N

N

Pulmonary complications of immune checkpoint
inhibitors in patients with nonsmall cell lung cancer
Jacques Cadranel, Anthony Canellas, Lise Matton, Marie Darrason, Antoine

Parrot, Jean-Marc Naccache, Armelle Lavole, Anne-Marie Ruppert, Vincent
Fallet

» To cite this version:

Jacques Cadranel, Anthony Canellas, Lise Matton, Marie Darrason, Antoine Parrot, et al.. Pulmonary
complications of immune checkpoint inhibitors in patients with nonsmall cell lung cancer. European
Respiratory Review, 2019, 28 (153), pp.190058. 10.1183/16000617.0058-2019 . hal-02336014

HAL Id: hal-02336014
https://hal.sorbonne-universite.fr /hal-02336014
Submitted on 28 Oct 2019

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.sorbonne-universite.fr/hal-02336014
https://hal.archives-ouvertes.fr

CrossMark

REVIEW
NONSMALL CELL LUNG CANCER

Pulmonary complications of immune
checkpoint inhibitors in patients with
nonsmall cell lung cancer

Jacques Cadranel, Anthony Canellas, Lise Matton ©, Marie Darrason,
Antoine Parrot, Jean-Marc Naccache ©, Armelle Lavolé, Anne-Marie Ruppert
and Vincent Fallet

Affiliation: Sorbonne Université, GRC n°04, Theranoscan, AP-HP, Service de Pneumologie, Centre Expert en
Oncologie Thoracique, Centre Constitutif Maladies Pulmonaire Rares, Hopital Tenon, Paris, France.

Correspondence: Jacques Cadranel, Service de Pneumologie, Hopital Tenon, 4 rue de la Chine 75970, Paris,
France. E-mail : jacques.cadranel@aphp.fr

@ERSpublications

Immune checkpoint inhibitor-related pneumonitis (ICI-P) is rare. Despite a low fatality rate, it is the
leading cause of death in relation to ICIs. It is crucial to recognise and manage ICI-P by stopping
immunotherapy and quickly starting corticosteroids. http:/bit.ly/2Ldsp3n
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ABSTRACT Immune checkpoint inhibitor-related pneumonitis (ICI-P) during cancer treatment is rarely
observed (<5%). ICI-P is more often observed in patients with nonsmall cell lung cancer (NSCLC) than in
those with other cancers. Likewise, it is more common in those receiving programmed cell death (PD)-1/
PD-1 ligand inhibitors rather than cytotoxic T-lymphocyte antigen (CTLA)-4 inhibitors alone. The
frequency of ICI-P is higher when anti-PD-1 and anti-CTLA-4 are administered concomitantly. Despite the
low fatality rate (~13%), ICI-P is the leading cause of ICI-related deaths. This narrative review focuses on
the epidemiology, clinical and radiological presentation and prognosis of ICI-P occurring in patients,
especially those with advanced NSCLC. Emphasis is placed on the differences in terms of frequency or
clinical picture observed depending on whether the ICI is used as monotherapy or in combination with
another ICI or chemotherapy. Other pulmonary complications observed in cancer patients, yet not
necessarily immune-related, are reviewed, such as sarcoid-like granulomatosis, tuberculosis or other
infections. A proposal for pragmatic management, including differential diagnosis and therapeutic
strategies, is presented, based on the ICI-P series reported in the literature and published guidelines.

Introduction

Over the past decade, immune checkpoint inhibitors (ICIs) have transformed the therapeutic management
of numerous metastatic cancers, particularly advanced nonsmall cell lung carcinoma (NSCLC) without
oncogenic addiction [1-3]. The interactions between tumour and immune system can be explained as
follows. First, the tumour antigens are presented to naive T-lymphocytes by antigen-presenting cells
(APCs), whereas cytotoxic T-lymphocyte associated antigen (CTLA)-4 protein can curtail T-lymphocyte
activation by competitively binding with cluster of differentiation (CD)28 for APCs costimulatory CD84/86
ligands [4]. If T-lymphocytes are activated and express the programmed cell death (PD)-1 protein, they can
encounter programmed cell death ligand 1 (PD-L1)-expressing tumour cells. The PD-1/PD-L1 interaction
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then results in T-cell deactivation [5]. These repeated T-lymphocyte/tumour cell PD-1/PD-L1-negative
interactions lead to either T-cells halting at the tumour edge or T-cell exhaustion, resulting in tumour
immune escape [6]. ICIs are able to restore specific anti-tumour immunity by blocking the negative
regulatory action of the immune checkpoint proteins CTLA-4 and PD-LI. In tumours with >1% PD-L1
expression, the PD-1 inhibitors nivolumab [7, 8] and pembrolizumab [9], as well as the anti-PD-L1
inhibitor atezolizumab [10], were proven superior in terms of overall survival and toxicity over docetaxel in
the advanced NSCLC second-line setting. Pembrolizumab was demonstrated to be more effective and less
toxic than platinum-doublet chemotherapy in advanced NSCLC with high (>50%) tumour PD-L1
expression [11]. More recently, durvalumab was reported to be effective in consolidation therapy after
concomitant chemoradiotherapy in patients with locally advanced NSCLC [12]. Therefore, combining an
ICI and platinum doublet chemotherapy [13-15] is becoming the standard of care for advanced NSCLC
without oncogenic addiction, in patients with good performance status (0-1) and without overt
comorbidities such as previous autoimmune disorders. However, the role of combining anti-PD-1 or PD-L1
and CTLA-4 drug must be further confirmed [16, 17], whereas administering the anti CTLA-4 antibody
alone has not been well evaluated for NSCLC.

Although ICIs have proven to be more effective and less toxic compared to chemotherapy, clinicians have
reported the occurrence of unusual adverse events [18], likely to be related to the mechanisms of action of
ICIs. By removing the brake on activated T-lymphocytes in the different body organs, ICIs are likely to
promote T-cell attack on normal tissue cells expressing self-antigens. Clinically, this can manifest as a set
of unique toxicities in terms of pattern of onset, organs concerned and severity level. These toxicities are
referred to as immune-related adverse events (irAEs) [19]. The organs most frequently involved in the
initial reports were the skin, joints, thyroid and digestive tract. Then, later on, the liver, non-thyroid
endocrine glands (hypophysitis and adrenal insufficiency), lungs and nervous system (myasthenia gravis
and encephalitis) were described as being affected by toxicities. Lastly, nephritis, myositis/myocarditis and
even haematological irAEs were reported [20]. However, different ICIs and different doses of the same ICI
may result in different adverse events, potentially depending on the cancer treated [21, 22]. Although these
toxicities are generally well controlled by stopping the ICI and possibly adding glucocorticoids, some may
be fatal, especially ICI-related pneumonitis (ICI-P) [23-25]. When the irAE affects the lung, it must be
distinguished from a pseudoprogression [26, 27], hyperprogression [28] and pulmonary infection, insofar
as the prognosis and therapeutic management will differ. This is particularly true in NSCLC patients who
are more vulnerable, due to their age, frequency of cardiovascular and respiratory comorbidities, and
tumoural lung involvement.

This narrative review focuses on the epidemiology, clinical and radiological presentation and prognosis of
ICI-P observed in ICI-treated patients, especially in those with advanced NSCLC. Emphasis is placed on the
differences observed in terms of frequency or clinical picture depending on whether the ICI was used as
monotherapy or in combination with either another ICI or chemotherapy. Other pulmonary complications,
not necessarily immune-related, are reviewed, such as sarcoid-like granulomatosis, tuberculosis (TB) or other
pulmonary infections. A pragmatic management proposal, including differential diagnosis and therapeutic
strategies, will be presented based on the ICI-P series reported in the literature and published guidelines.

Methods

A systematic MEDLINE search accessed through PubMed, Cochrane databases and Google Scholar was
performed from inception to December 2018. All phase III trials, systematic reviews, meta-analyses, series
and case reports on ICI-P were included. Bibliographies from selected articles were screened for relevant
publications. However, narrative reviews and data extracted from meeting abstracts were only minimally used.

The language of published materials was restricted to English and French when searching in the electronic
databases. Articles were identified using a combination of the following medical subject heading search
terms: “atezolizumab” OR “durvalumab” OR “nivolumab” OR “pembrolizumab” OR “ipilimumab” OR
“tremelimumab” OR “immune checkpoint inhibitor” AND “lung toxicity” OR “interstitial lung disease”
OR “pneumonitis” OR “pneumonia” OR “diffuse interstitial pneumonitis, pneumonia” OR “organising
pneumonia, pneumonitis” OR “sarcoidosis” OR “sarcoid-like granulomatosis” OR “tuberculosis” OR
“aspergillosis” OR “pulmonary infection”. All articles were reviewed by at least two team members (JC,
AC, LM or VF).

Epidemiology and risk factors of ICI-P

Several sources provide information on the epidemiology of ICI-P in ICI-treated patients with advanced
NSCLC, such as safety reports from NSCLC phase III trials, systematic reviews and meta-analyses
pertaining to irAEs, as well as data published by pharmacovigilance centres.
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Phase Il trials performed in NSCLC patients

In December 2018, 30 phase III trials evaluating the efficacy of ICIs were published, of which 12 concerned
lung cancer [7-15, 29-31], nine melanoma [32-40] and nine other cancer types [41-49] (figure 1a,b). All
lung cancer trials concerned NSCLC, except two in small cell lung carcinoma [29, 31]. For lung cancer
trials, the ICIs studied were atezolizumab [10, 13, 29], nivolumab [7, 8, 30], pembrolizumab [9, 11, 14, 15]
and ipilimumab [31], given either alone or in association with chemotherapy [14, 15, 29, 31], for
durvalumab in consolidation after concomitant radiochemotherapy [12].

The incidence of pneumonitis in phase III trials was between <0.5% and 10% for all grades, and between
0.5% and 3% for toxicity grades >3. The incidence was higher when an ICI was combined with
chemotherapy (1.5-6.5%) or for CTLA-4 and nivolumab combinations (7%). Out of the 11921 patients
included in these trials receiving at least one ICI injection, 108 (0.9%) deaths were deemed related to drug
toxicity (grade 5 event), among which 24 (0.2%) were due to respiratory adverse events. 12 (0.1%) deaths
were related to ICI-P [9, 14, 15, 30, 42, 44, 47-49]; among these, five patients received either ICI with
chemotherapy (n=4) [14, 15] or ipilimumab-nivolumab combination (n=1) [47]. In the one patient receiving
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FIGURE 1 Frequency of immune checkpoint inhibitor (ICl)-related pneumonitis in published phase Il trials. a] Frequency of ICl-related
pneumonitis observed in all published phase IlI trials; b) frequency of pneumonitis observed in ICl and chemotherapy arms in published lung
cancer phase Il trials. SCLC: small cell lung carcinoma. *: pneumonitis of any cause.
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the ipilimumab-nivolumab combination, the death was related to immune-mediated bronchitis [47]. Finally,
10 (<0.1%) deaths were related to pneumonia [9, 29, 31, 45, 47] or “lung infection” [47], of which
two patients were receiving ICI with chemotherapy [29, 31] and one patient was receiving the ipilimumab-
nivolumab combination [47].

Moreover, the incidence of pneumonitis was higher in lung cancer (1-6%) than in other cancers (0.1-4%).
Data on treatment duration at pneumonitis onset is available from only a few studies. The median (range)
time to ICI-P onset was 15.1 (2.6-85.1) weeks, 31.1 (11.7-56.9) weeks and 7.8 (3.1-48.1) weeks in patients
receiving nivolumab for advanced squamous cell carcinoma (n=6) [8], advanced nonsquamous cell
carcinoma (n=10) [7] and adjuvant melanoma treatment (n=6) [34], respectively. This time interval was
10.0 (1.9-14.0) weeks for the 10 patients receiving ipilimumab for adjuvant melanoma treatment [34].

Clarifications provided by systematic reviews and meta-analyses on irAEs

In December 2018, several systematic reviews conducted on irAEs [21, 22, 50-54] and, more specifically,
on respiratory adverse events including ICI-P [55-60], involved nine to 48 randomised controlled
prospective trials including 3500-15000 patients. These studies involved patients with either any cancer
type [22, 50-55, 57, 58, 60] or only NSCLC [21, 56, 59], treated either with any ICI [22, 50-52, 55, 57, 60]
or only anti-PD-1/PD-L1 inhibitors [21, 53, 54, 56, 58, 59]. These studies present significant
methodological differences, with epidemiological data on ICI-P summarised in table 1.

Adverse events are less common and less severe with ICl monotherapy than with chemotherapy

A recent network meta-analysis [22] involving all cancer types evaluated 15 therapeutic modalities
including ICI as monotherapy at different doses, ICI combination or in association with chemotherapy.
This meta-analysis did not reveal any dose-related ICI toxicity and confirmed that anti-PD-1/PD-L1
monotherapy, particularly in NSCLC patients, proves to be less toxic than ipilimumab alone, conventional
chemotherapy, ICI combotherapy or ICI-chemotherapy combination. Another meta-analysis [50] of
adverse events observed with nivolumab and pembrolizumab in all cancer types demonstrated a significant
reduction in the risk of adverse events of all grades (0.87, 0.82-0.95), adverse events of grades 3-4 (0.39,
0.29-0.53), but no significant reduction in the risk of toxic deaths (0.45, 0.19-1.09) compared with control
arms including chemotherapy, everolimus or ICI combotherapy including ipilimumab. Another systematic
review [21] was focused on specifically investigating irAEs that occurred with anti-PD-1/PD-L1 drugs in
NSCLC patients. In this study, irAEs of all grades were more common with anti-PD-1 drugs compared to
anti-PD-L1 (16% versus 11%, p=0.07), except for grade 3-5 toxicities (~3%); this difference was
particularly relevant for ICI-P (4%, 3-5% versus 2%, 1-3%; p=0.01).

Frequency of pneumonitis in patients receiving ICls
In a meta-analysis including all cancer types and ICIs [51], ICI-P of all grades was observed in 2.6% of
patients, representing the fifth cause of irAE after cutaneous, hepatic, thyroid and colic disorders. In another

TABLE 1 Epidemiology of immune-related adverse events (irAEs) and immune checkpoint
inhibitor-related pneumonitis (ICI-P)

Characteristics Comments References

Frequency of ICI-P 5th cause of irAEs after skin toxicities, [51, 57-59]
hepatitis, thyroiditis and colitis
2.6-4.8% all grades
0.6-2.0% for grades >3

Increased risk of pneumonitis in NSCLC Relative risk all grades: 1.33-1.43 [57, 58]

Increased risk of pneumonitis compared to Relative risk all grades: 2.35-5.17 [55, 58-60]
chemotherapy Relative risk grades >3: 1-4.19

Increased risk of ICI-P with anti-PD-1/ Relative risk all grades: 3.47-6.4 [51, 52, 55, 60]
PD-L1 versus anti-CTLA-4 inhibitors Unclear difference between anti-PD-1 and

PD-L1 inhibitors

Increased risk of ICI-P with ICI/ICI 3.48-3.68 for all grades [55, 60]
combotherapy vesus ICl monotherapy

Fatal ICI-P Primary cause of lethal irAEs (35% of [53, 55]

deaths)

13% fatality rate

NSCLC: nonsmall cell lung carcinoma; PD-1: programmed cell death protein 1; PD-L1: programmed cell
death ligand 1; CTLA: cytotoxic T-lymphocyte associated antigen.
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study on NSCLC only [59], the ICI-P incidence was 4.8% (3.8-5.7%) for all grades and 2.0% (2-2.9%) for
grades 3-5. In a third study [58], the frequency of ICI-P is 2.6% (1.7-3.8%) for all grades and all tumours.

In a meta-analysis focusing on PD-1 inhibitors, the estimated ICI-P incidence in all tumour types was
2.7% (1.9-2.6%) for all grades and 0.8% (0.4-1.2%) for ICI-P grades >3 [57]. In this study, the frequency
was higher for NSCLC and colorectal cancer (CRC) than for melanoma. Similarly, in another
meta-analysis [58], ICI-P was more common in NSCLC compared to other tumour types (melanoma,
head and neck cancer and urothelial cancer) for all grades, 3.1 versus 2.01% (p=0.02), as well as for grades
>3: 1.4% versus 0.6% (p=0.03), although there was no difference found between the PD-1 or PD-L1
inhibitor types.

Increased risk of ICl-related pneumonitis in NSCLC compared to other cancers

In the meta-analysis cited above [58], the relative risk of pneumonitis after adjusting for the ICI type
received was higher in NSCLC than other cancers when administering ICIs compared to chemotherapy:
1.33 (1.01-1.76, p=0.03) for all grades and 2.08 (1.52-2.65, p=0.006) for grades >3. In another
meta-analysis [57], the relative risk of ICI-P in NSCLC and CRC was 1.43 (1.08-1.89, p=0.005) for all
grades compared to melanoma, and 2.85 (1.6-5.08, p=0.01) for grades >3.

Increased risk of pneumonitis in patients receiving ICls compared to chemotherapy

Four meta-analyses focused specifically on the risk of pneumonitis with ICIs in all tumour types [55, 58, 60]
and in NSCLC [59]. In the first study [55], the relative risk of pneumonitis with ICIs compared to
chemotherapy was 3.96 (2.02-7.79, p=0.0001) for all toxicity grades and 2.87 (0.90-9.20, p=0.08) for grades
3-4, with no difference among cancer types, or between anti-PD-1 and ipilimumab used alone. In the second
study [58], the relative risk of pneumonitis was 4.7 (2.8-7.8, p=0.0001) for all grades and 3.3 (1.68-6.5,
p=0.0006) for grades >3, for ICIs versus chemotherapy and for all tumour types. In the third study [60], the
relative risk of pneumonitis was 5.17 (2.82-9.47, p=0.001) for all grades and 4.14 (1.82-9.42, p=0.001) for
grades >3, for anti-PD-1 versus chemotherapy and for all tumour types. In the study focusing only on
NSCLC, the relative risk of pneumonitis was 4.93 (2.35-10.34, p=0.001) for all grades and 4.19 (1.50-11.76,
p=0.001) for grades >3, for anti-PD-1 compared with chemotherapy. In the last study focusing only on
NSCLC [59], a relative risk of 2.35 (1.32-4.2, p=0.004) for ICIs compared with chemotherapy for all toxicity
grades was observed, yet with a similar risk for the most severe grades.

Increased risk of pneumonitis with PD-1/PD-L1 inhibitors versus CTLA-4 inhibitors, but decreased
risk versus ICI/ICI combotherapy

In a meta-analysis including all cancer types and ICIs [51], the relative risk of ICI-P was 3.3 (1.2-12) with
anti-PD-1/PD-L1 in comparison with anti-CTLA-4, whereas there was no difference for grade >3 or fatal
adverse events. In a similar study [52], the relative risk of ICI-P was 6.4 (3.2-12.7) with PD-1/PD-L1
inhibitors versus CTLA-4 inhibitors, with perhaps a greater risk with anti-PD-1 drugs and in cases of
NSCLC or CRC compared to melanoma. However, in two other meta-analyses [55, 60], the relative risk of
ICI-P was higher with nivolumab and ipilimumab combotherapy than with nivolumab monotherapy for all
toxicity grades (3.68, 1.59-8.50; p=0.001 and 3.47, 1.76-6.83; p=0.01) in both studies [55, 60], yet for ICI-P
grade >3 only in the more recent study (3.48, 1.10-11.0; p=0.01) [60]. Another study [58] adjusted for
tumour types revealed that the relative risk of ICI-P was higher for pembrolizumab than nivolumab (2.08,
1.52-2.85; p=0.0001) and atezolizumab (2.43, 1.24-4.76; p=0.07), and higher for nivolumab than
atezolizumab (1.91, 0.94-3.87; p=0.09) for all toxicity grades, yet without any differences for ICI-P grade >3.

ICI-P associated with PD-1/PDL-1 inhibitor treatment is the leading cause of death by irAE

A recent work [53] analysed irAEs-related death cases in the VigiLyze-VigiBase database, defining the risk
of irAE fatality per organ (number of deaths linked to organ toxicity/number of adverse events affecting
the organ). In this study, 613 deaths were observed among the 31059 individual case safety reports. Of
these deaths, 142 (23.2%) were related to ICI-P, among which 115 (80.9%) cases were associated with
PD-1/PD-L1 inhibitor monotherapy, 15 with ipilimumab monotherapy and 12 with ICI combination.
ICI-P was the leading cause of irAE mortality in ICIs used as monotherapy, accounting for 35% of cases,
followed by hepatitis (22%), colitis (15%), neurological disorders (15%) and cardiomyositis (8%).
Nonetheless, ICI combinations were associated with death due to digestive, cardiac or hepatic disorders,
with ICI-P responsible for 14% of death cases. In contrast, the fatality rate from ICI-P was 13% compared
to 40% from cardiomyositis. In the same study, a meta-analysis including only irAE-related death cases
was conducted. A fatal irAE was reported in 122 (0.6%) of the 19217 patients from 112 studies. A fatal
irAE was found in 0.36% and 0.38% of patients exposed to anti-PD-1 and anti-PD-L1, respectively.
In these patients, 42% of deaths were caused by ICI-P, compared to 15% by cardiomyositis. A fatal irAE
with anti-CTLA-4 was reported in 1.08% of patients, 5% of which were due to an ICI-P. A fatal irAE was

https://doi.org/10.1183/16000617.0058-2019 5



NONSMALL CELL LUNG CANCER | J. CADRANEL ET AL.

reported in 1.23% of patients exposed to an ICI combotherapy, caused by an ICI-P in 21% of cases.
Infectious pneumonia or sepsis was recorded in 10% of patients who died from irAE [53] (see later).

ICl-related pneumonitis in series and case reports

Since 2015, >200 cases of ICI-P have been reported as isolated cases [61-74] or retrospective series
involving between eight and 64 patients [75-80] (tables 2 and 3). Three series only included NSCLC
patients [77-79], while the others involved different cancer types and, in particular, melanomas (20-95%)
[75, 76, 80]. Almost all patients (84.4%) from the reported series received ICI monotherapy, consisting of
anti-PD-1 (n=133), anti-PD-L1 (n=13) or ipilimumab (n=11), while 29 patients (15.6%) were given
nivolumab and ipilimumab combotherapy.

In these series, the prevalence of ICI-P was evaluated at between 3.5% and 19% of ICI-exposed patients. This
higher prevalence than that reported in the phase III trials (see earlier) may reflect the increased ICI-P risk
due to treatment of fewer selected patients or publication biases, since three of the reported series involved
exclusively NSCLC patients, with a ICI-P risk. Indeed, ICI-P prevalence appears to be superior in the
NSCLC series (7.2-19%) [77-79] than in series including different types of cancers (3.5-5%) [75, 76, 80].
Similarly, data from series seem to show a higher frequency of pneumonitis in patients receiving an ICI
combination (4%) rather than a monotherapy (1%) [76]. In the CHo et al. [79] study, pneumonitis was more
common in patients receiving nivolumab (16.3%) than pembrolizumab (12.6%), which is clearly not the case
in the meta-analyses (see earlier).

Time to onset and risk factors

The time to onset of pneumonitis was shown to vary between 5.2 and 12 weeks in the series, being shorter
in the NSCLC series (2.9-7.7 weeks) [77-79]. In the DtLAUNAY et al. [80] series, the time to onset in
NSCLC and melanoma patients was 2.1 months and 5.2 months, respectively. However, NSCLC patients
were subject to other risk factors than those suffering from other cancers.

In the NSCLC only series, the proportion of patients aged >70 years or of those with prior interstitial lung
disease (ILD) was higher in patients with ICI-P than those without (54.5% versus 30.3% and 18.2% versus
2.8%, respectively) [79]. In the study by SuresH et al. [77], the relative risk of pneumonitis was 1.34 (0.67-
2.66) in males compared with females, with an annual pneumonitis risk of 0.25 per patient-year and 0.19
per patient year for males and females, respectively. In contrast, smoking was not a particular risk factor in
these series [77, 78].

In these two series, the squamous cell histological type was more common in patients with ICI-P, with a
relative risk of 2.38 (1.12-5.26) recorded in the SuresH et al. [77] series. However, in the study by Cho
et al. [79], the proportion of tumours with positive PD-L1 expression did not differ between patients with
ICI-P or without. In this study, the presence of extrathoracic metastases was less frequent (31.8% versus
58.6%) in patients with pneumonitis, whereas previous ILD (6.03, 1.19-30.45) and the absence of
extrathoracic metastases (2.94, 1.08-7.69) were features independently associated with an increased ICI-P
risk [79].

Clinical characteristics, computed tomography scan findings and pulmonary function tests at
presentation

Most patients with ICI-P from the series were males aged >60 years and smokers in more than two-thirds
of the cases [75-80]. The tumour was shown to be controlled in the majority of patients at the time of
ICI-P diagnosis, with an objective response in 22.7-61% of cases, stable disease in 32.8-45.5%, and
progression in 5-31.8% [76, 78, 80]. Fewer than one-third (7-33%) of patients were clinically
asymptomatic at diagnosis [76, 79, 80], pneumonitis being identified upon computed tomography (CT)
scan monitoring of cancer. The main symptoms described were dyspnoea (41-80%), followed by cough
(23-53%) and more rarely, chest pain (7%) [75, 76, 78-80]. Hypoxaemia and acute respiratory distress
syndrome were reported in 38% and 30% of cases, respectively [75, 79]. Fewer than one-third of patients
had fever (12-33%) [76, 78, 80]. Interestingly, the frequency of other concomitant irAEs was 58% in the
NAIDOO et al. [76] series, particularly cutaneous signs (18%), colitis (14%) or endocrine disorders (14%).

A CT scan was performed in the majority of ICI-P cases, with homogenous elementary radiological lesions
detected in the 180 thoracic CT scans retrieved in the literature, 160 of which were described in the
published series [75-80] and 20 in isolated case reports [61-74] (table 4). These were mainly ground-glass
opacities (n=120, 66.7%) (figure 2a), consolidations (n=102, 56.6%) (figure 2b), reticular opacities
(interlobular lines, interlobular septal thickenings) (n=47, 26.1%), bronchiectasis (n=19, 10.5%) and
micronodules (n=7, 4%). A “crazy-paving” feature was described in one series (n=2, 1.1% of cases) [80]
and bronchiolitis in two series, either alone (n=9, 5% of cases) [79, 80] or associated with ground-glass
opacities and consolidations (50% of cases) [79]. An acute interstitial pneumonia pattern was suggested in
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TABLE 2 Clinical characteristics, time to onset and risk factors of immune checkpoint inhibitor-related pneumonitis (ICI-P) in published series

First author Subjects Type of cancer ICI-P Treatment Patient Time to onset Risk factors for ICI-P
[ref.] characteristics
ABDEL-WAHAB 251 Melanoma 95.6% 10 (4%) Ipilimumab 60% Male 63% [total 53% during 2nd and 3rd
[75] AllirAEs NSCLC 1.2% Nivolumab 30% population) injection (total population)
Pembrolizumab 10% Age 60 years (total
population)
Smokers?
Naipoo [76] 915 Melanoma 60% 43 (5%) aPD-1 93% Male? 12 (1.3-82) weeks Combo versus mono, 10 versus 3%
NSCLC 20% aPD-L1 7% Age 67 years Mono 19.7 weeks (p=0.001)
Other 17% Combo 44% Smokers 67% Combo 11.6 weeks aPD-1 versus aPD-L1, 4 versus 1%
(p=0.13)
DeLaunay [80] 1828 NSCLC 75% 64 (3.5%) Ipilimumab 6.9% Male 84.4% 9.9 (1-117) weeks
Melanoma 20.3% aPD-179% Age 59 years
Others 4.7% aPD-L1 14% Smokers 83%
Trials 9.4%
Karo [78] m NSCLC 100% 8 (7.2%) Nivolumab 100% Male 100% 5.3 (2.3-24) weeks
Age 65 years
Smokers 100%
SuresH [77] 205 NSCLC 100% 39 (19%) Nivolumab 92% Male 82% 2.9 (3-26) weeks Squamous versus non-squamous RR:
Combo 21% Age 68 years 2.29 (1.08 versus 4.83)
Smokers 95% Female versus male 0.25 versus
0.19 person-year
Combo versus mono 0.28 versus
0.18 person-year
Cho [79] 167 NSCLC 100% 22 (13%) Nivolumab 59% Male 76% 7.7 (2.9-139) weeks Mono versus combo, 13.6 versus 10%

Pembrolizumab 32%

Nivolumab-
iplimumab 9%

Age >70 years 30%
Smokers 70%

Pembrolizumab versus nivolumab 12.6
versus 16.3%
Age >70 years, 30.3% versus 54.5%;
p=0.025
ILD 18.2% versus 2.8%; p=0.002
Extrathoracic metastasis 31.8% versus
58.6%; p=0.019

Data are presented as n or n (%), unless otherwise stated. irAE: immune-related adverse event; NSCLC: nonsmall cell lung cancer; aPD-1: antibody anti-programmed cell death-1,
aPD-L1: antibody anti-programmed cell death ligand-1; combo: combination therapy; mono: monotherapy; ILD: interstitial lung disease.
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TABLE 3 Severity, treatment and follow-up of immune checkpoint inhibitor-related pneumonitis (ICI-P) in series

First author Subjects n ICI-P n Grade Cancer response  ICl treatment Corticosteroids Antibiotics ICI-P evolution Other treatments
[ref.]
Naipoo [76] 915 43 Grade 1-2: 71% CR+PR 61% Pursued 48% 51.6% ND Resolved 74.4% Yes
60% ipilimumab®  Grade >3: 29% SD 34% Suspended 28% 50 (20-80) mg Improved 11.6% Infliximab or CPM
Grade 5: 2.3% PD 5% Stopped 24% 68 (20-154) days Worsened 11.6% (n=5)
DeLaunay [80] 1828 b4 Grade 1-2: 55% CR+PR 36% Pursued 8% 86.9% 66.1% Resolved 28.6% No
Grade >3: 45% SD 33% Suspended 17% 80 (20-240) mg Improved 39.7%
Grade 5: 17% PD 11% Stopped 75% 27 (4-251) days Stable 20.6%
Not known 20%
Kato [78] m 8 Grade 1-2: 75% ND ND 87.5% ND Resolved 87.5 Yes
Grade >3: 25% ND CPM [n=1)
Grade 5: 13% ND
SuresH [77] 205 39 Grade 1-2: 36% ND ND 100% ND Resolved 5.1% Yes
Grade >3: 64% 1 mg-kg™" per day Improved 64% 2/2 MMF improved
Grade 5: 13% ND Worsened 17.9% 2/3 infliximab
improved
CHo [791] 167 22 Grade 1-2: 68% CR+PR 23% Pursued 5% 77% 59% Resolved 22.7% No

Grade >3: 32%
Grade 5: 18%

SD 45%
PD 32%

Suspended 32%
Stopped 63%

0.8 (0.4-11.7) mg-kg™"

27 (2-269) days

Improved 27.3%
Stable 4.5%

CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease; ND: not done; CPM: cyclophosphamide; MMF: mycophenolate mofetil. #: in this study, 60% of
subjects were melanoma patients treated using ipilimumab.
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TABLE 4 Elementary radiological lesions observed on thoracic computed tomography scan in
patients with immune checkpoint inhibitor-related pneumonitis

Series Case reports Total
Subjects 160 20 180
Ground glass 105 (65.6) 15 (75) 120 (66.7)
Condensations 92 (57.5) 10 (50) 102 (56.6)
Reticular opacities 44 (27.5) 3(15) 47 (26.1)
Bronchiectasis 18 (11.3) 1(5) 19 (10.5)
Micronodules 6(3.8) 1(5.5) 7 (3.8)

Data are presented as n or n (%).

one case reported in a patient presenting with respiratory failure [74]. Isolated pleural effusion was
reported in two cases [81, 82]. There were no hilar or mediastinal lymphadenopathies described in ICI-P
other than those related to the treated cancer or in cases of ICI-related sarcoidosis (see earlier). The lesion
extent was described in two series [76, 80]. In the Namoo et al. [76] study, three lesion categories were
defined: mild (extension to a lobe or 25% of the lung parenchyma), moderate (extension >1 lobe or 25-
50% of the lung parenchyma) and severe (extension to all lobes or diffuse to both lungs). In this study,
56% of pneumonitis cases were classified as mild, 22% as moderate and 22% as severe. In the study by
DELAUNAY et al. [80], the pneumonitis was considered to be diffuse in 78.9% of patients and focal in the
others. Several authors [74, 76, 77, 79, 80] have attempted to describe radiological patterns for idiopathic
interstitial pneumonias [83], mostly consisting of organising pneumonia, nonspecific interstitial
pneumonitis (NSIP) and hypersensitivity pneumonitis, depending on the CT scan abnormality patterns
observed, and very infrequently as usual interstitial pneumonitis (UIP) or acute interstitial pneumonia

FIGURE 2 Thoracic computed tomography (CT) findings in patients with immune checkpoint inhibitor
(ICl)-related pneumonitis and sarcoid-like granulomatosis. a) Transverse CT scan showing ground-glass
opacity in the right upper lobe; b] transverse CT scan showing multifocal air-space consolidations with
subpleural and basal distribution suggestive of an organising pneumonitis (note small ground-glass opacity
surrounding consolidations); ¢ and d) transverse CT scan in a patient with histologically proven ICl-related
sarcoid-like granulomatosis showing mediastinal and bilateral and symmetric lymphadenopathies |c,
mediastinal window) associated with unusual diffuse and bilateral ground-glass opacities (d, parenchymal
window).
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with diffuse alveolar damage. The authors did not employ the same terminology for the abnormality
patterns, and it is thus difficult to draw comparison between the published series. Of note, organising
pneumonia (figure 2b) has been the most frequent pattern observed in 19-100% of patients from the
published series [76, 77, 79, 80] and in 62.5% of the case reports [61-72].

The respiratory functional impact was almost never reported in the published series and case reports.
However, five out of the 10 patients in the Kato et al. [78] series received oxygen therapy at the time of ICI-P
diagnosis and oxygen saturation was <90% in five out of seven isolated reported cases [61, 62, 64, 66, 67].
Moreover, eight out of 16 patients and nine out of 12 patients in the NAoo et al. [76] series had, initially, a
lowered forced expiratory volume in 1s and diffusing capacity of the lung for carbon monoxide (Dyco),
respectively. Otherwise, FRANZEN et al. [84] prospectively followed 71 patients with melanoma treated using
ipilimumab, using pulmonary function tests. These authors reported a significant decrease in forced vital
capacity (FVC) (>10%) or Dyco (>15%) after 9 weeks observed in nine (24%) out of 38 patients, with one of
the patients presenting with pneumonitis in a thoracic CT scan. Therefore, the place of FVC or Do for the
screening or the early diagnosis of ICI-P remains unclear in patients regularly assessed by thoracic CT scan
upon follow-up.

Bronchoalveolar lavage and histology in ICI-P

Only a few studies have reported the results of bronchoalveolar lavage (BAL) or pulmonary biopsies. The
BAL studies found lymphocyte alveolitis in six case reports [61, 62, 64-67, 71], with a lymphocyte
proportion between 32.5% and 82% and no pathogens found. In four cases, transbronchial lung biopsies
(TBLB) were performed [61, 64, 65, 67], with organising pneumonia lesions detected in three cases and
nonspecific lesions in the last case. Likewise, a surgical lung biopsy performed in two cases revealed an
organising pneumonia [66, 69]. Similar results have been described in three series. In the Naiboo et al. [76]
study, pulmonary biopsy results (TBLB n=8, core biopsies n=2, surgery n=1) were available for 11 (25.5%)
patients. Histopathological findings were as follows: cellular interstitial pneumonitis in four patients,
organising pneumonia in three, diffuse alveolar damage in one and no abnormalities identified in three
patients. In the Drraunay et al. [80] study, BAL was performed in 35 (55.6%) patients and showed
T-lymphocytic alveolitis in 24 (37.5%) cases with a median of 33.5 (1-70)% lymphocytes. Microbiological
evaluations (viruses, bacteria, fungi and parasites) were negative. Six patients had TBLB that showed
inflammatory and lymphocytic infiltration. Finally, in the series by CHo et al. [79], BAL was performed in
five patients and a median lymphocyte proportion of 14.0 (4.0-90.0)% in the lavage fluid. Altogether, these
results were consistent with CT scan findings (see earlier) predominantly showing patterns of organising
pneumonia and NSIP, suggesting an immuno-mediated mechanism of ICI-P, thus explaining the usual
good response to corticosteroid therapy after discontinuing immunotherapy. However, it must be
emphasised that no patient developed a connective tissue disorder, but none of the reported cases
underwent autoimmune biological evaluation.

Grades of severity, outcomes and cancer prognosis

Most patients displayed a grade <2 disease severity (35.8-73%) at diagnosis in the published series [76-80],
the mortality varying between 2.3% and 18%. Mortality was more marked (13-18%) in the NSCLC
series [77-79]. In the DELAUNAY et al. [80] study, no patient died from ICI-P among melanoma patients,
whereas 5% died among NSCLC patients. Conflicting data exist between series in terms of ICI-P severity in
patients receiving monotherapy or ICI combotherapy [76, 79]. By contrast, while most patients (14 out
of 17) were reported as isolated cases with a grade >3 ICI-P [61-74], only one death was observed [74].

At ICI-P diagnosis, immunotherapy was halted in most (63-100%) patients and in all those with grade >2
toxicity [75-80]. In two series [79, 80], more than half of patients received broad-spectrum antibiotic
therapy, without documented bacterial infection in almost all cases. Except in patients with grade 1
pneumonitis, all patients received corticosteroids, either orally or intravenously, at an initial daily dose
ranging from 30 mg to 1000 mg prednisolone/prednisone equivalent [61, 64-74]. CT imaging resolved or
remained stable in 49.6-88% and 12.8-18.8% of cases, respectively [76-80]. In the NaIboo et al. [76] series,
improvement was observed in 100%, 92.8% and 58.3% of patients with grade 1 (n=17), grade 2 (n=14) and
grade >3 (n=12) pneumonitis, respectively. The time to resolution/improvement was 27 (<7->220) days in
two different series [78, 80]. In one series, 25% of patients relapsed after steroid cessation, with two-thirds
of them improving after corticosteroids were reintroduced [76] (figure 3). Initial or secondary pneumonitis
worsening was observed in 11.6% and 17.9% of patients in the Namoo et al. [76] and SuresH et al. [77]
studies, respectively. In such refractory ICI-P, other immunosuppressants have been employed [76-78],
including mycophenolate mofetil, with two out of two patients improving; infliximab alone, with two out of
six patients improving; infliximab plus cyclophosphamide, with two out of two patients dying;
cyclophosphamide alone, with the sole patient dying; as well as intravenous immunoglobulins, with the sole
patient failing.
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FIGURE 3 Multiple relapsing immune checkpoint inhibitor-related pneumonitis (ICI-P) after immunotherapy cessation and corticosteroids
treatment. A 72-year-old female with an advanced lung adenocarcinoma experienced an ICI-P 54 weeks after second-line treatment using
nivolumab (3 mg-kg™" every 2 weeks). She complained of dyspnoea and cough without fever. Thoracic computed tomography (CT) scanning
showed bilateral multifocal air-space consolidations. Lung cancer evaluation confirmed the persistence of a partial response. Bronchioloalveolar
lavage identified a CD8 T-lymphocytic alveolitis, with no pathogens identified. The diagnosis of nivolumab-related organising pneumonitis was
considered. Nivolumab was interrupted, and prednisone 3 mg-kg~" per day initiated. The patient improved clinically and radiologically. However,
two attempts to discontinue corticosteroids were associated with a clinical or radiological relapse, whereas the lung cancer remained controlled.

After complete clinical and radiological resolution, ICI was reintroduced in 10 (17.2%) [80], 12 (28%) [76]
and seven (31.8%) [79] patients from three series that had previously presented a grade <2 pneumonitis.
These patients experienced pneumonitis relapses in 30%, 25% and 0% of cases, respectively.

Whereas a link between irAE occurrence and a better cancer prognosis in ICI-treated patients had
previously been reported [77, 85], SurEsH et al. [77] revealed a poorer prognosis in their NSCLC patients
presenting with ICI-P, with a 2.7 greater risk of death than the non-ICI-P patients.

ICI-related pneumonitis in special patient groups

Two particular settings must be mentioned here, as they either expose an increased ICI-P risk in the
patients or because the patients’ respiratory conditions may be aggravated by ICI treatment. The first
setting refers to patients who have received or must receive thoracic radiotherapy (TRT), and the second to
patients with lung cancer occurring in the context of a previously-known ILD.

Radiation pneumonitis or ICI-P in cancer patients receiving TRT?

Although radiotherapy is likely to prime the immune response [86], most data on combining palliative
radiation therapy (intra- and extra-cranial irradiation) with anti-PD-1 [87-92] or anti-CTLA-4 inhibitors
[87, 88, 93, 94] have not revealed excessive radiation toxicity (compared to those receiving radiotherapy
without immunotherapy) or excessive irAEs (compared to those receiving immunotherapy alone). In the
NSCLC setting, the safety data were shown to be similar, and combining extrathoracic radiation therapy
and ICIs was demonstrated to be safe [95-98]. In Lesueur et al. [96], ICI-pneumonitis of grade 1-2
occurred in three (4.6%) cases and grade 3-4 in three to four (1.5%) cases among 104 NSCLC patients
administered extra-TRT in the 6 months prior, during or in the 3 months following nivolumab treatment.

Concerning conventional TRT, based on retrospective data, irAEs such as pneumonitis were demonstrated
not to be common in metastatic lung cancer patients treated using both ICIs and TRT [98, 99]. However,
other studies have suggested a link between prior radiation pneumonitis and increased frequency of either
radiation pneumonitis or ICI-P after nivolumab exposure [100-102]. In a retrospective analysis involving
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201 Asian NSCLC patients receiving nivolumab, of whom 50 had been treated with TRT, the frequency of
ILD was 9.6%, 22.0% with a relative risk of 2.37 (1.15-4.88) and 26.5% with a relative risk of 2.76 (1.33-
5.73) in those who had not received TRT, those who had received TRT and those who had developed
radiation pneumonitis, respectively [100]. These findings support an increased ICI-P risk rather than that
of radiation pneumonitis in patients previously exposed to TRT. Recently, the occurrence of radiation
pneumonitis was reported at 3 and 5 months after lung stereotactic body radiotherapy in one patient
previously treated with atezolizumab for a colorectal carcinoma and in another treated with
pembrolizumab for a melanoma, respectively [102].

The phase III PACIFIC study revealed a light increase in radiation pneumonitis or ICI-P in unresectable
stage III NSCLC patients receiving durvalumab or its placebo after concurrent chemoradiotherapy [12, 103].
Pneumonitis occurrence of all grades was higher in durvalumab (33.6%) versus placebo (24.9%) patients,
whereas pneumonitis occurrence of grades 3/4 was similar in the two groups (3.4% and 2.6%, respectively).
Radiation pneumonitis or ICI-P leading to durvalumab and placebo discontinuation was observed in 6.3%
and 4.3% of patients, respectively. In an exploratory analysis [104], median time to pneumonitis onset from
treatment start onwards did not differ between the groups (55 days), nor did pneumonitis median duration,
being 64 days for durvalumab and 57 days for placebo. Pneumonitis was more commonly observed in Asian
patients (47.9% versus 17.6%) or in those with epithelial growth factor receptor-driven NSCLC (11% versus
3.8%), whereas durvalumab did not seem to increase pneumonitis risk in either population. Previous
respiratory disorders, radiotherapy doses or cisplatin or carboplatin use were not associated with higher
pneumonitis rates.

Acute exacerbation or ICI-P in cancer patients with previous ILD?

The lung cancer risk is increased during ILD (LC-ILD), particularly in case of idiopathic pulmonary
fibrosis [105-107]. In this setting, therapeutic patient management is more complex, as most patients are
elderly male smokers, former smokers or patients with several comorbidities. All therapeutic approaches,
such as surgery, chemotherapy or tyrosine kinase inhibitors, expose these patients to an increased risk of
acute ILD exacerbation, conventional chest radiotherapy being contraindicated. The risk of exacerbation is
even higher in patients with more extensive radiological involvement, a radiological pattern of UIP, or a
decrease in FVC or Dico. This increased risk has been suggested in two retrospective series focused on
ICI-P [79, 80]. Therefore, the place of ICI treatment in the context of LC-ILD must be further questioned.

Very few data are currently available, except for a few clinical case reports [82, 108, 109], a prospective pilot
study [110] and a retrospective Asian patient cohort [111]. All these studies concern the use of nivolumab
in patients with idiopathic ILD in the majority of cases. The isolated case reports [82, 108, 109] involved
five male smokers/former smokers (except one), aged 62-87 years, and with advanced NSCLC (squamous
cell carcinoma n=3, adenocarcinoma n=2). The chest CTs revealed a UIP pattern. The FVC was between
74% and 101%, and Dy co between 27% and 64%. One patient was under long-term oxygen therapy [108],
and one patient received pirfenidone [109]. All received nivolumab as a second-line treatment. One patient
experienced a complete response for >12 months [82], one a partial response for 6 months [109], one a
stabilisation for 8 months [108] and two a progressive disease [109]. None of the patients had a respiratory
adverse event related to nivolumab. However, one patient died of viral pneumonia [108] and three others
died of their cancer between 3 and 8 months after ICI treatment initiation [108, 109].

The Funmoro et al. [110] pilot trial sought to investigate the safety of nivolumab as second-line treatment
in six patients with advanced NSCLC and an idiopathic ILD of mild severity defined by a FVC >80% and
absent UIP (certain) pattern at CT. All were old male smokers aged 69-81 years, with a performance
status of 1 and advanced NSCLC (adenocarcinoma n=3, NSCLC otherwise specified n=3). The CT scan
pattern suggested a possible UIP in five patients and an ILD inconsistent with a UIP in one; the FVC was
>88%. None of the patients had a respiratory adverse event after 3 months of follow-up. Three partial
responses and three cancer stabilisations were observed.

Finally, the largest experience reported was that of the retrospective Kanar et al. [111] cohort, involving
216 advanced NSCLC patients treated with nivolumab as second-line or more depending on the presence
(n=26) or lack (n=190) of an ILD observed at the time of lung cancer diagnosis. The LC-ILD patients
were had a median age of 71 (55-85) years, with 77% being male, 96% smokers/former smokers and 65%
exhibiting a performance status <1. The histological cancer type was adenocarcinoma in 50% of cases
(without oncogenic addiction) and squamous cell carcinoma in 42%. Compared to the overall cohort, the
LC-ILD patients were more likely to smoke (p=0.02), with their tumours harbouring less often oncogenic
addiction (p=0.003) and receiving less treatment before nivolumab (p=0.001). ILD exhibited a NSIP
pattern in 54% of patients and a UIP pattern in the remaining 46%. ILD extension on CT scan was 5-25%
for 77% (n=20) of the patients, <5% for 15% and 25-50% for 8% of patients. There were no data on the
pulmonary function tests. ILD was associated with rheumatoid arthritis in 27% of the patients (versus 2%
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in the rest of the population, p<0.001). The nivolumab efficacy was similar in the LC-ILD patients
compared to the overall population. The response assessment revealed objective response, stability and
progression in 27%, 31% and 42% of patients, respectively. The median progression-free survival was 2.7
(1.7-5.3) months in the LC-ILD group versus 2.9 (2.1-3.4) months. Moreover, the respiratory adverse
event rate was 31% (eight out of 26) in the LC-ILD group versus 12% in the remaining population
(p=0.014). While the median time to onset did not differ, adverse event severity was higher in the LC-ILD
group (grades 3-4 62% versus 42%, p=0.02). Nivolumab treatment was discontinued in all, and
corticosteroids were given in 73% of the LC-ILD group compared to 63% in the remaining population.
The only two risk factors found were male sex and concomitant rheumatoid arthritis. In contrast, no
deaths related to pulmonary toxicity were reported for the entire cohort. The authors distinguished
between an acute exacerbation of underlying ILD in four out of the eight cases and the occurrence of new
images suggestive of ICI-P in the other four patients. In addition, the radiological pattern of worsening
differed in patients with an NSIP and those with a UIP: appearance was that of an organising pneumonia
in 60% of the former patients and that of an acute interstitial pneumonia in 67% of the latter.

Taken together, these results suggest that nivolumab administration is possible in LC-ILD patients,
particularly in case of idiopathic ILD of mild to moderate severity. Nevertheless, despite similar efficacy,
pulmonary toxicity is more common and more severe, especially in case of a UIP pattern. This toxicity
may be considered either as an acute exacerbation of the underlying ILD or as ICI-P occurrence. The
preventive role of antifibrotic treatments is as yet unknown.

ICl-related sarcoid-like granulomatosis

In addition to pneumonitis, the most frequently observed respiratory adverse event, 19 isolated cases of
ICI-related sarcoid-like granulomatosis (ICI-SLG) were reported after ICI cancer treatment [112-128]
(table 5).

Most (73%) ICI-SLG cases were observed in melanoma patients (n=13). Similarly, grade 1 or 2 SLG
occurred in seven (1.4%) of the 509 stage 3 melanoma patients treated with pembrolizumab, but in none
of those treated with placebo [39]. Interestingly, in a recent meta-analysis, skin cancers, particularly
melanomas (relative risk 1.64, 95% CI 1.16-2.31), were the commonest cancer type associated with
sarcoidosis [129]. However, 10 (77%) out of 13 melanoma cases had also received ipilimumab
monotherapy (n=7) or combined with nivolumab (n=3). In this manner, a CTLA-4 pathway dysregulation
was suggested in sarcoidosis pathogenesis [130]. A decrease in CTLA-4 expression was shown in activated
T-cells from lung-draining mediastinal lymph node sarcoidosis patients [130]. Evaluating T-helper cell
subsets, the study authors revealed a significant decrease in CTLA-4 expression in sarcoidosis T-helper 17
cells, in association with their relative expansion. Furthermore, an increase in blood lymphocyte counts,
especially of the T-helper 17 phenotype, was observed in a melanoma patient treated with ipilimumab,
concomitantly to the occurrence of a sarcoid-like granulomatosis [113]. Therefore, sarcoidosis-like drug
reactions may be more commonly observed when using anti-CTLA-4 treatments rather than anti-PD-1/
PD-L1 inhibitors [130]. For patients receiving anti-PD-1/PD-L1, locally increased y-interferon secretion
was hypothesised [131, 132].

Concerning clinical presentation, the time to onset was 12 weeks, and the patients were most often
asymptomatic or developed dyspnoea, cough or asthenia [112-128]. Thoracic CT scans revealed stage I-II
sarcoidosis-like presentation in 14 of the 19 patients (73.6%) (figure 2c). However, atypical lesions were
observed, such as ground-glass opacities (n=5) (figure 2d) and low abundance pleural effusion (n=2) [112-128].
Extrathoracic involvement was observed in 10 (52.6%) patients, of whom nine had melanoma, with lesions
affecting skin (n=5), spleen (n=3), eyes and parotid gland (n=1) and brain (n=1) [114-118, 120-124], in line
with sarcoidosis presentation [133]. Pulmonary function tests were normal among the few evaluated patients
(n=6) [112, 113, 118, 120, 121, 123]. Granulomatosis lesions were obtained by bronchial biopsy, TBLB or
mediastinal lymph nodes biopsies using endobronchial ultrasound in most cases (n=15), or by skin or other
tissue biopsies in others [112-128]. BAL composition, when performed (n=6), usually showed lymphocytic
alveolitis with a high CD4/CD8 ratio [112, 114, 117, 118, 121, 123, 134]. Positron emission tomography CT
scans did not contribute significantly to the ICI-SLG diagnosis [113, 114, 118, 120-123, 127].

Given that ICI-SLG is usually asymptomatic, with only few lung parenchymal lesions and normal
pulmonary function tests, ICI was definitively halted in 14 (77.8%) out of 18 patients, and prednisone
was administered to nine of them [112-118, 121-124, 126-128]. Sarcoidosis resolved in all patients
(including seven without steroids) except two, who remained stable without steroids [112-128].
Concerning cancer follow-up, ICI-SLG occurrence was observed as cancer was controlled and progressive
in 11 (68.8%) [112, 113, 116, 117, 120-122, 125, 126] and three [114, 115, 123] out of 16, respectively,
with no information available for three [118, 127, 128].
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TABLE 5 Main characteristics of immune checkpoint inhibitor-related sarcoid-like

granulomatosis

Cases
Type of cancer
Melanoma

Nonsmall cell lung cancer/small cell lung cancer

Others
Type of immunotherapy
Ipilimumab/ipilimumab-+nivolumab

Nivolumab/pembrolizumab/atezolizumab/durvalumab

Male:female

Age at “sarcoidosis” diagnosis

Delay of “sarcoidosis” onset

Stage of “sarcoidosis” I/II/1/IV
Extrathoracic “sarcoidosis” involvement

19

13 (72)
3/1 (22)
2 (6]

7/4 (57)
412/1/1 (43)
2:1
57 years (35-81)
12 weeks (4-40)
4 (21)/10 (53)/5 (26)/0

Skin 5

Spleen 3

Parotids/eyes 11

Brain 1
Diagnostic procedure

Bronchial and pulmonary transbronchial biopsy 7 (36.8)

Lymph node endobronchial ultrasound biopsy 8 (42.1)

Extrathoracic biopsy 7 (36.8)
“Sarcoidosis” treatment

Immunotherapy interruption 13 (69)

Corticosteroid treatment initiation 9 (47)
“Sarcoidosis” follow-up

Improvement 16 (84)

Stabilisation 3(1¢)
Cancer follow-up

Disease controlled 12 (68.4)

Progressive disease 4(21.1)

Unknown 3(10.6)

Data are presented as n, n (%) or median (range).

Tuberculosis, pneumonia and severe infections in cancer patients receiving ICI

ICI treatments were reported likely to be associated with an increased risk of pneumonitis due to infection,
usually referred to as “pneumonia”, serious infections (septicaemia and opportunistic infections) and TB.
However, this association remains uncertain, given that exposure to corticosteroids or associated
comorbidities such as diabetes may also play a role.

Tuberculosis in cancer patients receiving ICI

Over the past 4 years, TB occurred in two out of 908 ICI-treated cancer patients in France, with an
estimated TB incidence of 1/1000 treated patients per year [135]. Patients who developed pulmonary TB
while receiving an ICI were mostly males treated with anti-PD-1 inhibitors for NSCLC. TB occurred
relatively early after ICI initiation, with a 15 (4-33)-week median delay of onset, in the absence of any other
immunosuppression agent except cancer [135-141]. This suggests reactivation of prior latent TB rather
than rapid progression to TB of a recent de novo infection. PD-1 inhibition could favour an exaggerated
immune response against latent TB, leading to overt TB [137, 140] as in TB/HIV-1 co-infected patients in
the context of immune reconstitution inflammatory syndrome [142]. In this context, it would be of interest
to perform y-interferon release assays in at-risk TB patients before ICI introduction.

Among the nine pulmonary TB cases reported under ICI treatment [135-141], nearly half were
asymptomatic, and the TB was revealed during a thoracic CT scan performed for the cancer follow-up.
Clinical symptoms and radiological findings may have been confused with cancer progression. In a case
report, pericardial effusion was initially considered as tumour infiltration [137]. However, thoracic CT scan
imaging was as usual revealing nodules, cavitary lesions and pleural effusion [143], and positivity of direct
examination or culture of sputum for Mycobacterium tuberculosis was rather common when performed.
Pulmonary TB occurrence often led to ICI discontinuation (eight cases out of nine), along with anti-TB
treatment [135-141]. However, two of the nine reported cases died [135, 140].
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Pneumonia and serious infections in cancer patients receiving ICI

Pneumonia as a cause of death was identified in phase III trials [9, 29, 31, 45, 47], as well as in the
VigiLyze-VigiBase database report [53], in patients receiving ICI, either alone or in combination for all
cancer types. A meta-analysis was recently published concerning the incidence and increased risk of
pneumonia observed in published phase II/III trials of cancer patients treated with anti-CTLA-4 alone,
anti-PD-1, or anti-PDL-1, either alone or in combination with anti-CTLA-4 or chemotherapy [55, 60].
Compared with chemotherapy, PD-1 inhibitors did not show a significant increase in the risk of
pneumonia for all cancer types. Compared with nivolumab or ipilimumab monotherapy, the nivolumab-
ipilimumab combination did not show any increase in the occurrence of pneumonia. However, PD-L1
inhibitors were associated with a significantly increased risk of grade 1-5 pneumonia (2.11, 1.20-3.70;
P<0.001) compared to control therapies, especially for atezolizumab (5.35, 2.61-10.96; p<0.001). However,
there was no significant difference between nivolumab or pembrolizumab compared to the controls.
Finally, an increase in grade 1-5 pneumonia remained significant with PD-L1 inhibitors (2.11, 1.20-3.70;
p<0.001) as compared with control therapeutics in NSCLC patients.

Recently, two retrospective series [144, 145] reported the frequency, severity and characteristics of
infections occurring in cancer patients receiving ICI. In both studies, the infection was defined via
pathogen identification and initiation of a suitable anti-infection treatment, while the seriousness of
infection was defined via hospitalisation requirement or parenteral treatment. The first study [144]
reported the occurrence of infection over a 4-year period in three hospitals in New York (NY, USA): 54
cases of severe infection occurred in 740 (7.3%) melanoma patients treated with ICIs: ipilimumab (73%),
nivolumab or pembrolizumab (14.9%), as well as nivolumab-ipilimumab combotherapy (8.9%). Infections
occurred within a median of 19.2 (<1-70) weeks after immunotherapy initiation and were responsible for
death in 17% of cases. Most infections were of bacterial origin (79.3%), primarily pneumonia (28.2%) and
bloodstream infections (28.2%). There were three cases of invasive aspergillosis and two cases of
pneumocystis pneumonia. Infections were more common in patients having received the ipilimumab-
nivolumab combination, with a relative risk of 3.26 (1.70-6.27, p=0.0017), while the use of pembrolizumab
was less associated with infection occurrence. Most strikingly, in 85% of patients who developed a serious
infection, corticosteroids were received at a median dose of 40 mg of equivalent prednisone and for a
median duration of 60 days. Similarly, 24% of these patients also received infliximab. Thus, the relative risk
of developing a serious infection was 7.71 (3.71-16.18, p<0.0001) and 4.74 (2.27-9.45, p<0.0001) in
patients exposed to corticosteroids and infliximab, respectively. Age, sex and prior receipt of chemotherapy
or temozolomide were not associated with the development of serious infection.

The second study [145] reported the occurrence of 32 infections in 167 nivolumab-treated NSCLC patients
from Kyoto (Japan). Infections occurred on average 12.8+10.1 weeks after immunotherapy initiation, with
no reported deaths. The majority of infections were of bacterial origin (78.1%), primarily pneumonia or
pulmonary abscess (76%). There was one case of pulmonary TB, one case of invasive pulmonary
aspergillosis and four cases of influenza. Infections were more common in patients with type II diabetes,
with an independent relative risk of 3.61 (1.14-11.4, p<0.001). In this study, except for higher age, sex,
smoking habit, presence of underlying lung disease (especially chronic obstructive pulmonary disease),
prior receipt of chemotherapy and duration of nivolumab treatment, previous treatment with
corticosteroids were not associated with the development of infection during ICI treatment for NSCLC.

Management of pulmonary complications of ICl and suspected ICI-P

Figure 4 presents an algorithm proposal for the management of pulmonary complications in ICI-treated
patients with advanced NSCLC. A multidisciplinary approach, including a pulmonologist, oncologist and
radiologist, was applied to obtain the diagnosis, thus enabling the best therapeutic strategy for the patient.
ICI-P diagnosis is based on the exclusion of other differential diagnoses, such as tumour progression,
pulmonary infection or cardiac dysfunction. However, some risk factors were shown to increase the
diagnostic probability of ICI-P (figure 4).

Schematically, two situations can occur. Either radiological abnormalities are fortuitously discovered
during the cancer follow-up scan [76, 80], or the CT scan is performed because of the occurrence of new
respiratory (cough, dyspnoea) or general symptoms (fevers, extrathoracic signs). By definition, respiratory
adverse events discovered incidentally are grade 1 toxicities, while those associated with symptoms are
grade >2. In symptomatic patients, appropriate diagnostic tests depending on the symptoms must be
performed to rule out other causes. In a case of dyspnoea, immune-related myocarditis/myositis should
be ruled out, and in a case of fever, bacterial pneumonia, tuberculosis and opportunistic infections must be
excluded (figure 4).

The main cause of new radiological abnormalities or respiratory symptoms is cancer progression. In the first
month of ICI treatment, hyperprogressive disease was reported to occur in 4-29% of patients without any
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Clinically asymptomatic Clinically symptomatic
(7-33%) (30-100%)
Follow-up CT scan Additional CT scan
_— -

Grade <2, continue ICI? Grade 2-4, hold ICI

Dyspnoea Consider hospitalisation in ICU, oxygenation
(Sa0, <92%, - BNP, ECG, echocardiography [ir-myocarditis)

New abnormalities ARDS?) - CPK, aldolase (ir-myositis)
Fever Consider need for bronchoscopy + BAL
- microbiological sputum examination, blood cultures
Change in tumour targets? - if corticosteroids treatment, suspect severe infection: bacterial, tuberculosis, aspergillosis

Consider corticosteroids treatment

d | »
YES |« '|_NO Consider risk factors of ICI-P

- comorbidities and other pneumotoxic treatments
Early onset, - prior treatments (radiotherapy); previous ILD

- consider hyperprogression or pseudo-progression - duration of ICls treatment (>9 weeks)
- type of ICls, PD-1/PD-L1 versus CTLA-4 inhibitors versus combination

Late onset, L l_ ______________ l ______ .

- consider tumour progression

- explore associated complication Parenchymal abnormalities : ) _A_de_:n_o;_)a_th_y[_ie_s]_, rare _E :_ _Pl_el_Jr_al_efftjs_io_n,_r_ar_e_:
Other signs of ir-AEs? -ICI-P - Sarcoid-like granulomatosis - Heart failure (myocarditis?)
- Tuberculosis - Tuberculosis
Corticosteroids or - Bacterial infection -Tuberculosis - Tuberculosis
immunosuppressants? - Tuberculosis - Bacterial infection

- Aspergillosis

FIGURE 4 Proposed algorithm for the management of suspected immune checkpoint inhibitor-related pneumonitis (ICI-P). Schematically, two
settings may present in a patient treated with ICI for a nonsmall cell lung carcinoma: either new images occur on the cancer follow-up computed
tomography (CT) scan or the CT scan is performed because of new respiratory (cough and dyspnoea) or general symptoms (fevers and
extrathoracic signs). In each case, CT scan analysis should focus on cancer progression (probable progression) or the occurrence of new
parenchymal abnormalities; particularly ground-glass opacities or condensation(s) (possible ICI-P or infection), pleurisy or mediastinal
lymphadenopathy being more rarely observed. In case of respiratory or general symptoms, their severity must be graded and a hospitalisation
considered in view of the appropriate diagnostic tests and symptomatic treatment initiation. In case of a fever, an extensive microbial investigation
must be carried out, particularly if the patient is under immunosuppresants. ICl must be stopped and the initiation of high-dose corticosteroid
therapy discussed. In the absence of tumour progression, the discussion between ICI-P or infectious pneumonia is likely to depend on
concomitant respective risk factors and on the documentation of an infection. ICU: intensive care unit; BNP: bone natriuretic protein; CPK:
creatine phosphokinase; BAL: bronchioloalveolar lavage; ir: immune-related; AE: adverse events; ARDS: acute respiratory distress syndrome;
ILD: interstitial lung disease: Sa0,: arterial oxygen saturation; PD-1: programmed cell death protein; PD-L1: programmed cell death ligand 1;
CTLA: cytotoxic T-lymphocyte associated antigen.

clearly identified risk factor [28, 146], while pseudoprogression occurs in <9%. The decision to pursue ICI
treatment beyond progression should be made for carefully selected patients with clinical improvement yet
without severe toxicities [147]. After eliminating tumour progression, an accurate analysis of radiological
patterns should be performed to reinforce the ICI-P diagnosis. The most frequent abnormalities are
ground-glass opacities and multifocal condensations, suggesting an organising pneumonitis pattern (see
earlier). The results of a bronchoscopy with BAL is able to exclude pulmonary infection and may reveal a
lymphocytic alveolitis.

ICI-P treatment differs between symptomatic and asymptomatic patients. Several oncology societies have
issued recommendations with uncertain levels of evidence (table 6) [23-25]. Briefly, for asymptomatic
ICI-P, ICI might be continued while monitoring the development of symptoms, pulmonary function
decline (FVC and Dico) and ILD parenchymal extension by CT scan. If symptoms appear, ICI will be
interrupted, bronchoscopy with BAL will be performed and treatment with corticosteroids (see later)
should be started in the absence of documented pulmonary infection. In these patients, the ICI may
possibly be resumed later, especially if the cancer was well controlled at the time of the occurrence of ICI-P
(see later). If no symptoms appear, but the ILD extends on lung CT and/or the pulmonary functions are
deteriorating at a 4- or 6-week follow-up, our approach is to withdraw the ICI and to introduce an oral
corticosteroid treatment (0.5-1 mgkg ' per day of prednisone/prednisolone equivalent). In this setting,
provided that the cancer remains controlled and there is no sign of ILD fibrosing evolution (reticulation,
honeycombing, architectural distortion/traction bronchiectasis or loss of lung volume) on the CT scan, the
ICI may possibly be resumed later. However, if ICI-P does not improve, and a fortiori it worsens, ICI will
be permanently discontinued and intravenous methylprednisolone therapy will be started.

In patients with symptomatic pneumonitis, ICI should be promptly withheld, and an evaluation by a
pulmonologist performed. Recommended treatment consists of ICI discontinuation, along with
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TABLE 6 Management of pneumonitis in patients treated with immune checkpoint inhibitors (ICI) according to the American Society of Clinical Oncology (ASCO),
European Society For Medical Oncology (ESMO) and Society for Immunotherapy of Cancer (SITC)

ESMO [23] ASCO [24] SITC [25]
Grade 1
ICl management Consider delay of treatment Hold ICI Consider holding ICI
Treatment No specific treatment No specific treatment No specific treatment

Patient monitoring

Drug re-challenge
Grade 2

ICl management

Treatment

Patient monitoring

Drug re-challenge

Grade 3/4
ICl management
Treatment

Patient monitoring

Drug re-challenge

Monitor symptoms every 2-3 days

Not specified

Withhold ICI

Prednisolone 1 mg-kg™" per day™" orally
and taper over >6 weeks

Bronchoscopy and bronchioloalveolar
lavage: optional

Monitor symptoms daily/repeat chest
radiography weekly/lung function tests
including T, co

Not specified

Discontinue ICI

Empirical antibiotics/(methyl)
prednisolone i.v. 2-4 mg-kg™' per
day"1; taper corticosteroids >8 weeks

If no improvement after 48 h, add
infliximab 5 mg-kg™" or
mycophenolate mofetil

Bronchoscopy and bronchioloalveoar
lavage: optional

Hospitalisation

Not specified

Monitor patients weekly clinically
One CT scan to be repeated in 3-4 weeks

Yes, if radiographic evidence of improvement or resolution

Hold ICI

Prednisone 1-2 mg-kg™" per day™" orally and taper over 4-
6 weeks

Bronchoscopy with bronchial aspiration: optional Monitor every
3 days with history, physical examination and pulse oximetry,
consider chest radiography

Yes - if resolution to grade <1

Discontinue ICI

Empirical antibiotics/(methyl)prednisolone i.v. 1-2 mg-kg’1 per
day; taper corticosteroids over 4-6 weeks If no improvement
after 48 h, may add infliximab 5 mg-kg™" or mycophenolate
mofetil 1 g twice a day or i.v.-immunoglobulins for 5 days or
cyclophosphamide

Bronchoscopy with bronchioloalveolar lavage: recommended
Hospitalisation

No

Self-monitor symptoms and oxygen saturation
every 2-3 days; weekly clinic visits

Re-image at least prior to every cycle of ICI
treatment

Yes, with chest imaging abnormalities resolution

Hold ICI

Methylprednisolone 1 mg-kg™" per day (i.v. or oral
equivalent] and taper over >4 weeks

Bronchoscopy with bronchioloalveolar lavage:
recommended

Consider hospitalisation

Yes, if symptoms and imaging abnormalities
resolve

Discontinue ICI

Methylprednisolone i.v., 2 mg~kg’1 per day; taper
corticosteroids >8 weeks

If no improvement, add infliximab or
cyclophosphamide, mycophenolate mofetil or i.v.
immunoglobulins

Bronchoscopy with bronchioloalveolar lavage:
recommended

Hospitalisation

Grade 3: case-by-case; only if symptoms and
imaging abnormalities resolve

Grade 4: no, discontinue ICI

CT: computed tomography; T  co: transfer factor of the lung for carbon monoxide.
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corticosteroid administration. In our experience, intravenous treatment with methylprednisolone 4 mgkg™"
per day at day one, then 2 mgkg™" per day at days two and three, followed by an oral corticosteroid
treatment with 1 mg-kg™" per day of prednisone/prednisolone equivalent at a gradually decreasing dose is
usually sufficient. A higher dose of methylprednisolone (1000 mg) has been suggested for patients with
acute respiratory failure. With appropriate treatment, 70-100% of nivolumab-induced pneumonitis
resolved in clinical trials, with a time to resolution of 3-6 weeks [7, 8, 32, 34, 148, 149]. In the absence of
improvement within 2 days, the use of an immunosuppressive drug, such as infliximab, mycophenolate
mofetil, cyclophosphamide or intravenous immunoglobulins might be considered [23-25]. Only very few
data are currently available for refractory ICI-P, with a poor prognosis, given that eight out of 11 patients
from a published series died, despite intensified immunosuppression [76-78].

ICI re-challenge is under discussion for grade 2 ICI-P having resolved to grade <1. For grade 3, there is
no evidence of a safe re-challenge. Therefore, after pneumonitis has resolved, ICI reintroduction should be
assessed on a case-by-case basis, along with close monitoring. For grade 4, permanent ICI discontinuation
is recommended. For a second pneumonitis episode, permanent ICI discontinuation is recommended if,
upon ICI re-challenge, a patient develops grade >2 pneumonitis.

Conclusion

ICI-P is rarely observed (<5%) during cancer treatment with immunotherapies; however, it is the most
frequent pulmonary complication observed under ICI, others being ICI-SLG, TB or other infections. It is
more often seen in patients with NSCLC rather than other cancers and in those receiving PD-1/PD-L1
rather than CTLA-4 inhibitors alone. Its frequency is even greater when anti-PD-1 and anti-CTLA-4 are
combined. Although the fatality rate is low (x13%), it is the leading cause (x35%) of immune-related
death under ICIs. A multidisciplinary approach involving an oncologist, pulmonologist, oncologist and
radiologist is deemed necessary to obtain a diagnosis, exclude a differential diagnosis and enable the best
therapeutic strategy for patients. ICI-P usually occurs in the first three treatment months, mostly reflected
by respiratory symptoms, with a fever found in only one-third of cases. Risk factors for occurrence have
not yet been clearly defined. In most cases, chest CT scan reveals ground-glass opacities and multifocal
consolidations suggestive of organising pneumonitis, while the bronchioloalveolar scan is suggestive of
lymphocyte alveolitis. ICI-P usually resolves after stopping ICI and initiating systemic corticosteroids. The
role of immunosuppresants in refractory cases must be further evaluated in prospective studies. ICI
re-challenge of ICI has been discussed for grade 2 ICI-P. In the near future, the ICI-P frequency and
severity in the course of ICI treatment will be better defined, and its combination with chemotherapy
should be quickly clarified. Additionally, prospective studies evaluating treatment strategies for ICI-P are
now required to enable ICI re-challenge along with low-dose corticosteroid maintenance.
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