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ABSTRACT
Background Pneumonitis related to immune checkpoint
blockade is uncommon but can be severe, fatal or chronic.
Steroids are first-line treatment, however, some patients
are refractory or become resistant to steroids. Like many
immune-related adverse events, little is known regarding
the outcomes and optimal management of patients in
whom steroids are ineffective.
Methods We performed a single-center retrospective
cohort study at a high-volume tertiary cancer center to
evaluate the clinical course, management strategies and
outcomes of patients treated for immune checkpoint
pneumonitis with immune modulatory medications in
addition to systemic steroids. Pharmacy records were
queried for patients treated with both immune checkpoint
blockade and receipt of additional immune modulators.
Records were then manually reviewed to identify patients
who received the additional immune modulators for
immune checkpoint pneumonitis.
Results From 2013 to 2020, we identified 26 patients
treated for immune checkpoint pneumonitis with additional
immune modulators in addition to steroids. Twelve
patients (46%) were steroid-refractory and 14 (54%) were
steroid-resistant. Pneumonitis severity included grade 2
(42%) or grade 3–4 (58%). Additional immune modulation
consisted of tumor necrosis factor-alpha inhibitor (77%)
and/or mycophenolate (23%). Durable improvement in
pneumonitis following initiation of additional immune
modulators occurred in 10 patients (38%), including three
patients (12%) in whom pneumonitis resolved and all
immunosuppressants ceased. The rate of 90-day all-cause
mortality/hospice referral was 50%. At last follow-up,
mortality attributable to pneumonitis was 23%. In addition
to mortality from pneumonitis and cancer, 3 patients
(12%) died due to infections possibly associated with
immunosuppression.
Conclusions Steroid-refractory or -resistant immune
checkpoint pneumonitis is uncommon but associated
with significant morbidity and mortality. Additional
immunomodulators can yield durable improvement,
attained in over one third of patients. An improved
understanding of the underlying biology of immune-related
pneumonitis will be crucial to guide more precise and
effective treatment strategies in the future.

INTRODUCTION
Immune checkpoint blockade is a well-
established treatment for a range of
malignancies. While immune checkpoint
inhibitors (ICIs) are generally well tolerated,
they are associated with a variety of immune-
related adverse events (irAEs) which can
affect any organ system.1 Severe irAEs are
uncommon but can be fatal.2 Steroids are
the most common initial treatment for most
non-endocrine irAEs, but some patients are
refractory or become resistant to steroids.
When steroids are not effective, there are
limited data to guide management, particularly in the context of pneumonitis.
Immune checkpoint pneumonitis occurs
in approximately 5% of patients treated with
programmed cell death protein-1 (PD-1) or
programmed cell death ligand-1(PD-
L1)
blockade and perhaps higher rates in those
treated with combination therapy.3 4 Steroid-
refractory and chronic pneumonitis have
been described in a small number of case
reports and case series, often with high
mortality rates.5–7 For patients in whom
steroids are ineffective, treatment guidelines
suggest several additional immune modulatory options including infliximab, mycophenolate mofetil, intravenous immunoglobulin
(IG) and cyclophosphamide. Current use
of these agents is largely extrapolated from
experience with other irAEs and other inflammatory lung diseases and is subject to local
expertise and practice patterns. Prospective
comparative data are lacking and the exact
role for these agents remains unclear.8
We describe our single-center experience
in the use of alternate immune modulators in addition to steroids in patients with
steroid-
refractory or -resistant ICI-
related
pneumonitis.
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Figure 1 (A) Flow diagram of retrospective study design.
(B) Proportion of patients with steroid-refractory or -resistant
pneumonitis. (C) CTCAE severity grades of pneumonitis; (D)
Timeline of ICI initiation to onset of pneumonitis. CTCAE,
common terminology criteria for adverse events; ICI, immune
checkpoint inhibitor.

Statistical analysis
Data were summarized with descriptive statistics. Fisher’s exact test was used for comparisons of groups using
Whitney U test was used
categorical variables. Mann-
for comparison of groups using continuous variables.
Kaplan-Meier method was used to characterize and estimate overall survival.

Clinical features and management of steroid-refractory
pneumonitis
Of patients treated with additional immune modulators
for immune checkpoint pneumonitis, 12 (46%) had
steroid-refractory pneumonitis while 14 patients (54%)
had steroid-resistant pneumonitis. Time to onset of initial
pneumonitis was longer in resistant cases in comparison

2

RESULTS
Baseline demographic and clinical features
Our data query and manual analysis identified 26 patients
who received steroids as well as additional immune
modulators for treatment of ICI-
related pneumonitis
(figure 1A). Among these 26 patients, 8 had non-small
cell lung cancer (31%), 4 had malignant melanoma
(15%), 4 had renal cell carcinoma (15%) and 10 patients
had other cancers (table 1). All patients had advanced
stage malignancy. Most patients were former/current
smokers (85%), although only a minority (27%) had pre-
existing pulmonary conditions (eg, pulmonary embolism,
chronic obstructive pulmonary disease, obstructive sleep
apnea, interstitial lung disease) prior to beginning ICI.
Most patients were treated with PD-1/PD-
L1 antibody
monotherapy (19, 73%), while 23% had received a combination of PD-1 and cytotoxic T-
lymphocyte-
associated
protein 4 (CTLA-4) blocking antibodies. Nine (35%) had
received chest radiation therapy prior to initial pneumonitis (median time between radiation and pneumonitis
onset was 4.9 months, range 3.0–21.3 months).
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METHODS
After institutional review board approval, all patients at
Memorial Sloan Kettering Cancer Center treated with
ICIs from 2013 through February 2020 were queried for
receipt of a non-steroid immune modulator (eg, tumor
necrosis factor (TNF)-
alpha antagonists, mycophenolate mofetil, cyclophosphamide, intravenous IG; online
supplemental table S1). A query was also performed
for pneumonitis in all patients exposed to ICIs. Records
of patients who received ICIs as well as an additional
immune modulator were manually reviewed to identify patients who received such therapy, in addition to
systemic steroids, for management of pneumonitis which
appeared to be related to ICI. Patients with a clear alternative etiology for their respiratory illness including
malignant lung infiltration, active infection, alternate
systemic pneumotoxic agent or radiation pneumonitis,
were excluded. For all patients, the following data were
collected retrospectively: patient demographics, prior
and/or concomitant oncological therapy, clinical features
of pneumonitis and pneumonitis treatments. Common
terminology criteria for adverse events V.5.0 was used to
grade severity of pneumonitis.9
Patients were classified in to two subgroups based on
the indication for additional immune modulator: (1)
‘steroid-
refractory’—patients with no improvement or
worsening of pneumonitis with initial treatment with
systemic steroids; (2) ‘steroid-
resistant’—patients who
initially responded to steroids but subsequently developed
recurrent pneumonitis in the context of steroid tapering,
in the absence of immune checkpoint rechallenge.
For the assessment of pneumonitis disease course,
pneumonitis improvement was defined as existence of a
preponderance of evidence in the medical record (dates
of disease course, notes, vital signs, oxygen requirement,
level of care, laboratory values, medication changes and
radiological information when available) that the patient
was steadily improving toward recovery from pneumonitis. We stratified pneumonitis course into ad hoc clinical categories as follows: (1) durable improvement,
with follow-up of 8 weeks or more past initial dosing of
additional immune modulator; (2) transient improvement: initial benefit followed by pneumonitis relapse or
inadequate follow-up—for example, unrelated cause of
death, referral to hospice; or (3) no improvement. We
also defined pneumonitis resolution as cessation of all
immune modulators including steroids with sustained
resolution of pneumonitis on imaging for 8 weeks or
more.
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No (%)

No of patients
Median age, years (range)

26
67 (52–79)

Female sex
BMI, median (range)

9 (34.6)
26.1 (21.3–−38.5)

Smoking status
 Former

22 (84.6)

 Never

4 (15.4)

Pulmonary history*
 No

19 (73.1)

 Yes

7 (26.9)

Primary malignancy
 NSCLC

8 (30.8)

 Malignant melanoma

4 (15.4)

 Renal cell carcinoma

4 (15.4)

 Sarcoma

2 (7.7)

 Head and neck squamous cell cancer

2 (7.7)

 Bladder carcinoma

1 (3.8)

 Colorectal carcinoma

1 (3.8)

 Esophageal squamous cell cancer

1 (3.8)

 Multiple myeloma

1 (3.8)

 Prostate cancer

1 (3.8)

 SCLC

1 (3.8)

Line of therapy
 1

9 (34.6)

 2

9 (34.6)

 ≥3

8 (30.8)

Prior chest radiation

first steroid course to treatment with additional immune
modulator was 2.9 months (range 22 days to 10.7 months)
(figure 1B).
At the time of initiation of additional immune modulator, 2 patients had grade 4 pneumonitis (8%), 13 had
grade 3 (50%) and 11 had grade 2 (42%) pneumonitis.
As expected, severity was greater in patients with steroid-
refractory compared with steroid-
resistant pneumonitis (grade 3%–4 100% vs 29%, respectively, p=0.0002)
(figure 1C). The majority of patients were hospitalized
(16, 62%) and all patients were on oral or intravenous
steroids at the time of initiation of additional immune
modulator agent (median dose 100 mg prednisone equivalent, range 30–1250 mg) (figure 2, table 2). Among all
patients, the first-choice additional immune modulators
included TNF-alpha blockade (20, 77% of patients; 19
treated with infliximab;1 treated with adalimumab) or
mycophenolate mofetil (6, 23% of patients). The number
of TNF-alpha blockade doses used varied between 1 and
7 doses with 76% receiving more than one dose. In four
patients treated initially with TNF-alpha blockade, mycophenolate (n=3) or cyclophosphamide (n=1) were also
tried. In one patient first treated with mycophenolate,
TNF-alpha blockade was subsequently added.
Twelve patients (46%) underwent minimally invasive procedures as part of their diagnostic evaluation
including 10 bronchoscopies (7 of whom underwent
transbronchial lung biopsies) and 2 percutaneous lung
biopsies. Pathological patterns included cellular interstitial pneumonia, granulomatous inflammation, diffuse
alveolar damage/acute lung injury and organizing pneumonia (online supplemental table S3). Bronchoalveolar
lavage(BAL) cell differentials were available from 6 of the
bronchoscopies and included increased neutrophilic and
lymphocytic predominant profiles.

to refractory cases (steroid-
refractory median 68 days
vs resistant median 182 days; p=0.02) (figure 1D). The
median time from initial treatment with steroids to treatment with additional immune modulator in steroid-
refractory patients was 7 days (range 2 to 23 days; 10/12
patients treated in <14 days). In patients with resistant
pneumonitis the median time from initial treatment with

Outcomes with additional immune modulators for steroidrefractory pneumonitis
Among all 26 patients, durable improvement of pneumonitis occurred in 10 patients (38%). Among these
patients with durable improvement, there were 3 (12%)
in whom pneumonitis completely resolved and all immunosuppressants could be stopped. Of the patients who
experienced resolution of pneumonitis, two were treated
for steroid-
refractory pneumonitis initially with infliximab followed by mycophenolate, the third was treated
for resistance with mycophenolate (figure 3A). Time
from initiation of additional immune modulator to resolution of pneumonitis was 2.3 and 8.4 months in the
steroid-refractory patients; in the resistant patient, resolution occurred after 6.1 months (10.5 months after initial
pneumonitis). In the seven other patients with durable
improvement, at the time of last available follow-up, two
had died while still on immunosuppression (one was on
10 mg of prednisone alone, one was on mycophenolate
alone), one was referred to hospice off immunosuppressants with grade 1 pneumonitis, and four patients were
alive and remained on immune modulators (one was on
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 No

17 (65.4)

 Yes

9 (34.6)

Causative checkpoint inhibitor agent
 PD1

16 (61.5)

 PDL1

3 (11.5)

 CTLA4
 Combination

1 (3.8)
6 (23.1)

*Asthma, COPD, OSA, bronchiectasis, ILD, history of pneumonitis,
pulmonary embolism, pleural effusion.
BMI, body mass index; COPD, chronic obstructive pulmonary
disease; ILD, interstitial lung diseas; NSCLC, non-small cell lung
cancer; OSA, obstructive sleep apnea.
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Table 1 Baseline characteristics of patients with steroid-
refractory or -resistant pneumonitis
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5 mg prednisone, one was on 10 mg of prednisone as well
as mycophenolate, one was on mycophenolate and 20 mg
prednisone and one was on mycophenolate alone).
Transient pneumonitis improvement occurred in 13
patients (50%). In five of these patients, pneumonitis
recurred (including three who died from pneumonitis),
five had inadequate follow-up due to unrelated death
or hospice referral and three had infections leading to
death.
Three patients (12%) had no benefit from additional
immune modulator and died due to pneumonitis.
Among all patients, 90-day all-cause mortality/hospice
referral was 50% (figure 3B). With last available follow-up,
mortality attributable directly to pneumonitis was 23%,
and due to infection was 12% (table 2). As expected, the
rate of durable pneumonitis improvement and 90-
day
survival differed between steroid-refractory and resistant
4

pneumonitis (durable response: 25% vs 50%, p=0.25;
90-
day survival: 25% vs 71%, p=0.047). The rate of
durable pneumonitis improvement with infliximab as the
initial immunomodulator was 20% (4/20; 90-day survival:
7/20, 35%) and with mycophenolate was 83% (5/6, 83%;
90-day survival: 6/6, 100%), but it should be noted that
infliximab was favored for use in the most severe cases.
Features of individual patients in this report are detailed
in online supplemental table S3.
Regarding complications during treatment with additional immune modulators, four patients (15%) had severe
infections (three were bacterial, one was viral) requiring
hospitalization and leading to death in three (12%) patients
(online supplemental table S2). No patients in this cohort
were rechallenged with ICI therapy. There were no evident
cases of loss of anti-cancer response from ICI therapy associated with the use of additional immunomodulation.
Beattie J, et al. J Immunother Cancer 2021;9:e001884. doi:10.1136/jitc-2020-001884
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Figure 2 Swimmer plots of management of steroid-refractory/resistant pneumonitis. (A) Refractory patients; (B) resistant
patients. TNF, tumor necrosis factor.
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No (%)

CTCAE grade
 2

11 (42.3)

 3

13 (50.0)

 4

2 (7.7)

Refractory/resistant
 Steroid refractory

12 (46.2)

 Steroid resistant

14 (53.8)

Maximum steroid dose, prednisone
equivalent
 Range (median)

30–1250 mg (100 mg)

 ≥60 mg*

21 (80.7)

Additional Immune modulator
 TNF antagonist

21 (80.8)

 Mycophenolate mofetil

9 (34.6)

 Cyclophosphamide

1 (3.8)

 >1

5 (19.2)

Response to additional immune
modulator
 Durable improvement

10 (38.5)

 Transient improvement

13 (50.0)

 No improvement

3 (11.5)

Outcomes
 Mortality due to pneumonitis
 Mortality due to infection

6 (23.1)
3 (11.5)

*All patients with steroid refractory pneumonitis were treated with
≥60 mg.
CTCAE, common terminology criteria for adverse events; TNF,
tumor necrosis factor.

DISCUSSION
With an ever-increasing number of patients with cancer
eligible for immune checkpoint blockade therapy, the
absolute burden of ICI-related pneumonitis will continue
to increase, including patients in whom treatment with
steroids is insufficient.10 Treatment guidelines provide
lists of suggested additional immune modulators, however
evidence for the use of these agents in steroid-refractory
ICI pneumonitis and data to guide expectations for
patients and providers is limited.5–7 11–15 Here, we describe
the largest reported series of ICI pneumonitis patients
treated with additional immune modulators along with
steroids, with a majority of patients managed with TNF
blockade. This experience enhances knowledge of clinical course, prognosis, and complications of therapy in
these high-risk patients.
Overall, we observed generally poor response to treatment and significant morbidity and mortality. However,
survival with durable pneumonitis improvement and
without complication did occur in about a third of cases.
We identified two clinical phenotypes of patients treated
Beattie J, et al. J Immunother Cancer 2021;9:e001884. doi:10.1136/jitc-2020-001884

Figure 3 (A) Flow diagram/alluvial figure of patient
outcomes; (B) Kaplan-Meier curve of 30-day and 90-day
mortality estimates (time from initiation of additional immune
modulator). TNF, tumor necrosis factor.

with additional immune modulators for ICI pneumonitis: primary steroid-
refractory and steroid-
resistant.
Steroid-refractory patients had earlier onset, more severe
pneumonitis, with less likelihood of durable response in
comparison to resistant patients. Among patients categorized as steroid-
refractory, there was heterogeneity
in time between onset of pneumonitis and dosing of
additional immune modulators (range up to 23 days).
The time to initiation of additional immune modulator
varied as did the clinical course of each patient, since the
dynamic of this entity and response pattern to steroids is
often individualized. It is possible that routine early use
of additional immune modulators on an initial signal
of refractory response could be a strategy for improving
outcomes in the future.
Beyond poor outcomes directly related to the pneumonitis and the underlying advanced malignancy, infectious
complications of immune suppression were a notable
conclusion from this study. Similar to previous reports
of patients treated for irAEs who developed severe
infections,16 it is cautionary that four severe infections
occurred, and that these infections included opportunistic infections (eg, fungemia, disseminated herpes
simplex virus-HSV). In addition to opportunistic infections, another theoretical risk of use of immunosuppressant is the loss of antitumor immunity. One report
5
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ICI pneumonitis. Furthermore, with regard to steroid-
refractory ICI pneumonitis, the rarity of this syndrome is
such that multicentre trials and registries may prove useful;
one such trial is currently underway (NCT04438382).
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has described poorer outcomes for patients treated
with anti-TNF agents±steroids in comparison to steroids
alone,17 although this has not been described in most
other cases nor obviously noted in this report.18 In fact,
preclinical data demonstrates that with anti-TNF therapy
toxicity management can be uncoupled from efficacy and
that TNF blockade might even have positive effects on
anticancer control.19 Overall, continued work is needed
to clarify how immune-mediated toxicities can be optimally managed without sacrificing antitumor immune
control.
There are several limitations to our retrospective,
single-center study. Only a few immunomodulators are
includes in this report. For example, immune modulatory
agents such as intravenous IG and interleukin-6 inhibitors were not used. Overall, the sample size here remains
modest and precludes comparison of efficacy of individual immunomodulators, or conclusions related to likelihood of response based on baseline features. Of note,
we did not capture patients who may have had steroid-
refractory disease who died of pneumonitis without initiation of additional immune modulators. Additionally,
and inherent to any analysis of immune-related pneumonitis, is the challenge of making the definitive diagnosis.
Here, we reviewed the preponderance of evidence in the
medical chart by experts in this entity and erred on the
side of caution in excluding patients with other potential
etiologies. Relatedly, it is noteworthy that many but not
all patients in our series underwent bronchoscopy as part
of their evaluation. While the safety of performing bronchoscopy in patients with severe acute respiratory disease
is a perpetual concern, ideally, bronchoscopy should be
considered a standard of care diagnostic procedure for
patients thought to have immune checkpoint pneumonitis that is clinically severe or that responds poorly to
steroids.
Despite poor outcomes overall in this vulnerable
population, we conclude that durable pneumonitis
improvement is possible with both TNF blockade and
with mycophenolate, although resolution with ability to
discontinue all immune suppression is rare.
In those patients who show initial improvement with
pneumonitis treatment with additional immune modulators, careful clinical awareness is needed for the risks of
recurrent worsening of pneumonitis as well as new infections. This experience also highlights the slow recovery
and chronicity among survivors. The protracted pneumonitis course that occurred in many of the patients in
our cohort is consistent with previous reports of chronic
immune checkpoint pneumonitis.20 Our data further
highlight the critical need to address the many knowledge gaps that remain in ICI pneumonitis.8 For example,
a better biologic understanding of immune-related pneumonitis is needed to guide better and more personalized
approaches to more successful outcomes in the future.
Additionally, high-
quality prospective clinical data is
needed to understand key clinical elements such as risk
factors for, early signs of and optimal management of
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