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ABSTRACT Immunotherapy is becoming a standard of care for many cancers. Immune-checkpoint
inhibitors (ICI) can generate immune-related adverse events. Interstitial lung disease (ILD) has been
identified as a rare but potentially severe event.

Between December 2015 and April 2016, we conducted a retrospective study in centres experienced in
ICI use. We report the main features of ICI-ILD with a focus on clinical presentation, radiological
patterns and therapeutic strategies.

We identified 64 (3.5%) out of 1826 cancer patients with ICI-ILD. Patients mainly received
programmed cell death-1 inhibitors. ILD usually occurred in males, and former or current smokers, with a
median age of 59 years. We observed 65.6% grade 2/3 severity, 9.4% grade 4 severity and 9.4% fatal ILD.
The median (range) time from initiation of immunotherapy to ILD was 2.3 (0.2—27.4) months. Onset
tended to occur earlier in lung cancer versus melanoma: median 2.1 and 5.2 months, respectively (p=0.02).
Ground-glass opacities (81.3%) were the predominant lesions, followed by consolidations (53.1%).
Organising pneumonia (23.4%) and hypersensitivity pneumonitis (15.6%) were the most common
patterns. Overall survival at 6 months was 58.1% (95% CI 37.7-73.8%).

ICI-ILD often occurs early and displays suggestive radiological features. As there is no clearly identified
risk factor, oncologists need to diagnose and adequately treat this adverse event.

This article has been amended according to the erratum published in the November 2017 issue of the European
Respiratory Journal.
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Introduction

Immune-checkpoint inhibitors (ICI) represent the latest major breakthrough in oncology and offer a new
paradigm for the treatment of different types of advanced solid tumours. Ipilimumab, which inhibits the
cytotoxic T-lymphocyte antigen (CTLA)-4 pathway, was the first immune checkpoint blocking antibody to
be licensed for advanced melanoma. The identification of the programmed cell-death ligand (PD-L)1 as a
distal immune modulator was at the origin of the development of molecules that targeted PD-1
(nivolumab and pembrolizumab) or PD-L1 (atezolizumab and durvalumab).

Clinical trials have demonstrated the superiority of ICI over standard care for untreated melanoma,
pretreated nonsmall cell lung cancer (NSCLC) and, more recently, untreated NSCLC selected according to
PD-L1 expression [1-3]. In addition, the benefit of these drugs was recently demonstrated for bladder
cancer, head and neck tumours and lymphoma [4-6]. As a consequence, the numbers of patients exposed
to these new treatments will increase rapidly, making possible toxicity a major concern.

Overall, ICI present a favourable overall benefit-to-risk profile. However, they are associated with a unique
set of toxicities due to their mechanisms of action, termed immune-related adverse events, which are very
different from toxicities observed with conventional cytotoxic chemotherapy or targeted therapies. It is
important for all clinicians who prescribe immunotherapy to recognise these early on, to clinically assess
the effects and to manage the immune-mediated effects, as they can lead to severe toxicity or even death.
Pulmonary toxicity has been reported, especially with drugs targeting the PD-1/PD-L1 axis, including
some cases of fatal pneumonitis [7-9]. In a recent meta-analysis, the overall incidence of pneumonitis was
estimated at 2.7% for all grades and 0.8% for grade 3 or higher [10]. In two recent studies, the incidence
was even higher (5% and 11.8%) [10, 11].

The underlying pathogenesis is partially understood, but the radiological pattern and analyses of
bronchoalveolar lavage (BAL) are rarely detailed. Herein, we have collected data from a large series of
patients with interstitial lung disease (ILD) that developed during ICI treatment (ICI-ILD) for various
cancers. We describe the clinical and radiological presentations with central and multidisciplinary
reviewing of all cases, and detail the management of this toxicity and the global outcomes.

Patients and methods

Study design

Between December 2015 and April 2016 we enrolled patients treated with ICI in clinical trials, expanded
access programmes or after obtaining approval in France and Switzerland. We contacted the main
investigators in large centres that are known to treat patients in clinical trials and obtain early access to new
drugs. Inclusion criteria were patients aged >18 years, with any cancer treated with ICI (CTLA-4, PD-1 and
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PD-L1 inhibitors) and who had developed ILD which was considered by the investigators to be possibly
associated with the immunotherapy and that had related data (clinical data, computed tomography (CT)
scan and follow-up). The primary objective was the clinical and radiological description of ICI-ILD in
cancer patients, after a central review. Secondary objectives were the reporting of overall survival following
this adverse event and analysis of therapeutic strategies. The exploratory objective was the analysis of
potential underlying mechanisms for ILD based on histological or BAL findings, when available.

Data collection and ethical considerations

Anonymised clinical data (detailed later) were collected using a standardised datasheet. All participating
investigators were trained in good clinical practice and had experience with immunotherapy treatment. All
data were collected centrally at the University of Toulouse (Toulouse, France). The data cut-off point was
April 30, 2016. The study was conducted in accordance with French law and was approved by a national
ethics committee (CEPRO 2016-022).

Definition of cases

The diagnostic criteria for ICI-ILD were as follows. 1) Correct identification of the drug; 2) singularity of
the drug; 3) temporal eligibility; 4) clinical, imaging and pathological pattern of lung involvement
conforming to earlier observations with the drug; and 5) exclusion of other causes of ILD [12, 13]. The
term often used in the literature is pneumonitis, but we chose ILD instead, because this term better covers
the heterogeneity of the different patterns found. Names of all other drugs given and associated with ICIs
were collected for each patient and their potential lung toxicities were checked in the Pneumotox database
(www.pneumotox.com). All data were reviewed centrally by a panel of pulmonologists specialising in
interstitial pneumonitis and oncology.

Severity of ILD was defined according to the Common Terminology Criteria for Adverse Events, version
4.0 [14].

The following characteristics were collected for each patient before ICI exposure: age, sex, smoking habit,
performance status, comorbidities (especially prior lung diseases and immunodeficiency), type of cancer,
prior chemotherapy regimens, duration of treatment with ICI and other concomitant therapies. In
addition, results of bronchial biopsies and BAL (by cytopathology analyses and immunocytochemistry
staining of CD3/CD4/CD8) were collected. PD-L1 expression was analysed using immunochemistry
following local laboratory procedures.

Radiology

A high-resolution CT (HRCT) scan was mandatory for all patients. All HRCT scans were reviewed
centrally by a panel of two radiologists experienced in interstitial lung diseases (Samia Collot and Marion
Jaffro), a pulmonologist specialising in interstitial pneumonitis (Grégorie Prévot) and two pulmonologists
specialising in oncology. The multidisciplinary panel systematically analysed 15 criteria (online
supplementary table S2) and ILD was defined by the occurrence of new and diffuse lung parenchymal
abnormalities, including ground-glass opacities, consolidations, interlobular septal thickening and
intralobular lines, micronodules, bronchiectasis and architectural distortion on sequential CT scan
examinations, according to the American Thoracic Society/European Respiratory Society 2002
classification [15, 16].

The interpreters assessed systematically the presence, distribution and extent of each ILD feature on HRCT
scans. When possible, a suggestive radiology pattern was provided, i.e. organising pneumonia, nonspecific
interstitial pneumonia (NSIP), hypersensitivity pneumonitis, bronchiolitis or unclassifiable, as described
previously [15]. All patients had a basal CT scan before starting immunotherapy. We excluded lesions in
the target volumes of radiotherapy, lesions caused by cancer progression and any pre-existing lesions
caused by chronic obstructive pulmonary disease (COPD), emphysema or prior ILD from the analyses.

Statistics

The data are expressed as n (%) for categorical variables and as median (range) for continuous variables.
The Chi-squared or Fisher’s exact test was used to compare categorical variables, and the Kruskal-Wallis
test was used for continuous variables. Overall survival was defined as the time from diagnosis of
pneumonitis until death from any cause or the last follow-up (censored data), and was estimated using the
Kaplan-Meier method with 95% confidence intervals. All reported p-values were two-sided. For all tests, a
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statistical difference was considered significant at the 5% level. Statistical analyses were conducted using
Stata (version 13; StataCorp, College Station, TX, USA).

Results

Patient characteristics

We analysed 71 cases and after central review (which included clinical, radiological and microbiological
data) we excluded seven cases from the analyses: three cases were considered to be infectious pneumonitis
and four cases were tumour progression. 64 cases of ILD were included in our analyses (figure 1).
Estimation of overall incidence was 3.5%: 1826 patients received anti-PD1 from all centres, based on the
reported incidence from each centre (64 out of 1826). Patient demographics are shown in table 1.

Of the 64 included cases, 48 (75%) had NSCLC (52.1% adenocarcinomas, 33.3% squamous-cell
carcinomas and 14.6% large-cell carcinomas or not otherwise specified), 13 (20.3%) had melanomas and
three (4.7%) patients had other types of cancer (nasopharyngeal carcinoma n=2 and Hodgkin lymphoma
n=1). Four (6.9%) patients received anti-CTLA-4, 46 patients received anti-PD1 (79.3%) and eight (13.8%)
patients received anti PD-L1; none received a combination of immunotherapy. We did not know whether
six patients had received anti-CTLA-4 or anti-PD1/PD-L1 because they were enrolled in a double-blind
trial. Most patients were male (84.4%) and current (26.7%) or ex-smokers (53.3%), with a median
consumption of 40 (5-80) pack-years, and a median age of 59 years. 17 (27.4%) patients had a medical
history of COPD or emphysema.

One patient had idiopathic pulmonary fibrosis and one had untreated granulomatosis with polyangiitis
disease; both diseases are usually considered as a contraindication for ICI. These two cases were included
because clinical radiological data and time to ILD onset conformed to our ICI-ILD criteria and did not
favour idiopathic pulmonary fibrosis or granulomatosis exacerbation. The patient who had idiopathic
pulmonary fibrosis received two infusions of anti-PD1; the time to ILD was 3 weeks. For the patient with
granulomatosis with polyangitis, the time until ILD onset was 10 weeks and he received four infusions.
These two cases showed rapid improvement after steroid treatment. No other autoimmune diseases were
reported.

Most patients had stage IV disease when immunotherapy was introduced with frequent lung metastases
(58.5% for NSCLC and 66.7% for melanoma) and lymph node metastasis (51.2% for NSCLC and 36.4%
for melanoma). Most patients (87.5%) had received at least one previous line of treatment before
immunotherapy, especially a platinum-based doublet, an epidermal growth factor receptor (EGFR)
inhibitor for NSCLC or a BRAF-inhibitor for melanoma (25% had received one line of treatment, 32.8%
had received two lines and 29.7% had received more than three lines). Median duration between a
previous treatment line and ICI was 48 days (0.0—36.0 months).

At the time of ILD onset, the best objective tumour response rate until ICI was 35.9% (23 out of 64),
according to RECIST (Response Evaluation Criteria in Solid Tumors 1.1) (one complete response and 22
partial responses) [17]. The objective tumour response rates were 33.3% and 46.2% for NSCLC and

71 patients screened
for eligibility

7 cases not included:
3 infectious pneumonitis
4 tumour progression

v

v

64 patients included

v y N
48 NSCLC: 13 melanoma 3 others:
Adenocarcinoma 1 cavum
Squamous cell carcinoma 1 Hodgkin lymphoma
Large cell carcinoma 1T UCNT

FIGURE 1 Study flowchart. NSCLC: nonsmall cell lung cancer; UCNT: undifferentiated carcinoma of
nasopharyngeal type.
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TABLE 1 Baseline characteristics of the study population

Patients Frequency
Sex b4
Male 54 (84.4)
Female 10 (15.6)
Age at diagnosis years 63 59 (22-83)
<60 33 (52.4)
>60 30 (47.6)
Unknown 1
Smoking history 60
Never-smoker 12 (20.0)
Current smoker 16 (26.7)
Ex-smoker 32 (53.3)
Unknown 4
Pack-years 40 (5-80)
Medical history 62
Chronic infection 1(1.6)
Immunodeficiency 11(1.6)
Other type of cancer 11 (17.7)
COPD 12 (19.4)
Emphysema 61(9.7)
Pulmonary fibrosis 1(1.6)
ECOG performance status b4
0-1 59 (92.2)
2-3 5(7.8)
Diagnosis of tumour b4
Lung cancer 48 (75.0)
Adenocarcinoma 25 (52.1)
Squamous 16 (33.3)
Other 7 (14.6)
Melanoma 13 (20.3)
Other 3 (4.7)
PD-L1/PD1 status 15
Positive 12 (80.0)
Negative 3(20.0)
Unknown/not assessed 49
Metastatic site 55
Pulmonary metastasis 32 (58.2)
Lung cancer 48 24 (58.5)
Melanoma 13 8 (66.7)
Lymph nodes 26 (47.3)
Lung cancer 48 21(51.2)
Melanoma 13 4 (36.4)
Unknown 9
Treatment before immunotherapy 64
>1 line of treatment 56 (87.5)
Targeted therapy 14 (21.9)
Treatment lines
0 8 (12.5)
1 16 (25.0)
2 21 (32.8)
>3 19 (29.7)
Thoracic radiotherapy 38
Yes 15 (39.5)
No 23 (60.5)
Unknown 26
Best objective response until ILD diagnosis b4
Complete response/partial response 23 (35.9)
Progression of disease 7(10.9)
Stable disease 21 (32.8)
Not evaluated 13 (20.3)

Data are presented as n, n (%) or median (range). COPD: chronic obstructive pulmonary disease; ECOG:
Eastern Cooperative Oncology Group; PD-L: programmed cell death ligand; ILD: interstitial lung disease.
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FIGURE 2 Patients in  whom
interstitial lung disease developed,
stratified by Common Terminology o
Criteria for Adverse Events (CTCAE; 1 2 3 4 5
version 4:0). NSCLC: nonsmall cell
lung cancer. CTCAE grade

melanoma, respectively. 21 (32.8%) patients had a stable disease and seven (10.9%) had progressive disease
(13 were not evaluated at the time of ILD diagnosis).

Clinical features of ILD

Severity of ILD was grade 1 in 10 (15.6%) patients, grade 2 in 25 (39.1%) patients, grade 3 in 17 (26.6%)
patients, grade 4 in six (9.4%) patients and six (9.4%) cases of ILD were fatal (grade 5), after excluding
other causes of death. Among patients with NSCLC, 56.3% (27 out of 48) experienced grades 1-2 and
43.8% (21 out of 48) experienced grades 3—5. Among patients with melanoma, 46.2% (six out of 13)
experienced grades 1-2 and 53.8% (seven out of 13) experienced grades 3—4. In contrast, all grade 5
patients had NSCLC (figure 2). Except for those that were grade 5, no significant difference was observed
regarding severity of ILD between cases of NSCLC and melanoma (p=0.51). The most common symptoms
were dyspnoea (80.3%) and cough (52.5%). Fever was less common (32.8%), and four (6.6%) patients were
asymptomatic.

The median time to onset of ILD after introducing immunotherapy was 2.3 (0.2—27.4) months. A
majority (27 out of 64; 42.2%) of patients developed ILD <2 months after introducing immunotherapy;
time to development of ILD was 2-4 months in 26.6% (17 out of 64), 4-6 months in 17.2% (11 out of 64)
and >6 months in 14.1% (nine out of 64) of patients (table 2). Onset tended to be earlier in cases of
NSCLC (median (range) time to ILD 2.1 (0.2—27.4) months) compared to melanoma (median (range)
time to ILD 5.2 (0.2—18.1) months) (p=0.01) (figure 3). There was no correlation between median time to
onset and severity of ILD, i.e. 2.8 months for grades 1-2 and 2.2 months for grades 3—5 (p=0.32). No
significant differences were found in the median time to onset between the different types of drugs
(anti-CTLA-4, anti-PD1 or anti-PD-L1). No risk factors were identified between patients with grades 1-2
ILD versus grades 3—5 ILD (online supplementary table S3).

Radiological features

Ground-glass opacities found on a lung CT scan were the most predominant lesions, present in 52
(81.3%) patients, followed by consolidations in 34 (53.1%) patients, bronchiectasis in 11 (17.2%) patients,
interlobular septal thickening in 10 (15.6%) patients and intralobular lines in 14 (21.9%) patients. We
found two cases of crazy paving. 45 (78.9%) patients had diffuse lung involvement and 12 (21.1%) had
localised lung involvement. The median number of lobes involved was three (1-5). We observed
asymmetrical topography of lesions in 20.5% of cases.

Organising pneumonia was the most common pattern (15 out of 64; 23.4%), followed by hypersensitivity
pneumonitis (10 out of 64; 15.6%). NSIP and bronchiolitis were found in 7.8% (five out of 64) and 6.3%
(four out of 64) of patients, respectively. Six patients had concomitant NSIP and organising pneumonia,
and one patient had NSIP plus bronchiolitis (figures 4 and 5 and online supplementary figure S1). It was
not possible to describe a suggestive pattern for 23 (35.9%) patients (table 2). No correlations were
observed between time to onset of ILD and radiographic patterns.
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TABLE 2 Characteristics of interstitial lung disease and radiological features

Delay of occurrence between pneumonitis and introduction of immunotherapy months 2.3 (0.2-27.4)
0-2 27 (42.2)
2-4 17 (26.6)
L-6 11 017.2)
>6 9 (14.1)

CTCAE grade
1 10 (15.6)
2 25 (39.1)
3 17 (26.6)
4 6 (9.4)
5 6 (9.4)

BAL*

Yes 35 (55.6)

No 28 (44.4)

Unknown 1

LymphocytesT % 33.5 (1.0-70.0)
<15 6 (20.0)
>15 24 (80.0)
Unknown 5

Evolution®
Recovery 18 (28.6)
Improvement 25 (39.7)
Stable 13 (20.6)
Worsening 1(1.6)
Fatal 6(9.5)
Unknown 1

Radiological features
Lesions

GGO 52 (81.3)
Consolidations 34 (53.1)
Intralobular lines 14 (21.9)
Interlobular septal thickening 10 (15.6)
Traction bronchectasis 11 0117.2)
Extent (lobes) n 3 (1-5)
Pattern
Organising pneumonia 15 (23.4)
Hypersensitivity pneumonia 10 (15.6)
NSIP and organising pneumonia 6 (9.4)
NSIP 5(7.8)
Bronchiolitis 4 (6.3)
NSIP and bronchiolitis 1(1.6)
No classification 23 (35.9)

Data are presented as median (range) or n (%). n=64, unless otherwise stated. CTCAE: Common Toxicity
Criteria for Adverse Events, version 4.0; BAL: bronchoalveolar lavage; GGO: ground-glass opacity; NSIP:
nonspecific interstitial pneumonitis. #: n=63; T: n=30.

BAL and biopsies

BAL was performed in 35 (55.6%) patients and showed T-lymphocytic alveolitis in 24 (37.5%) cases. A
complete description of the BAL data is shown in online supplementary table S1. Microbiological evaluations
(viruses, bacteria, fungi and parasites) were negative. One patient had a positive PCR for Pneumocystis
jirovecii in the sputum and received antibiotic treatment, in addition to treatment for ILD. This case was
carefully reviewed by the multidisciplinary panel and a diagnosis of ICI-ILD was confirmed because P.
jirovecii was positive in a PCR of the sputum, but negative for direct examination by standard staining and
indirect immunofluorescence, and the radiological data did not favour a diagnosis of P. jirovecii pneumonia.
Six patients had transbronchial biopsy that showed inflammatory and lymphocytic infiltration (online
supplementary figure S2). In addition, PD-L1 tumour expression in patients’ tissues was studied using
immunohistochemistry (15 samples were available) and was found to be positive in 12 out of 15 patients.

Management
Corticosteroids and antibiotics were given to 86.9% and 66.1% of patients, respectively. ICI was
definitively stopped in 76.6%, temporally stopped in 15.6% and continued in 7.8%. Most patients with

https://doi.org/10.1183/13993003.00050-2017 7



INTERSTITIAL LUNG DISEASES | M. DELAUNAY ET AL.

a) b) 20
B Grade 1-2
NSCLC ] FII—{ cee e . W Grade 3-5
n=48
15 1
c
2
Melanoma | = . . 5 10
n=13 &
5
Overall s .o R R
n=64"]
T T T T T T 0 1
0 6 12 18 24 30 0-2 2-4 4-6 >6
Time after immunotherapy initiation months Time after immunotherapy initiation months

FIGURE 3 a) Time to onset of interstitial lung disease (ILD) stratified by type of cancer. Data are presented as
median (interquartile range). Median 2.1 months versus 5.2 months for nonsmall cell lung cancer (NSCLC)
and melanoma, respectively; p<0.02. b) Time to onset of ILD stratified by severity grade (Common
Terminology Criteria for Adverse Events version 4:0).

grade 1 or 2 ILD received oral steroids or drug holding only. Four patients with grade 1 ILD only
received drug holding or surveillance with no steroids, and three patients with grade 2 ILD only received
drug holding. All patients with grade >3 ILD received oral or intravenous steroids and drugs were
stopped definitively. The median starting dose of prednisone was 80 (20—240) mg and the median
duration of treatment was 27 (4—251) days. The median time from ILD diagnosis until initiation
of steroids was 2 weeks (0—3 months) and median duration to significant improvement was 0.9
(0.1-7.4) months. In our study, no patient received an immunosuppressive treatment such as infliximab
or cyclophosphamide. The maximum immunosuppression used was high-dose prednisone (250 mg per
day) (online supplementary table S4).

Clinical outcomes

During follow-up, 19 (29.7%) patients died and 45 (70.3%) patients were still alive. Causes of death
included ICI-ILD for six patients; 10 deaths were related to tumour progression; two deaths were from
other causes (pulmonary embolism and erosion of pulmonary artery); and one death was caused by
Pseudomonas aeruginosa pneumonia.

ILD resolved in 18 (28.6%) patients and improved in 25 (39.7%) patients, including 58.1% (25 out of 43)
of patients with grade 1 or 2 ILD and 41.9% (18 out of 43) of patients with grade 3 or 4 ILD. 13 (20.6%)
cases of ILD were stable and one patient was lost to follow-up (table 2). The median time from ILD
diagnosis to recovery or significant improvement was 35 (6—239) days.

Fatal ILD occurred exclusively in NSCLC patients treated with anti-PD-1 or PD-L1. Two patients received
only one infusion, the four others received between two and eight infusions of PD1/PD-L1 inhibitors.
Regarding radiographic patterns, we observed two cases of organising pneumonia, one of hypersensitivity
pneumonitis and three cases with no specific pattern. All of these six patients received antibiotics and
high-dose steroids (2 mg-kgfl)‘ Overall survival rates at 2, 4 and 6 months were 79.1% (95% CI 64.9-88.1),
68.1% (95% CI 50.3-80.6) and 58.1% (95% CI 37.7-73.8), respectively (figure 6).

Immunotherapy rechallenge

Immunotherapy was restarted in 10 (17.2%) patients (including one case of melanoma and nine cases of
NSCLC) after resolution of ILD. All patients had grade 1—-2 ILD and were initially only treated with drug
holding or with steroids. Among these 10 patients, recurrent ILD was noted in three cases of NSCLC. Two
of these were grade 2 ILD and the third patient had grade 1 ILD. The two patients with an initial grade 2
ILD were treated with drug holding and steroids, and developed recurrent grade-2 ILD after 1 month (two
doses) of retreatment. The second episode was successfully treated with drug holding and steroids. For the
patient that initially had grade 1 toxicity, the maximum treatment received consisted of drug holding only
and an ILD recurred after 4 months (eight doses). Steroids were given as secondary prophylaxis for three
patients at 10, 20 and 40 mg. One patient had recurrent ILD despite the steroids.

Seven patients did not develop a second ILD event after an ICI rechallenge. Two of these patients died
from tumour progression 2 months after the rechallenge (online supplementary table S4)
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FIGURE 4 Radiological features of immune checkpoint inhibitor-associated interstitial lung disease classified
into five patterns. a) Organising pneumonia pattern with subpleural consolidations; b) nonspecific interstitial
pneumonia pattern: subpleural areas of consolidation with bronchectasis ground-glass opacities and
intralobular lines; c) bronchiolitis pattern: low attenuated bilateral centrolobular nodules; d) hypersensitivity
pneumonitis pattern: lobular areas of decreased attenuation with mosaic perfusion and ground-glass
opacities; e crazy-paving pattern: diffuse ground-glass attenuation with surimposed interlobular septal
thickening and intralobular lines; f) no suggestive pattern: diffuse ground-glass opacities in the left upper and
lower lobes with interlobular septal thickening and condensation.

Discussion

We herein report the largest series to date of patients with ICI-ILD. The observation of 64 cases in a very
short period of time shows that this side-effect is rare, but not exceptional. ILDs have been reported since
the very beginning of clinical trials with ICIL In the CheckMate-017 and -057 trials, pneumonitis occurred
in 4.6% and 1.4% of cases of any grade, respectively [9, 18]. With pembrolizumab, pneumonitis occurred
in 5% of patients in the KEYNOTE-010 trial, and more recently in 5.8% of the patients in the

https://doi.org/10.1183/13993003.00050-2017 9
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FIGURE 5 Radiological features of immune checkpoint inhibitor (ICl)-associated interstitial lung disease after
treatment. a) Organising pneumonia pattern i) at baseline and i) after 3 months without ICI and
corticosteroids; ground-glass opacities persistent. b) Hypersensitivity pneumonitis pattern (sagittal minimal
intensity projection reconstruction) i) at baseline and ii) after 6 months without ICl and corticosteroids. c] No
suggestive pattern i) at baseline and ii) after 1 month without ICI and corticosteroids.

KEYNOTE-024 trial [1, 19]. A slightly lower incidence was found with PD-LI inhibitors. Atezolizumab
was associated with pneumonitis in 3% and 1% of the patients enrolled in the POPLAR and OAK studies,
respectively [5, 7].

A recent meta-analysis reported an overall incidence of 2.7% and a 0.8% occurrence for grade 3 or higher
[20]. Two recent studies also reported a higher incidence (5% and 11.8%, respectively) [10, 11]. In our
series the overall incidence was estimated at 3.5%. Consequently, we anticipate that, due to the large
diffusion of these treatments, most clinicians will have to deal with this side-effect. ICI-ILD appears to be

https://doi.org/10.1183/13993003.00050-2017 10
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more frequent than is observed with other drugs used to treat NSCLC, such as pemetrexed, erlotinib,
gefitinib, docetaxel, gemcitabine or crizotinib [21-27].

A diagnosis of ICI-ILD is not straightforward, as the symptoms are not specific. Clinicians should
maintain a high degree of suspicion in cases that manifest new respiratory symptoms while receiving ICL
We showed that most of these cases of ILD occurred during the first months of treatment (median time to
onset 2.3 months). Two studies have also reported early onset (2.8 months and 2.6 months) [10, 11]. In
our series, the time to onset tended to be earlier in cases of NSCLC than for melanoma. Furthermore,
ILD-related death was noted only in patients with NSCLC. These differences between NSCLC and
melanoma could be caused by exposure to tobacco smoke and the underlying lung status. However, our
finding must be interpreted with caution due to the differences between these populations (48 versus 13
patients). In a meta-analysis, the incidence of ILD remained significantly higher for NSCLC compared to
melanoma, adding evidence for this hypothesis [20].

We found a high frequency of radiological patterns such as organising pneumonia or hypersensitivity
pneumonitis, and some cases of NSIP. Previous reports have already documented organising pneumonia
and NSIP [28-30].

To minimise the incidence of this toxicity, it will be beneficial to identify patients at higher risk in order to
exclude them from this therapeutic strategy or to propose a closer follow-up. Parameters such as COPD or
a history of radiotherapy are known to be associated with a higher risk of pneumonitis in patients treated
with EGFR and tyrosine kinase inhibitors [31]. As our series was retrospective and did not have a
comparative group, we were not able to highlight the risk factors. Nevertheless, the high number of
smokers, patients with COPD or with a history of radiotherapy needs to be further analysed. PD-L1
expression is often found in these patients, but further studies are needed to accurately predict potential
lung toxicities.

There is no validated recommendation for ICI-ILD management, which is usually guided by clinical
experience and observational reports [32, 33]. Progressive cancer lesions, infection and pulmonary
embolism are frequent complications seen in lung cancers and other tumours. Thus, we highly
recommend performing a CT scan with a contrast agent to eliminate differential diagnoses and to provide
evidence for ICI-ILD. Moreover, we think that bronchoscopy with BAL plus distal biopsies can help
eliminate the presence of infections or tumour progression, and provide clues regarding immune-related
pneumonitis, such as a high percentage of lymphocytes and their associated histological characteristics.

The treatment of ICI-ILD is based on systemic steroids. For grade 1-2 ILD, drug holding and only CT
monitoring after 2/3 weeks can be considered. If a course of steroids does not reduce the severity of the
initial symptoms, additional immunosuppression could be considered. The infectious risk and lung
toxicity of anti-tumour necrosis factor (TNF) and the lack of knowledge about the physiopathological
mechanisms of ICI-ILD make the use of this biotherapy particularly complex. Its use must be discussed
by a multidisciplinary board. In our series, most patients had a favourable outcome when treated with
steroids. No anti-TNF-o drugs were given.

The mechanisms of ILD related to checkpoint inhibitors are still undetermined, but we can hypothesise
that they involve deregulation of immune effectors and T-cells in the pulmonary interstitium, leading to a

https://doi.org/10.1183/13993003.00050-2017 11
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subsequent inflammatory response. Moreover, a predominance of lymphocytes was found upon BAL and
biopsies showed infiltration of lymphocytes. Additionally, an increase in the number of activated T-cells in
the BAL fluid of patients with organising pneumonia has been reported when compared to normal control
subjects, suggesting that T-cells may play an important role in the pathogenesis of this disease [34]. The
high lymphocyte counts in BAL fluid and the rapid clinical improvement seen with administration of
steroids or treatment withdrawal suggests an immune-mediated mechanism of lung injury [35]. Some
authors describe sarcoid-like granulomas induced by ipilimumab or nivolumab. In our series we did not
encounter cases of sarcoid-like granulomatosis, but BAL and transbronchial biopsies were not performed
systematically, and so may have underestimated the incidence of sarcoid-like granulomatosis diagnosis [36].

PD-L1 inhibitors are supposed to be less toxic than PDI1 inhibitors because they do not prevent
interactions between PDL-2 and PDI, but we cannot confirm this apparent difference in our study, as
most patients were treated with PD1 inhibitors. We cannot firmly conclude about PD-L1 expression,
because we only had 15 biopsies; however, some authors suggest that decreased expression of PD-LI can
contribute to unregulated local inflammation and dermatological toxicities, such as psoriatic epidermis
[37]. Another hypothesis is that PD1 inhibition increases the interaction between RGMb (repulsive
guidance protein b) and PD-L2 by reducing interactions between PD1 and PD-L2, which may result in a
clonal expansion of lung-resident T-cells and a decrease in the immune-tolerance signalling pathways [38].

A further issue yet to be determined is whether immune-related adverse events can be correlated with
efficacy. Retrospective studies found higher rates of disease control in patients who experienced
immune-related adverse events [39, 40]. In our series, overall survival was ~6 months and the response at
the time of pneumonitis was 35.6%, which is better than expected in this highly pretreated population
with advanced-stage disease. However, our series is too limited to determine whether ILD was associated
with a good outcome in nonfatal cases. It also remains debatable whether severity of toxicity can be used
as a marker for a response, as observed with some targeted therapies [27]. A potential bias is that
side-effects occur more frequently in patients receiving “more” drugs and are thus more likely to respond.

In conclusion, our large cohort provides new insights into the diagnosis and treatment of ICI-ILD. We
have shown that this toxicity is not exceptional, that it usually occurs during the first months and that it is
associated with nonspecific clinical symptoms and suggestive radiological signs. BAL and bronchial
biopsies can refine a diagnosis by excluding pulmonary infection and showing lymphocytic alveolitis.
Awareness of the radiographic and clinical manifestations of ICI-ILD is critical to obtain a prompt
diagnosis and to manage this potentially serious adverse event.
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