 6 (35.2)a

Violation of eligibility criteria 1 (5.9)
aFive of the six patients, who were on treatment at the time the trial was terminated, continued to receive atezolizumab as a real clinical treatment outside of
this trial because they understood the risks and still wanted to.

Table 3. Adverse Events

Adverse Events

CTCAE Grade All Grade Grade �3

1 2 3 4 5 Total % Total %

Pneumonitis 1 0 3 0 1 5 29.4 4 23.5
Dyspnea 2 0 4 0 0 6 35.3 4 23.5
Hypoalbuminemia 11 3 2 0 0 16 94.1 2 11.8
Lung infection 0 0 2 0 0 2 11.8 2 11.8
Hyponatremia 10 1 0 1 0 12 70.6 1 5.9
General fatigue 3 3 1 0 0 7 41.2 1 5.9
Anemia 6 6 0 0 0 12 70.6 0 0.0
AST increased 10 1 0 0 0 11 64.7 0 0.0
ALT increased 8 2 0 0 0 10 58.8 0 0.0
Cough 4 4 0 0 0 8 47.1 0 0.0
Appetite loss 5 2 0 0 0 7 41.2 0 0.0
Fever 4 2 0 0 0 6 35.3 0 0.0
Hyperglycemia 5 1 0 0 0 6 35.3 0 0.0
ALP increased 3 2 0 0 0 5 29.4 0 0.0
Creatinine increased 5 0 0 0 0 5 29.4 0 0.0
Serum amylase increased 5 0 0 0 0 5 29.4 0 0.0
Hypereosinophilia 4 0 0 0 0 4 23.5 0 0.0
CPK increased 2 1 0 0 0 3 17.6 0 0.0
Proteinuria 2 1 0 0 0 3 17.6 0 0.0
Hyperkalemia 3 0 0 0 0 3 17.6 0 0.0
Hypothyroidism 3 0 0 0 0 3 17.6 0 0.0
Nausea 3 0 0 0 0 3 17.6 0 0.0
Diarrhea 1 1 0 0 0 2 11.8 0 0.0
Thrombocytopenia 2 0 0 0 0 2 11.8 0 0.0
Blood bilirubin increased 2 0 0 0 0 2 11.8 0 0.0
Hypokalemia 2 0 0 0 0 2 11.8 0 0.0
Palpitations 2 0 0 0 0 2 11.8 0 0.0
Vomiting 2 0 0 0 0 2 11.8 0 0.0
Constipation 2 0 0 0 0 2 11.8 0 0.0
Abdominal pain 2 0 0 0 0 2 11.8 0 0.0
Pruritus 2 0 0 0 0 2 11.8 0 0.0
Peripheral sensory neuropathy 2 0 0 0 0 2 11.8 0 0.0
Radiation recall pneumonitisa 1 0 0 0 0 1 5.9 0 0.0

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CPK, creatine phosphokinase; CTCAE, Common Terminology Criteria
for Adverse Event.
aIn the patient where the exclusion criteria were violated owing to a history of thoracic radiotherapy, an adverse event determined by the central judgment to
be radiation recall pneumonitis with a CTCAE grade of 1 occurred. This was treated separately from pneumonitis in this report.
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Table 4. Risk Factors for Pneumonitis

Risk Factors OR

95% CI

p ValueLower Limit Upper Limit

Body weight 0.882 0.765 1.020 0.083
%FVC 1.040 0.957 1.130 0.372
%DLco 0.998 0.910 1.070 0.771
Hemoglobin 0.238 0.053 1.080 0.063
C-reactive protein 2.500 0.814 7.670 0.109
Krebs von den Lungen-6 1.000 0.998 1.000 0.732
Honeycomb lung on HRCT 12.00 0.936 154.0 0.056

Note: A univariate logistic regression analysis was performed to verify the risk of pneumonitis.
CI, confidence interval; %DLco, % diffusing capacity for carbon monoxide; %FVC, % forced vital capacity; HRCT, high-resolution computed tomography.
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patients with %FVC greater than or equal to 70%.
However, the median %FVC of our patients was 85.4%,
and neither %FVC nor %DLco had a significant differ-
ence when compared with the presence or absence of
pneumonitis. Because most of the patients enrolled in
this study are smokers, the effect of emphysema may
lead to an overestimation of %FVC.

In the present situation in which coronavirus disease
2019 is rapidly spreading worldwide, an additional dif-
ficulty of differentiating between ICI-induced pneumo-
nitis and coronavirus disease 2019–associated
pneumonia can arise. Therefore, more prudence should
be exercised when considering the administration of ICIs
for patients with NSCLC with IP.

As a limitation of this study, the baseline imaging
findings were assessed by a central review committee
who were not completely blinded. Patients with known
cause of IP (e.g., infection, pneumoconiosis, drug,
sarcoidosis, and collagen vascular disease) at present
were excluded, but it cannot be ruled out that some of
the enrolled patients had IP secondary to subclinical
collagen vascular disease, which may have contributed
Figure 2. Representative images of HRCT. (A) Probable UIP pa
predominant in lower lobes without a honeycomb lung. This p
nitis. (B) UIP pattern; baseline HRCT revealed a subpleural bas
This patient developed grade 3 pneumonitis on day 20 of atez
raphy; UIP, usual interstitial pneumonia.
to the high incidence of pneumonitis in this study. The
frequency and severity of adverse events may change in
the future owing to the short observation period and the
fact that some patients continue to receive atezolizumab
outside of the study.

Conclusions
Patients with NSCLC with comorbid IP as defined by

the selection criteria for this study may have an
increased risk of ICI–induced pneumonitis. As the safety
of ICIs for NSCLC with comorbid IP is still unclear,
further safety data are warranted from a clinical trial
with more carefully selected and a larger number of
patients.
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