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Abstract
Purpose of Review Checkpoint inhibitor pneumonitis (CIP) is a toxicity of immune checkpoint blockade (ICB) that can be highly
morbid and at times fatal. Here, we review the proposed biologic mechanisms of CIP, epidemiology and risk factors for CIP
development, diagnostic work-up and management strategies for CIP, and future directions of CIP research.
Recent Findings CIP incidence appears to be greater in real-world populations and may continue to rise as FDA approvals for
ICB continue to expand to multiple malignancies. Multiple retrospective studies and case series have identified potential risk
factors for CIP. Several society guidelines have helped to unify the classification of CIP severity and standardize treatment
approaches but significant gaps remain, including formal validated diagnostic criteria for CIP.
Summary While significant strides have been made in enhancing the knowledge and management of CIP, ongoing research is
needed to continue to advance our understanding of the biologic underpinnings of CIP, as well as optimize diagnostic and
management strategies for this potentially devastating toxicity.
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Introduction

Novel immune checkpoint blockade (ICB) therapy targeting
the programmed death (ligand) 1 (PD-(L)1) receptor complex
and cytotoxic T lymphocyte-associated protein 4 (CTLA-4)
has fundamentally altered the treatment landscape of ad-
vanced cancer. Anti-PD(L)1 and anti-CTLA-4 treatments
have now entered the frontline management strategy of mul-
tiple advanced malignancies including melanoma, non-small-

cell lung cancer (NSCLC), small-cell lung cancer, squamous
cell carcinoma of the head and neck, squamous cell skin can-
cer, basal-cell skin cancer, merkel cell carcinoma, triple nega-
tive breast cancer, renal cell cancer, and urothelial cancer.
Furthermore, ICB has been approved or is under investigation
in both the subsequent line setting in advanced cancers and the
(neo)adjuvant setting in localized cancers. These therapies
have many advantages over conventional cytotoxic chemo-
therapy including improved tolerability and exciting durabili-
ty of response in select patients [1, 2]. But with increased use,
there has been heightened awareness of a novel class of tox-
icities termed immune-related adverse events (irAEs) that can
be highly morbid, at times fatal, and pose diagnostic chal-
lenges requiring multidisciplinary input.

Pneumonitis is one such irAE that has been associated with
fatalities and can pose challenges in both diagnosis and man-
agement. Checkpoint inhibitor pneumonitis (CIP) is defined
by focal or diffuse inflammation of the lung parenchyma that
is typically accompanied by cough, shortness of breath, and
hypoxemia though may be asymptomatic [3•]. While early
clinical trials and meta-analyses of ICB in advanced cancers
suggested a pneumonitis incidence of 3–5% [3•, 4, 5, 6, 7, 8•,
9], more recent studies incorporating real-world populations
suggest this could be as high as 13–19% [10, 11•, 12] and may
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be associated with increased mortality [10, 13, 14•].
Furthermore, CIP is the most frequent fatal irAE in anti-
PD(L)1 monotherapy trials [15•]. In this comprehensive re-
view, we will survey current studies investigating the biologic
underpinnings of CIP. We will discuss the epidemiology of
CIP including proposed risk factors for its development, as
well as clinical presentation, diagnostic work-up, and
guideline-driven management strategies. In addition, we will
examine the future directions of CIP research, including novel
clinical trial design for CIP treatment and radiomic studies to
predict CIP development.

Biologic Mechanisms of CIP

Defining the underlying mechanisms of CIP is an ongoing area
of research that has yet to be fully elucidated. That being said,
improved knowledge of the mechanistic understanding of ICB,
as well as in-depth immunologic assessment of patients who
have developed CIP, has resulted in significant strides in this
area. Broadly speaking, immune checkpoints such as PD-1 and
CTLA-4 act to induce immune tolerance and prevent autoim-
munity, but these checkpoints can be effectively adapted by
cancer cells to evade immunosurveillance [16]. ICB with anti-
PD(L)1 and anti-CTLA4 agents are thus able to exert their
effect through robust anti-tumor immune responses. Evidence
for this comes from data suggesting that both tumor mutational
burden (TMB), defined as the number of non-synonymous ge-
netic mutations within a cancer, and computational predicted
neoantigen burden correlate with response to ICB [17]. This
supports the hypothesis that tumor-specific neoantigens, gener-
ated by non-synonymous genomic mutations, direct anti-tumor
immunity through specific cytotoxic T cell responses. It is thus
plausible that the manifestation of irAEs acts through stimula-
tion of a similar antigen-specific immune response directed
against self-peptides or shared epitopes between tumor and self.
In a large-data analysis examining the association between
TMB and incidence of iRAEs with PD-1 blockade, Bomze
et al. found a positive correlation between the rate of reported
irAEs and median TMB across multiple tumor types, with a
correlation coefficient suggesting that ~ 50% of the differences
in irAE risk across cancer types may be attributed to TMB [18].
Furthermore, in a study of ipilimumab (anti-CTLA4) plus an-
drogen deprivation therapy in metastatic prostate cancer, CD8+
T cell clonal expansion in peripheral blood was found to pre-
cede the development of grade 2–3 irAEs [19]. These studies
suggest the plausibility of antigen-specific cytotoxic T cell re-
sponses playing a role in irAE pathogenesis.

There is evidence to support a similar pathogenic mechanism
for CIP. Post-mortem analyses of lung samples and bronchoal-
veolar lavage fluid (BALF) from patients with clinically signifi-
cant CIP have demonstrated prominent lymphocytosis enriched
with CD8+ T cells [20, 21]. Additionally, by examining BALF

from a small cohort of NSCLC patients who did and did not
develop CIP, Suresh et al. noted BAL lymphocytosis dominated
by central memory T cells in the BALF of CIP patients [22•].
Interestingly, decreased expression of CTLA-4 and PD-L1 was
observed on the BALF T-regulatory cells from CIP patients,
suggesting both activation of pro-inflammatory immune subsets
and attenuation of an immunosuppressive phenotype. These
findings are corroborated by several case reports, which identify
similar T cell phenotypes in BALF from patients experiencing
CIP [23, 24]. In addition, in a small series of patients with CIP,
Laubli et al. performed TCR sequencing on tumor-infiltrating
lymphocytes and T cells infiltrating inflammatory CIP lesions
and noted significant overlap in the Tcell repertoire of these sites,
but not in the peripheral blood or secondary lymphoid organs
[25]. While not conclusive for antigen-specificity, these data
highlight the potential of a cytotoxic antigen-directed T cell re-
sponse driving CIP pathogenesis. If cross-reactivity and immune
response to shared epitopes are playing a role in CIP pathogen-
esis, one might expect an increased incidence of CIP in NSCLC
compared to other primary cancers such as RCC or melanoma.
Several meta-analyses and single-center studies support this hy-
pothesis [8•, 26–28]. However, other studies have demonstrated
no difference in CIP incidence by tumor type [3•, 29, 30].

Several irAEs, such as skin and endocrine adverse events,
are believed to occur in part through humoral-mediated auto-
antibodies [31, 32]. There is emerging evidence that a similar
mechanism may occur in CIP as well. Tahir et al. recently
utilized a technique called high-throughput serological analy-
sis of recombinant cDNA expression (SEREX) to enable
large-scale screening of autoantibodies in ICB-treated patients
[33]. In this analysis, the authors identified increased post-
treatment plasma levels of anti-CD74 in a discovery cohort
of 2 patients with CIP that was subsequently verified in a
confirmation cohort of 10 CIP patients in whom a median
1.34-fold increase in anti-CD74 autoantibodies was observed.
Intriguingly, overexpression of CD-74 has been observed in
viral-mediated interstitial pneumonitis [34] and may suggest a
pathogenic nidus for the development of CIP.

Who Is at Risk for Checkpoint Inhibitor
Pneumonitis?

With mature clinical trial toxicity data and increased use of
ICBworldwide, several risk factors for CIP development have
become apparent. The incidence of pneumonitis is higher in
patients receiving PD-(L)1 compared with CTLA-4 blockade,
with early trials showing an incidence of 3–5% [4, 5] and <
1% [35], respectively. Combination ICB with anti-PD1 and
anti-CTLA4 also appears associated with increased risk for
pneumonitis [8•, 29, 30, 36]. In addition, several meta-
analyses suggest the incidence of pneumonitis may be higher
with PD-1 blockade compared with PD-L1 blockade, with an
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incidence of ~ 4% and ~ 2% respectively [7, 37]. A proposed
mechanism for this finding is that PD-L1 inhibitors do not
affect the PD-1:PD-L2 interaction, which may play a role in
mediating immune tolerance in lung tissue [38]. But while
early clinical trials suggested a relatively low incidence of
CIP, as use of PD-(L)1 blockade has increased in clinical
practice worldwide, studies including real-world populations
suggest that CIP incidence might be substantially greater than
these early trials suggest. In a retrospective study of 170
NSCLC patients treated with PD-1 blockade at several hospi-
tal centers in Japan, the CIP incidence was found to be 16%
[10]. In a similar retrospective study of 205 NSCLC patients
treated at Johns Hopkins University, a CIP incidence of 19%
was observed [11•]. Interestingly, while the incidence of all-
grade pneumonitis appears to be higher in real-world popula-
tions as opposed to clinical trials, the fraction of significant
grade ≥ 3 CIP appears to be relatively consistent across both
populations at ~ 40% of those who develop CIP [7, 8•, 10,
11•]. Potential explanations for increased all-grade CIP inci-
dence in real-world populations include heightened awareness
of this toxicity, as well as increased co-morbidities and poorer
performance status in patients treated outside of clinical trials.
Interestingly, both real-world studies demonstrated that CIP
development was associated with shorter patient survival
[10, 13]. This stands in contrast to multiple analyses suggest-
ing that patients who develop irAEs overall are associated
with improved ICB efficacy and survival [39–45]. However,
this disparity in observations suggests that irAE type and se-
verity may factor into potential relationships with patient out-
comes. Specifically, Tone et al. found that severe grade CIP (≥
grade 3) was associated with decreased PFS and OS in
NSCLC patients treated with anti-PD(L)1 therapy [14•]. In
addition, in this study, severe CIP was associated with de-
creased objective response rates (ORR) to ICB, while the oc-
currence of irAEs excluding CIP was associated with im-
proved ORRs. Further studies are needed to elucidate whether
specific irAEs or patient features are associated with improved
ICB ORRs and survival.

Multiple retrospective analyses have identified several
patient-specific factors and co-morbidities as potential risk
factors for CIP. These include baseline interstitial lung disease
(ILD)/pulmonary fibrosis [12, 14•, 30, 46], prior thoracic ra-
diotherapy [30, 47], eastern cooperative group (ECOG) func-
tional status ≥ 2 [14•], combination ICB with anti-PD(L)1 and
anti-CTLA4 agents [30, 36], treatment combination EGFR-
TKI (tyrosine kinase inhibitor) plus ICB therapy [48, 49],
and squamous NSCLC histology [11•]. Both ILD/pulmonary
fibrosis and prior thoracic radiotherapy affect lung function.
This calls into question the possibility that a poorer baseline
lung function may confer a higher risk for CIP development.
Both co-morbidities are also likely linked to augmented im-
mune interaction in lung tissue. ILD and fibrosis are often the
consequence of aberrant immune activation to a particular

antigen (i.e., hypersensitivity pneumonitis), and thoracic ra-
diotherapy has been shown to augment immune activation
including T cell dynamics and interferon-β release [50].
Further research is needed to reinforce the findings observed
in these small retrospective analyses in order to validate these
potential CIP risk factors and identify potential mechanisms
for CIP development.

How Is Checkpoint Inhibitor Pneumonitis
Identified?

Patients with CIP most commonly present clinically with
symptoms of cough and dyspnea though may be asymptom-
atic. In a study of 915 NSCLC and melanoma patients who
received anti-PD(L)1 therapy at Memorial Sloan Kettering
Cancer Center (MSKCC) and at the Melanoma Institute of
Australia, dyspnea occurred in 53% of patients with pneumo-
nitis and cough occurred in 35%, but CIP manifestation was
asymptomatic in 33% of cases [3•]. Other observed clinical
features include fever, chest pain, hypoxemia, and weakness
[3•, 12, 51]. The median time to onset of pneumonitis is 2–
3 months though onset can vary significantly, with reported
cases ranging from years after therapy initiation, to those that
occur during initial therapy infusion [3•, 11•, 30, 52]. In the
above study, the median time to onset of pneumonitis was
2.8 months with a range of 9 days to 19.2 months. The median
time to CIP development tended to occur earlier with combi-
nation as opposed to single-agent ICB with a median of 2.7
and 4.6 months respectively [3•].

The radiographic appearance of CIP can vary consid-
erably [3•, 11•, 12, 51]. In the above study, five radio-
graphic patterns were observed including ground glass
opacities (GGO) 37%, hypersensitivity 22%, pneumoni-
tis not otherwise specified (NOS) 22%, cryptogenic or-
ganizing pneumonia (COP)–like 19%, and interstitial
7% [3•]. Other studies have demonstrated similar pat-
terns. In a study of 170 patients treated in 10 different
trials of nivolumab in which 20 patients developed CIP,
the breakdown of observed radiographic patterns was
COP-like (65%), non-specific interstitial pneumonia
(15%), hypersensitivity (10%), and acute interstitial
pneumonia/ARDS (10%) [51]. Of note, the pattern/
distribution was mixed and multifocal in 40% of pa-
tients and 75% had involvement of all lung lobes.
Similarly, in the Johns Hopkins retrospective study cited
previously, the majority of patients (66%) did not have
a singly characterized radiographic pattern, with 45% of
patients having bilateral involvement and 86% having
lung involvement away from the peri-tumoral area
[11•]. These findings reinforce the need for a high index
of suspicion for CIP in the proper clinical context when
interpreting imaging studies.
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How Is Checkpoint Inhibitor Pneumonitis
Diagnosed and Managed?

Since there are no formal validated diagnostic criteria for CIP,
the optimal method to diagnose CIP is debated. In addition, the
differential diagnosis for CIP can often be complex and include
disease progression, infection, thromboembolic event, and oth-
er immunotherapy toxicities such as sarcoidosis [53].
Bronchoscopywith BAL and biopsy can be immensely helpful.
In the MSKCC study cited above, 11 of 27 patients diagnosed
with CIP underwent biopsy with the following histopathologic
breakdown: cellular interstitial pneumonitis (36%), organizing
pneumonia (27%), diffuse alveolar damage (9%) [3•]. In addi-
tion, multiple retrospective reports have identified a lymphocyt-
ic pleocytosis in BALF specimens from patients with CIP [21,
22•]. Bronchoscopy with BAL and biopsy can also be helpful
in ruling out alternative etiologies such as infection and malig-
nant progression. When possible, multidisciplinary input in-
volving at minimum pulmonology, infectious disease, and ra-
diology is recommended. Some institutions have even
established multidisciplinary immunotherapy toxicity manage-
ment teams, facilitating prompt diagnosis and uniformmanage-
ment recommendations [54]. Furthermore, multiple organiza-
tions including the American Society of Clinical Oncology
(ASCO), European Society for Medical Oncology (ESMO),
Society for Immunotherapy of Cancer (SITC), National
Comprehensive Cancer Network (NCCN), and European
Respiratory Society (ERS) have published formal guidelines
to assist with diagnosis and management of CIP [55–59].

In general, the diagnosis and management plan for CIP
depends on the grading of CIP severity (Table 1). For asymp-
tomatic pneumonitis identified strictly by imaging confined to
one lobe of lung or < 25% lung parenchyma (grade 1-G1),
close observation is recommended. Strong consideration
should be made toward holding ICB therapy. Patients should
be followed weekly with history and physical exam, in addi-
tion to pulse oximetry and repeat chest CT within 4 weeks to
assess for resolution/evolution of previously identified chang-
es. ICB may be resumed with close observation with radio-
graphic evidence of improvement or resolution of findings.

If G1 CIP does not improve, patients report symptoms
(shortness of breath, cough, chest pain, hypoxemia), pneumo-
nitis involves > 1 lung lobe or 25–50% of lung parenchyma,
or instrumental activities of daily living (ADLs) are affected,
this is considered G2 pneumonitis. In this scenario, ICB
should be held, and a comprehensive diagnostic evaluation
(with or without bronchoscopy with BAL) should be consid-
ered, with the goal of ruling out infection and malignant pro-
gression. A standard infectious evaluation (depending on in-
stitutional standard) would typically include nasal viral swab,
sputum culture, blood culture, and urine culture. Treatment
consists of high-dose corticosteroids with 1–2 mg/kg/d pred-
nisone until symptoms improve to ≤G1, followed by steroid

taper over 4–6 weeks. A decision to resume ICB should be
made on a case-by-case basis and take into consideration CIP
severity, disease status (progression, stable, response), patient
goals, and functional level.

G3 CIP is defined by severe symptoms requiring hospitali-
zation, pneumonitis involving all lobes of lung or > 50% lung
parenchyma, or symptoms limiting self-care ADLs, and G4 is
defined by life-threatening respiratory compromise. In both in-
stances, ICB should be discontinued and hospitalization is in-
dicated. The infectious and pulmonary work-up outlined above
for G2 CIP should be expedited and performed in collaboration
with pulmonary and infectious disease specialists.
Methylprednisolone at a dose of 1–2 mg/kg/d IV should be
initiated with plan to transition to oral prednisone and taper over
≥ 6 weeks after improvement is seen, usually after 48–72 h.
Restarting immunotherapy after a resolved G3 event is debated,
but in most cases is unlikely to be clinically appropriate.

The role of empiric antibiotics for patients with suspected
symptomatic CIP is hotly debated. In those in whom the di-
agnosis of CIP is questioned, patients may be treated with
empiric antibiotics. The effects of this approach on risk for
subsequent development of CIP are unknown. In addition,
the gut microbiome appears to play a substantial role in ICB
efficacy [60] and there is emerging evidence that antibiotic
therapy may adversely affect ICB outcomes [61, 62], though
prospective studies are needed.

The majority of cases of CIP will improve with this thera-
peutic approach [3•, 10], though imaging abnormalities may
persist beyond clinical recovery [63]. That being said, steroid-
refractory CIP is not uncommon. In the retrospective study at
Johns Hopkins, 17 of 39 CIP cases did not respond to initial
steroid therapy [11•]. In the event of CIP refractory to ≥ 48 h
of steroids, guidelines recommend considering infliximab,
mycophenolate mofetil, or intravenous immunoglobulin.
Tocilizumab (IL-6 receptor antagonistic antibody) has also
been used in select cases of steroid-refractory irAEs (including
CIP). In a single-center study of 34 patients with steroid-re-
fractory irAEs treated with tocilizumab, 79.4% demonstrated
clinical improvement following tocilizumab treatment [64].
That being said, robust data in support of these treatments
for steroid-refractory CIP is lacking, and is based largely on
small case series and case reports [64–66]. There is currently
no evidence-based standard approach for the treatment of
steroid-refractory CIP.

Future Directions and Research Needs

In response to the growing clinical phenomenon of CIP, the
American Thoracic Society has published a consensus research
statement outlining the key CIP research questions with a focus
on terminology, biologic mechanisms, risk factors, and identi-
fication of at-risk populations, as well as optimization of the
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diagnostic evaluation and management strategy for CIP [67•].
Having society-published management guidelines with consis-
tent CIP severity grading has helped to improve recognition of
CIP; however, a consensus definition with validated diagnostic
criteria has yet to be established. This is of crucial importance,
as the bulk of data examining CIP incidence and risk factors is

retrospective with widely varying definitions of CIP and poor
interrater reliability on CIP diagnosis [68], which makes cross-
study comparisons difficult. Implementation of institutional
irAE toxicity teams has been useful in this regard [54], and
widespread implementation of these teams may improve the
consistency in the diagnosis of CIP.

Table 1 Grading, diagnosis and management of checkpoint inhibitor pneumonitis (CIP)#

Diagnostic work-up

-History & Physical (H&P), pulse oximetry

-Chest CTw/ contrast (if not already performed)

-Bronchoscopy w/ bronchoalveolar lavage to assess for
infection and malignant progression (strongly encouraged for ≥G2 CIP)

-Infectious work-up (strongly encouraged for ≥G2 CIP): respiratory
viral panel, sputum culture, blood culture, urine culture, others per institutional standard

-Consultation with pulmonology & infectious disease specialists (advised for ≥G3 CIP)

-Consider pulmonary function tests (PFT)

Grade (G) Signs/symptoms Management

G1 Asymptomatic; confined to one lobe of lung or < 25% lung
parenchyma

-Consider holding ICB
-Consider repeat PFT if baseline exists
-Weekly H&P and pulse oximetry
-Consider repeat chest CT in 4 weeks or as clinically

indicated to assess for resolution/evolution of findings
If ICB held, may resume with radiographic

improvement/resolution

G2 Symptomatic*; involves > 1 lung lobe or 25–50% lung
parenchyma; limiting instrumental activities of daily
living (ADLs)

-Hold ICB
-Consider pulmonology consultation
-Consider repeat PFT if baseline exists
-Begin oral prednisone 1–2 mg/kg/day and

continue until ≤G1 followed by 4–6 week taper^

-Consider empiric antibiotics if sufficient
clinical suspicion and not fully excluded

-Monitor closely with H&P and pulse oximetry every 3–7 days
-Consider resuming ICB upon resolution to ≤G1**

-If no improvement after 48–72 h, treat as G3

G3 Severe symptoms requiring hospitalization;
involves all lung lobes or > 50% lung
parenchyma; limiting self-care ADLs;
oxygen indicated

-Discontinue ICB permanently**

-Hospitalize
-Strongly recommend consultation with

pulmonology & infectious disease, consider PFTs

G4 Life-threatening respiratory compromise -Begin IV methylprednisolone 1–2 mg/kg/day,
transition to oral prednisone once improvement
is seen and taper over ≥ 6 weeks^

-Consider empiric antibiotics if sufficient
clinical suspicion and not fully excluded

-If no improvement after 48 h of high-dose
steroids consider one of follow:

• Infliximab 5 mg/kg × 1 (can repeat after 14 days if indicated)
• Mycophenolate mofetil 1–1.5 g twice per day
• Tocilizumab 4 mg/kg

#Adapted from American Society of Clinical Oncology (ASCO) and National Comprehensive Cancer Network (NCCN) guidelines [55, 58]

ICB immune checkpoint blockade
* Symptoms include cough, dyspnea, chest pain, hypoxemia, fever, weakness
^ GI and Pneumocystis prophylaxis with proton pump inhibitor and trimethoprim-sulfamethoxazole should be considered for patients receiving ≥ 20 mg
prednisone for ≥ 4 weeks or expected steroid courses > 12 weeks
** A decision to resume ICB should be made on a case-by-case basis factoring in CIP severity, disease status, patient goals, and functional level
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Enhancing the mechanistic understanding of CIP has been
complicated by the fact that a pre-clinical model for CIP has
been difficult to establish [69]. Progress is, however, being
made in this area. The Lewis lung carcinoma cell line has been
used in C57BL/6 mice to study the impact of radiotherapy
concurrent with anti-PD1 ICB on lung tissue in tumor bearing
mice [70]. In addition, bone marrow–liver–thymus (BLT) im-
mune humanized mice appear to be an encouraging model of
irAE, with anti-PD1-treated BLT-humanized strains demon-
strating a constellation of irAEs that closely mirrors patterns
seen in humans [71]. If a consistent pre-clinical model for CIP
can be established, this will help to further our understanding

of the biologic underpinnings of CIP. This will prove chal-
lenging, however, as a mouse model is unlikely to fully reca-
pitulate the complexities of the human immune response to
ICB. BAL studies in human subjects have also helped to fur-
ther characterize the immune activation seen in CIP [21, 22•,
23, 24], but data to this point has come from small analyses
and there are many patient-specific factors that could affect the
inflammatory response observed with CIP.

In addition to identifying populations at risk for CIP devel-
opment, an active area of interest is to identify biomarkers or
other metrics that could be used to monitor for CIP develop-
ment. Multiple cytokines and serum proteins such as
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immunosuppression for steroid-refractory anti-PD(L)1 pneumonitis.
Patients with ≥G2 steroid-refractory checkpoint inhibitor pneumonitis
(CIP) will be randomized to receive infliximab or IVIG at dosing
schedules outlined above. The primary endpoint will be pneumonitis
response defined as improvement of ≥ 20% in PaO2/FiO2 ratio

assessed on arterial blood gas at baseline (treatment initiation) and
28 days post-treatment. Secondary endpoints include pulmonary
function test response, imaging response, and patient-reported
outcomes. Biospecimens including blood, bronchoalveolar lavage fluid,
and lung tissue will be collected to perform correlative analyses

Table 2 Clinical Studies investigating research questions related to checkpoint inhibitor pneumonitis (CIP)

National clinical trial (NCT) number Clinical question Location Study status

NCT04036721 Appropriate corticosteroid duration for CIP (prolonged vs. accelerated taper) Poland Not yet recruiting

NCT04169503 Investigate safety of ICB re-challenge following irAEs France Recruiting

NCT03984318 Identify predictive markers of irAEs in ICB-treated patients France Recruiting

NCT03868046 Evaluate effectiveness of autoantibodies in predicting irAEs Spain Recruiting

NCT03305380 Assess utility of radiomics and machine learning
to differentiate CIP from other processes

Netherlands Recruiting

NCT04060407 Single-arm study of CD24Fc with
nivolumab & ipilimumab to decrease irAEs

USA Not yet recruiting

NCT04107311 Prospective analysis of intestinal microbiome
and autoimmune panels as predictors of irAEs

Canada Recruiting

N/A IVIG vs infliximab for steroid-refractory CIP USA Not yet listed

ICB immune checkpoint blockade, irAE immune-related adverse event
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CXCR2m, IL1ra, and RANTES have been found to coincide
with the development of pneumonitis and other irAEs [72,
73]. However, this data comes from small case reports and
case series, and needs to be validated in prospective analyses
which could prove difficult given the relative low incidence of
CIP in ICB-treated patients. Given that poor lung function is a
unifying factor connecting several proposed risk factors for
CIP, such as prior radiation and baseline ILD, pulmonary
function test (PFT) monitoring in CIP is an ongoing area of
interest. PFTs are used to monitor for chemotherapy-induced
pulmonary toxicity [74]. In addition, PFTs are inexpensive
and non-invasive. There is emerging evidence from small ret-
rospective studies that PFTs may be capable of detecting lung
function change in ICB-treated patients [75, 76] and multiple
guidelines now recommend baseline PFTs prior to ICB initi-
ation [57, 58]. That being said, prospective studies are needed
before PFT monitoring can be implemented in a risk manage-
ment strategy for CIP.

Improving the diagnostic strategy of CIP is incredibly im-
portant to focus costly testing and allow for timely initiation of
appropriate management.Widespread implementation ofmul-
tidisciplinary irAE toxicity teams will be extremely important
in achieving this goal [54]. However, there are many clinical
scenarios, such as private practice and rural settings, where
establishing such teams may not be feasible. One active area
of research that might help to mitigate this is in radiomics and
machine learning to predict CIP development [77]. However,
this would still require implementation of an appropriate man-
agement strategy.

The ideal treatment approach for steroid-refractory CIP has
yet to be determined, with current guideline-recommended
strategies based primarily on small case reports and case se-
ries. Prospective randomized treatment studies are needed to
address this question. A multicenter-randomized study of
infliximab vs IVIG for steroid-refractory CIP run through
ECOG-ACRIN is in the final stages of preparation (Fig. 1).
Other similarly designed studies are needed to assess how
other treatments such as mycophenolate mofetil and toci-
lizumab fit into the treatment strategy for CIP. Multiple addi-
tional studies are currently planned or underway to answer
other vital CIP-related questions such as ideal steroid duration
(NCT04036721), ICB re-challenge (NCT04169503), and pre-
dictive biomarkers of irAEs (NCT03984318, NCT03868046)
(Table 2). Data from these trials will be instrumental in ad-
vancing the diagnostic and management strategies for CIP in
ICB-treated patients.

Concluding Remarks

CIP is a highly relevant complication of ICB therapy that can
significantly impair quality of life, generate significant costs
(both financial and person-hours) associated with diagnostic

work-up and management, and prove fatal. Emerging real-
world data suggests the incidence of CIP may be higher than
previously reported in clinical trials, and this has the potential
to increase further as ICB use continues to expand in the
treatment of multiple malignancies. While the diagnostic and
management approach to CIP has improved with publication
of multiple society guidelines, further research is needed to
enhance our understanding of the biologic underpinnings, ap-
propriate work-up, and optimal management strategy of this
potentially devastating toxicity.
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