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ABSTRACT

Background For the management of immune checkpoint
inhibitor (ICl)-induced pneumonitis (ICI-pneumonitis),
discontinuation of ICIs and high dose corticosteroid based
on grade are generally recommended. The purpose of this
study is to describe management and outcome of ICl-
pneumonitis and explore what to consider when managing
ICI-pneumonitis with or without corticosteroids in addition
to grade.

Methods We reviewed data of 706 cancer patients who
were treated with ICls and identified radiographically
proven pneumonitis. The diagnosis of ICI-pneumonitis was
established after excluding alternative aetiologies either
by a bronchoscopy or a thorough examination of clinical
features. The evaluation of the management and outcome
of pneumonitis were evaluated according to the time of
corticosteroid administration.

Results ICI-pneumonitis developed in 16 patients
(2.3%); nine grade 1, four grade 2 and three grade 3.
Initially, 10 patients were spared from corticosteroid
administration; fourpatients eventually received
corticosteroid after 4 weeks of pneumonitis diagnosis
due to clinical, radiographical aggravation and/

or clinicians’ decision. The other sixpatients never
received corticosteroid and improved or remained
stable radiographically. When the four and sixpatients
were compared, pneumonitis grade was similar, while
the latter sixpatients had a later onset from initiation

of ICls (mean 37.48 weeksvs25.45 weeks), more

prior lines of chemotherapy (median 2.5 vs 1.0 lines),
higher proportion of current/ex-smokers (83.3% vs
50.0%), and fewer other accompanying immune-related
adverse events (50% vs 75%). Time to improvement of
pneumonitis was similar between the fourpatients who
received delayed corticosteroid and fivepatients who

received corticosteroid within 4 weeks(3.6 vs 2.5 weeks).

Conclusions Our analyses provide clinical insights that
stratification of the patients is important in managing
ICI-pneumonitis. Along with ICI-pneumonitis grade, more
factors associated with the outcome need to be unravelled
in the future.

Key questions

What is already known about this subject?

» |Immune checkpoint inhibitor induced pneumonitis
(ICl-pneumonitis) is encountered around 5% of pa-
tients receiving ICls and may directly impact patient
survival. Managements for ICl-pneumonitis include
withholding ICls and administration of corticosteroid
according to grade of ICl-pneumonitis.

What does this study add?

» Although grading of ICl-pneumonitis stratifies most
of the patients well, it is still unknown whether and
when to treat patients with corticosteroid. This ret-
rospective case series presents the features and the
outcomes of managements for ICI-pneumonitis.

How might this impact on clinical practice?

» This study provides insights to clinicians who
encounter patients with ICl-pneumonitis and
wish to examine risks and benefits of managing
ICI-pneumonitis.

INTRODUCTION

Immune checkpoint inhibitors (ICIs) have
become the standard of care in the treat-
ment of various cancer types.l_‘:' ICIs boost
the intrinsic antitumour immune response
by targeting T-cell inhibitory pathways such
as the cytotoxic T-lymphocyte antigen 4
(CTLA-4) or programmed cell death 1 (PD-1)
and programmed cell death ligand 1 (PD-L1)
interaction.’ However, increased activity of
the immune response brings autoimmune

manifestations, known as immune-related
adverse events (irAEs).
ICl-induced pneumonitis (ICI-

pneumonitis) is a challenging irAE that
ranges from ‘asymptomatic radiographic
evidence only’ cases to fatal cases which led
to death.”® In a meta-analysis of 20 published
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ICI trials, the overall incidence of ICI-pneumonitis was
2.7% with anti-PD-1 antibody alone and 6.6% with anti-
PD-1 antibody and anti-CTLA-4 antibody combination.’
The onset of ICI-pneumonitis ranges from 9 days to 27.4
months, with a median of 1.3-2.8 months and tends to
be earlier with combination therapy.”® Grades of pneu-
monitis described in literatures are largely based on the
National Cancer Institute Common Terminology Criteria
for Adverse Events (NCI-CTCAE) grading system,’® in
which, ICI-pneumonitis is regarded as a grade 3 even if
the patient required minimal oxygen therapy.'’

The guideline for the management of ICI-pneumonitis
was published by the National Comprehensive Cancer
Network (NCCN) recently.'" The guideline recommends
stratification of patients by grades first and manage
according to it."" This gives well-organised general infor-
mation of what to do when clinicians encounter patients
with ICI-pneumonitis. Still, there are gaps between the
guideline and clinical practice in terms of exact factors
that need consideration. In other words, the manage-
ment beyond the wordings of the guideline depends on
individual clinician’s experience and decision, weighing
risks and benefits.

However, ICI-pneumonitis is crucial irAE that has
possible association with survival outcome and must be
managed properly.'* Furthermore, not only does it have
variety of clinical courses, but also managements for it
harbour potential significant harms to the patient. A high
dose of corticosteroid, even with short-term use of less
than 30 days, may cause various and possibly devastating
adverse effects.'>!° Also, there are theoretical concerns
that high doses of corticosteroids may counteract the
anti-tumour immune responses of ICIs.'” Although these
concerns have yet turned out to be innocuous,"™ ' still
oncological outcome of withholding ICIs is by far area
of uncertainty. Evidence for re-challenging of the ICIs
after irAEs has been presented only little.”” Therefore,
withholding ICIs and high dose corticosteroid admin-
istration for ICI-pneumonitis deserve careful and prac-
tical consideration of the risks and benefits in real-world
practice. The purpose of this retrospective case series is
to describe features and outcomes of managements for
ICI-pneumonitis patients.

MATERIALS AND METHODS

Patients

We reviewed medical records of 706 patients who were
treated with either one or combination of anti-PD-1,
anti-PD-L1 and/or anti-CTLA-4 monoclonal antibodies
(mAbs) at Seoul National University Hospital from
September 2012 to April 2018. Patients who received ICIs
other than anti-PD-1/anti-PD-L1 and anti-CTLA-4 mAbs
were excluded. We defined ICI-pneumonitis as new-onset
radiographic evidence of pneumonitis that is likely to
be caused by ICIs excluding other aetiologies consid-
ering clinical features and evaluation results. Specifi-
cally, if a bronchoalveolar lavage (BAL) was obtained,

microbiological results including Preumocystis jirovecii,
tuberculosis and other pathogenic bacteria was exam-
ined. If BAL was not obtained, clinical features such as
onset, symptoms, signs of infection, laboratory results
and response to steroid were all examined to rule out any
possible alternative diagnosis. To exclude radiation pneu-
monitis, we compared pneumonitis extent and previous
radiation field.

We reviewed chest CT scans of the patients and identi-
fied those with new-onset lung parenchymal abnormali-
ties, which included ground-glass opacities, consolidation
and reticular opacities.

Data collection
The following information were collected: demo-
graphic features, primary cancer site, ICIs delivered,
radiographic and clinical features of pneumonitis,
and management methods for pneumonitis delivered.
Tumour response to ICIs was recorded according
to the Response Evaluation Criteria in Solid Tumors
guideline, V.1.1.*" Rechallenging of ICIs was defined
as any administration of ICIs after clinician recogni-
tion of possible ICI-pneumonitis. The grade of pneu-
monitis was assigned at the initial presentation of
ICI-pneumonitis according to the NCI-CTCAE V.5.0;
grade 1 if asymptomatic, grade 2 if any symptoms were
present, grade 3 if oxygen demand was present, grade
4 if there was life-threatening respiratory compromise
and grade 5 if death occurred (online supplementary
table 1)."°

The radiographic features and extents of pneumonitis
were reviewed by an expert radiologist and a medical
oncologist independently (SHY, CP) and were described
as patterns according to the American Thoracic
Society/European Respiratory Society classifications of
idiopathic interstitial pneumonias; NSIP, non-specific
interstitial pneumonia; COP, cryptogenic organising
pneumonia; NOS, pneumonia not otherwise specified
(online supplementary table 2).**** The extent of pneu-
monitis involvement based on the CT scan was defined
according to the proportion of the lung parenchyma
involved; mild if less than 25% of lung parenchyma
involved; moderate if 25~50% involved; severe if more
than 50% involved (online supplementary table 2).
Clinical outcomes of pneumonitis were determined by
radiographic evidence of either a simple chest X-ray or
chest CT scan and classified into improved, stable, or
aggravated.

Data analysis

To compare categorical variables, Fisher’s exact test was
used. Student’s t-test was applied to compare continuous
variables. All reported pvalues were two-sided, and a statis-
tical difference was considered significant at a pvalue of
less than 0.05. R V.3.4.3 software (R Development Core
Team, https://www.r-project.org/) was used to perform
statistical analyses.
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RESULTS

Patients

A total of 706 patients were treated with either one or
a combination of anti-PD-1/anti-PD-LL1 mAbs, or anti-
CTLA-4 mAbs. A total of 20 patients were included for
evaluation of possible ICI-pneumonitis. Among these
patients, fourpatients were excluded as they turned out
to have other aetiologies. Such alternative aetiologies
included aspiration pneumonia, P. jirovecii pneumonia,
lung cancer lymphangitic metastasis progression, and
other drug-induced pneumonitis, which was diagnosed
with sputum culture, BAL, thorough radiological and
clinical review, respectively. Among the other 16 patients,
sevenpatients had undergone a bronchoscopy with
BAL, which showed no evidence of pathogenic micro-
organisms including P. jirovecii, tuberculosis and bacteria.
In case of the remaining ninepatients, other aetiologies
including infection were excluded after thorough exam-
ination of clinical features. In particular, sevenpatients
did not receive any empirical antibiotics and all patients
had no sign of infection including fever. The extents of
pneumonitis in threepatients who previously received
radiotherapy were different from the therapeutic radia-
tion fields.

As a result, a total of 16 patients were included. The
overall incidence of ICI-pneumonitis was 2.3% (16 out
of 706 patients) and eightpatients had non-small cell
lung cancer of which incidence of ICI-pneumonitis was
3.65% (online supplementary table 3). The incidence
of ICI-pneumonitis in patients receiving anti-PD-1 mAbs
monotherapy was 2.9% (14 out of 480 patients), and
there were no ICI-pneumonitis cases in patients who
received anti-CTLA4 or anti-PD-L1 mAb monotherapy.
The incidence of ICI-pneumonitis in combination
therapy was 4.3% (two out of 47 patients). The demo-
graphic features of the 16 ICI-pneumonitis patients are
shown in table 1. In addition, seven of BAL specimens
had available cytological results, all of which showed
lymphocytosis (Median 18%-62%) and six of them
showed eosinophilia (range 2%-29%).** T-cell subset
analysis was available in five of BAL specimens which
showed inverse CD4/CD8 T-cell ratio (median 0.62,
range 0.11-0.88).*

There were nine cases of grade 1, four cases of grade 2
and three cases of grade 3 pneumonitis. There were no
cases of grade 4 or 5 pneumonitis. The median time to
occurrence of ICI-pneumonitis after the initiation of ICI
was 14.7weeks (range 4-88weeks, figure 1). The onset
tended to be earlier in patients who received combi-
nation therapy than those who received monotherapy
(11.8weeksvs28.2weeks, p=0.067). A total of eightpatients
(n=8, 50%) had other accompanying irAEs. Thyroiditis
was the most common (n=5, 31%) (online supplemen-
tary table 4). Pneumonitis grade tended to correlate with
the extent of pneumonitis involvement based on CT scans
(p=0.055). The COP pattern was the most commonly
observed pattern on CT scans (n=7, 44%), followed by

Table 1 Demographic features of patients with pneumonitis

No. of
patients
(%)
Gender
Male 12(75)
Female 4(25)
ECOG PS at the start of ICI
Not available 3(19)
0-1 13(81)
2 or more 0(0)
Cancer type
Non-small cell lung cancer 8(50)
Head-and-neck squamous cell carcinoma 2(13)
Urothelial cell carcinoma 1(6)
Biliary cancer 1(6)
Rectal cancer 1(6)
Renal cell carcinoma 1(6)
Oesophageal cancer 1(6)
Hodgkin’s lymphoma 1(6)
Smoking status
Never 4(25)
Ex-smoker/current smoker 12(75)
Underlying lung disease
None 14(88)
Chronic obstructive pulmonary disease 1(6)
Combined pulmonary fibrosis and emphysema 1(6)
Prior lung surgery
Yes 3(19)
No 13(81)
Prior intrathoracic radiotherapy
Yes 3(19)
No 13(81)
Number of prior lines of chemotherapy
0 2(13)
1 5(31)
2 5(31)
>3 4(25)
Type of ICl received
Anti-PD-1 mAbs monotherapy 14(88)
Anti-PD-L1 mAbs monotherapy 0(0)
Anti-CTLA4 mAbs monotherapy 0(0)
Combination therapy 2(13)
Response to ICI at the time of ICI-pneumonitis
diagnosis
PR 9(56)
SD 5(31)
PD 2(13)

ECOG ECOG PS, Eastern Cooperative Oncology Group Performance
Status; ICI, immune checkpoint inhibitor; mAbs, monoclonal
antibodies; PD, progressive disease; PR, partial remission; SD, stable

disease.
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Figure 1 Time to onset of pneumonitis from initiation of immune checkpoint inhibitors (ICls) box plots show time to onset of
pneumonitis from initiation of ICl. Median time to onset in patients who received monotherapy was 15.1 weeks, while median
time to onset in patients who received combination therapy was 11.8 weeks.

the non-specific interstitial pneumonia pattern (n=6,
38%, online supplementary table 5).

Management and outcome

Among the 16 patients, 15 were included for the analysis
of management and outcome. Individual characteristics,
management outcomes, and timeline of ICI-pneumonitis
patients are shown in table 2 and figure 2. A grade 3
pneumonitis patient was excluded from the analysis
of management and outcome because the patient died
3days after the diagnosis of pneumonitis and before the
initiation of proper pneumonitis management. The cause
of death was massive haemoptysis from tumour invasion
of the trachea and tracheal stent within.

Total of fivepatients received corticosteroid within
4 weeks. These patients tended to have higher grade
than the other patients (one grade 1, two grade 2 and
two grade 3). Furthermore, twopatients had underlying
lung diseases, which were chronic obstructive pulmonary
disease and combined pulmonary fibrosis and emphy-
sema, respectively, which might have caused clinicians to
prompt steroid treatment. The patient with grade 1 pneu-
monitis was treated with corticosteroids within 4 weeks
because the patient was enrolled in the clinical trial of
anti-PD-1 antibody, which recommended administration
of corticosteroids. After corticosteroid administration,
fourpatients showed improvement, and time to improve-
ment was 0.9, 1.1, 3.9 and 4.0 weeks, respectively. The
only patient whose pneumonitis aggravated after cortico-
steroid was the patient with combined pulmonary fibrosis
and emphysema.

The remaining 10 patients did not receive corticoste-
roids within 4 weeks. Of note, the twopatients with grade
two pneumonitis did not receive corticosteroids initially
because both patients had tolerable symptoms, and both

patients were referred to pulmonologists for close moni-
toring. Among the 10 patients, twopatients experienced
aggravation of ICI-pneumonitis from grade 1 to grade
2 and received corticosteroids (8.4 and 16.3 weeks after
the diagnosis). Grade of ICI-pneumonitis in other twopa-
tients remained stable, but due to radiographic evidence
of aggravation for the one patient and persistent symp-
toms for the other patient, the twopatients subsequently
received corticosteroids (9.6 and 12.1 weeks after the
diagnosis). After corticosteroid administration in these
fourpatients, the pneumonitis of the threepatients
improved; time to improvement after corticosteroid
administration was 3.4, 3.6, and 4.0 weeks, respectively.
Remaining onepatient did not experience improvement
but remained stable after corticosteroid administration.

Total of sixpatients (60%) never received corticoste-
roid. These sixpatients tended to have longer time to
onset of pneumonitis from the initiation of ICIs and
greater number of prior lines of chemotherapy compared
with other fourpatients who received corticosteroids due
to aggravation (mean 37.5weeksvs25.5weeks, figure 1,
and median 2.5 vs 1.0 lines). Also, the proportion of
current/ex-smokers was larger and that of other accom-
panying irAEs was smaller in the sixpatientscompared
with the other fourpatients. (83.3% vs 50% and 50% vs
75%, respectively). Among the sixpatients, fourpatients
experienced improvement of ICI-pneumonitis; time to
improvement after the diagnosis of ICI-pneumonitis was
2.3, 9.7, 9.9 and 22.0weeks (figure 3). ICI-pneumonitis
of the other twopatients remained stable for 8.7 and
19.6 weeks, respectively.

Rechallenge of ICI
Total of ninepatients were rechallenged with ICIs after
median of 3.4weeks of withholding ICIs. Among them,
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Figure 2 Timeline of pneumonitis management outcome.Asterisk marks indicate the time of improvement and arrow heads
indicate aggravation of ICl-pneumonitis according to grade. ICIl, immune checkpoint inhibitor.

sixpatients experienced aggravation of ICI-pneumonitis.
Among the sixpatients, fivepatients received corticos-
teroid before rechallenge and the remaining patient did
not received any corticosteroid for ICI-pneumonitis.

DISCUSSION

In this study, we described our experience in ICI-
pneumonitis management and outcomes. Although
many articles illustrated clinical features, risk factors and
cancer related prognosis of ICI-pneumonitis,”” '** ** yet
comprehensive description of managementand outcomes
have been lacking and we addressed this issue. Focusing
on some of the parameters described in the results might
help in designing clinical trials for ICI-pneumonitis
patients.

First, about one-third of patients was observed to
improve or remain stable without corticosteroid admin-
istration. As the NCCN guideline of ICI-pneumonitis
management stratifies patients with pneumonitis grade,''
we also observed that most of grade 2, grade 3patients
received corticosteroid for treatment of ICI-pneumonitis
and improved with it. However, we might need to pay
attention to the patient with grade 2 ICI-pneumonitis

who improved without corticosteroid, and thus inves-
tigate factors to consider before administration of
corticosteroid.

By comparing the 10 patients who did not receive corti-
costeroid within 4 weeks, we can peek some clues on those
factors. The sixpatients who never received corticosteroid
and improved or remained stable tended to have less
other accompanying irAEs, a later onset of pneumonitis,
more prior lines of chemotherapy and more patients with
a history of smoking compared with the other fourpa-
tients. Although the number is small that we cannot draw
strong conclusion, still some of these factors have been
mentioned in previous studies. A case report of patients
who experienced multiple irAEs, including thyroid-
itis, hepatitis and pneumonitis, proposed that possible
genetic susceptibility may act as a potential risk factor.”’
Other studies reported that late onset irAEs, defined as
an onset of later than 3 months, had better outcome than
those with earlier onset after rechallenging of ICIs.*®

Worrisome about delaying corticosteroid is a reason-
able concern. Early administration of corticosteroids in
ICI-pneumonitis is the recommendation of guidelines
for patients who are expected to have a detrimental
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(D) 26 months

Open access

(E) 27 months

Figure 3 CT of a patient who improved without corticosteroid serial chest CT images of NS-4 patient who did not receive
corticosteroid. (A) Chest CT before administration of immune checkpoint inhibitor (ICl) shows no definite parenchymal
abnormality. (B) 21 months after initiation of ICl, ICI-pneumonitis was first recognised in this chest CT. Multiple ill-defined
ground-glass opacities (GGO) and part-solid lesions consisting cryptogenic organising pneumonia (COP) pattern abnormalities
were identified in bilateral upper lobes and right middle lobe. (C) ICIs were continued until 23 months after initiation of ICI.
Chest CT right before last dose of ICl showed aggravation of bilateral COP pattern abnormalities. The patient did not have any
symptoms, and corticosteroid was not administered. (D) Chest CT obtained 3 months after last dose of ICls, showing overall
decreased extent of multifocal ill-defined GGO and part-solid lesions in both lungs. (E) Follow-up chest CT showed further

improved state of previous multifocal ill-defined GGO.

.. 1129 ;
clinical course.'' ? However, we observed that corticoste-

roid administration may be spared for carefully selected
patients with tolerable clinical features. For example,
patients with ICI-pneumonitis responded to corticoste-
roids very well, as 78% of patients (seven out of nine)
improved after corticosteroid administration, which is
consistent with previous studies.”® We also observed that
the time to improvement after corticosteroid administra-
tion was not significantly different when we compared
those who received corticosteroids within 4weeks with
who received corticosteroids after 4weeks, as demon-
strated in the result and figure 2. Also, at least we haven’t
observed any fatal cases for those patients who received
corticosteroids after 4weeks in this study.

This study had several limitations. First, this study was a
retrospective review based on electronic medical records
and therefore management plans were not protocolised,
and time of corticosteroid administration was influenced
by duty clinicians’ preferences. Second, although the base-
line characteristics seemed similar to those in previous
studies,”™ the number of the patients was not enough to
demonstrate significant factors to consider in deciding
management strategies. This is due to the relatively rare

overall incidence of ICI-pneumonitis. Third, not all the
patients underwent a bronchoscopy with BAL to rule out
infection. To exclude alternative aetiologies in patients
without BAL results, we incorporated as much available
clinical features as possible. Analysis of BAL is necessary to
establish definite diagnosis in patients with suspected ICI-
pneumonitis. For example, microbiological results can be
used to exclude infection and cytological results, such as
lymphocytosis and eosinophilia in this study can be used
to rule-in ICI-pneumonitis.** However, obtaining BAL is
an invasive procedure that might result in severe respi-
ratory distress. Therefore, careful examination of risks
and benefits of obtaining BAL is necessary in real world
clinical practice, and in line with this, the percentage of
patients with BAL results (43.8%, seven out 16) might
possibly represent real world clinical practice in assessing
and managing ICI-pneumonitis.

Even so, this study addresses important knowledge
gap between guidelines and clinical practices in terms
of sharing single-centre experience of patients and
providing insights on managing ICI-pneumonitis and
especially deciding on when to administer corticoste-
roid at the right time. Additionally, these insights may
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facilitate further researches on ICI-pneumonitis including
designing clinical trials on ICI-pneumonitis. In conclu-
sion, we provide our own experience on ICI-pneumonitis
and propose that although stratification of patients
according to current guidelines is reasonable, there are
more factors to be unravelled for consideration. Potential
factors include existence of other accompanying irAEs,
onset of pneumonitis after initiation of ICIs, prior lines
of chemotherapy and history of smoking. Further studies
are necessary to confirm these findings.
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