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Abstract 
Background: Immune checkpoint inhibitors (ICIs) have revolutionized cancer care with incredible reductions in mortality. One of the most dev-
astating complications of treatment is ICI-related pneumonitis (ICI-p). Despite this, little is known regarding risk factors for severe pneumonitis 
and treatment effectiveness of various therapeutic options for steroid-refractory disease. To address this, we conducted a retrospective study 
on patients with cancer who developed ICI-p.
Methods: We examined consecutive patients who received ICIs and developed ICI-p. Risk factors of interest for severe disease and  
steroid-refractory ICI-p, including pre-treatment pulmonary function tests (PFTs) and chest imaging, were compared between patients with 
severe (grades 3-5) and mild (grades 1-2) pneumonitis. The clinical and treatment courses for patients with steroid-refractory ICI-p were recorded.
Results: A total of 132 patients developed ICI-p, with 60 patients having mild and 72 with severe disease. We found that lower forced vital capac-
ity percent predicted (66.24 vs 85.05, P = .05), lower total lung capacity percent predicted (85.23 vs 99.71, P = .13), and specific radiographic 
patterns on pre-treatment chest imaging were predictors of severe disease. Initial corticosteroid dose of less than 1 milligram per kilogram pred-
nisone equivalent (P = .14) was correlated with partially steroid-responsive or steroid-refractory ICI-p. Ten patients had steroid refractory ICI-p, 
and those who received IVIG alone as the immune suppressant beyond corticosteroids had improved survival (P = 05). 
Conclusions: We are the first to identify pre-treatment PFTs and chest imaging abnormalities as risk factors for severe ICI-p. We also found that 
lower corticosteroid doses were associated with partially steroid-responsive and steroid-refractory ICI-p. Larger, prospective studies are needed 
to validate our results.
Key words: checkpoint inhibitor pneumonitis; steroid refractory pneumonitis; immune checkpoint inhibitors; immune-related adverse events.

Implications for practice
Our study identified several pre-treatment risk factors for severe ICI-p. These factors can be utilized to identify patients at the highest risk 
of severe ICI-p before ICI treatment, allowing oncologists to weigh the risks of severe ICI-p with the benefits of cancer treatment. We 
also found several predictors of partially steroid-responsive and steroid-refractory ICI-p at the time of ICI-p diagnosis, allowing clinicians to 
target patients who would benefit the most from early and aggressive immune suppression.

Introduction
Immune checkpoint inhibitors (ICIs) have revolutionized 
treatment in several cancers over the last decade.1 ICIs upregu-
late the immune system by inhibiting physiologic checkpoints, 
including programmed cell death ligand 1 (PDL-1), pro-
grammed cell death protein 1 (PD-1), cytotoxic T-lymphocyte 
antigen-4, and their use is rapidly growing.2 Unfortunately, 

ICI treatment is not without risk, as the increase in immune 
activity predisposes patients to autoimmune complica-
tions, termed immune-related adverse events (IRAE). When 
immune-mediated inflammation occurs in the lungs following 
ICI treatment, this is called ICI-pneumonitis (ICI-p).3

ICI-p is one of the most devastating IRAEs and is associ-
ated with significant morbidity and mortality. Early studies 
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on ICI-p reported an incidence ranging from 3% to 6%.4 Due 
to increasing ICI utilization and awareness of IRAEs, recent 
studies have revealed the incidence to be significantly higher 
than previously reported,5,6 with severe ICI-p accounting for 
30% of all cases.7,8 The reported mortality for ICI-p ranges 
from 10% to 18%,5,9 with mortality for steroid-refractory 
ICI-p as high as 57%.6,10 Despite the increasing incidence of 
ICI-p and the mortality associated with severe ICI-p, little is 
known regarding the risk factors for severe pneumonitis and 
the optimal therapeutic choice for steroid-refractory disease.

There are several patient-specific risk factors associated 
with ICI-p, including prior thoracic radiation, preexisting 
interstitial lung abnormalities, abnormalities on pulmo-
nary function testing (PFTs), and lab abnormalities such as  
hypoalbuminemia,8,11-15 but few have been identified specif-
ically for severe ICI-p. Major societies recommend prompt 
steroid administration and consideration of additional immu-
nosuppression if patients are not responding to corticosteroids 
within 48-72 hours, but none make a specific recommenda-
tion on which steroid refractory medication to utilize.16-19 As 
ICIs are increasingly used in the neoadjuvant and adjuvant 
setting and for curative intent,20,21 it is paramount to identify 
patient-specific risk factors for severe ICI-p to help risk strat-
ify which patients would benefit the most from ICI treatment.

To address this knowledge gap, we conducted a single- 
center, retrospective study on cancer patients treated with 
ICIs who developed ICI-p to evaluate whether abnormalities 
in chest imaging, PFTs, blood work, and previous treatment 
history would increase the risk of severe ICI-p. Using the 
same cohort, we compared non-steroid immune suppressants 
to determine the optimal secondary agent for patients with 
steroid-refractory ICI-p.

Methods
Data collection
This retrospective cohort study was conducted at a tertiary 
academic center examining consecutive patients with can-
cer from 2013 to 2020 who received ICIs and subsequently 
developed ICI-p. Data collection was completed and man-
aged using REDcap, an electronic data capturing tool that 
is hosted through The Ohio State University (OSU).22,23 This 
study protocol was reviewed and approved by the Ohio State 
Institutional Review Board (2021C0177). Due to the retro-
spective nature of the study, a waiver of informed consent 
was granted. The primary outcome being evaluated was the 
impact of pre-treatment PFTs, chest imaging, lab work, and 
treatment history on the severity of ICI-p.

Included patients
All patients who received at least one dose of ICI (mono-
therapy, combination checkpoint inhibitor treatment, combi-
nation with chemotherapy, in the setting of a clinical trial) 
from 2013 to 2020 at Ohio State University were examined. 
Pneumonitis was determined by documentation of ICI-p by 
the treating oncologist at the time of toxicity and retrospec-
tively confirmed by a member of the study team (MM, BE, 
DHO, KH). Pneumonitis was attributed to ICIs based on ICI 
treatment and reasonable exclusion of alternate etiologies 
including infection and inflammation from other causes, con-
sistent with other similar studies.24,25

We reviewed and recorded the following potential risk 
factors: age, gender, race, body mass index, ICI type, cancer 

type, line of therapy, prior chemotherapy, prior immunother-
apy, prior radiation and location of therapy, and diagnostic 
labs. Pre-treatment PFTs and chest CTs completed within 12 
months of ICI initiation were recorded. Treatment courses, 
including steroid dose and steroid duration, were also 
recorded.

Pneumonitis definitions
Pneumonitis severity was assigned based on the Common 
Terminology Criteria for Adverse Events (CTCAE v4), with 
severe disease defined as grade 3 or higher.26 Pneumonitis 
resolution was defined as improvement in patient symp-
toms, resolved inflammatory changes on chest imaging, and a 
decrease in systemic steroids to less than or equal to the equiv-
alent of 10 milligrams (mg) of prednisone, consistent with 
society recommendations for resolution of IRAE.17 Steroid 
refractory pneumonitis was defined as clinical worsening of 
pneumonitis after a minimum of 48 hours of high-dose corti-
costeroids (prednisone 1-2 mg/kg/day or more) or no clinical 
improvement after at least 14 days of high-dose corticoste-
roids. Steroid-responsive pneumonitis was defined as ICI-p 
that resulted in complete pneumonitis resolution without an 
increase or recurrent corticosteroid dose during or following 
initial treatment, while partially steroid-responsive pneumo-
nitis was defined as ICI-p requiring repeated or increases in 
corticosteroid courses due to lack of pneumonitis resolution 
or those that died without documented resolution of ICI-p 
(includes death for cancer progression, change in code status, 
or from pneumonitis).

Evaluation of pre-treatment pulmonary function 
tests
Spirometry (forced expiratory volume in 1 second [FEV1], 
forced vital capacity [FVC], FEV1/FVC ratio, bronchodila-
tor responsiveness testing), total lung volume (TLC), residual 
volume (RV), diffusion capacity (DLCO), diffusion capacity 
corrected for hemoglobin (DLCO corrected for hemoglo-
bin), 6-minute walk test, and oxygen requirement within 12 
months of ICI initiation were recorded by the study team 
and served as the baseline lung function. Testing that did 
not meet ATS criteria for acceptability and repeatability was 
not included.27 PFTs closest to the start of ICI diagnosis and 
treatment were considered. All values were recorded as raw 
values (liters for FEV1, FVC, TLC, RV, mmol/min/mmHg for 
DLCO and DLCO corrected for hemoglobin) or as a percent 
predicted (pp) adjusted for patient’s sex, height, age, and race. 
When available, post-bronchodilator FEV1/FVC was utilized 
to determine the presence of obstructive disease.28

Evaluation of pre-treatment chest imaging
As previously described,14,15,29 we defined the group of 
patients with interstitial abnormalities as those who exhib-
ited at least one of the following in at least 2 lobes of the lung 
within 12 months of ICI initiation: ground glass appearance, 
reticular opacity, consolidation, centrilobular nodularity, and 
honeycombing. Interstitial changes thought to be related to 
underlying malignancy were not included. As per prior meth-
odology, the extent of interstitial abnormality was measured 
on a 5-point scale of upper, middle, and lower zones of the 
lung (0: none, 1: < 5%, 2: 5%-25%, 3: 26%-50%, 4: > 50%). 
Each zone score was then combined for a total severity score 
for each patient.14,15 Determination of interstitial abnormal-
ity and severity scoring was performed by a board-certified 
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thoracic radiologist on the study team (ED) who was blinded 
to all other aspects of the patient history.

Statistical analyses
Categorical variables were summarized as frequencies (n) and 
percentages (%). Continuous variables were summarized as 
mean and standard deviation (SD) if they were approximately 
normally distributed; otherwise, median with interquartile 
range (IQR, 25th and 75th percentile) were used to describe 
variable distributions. We used univariate logistic regression 
to identify significant risk factors associated with the develop-
ment of severe ICI-p, risk factors associated with partially ste-
roid responsive or steroid-refractory ICI-p, and associations 
between the dose of chest radiation, days of chest radiation 
from ICI initiation, and severity of pneumonitis. The Kaplan-
Meier survival curves and log-rank tests were applied to com-
pare overall survival (using date of last query if alive; death 
date if deceased) between patients with severe and mild ICI-p. 
The Spearman correlation was used to evaluate the relation-
ship between PFT parameters and severity of pre-treatment 
chest imaging findings. We also compared the survival prob-
abilities of patients with steroid-refractory ICI-p receiving 
different treatments. The statistical analysis was performed 
using R software (version 4.2.0; R Core Team, R Foundation 
for Statistical Computing, Vienna, Austria).

Results
Demographics and baseline characteristics
The study demographics and baseline characteristics are 
summarized in Table 1. A total of 2963 patients with can-
cer received ICI therapy between 2013 and 2020, and 132 
(4.5%) were found to have ICI-p, all of which were treated 
in the unresectable setting, with 77 requiring hospitaliza-
tions. Of patients with ICI-p, the most common tumor types 
were NSCLC (71/132, 53.8%), renal cell carcinoma (13/132, 
9.8%), and melanoma (12/132, 9.1%). Most patients with 
ICI-p received a PD-1 inhibitor (87/132, 66%) and received 
ICI as first-line treatment (70/132, 53.0%). Sixty (45.5%) had 
mild pneumonitis and 72 (54.5%) had severe disease. Patients 
with mild ICI-p were more likely to have received prior che-
motherapy alone (P = .03), chest radiation (P = .03), PDL-1 
ICI (P = .05), and have non-small cell lung cancer (NSCLC, 
P = .04), while patients with severe ICI-p were more likely 
to have been treated with combination checkpoint inhibitor 
therapy (P = .01). We found no statistically significant asso-
ciation between the remaining demographic variables and 
severe ICI-p, including the timing of chest radiation from ICI 
initiation. Severe ICI-p occurred earlier from ICI initiation 
compared to mild ICI-p, but this was not statistically signifi-
cant (80 vs 140 days, P = .07).

Pre-treatment PFTs
Of the 132 patients with ICI-p, 38 patients had spirometry, 30 
had lung volume testing, and 34 had diffusion capacity test-
ing performed within 12 months of their ICI initiation. Lower 
FVCpp (P = .05), FVC < 80% (P = .049), and lower TLCpp 
(P = .004) was associated with severe ICI-p. There was no 
noteworthy difference in FEV1, FEV1/FVC ratio, diffusion 
capacity, or oxygen requirement before treatment between 
patients with mild and severe ICI-p. The association between 
pre-treatment PFTs and severity of ICI-p is summarized in 
Table 2.

Pre-existing interstitial abnormalities
Of the 132 patients with ICI-p, 124 patients had CT imaging 
completed within 12 months of ICI initiation. Among these 
patients, the presence of pre-treatment interstitial abnor-
malities was not associated with severe ICI-p (P = 0.19). 
Consolidation and bronchiectasis on pre-treatment chest 
imaging were associated with severe ICI-p (P = .003 and 
P = .006, respectively), as all patients with either radio-
graphic pattern developed severe disease (7/7 with consoli-
dation and 6/6 with bronchiectasis, Table 3). The severity 
of pre-treatment interstitial abnormalities was also associ-
ated with severe ICI-p (total score 3 [1.25-9.00] vs 2 [1.00-
4.00], P = .006, Table 3), and more severe interstitial scores 
were correlated with lower TLCpp (Supplementary Figure 
S1). Other radiographic patterns and metastatic pulmonary 
involvement excluding primary lung malignancies (P = .059) 
were not associated with the severity of pneumonitis.

Diagnostic labs
Blood work was documented at the time of ICI-p diagnosis. 
We found that lower absolute eosinophil count, lower abso-
lute lymphocyte count, and lower albumin were associated 
with severe ICI-p, (P = .004, P = .001, P < .001, respectively, 
Table 4). Absolute neutrophil counts and absolute monocyte 
counts were not associated with the severity of pneumonitis.

Risk factors for partially steroid-responsive or 
steroid-refractory pneumonitis
Of the 132 ICI-p patients, 74 (56%) had partially steroid- 
responsive or steroid-refractory pneumonitis (22 patients 
required recurrent steroids after initial pneumonitis treat-
ment, 27 patients required an increase in steroids during initial 
pneumonitis treatment, 25 died while being treated for active 
pneumonitis) and 58 (44%) did not. Patients who received 
less than 1 mg/kg prednisone equivalent of corticosteroid at 
ICI-p diagnosis had more partially steroid-responsive and 
steroid-refractory disease (P = .014, Table 5); patients in 
the < 1 mg/kg prednisone equivalent group received a median 
dose of 60 mg (0.67 mg/kg) of prednisone, while the group 
treated with at least 1 mg/kg prednisone equivalent steroids 
received a median dose of 82.5 mg (1.06 mg/kg) of predni-
sone (Supplementary Table S1). There was no difference in 
days to steroid initiation from pneumonitis imaging and 
days from initial steroid administration to first steroid taper 
between the two groups (Supplementary Table S2).

Of the 124 patients with pre-treatment chest imaging, 
the presence of ground glass (P = .004) and severe intersti-
tial abnormalities (P = .001) were associated with partially  
steroid-responsive and steroid-refractory ICIa-p. Of the 132 
ICI-p patients, 64 of the 74 patients with partially steroid- 
responsive or steroid-refractory ICI-p and 55 of the 58 
patients with steroid-responsive ICI-p had a chest CT follow-
ing diagnosis of ICI-p. The presence of consolidative changes 
at the time of ICI-p diagnosis was associated with severe 
and partially steroid-responsive ICI-p (P = .03, Table 5). 
Other radiographic patterns at ICI-p diagnosis and the route 
of steroid administration were not associated with steroid- 
refractory or partially steroid-responsive disease.

Survival analysis of mild versus severe 
pneumonitis
Severity of ICI-p and its impact on survival was evaluated as 
a secondary outcome. The severity of ICI-p was divided into 
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mild (grade 1-2) and severe (grade 3-5). Of our 132 patients, 
60 patients developed mild pneumonitis and 72 patients 
developed severe pneumonitis. Patients with severe pneumo-
nitis had worse overall survival when compared to mild pneu-
monitis (P < .0001, Figure 1).

Survival analysis of IVIG alone versus other 
steroid-alternative agents
A total of 10 patients were treated with immunosuppres-
sive medications for steroid-refractory ICI-p. Four of the 10 
patients initially received <1 mg/kg prednisone equivalent 
as the initial steroid dose, and all patients received at least 
1 mg/kg prednisone equivalent steroids during their clinical 
course. Nine of the 10 patients received steroids within 1 

day of diagnosis, with 1 patient not receiving steroids until 
21 days after initial imaging findings of ICI-p. Of the 10 
patients, 5 received intravenous immunoglobulin (IVIG) 
alone, 2 received infliximab, 1 patient received IVIG and 
abatacept, 1 patient received IVIG and cyclophosphamide, 
and 1 patient received rituximab. Three of the 10 patients 
had pneumonitis resolution after treatment with IVIG alone, 
and patients who received IVIG alone had improved survival 
(P = 0.05, Figure 2).

Discussion
In this single-center retrospective analysis of consecutive 
patients with cancer treated with ICI, we found that abnormal 

Table 1. Patient demographics and characteristics by severity of ICI-p.

Variable Mild ICI-pa Severe ICI-pa P-value

Age (mean, SD) 64.5 (11.4) 63.2 (10.3) .52

Race (%) White 53 (88.3) 68 (94.4) .21

Other 7 (11.7) 4 (5.6)

Gender (%) Female 29 (48.3) 22 (30.6) .04

Male 31 (51.7) 50 (69.4)

BMI (mean, SD) 27.3 (5.8) 28.3 (6.6) .34

ICI treatment (%) PD-1 37 (61.7) 50 (69.4) .35

PDL-1 22 (36.6) 11 (15.3) .005

CTLA-4 0 (0) 2 (2.8) .12

Combination 1 (1.7) 9 (12.5) .01

ICI doses (mean, IQR) 8.0 (4.0, 13.2) 4.0 (2.0, 11.0) .13

ICI initiation to ICI-p (days; mean, IQR) 140 (61.3284.0) 80 (28.8228.2) .07

COPDb (%; n = 72) Yes 41 (68.3) 31 (43.1) .25

No 19 (31.7) 41 (56.9)

Interstitial lung disease (%; n = 5) Yes 2 (3.3%) 3 (4.2%) 1.00

No 58 (96.7%) 69 (95.8%)

Cancer type (%) NSCLC 38 (63.3) 33 (45.8) <.001

Small cell lung cancer 1 (1.7) 3 (4.2)

Melanoma 4 (6.7) 8 (11.1)

Renal cell carcinoma 0 (.0) 13 (18.1)

Other 17 (28.3) 15 (20.8)

NSCLC (%), n = 71 Yes 38 (63.3) 33 (45.8) .04

No 22 (36.7) 39 (54.2)

Line of therapy (%; n = 70) 1st line 33 (55.0) 37 (51.4) .68

2nd or greater 27 (45.0) 35 (48.6)

Prior checkpoint inhibitor (%; n = 25) Yes 12 (20.0) 13 (18.1) .78

No 48 (8.0) 59 (81.9)

Prior chemotherapy (%; n = 46) Yes 15 (25.0) 31 (43.1) .03

No 45 (75.0) 41 (56.9)

Prior chest radiation (%; n = 42) Yes 27 (48.3) 15 (25.0) .003

No 33 (51.7) 57 (75.0)

Date of previous radiation </= 30 days from ICI initiation 6 (22.2) 3 (20.0) .87

> 30 days from ICI initiation 21 (77.8) 12 (80.0)

</= 90 days from ICI initiation 17 (63.0) 7 (46.7) .31

> 90 days from ICI initiation 10 (37.0) 8 (53.3)

Radiation dose (Gy; mean, IQR) 60 .0 (60.0, 60.0) 55.0 (42.5, 60.0) .01

aGrading of ICI-p by CTCAE criteria version 4; Mild ICI-p (grade 1-2), severe ICI-p (grade 3-5).
bChronic obstructive pulmonary disease.
Abbreviations: ICI-p, immune checkpoint inhibitor pneumonitis, NSCLC, non-small cell lung cancer; IQR, interquartile range.
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Table 2. Pre-treatment pulmonary function tests by severity of ICI-p.

Variable Mild ICI-pa Severe ICI-pa P-value

Spirometryb 20 18

 � FEV1 (mean, SD) 2.17 (0.54) 2.11 (0.79) .77

 � FEV1pp (mean, SD) 78.1 (20.4) 67.1 (22.7) .11

 � FVC (mean, SD) 3.19 (0.82) 2.90 (0.95) 0.29

 � FVCpp (mean, SD) 85.05 (15.54) 66.24 (24.75) .005

 � FEV1pp <80% 10 (50.0) 12 (66.7) .30

>/=80% 10 (50.0) 6 (33.3)

 � FVCpp <80% 7 (35.0) 12 (66.7) .049

>/=80% 13 (65.0) 6 (33.3)

Lung volumesb 17 13

 � TLC (mean, SD) 6.15 (1.46) 5.37 (1.34) .13

 � TLCpp (mean, SD) 99.71 (17.62) 83.25 (10.82) .004

 � TLCpp <80% 3 (17.6) 4 (30.8) .40

>/=80% 14 (82.4) 9 (69.2)

Diffusion capacityc 18 16

 � DLCO (mean, SD) 17.02 (5.03) 17.45 (6.09) .82

 � DLCOpp (mean, SD) 75.50 (20.04) 73.33 (28.09) .79

 � DLCO corrected for hemoglobin (mean, SD) 17.28 (4.78) 18.31 (6.08) .59

 � DLCO corrected for hemoglobin, pp 79.60 (21.28) 76.95 (27.82) .76

 � DLCO corrected for hemoglobin, pp <80% 8 (53.3) 10 (62.5) .61

>/=80% 7 (46.7) 6 (37.5)

Oxygen requirement before ICI (%) Yes 6 (10.2) 13 (18.1) .31

No 53 (89.8) 59 (81.9)

aGrading of ICI-p by CTCAE criteria version 4; Minor ICI-p (grade 1-2), severe ICI-p (grade 3-5).
bRaw values for FEV1, FVC, and TLC reported in liters.
cRaw values for diffusion capacity reported in mmol/min/mmHg.
Abbreviations: ICI-p, immune checkpoint inhibitor pneumonitis; FEV1, forced expiratory volume in 1 second; FVC, forced viral capacity; TLC, total lung 
capacity; DLCO, diffusion capacity of the lungs for carbon monoxide; p, percent predicted

Table 3. Pre-treatment chest imaging and severity of ICI-p.

Mild ICI-pa Severe ICI-pa P-value

Pre-treatment interstitial abnormalities Yes 35 (62.5) 50 (73.5) .19

No 21 (37.5) 18 (26.5)

Consolidation Yes 0 (0.0) 7 (10.3) .003

No 56 (100.0) 61 (89.7)

Ground glass Yes 23 (41.1) 27 (39.7) .88

No 33 (58.9) 41 (60.3)

Reticular Yes 17 (30.4) 30 (44.1) .11

No 39 (69.7) 38 (56.0)

Centrilobular nodules or bronchiolitis Yes 7 (12.5) 12 (17.6) .43

No 49 (87.5) 56 (82.4)

Bronchiectasis Yes 0 (0.0) 6 (8.8) .006

No 56 (100.0) 62 (91.2)

Honeycombing Yes 1 (1.8) 2 (2.9) .67

No 55 (98.2) 66 (97.1)

Total interstitial severity score 2.00 (1.00, 4.00) 3.00 (1.25, 9.00) .006

Pulmonary metastasesb Yes 8 (38.1) 23 (63.9) .059

No 13 (61.9) 13 (36.1)

aGrading of ICI-p by CTCAE criteria version 4; Minor ICI-p (grade 1-2), severe ICI-p (grade 3-5).
bOnly includes patients with metastatic pulmonary disease. Primary lung malignancies were not included.
Abbreviations: ICI-p, immune checkpoint inhibitor pneumonitis.
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Table 4. Labs at pneumonitis diagnosis by severity of ICI-p.

Variable Mild ICI-pa Severe ICI-pa P-value

Absolute neutrophil countb (median, IQR) 5230 (3700, 7820) 5310 (978, 9103) .56

Absolute lymphocyte countb (median, IQR) 896 (546, 1365) 645 (223 953) .01

Absolute monocyte countb (median, IQR) 735 (500 980) 620 (85, 1000) .11

Absolute eosinophil countb (median, IQR) 175 (21 430) 50 (0, 200) .004

Albuminc (mean, SD) 3.65 (0.34) 3.26 (0.49) <.001

aGrading of ICI-p by CTCAE criteria version 4; Minor ICI-p (grade 1-2), severe ICI-p (grade 3-5).
bMeasured in K/µL.
cMeasure in g/dL.
Abbreviations: ICI-p, immune checkpoint inhibitor pneumonitis.

Table 5. Risk factors for partially steroid-responsive or steroid-refractory ICI-p.

Variable Steroid-responsive 
ICI-p (n = 58)

Partially steroid-responsive or 
steroid-refractory ICI-p (n = 74)

P-value

Steroids < 1 mg/kg (prednisone 
equivalent) at ICI-p diagnosis

Yes 19 (32.8) 40 (54.1) .014

No 39 (67.2) 34 (45.9)

Steroid administrationa Intrave-
nous

13 (23.2) 27 (37.0) .091

Oral 43 (76.8) 46 (63.0)

Pre-treatment chest imagingb

Interstitial abnormalities Yes 33 (61.1) 52 (74.3) .12

No 21 (38.9) 18 (25.7)

Consolidation Yes 1 (1.9) 6 (8.6) .09

No 53 (98.1) 64 (91.4)

Ground glass Yes 14 (25.9) 36 (51.4) .004

No 40 (74.1) 34 (48.6)

Reticular Yes 19 (35.2) 28 (40.0) .58

No 35 (64.8) 42 (60.0)

Centrilobular nodules or 
Bronchiolitis

Yes 7 (13.0) 12 (17.1) .52

No 47 (87.0) 58 (82.9)

Bronchiectasis Yes 1 (1.9) 5 (7.1) .15

No 53 (98.1) 65 (92.9)

Honeycombing Yes 1 (1.9) 2 (2.9) .72

No 53 (98.1) 68 (97.1)

Severity score 2.00 (1.00, 3.00) 3.00 (1.00, 8.25) .001

Pneumonitis chest imagingc

Consolidation Yes 15 (27.3) 30 (46.9) .03

No 40 (72.7) 34 (53.1)

Ground glass Yes 52 (94.5) 58 (90.6) .42

No 3 (5.5) 6 (9.4)

Reticular Yes 33 (60.0) 35 (54.7) .56

No 22 (40.0) 29 (45.3)

Centrilobular nodules or 
Bronchiolitis

Yes 8 (14.5) 10 (15.6) .87

No 47 (85.5) 54 (84.4)

Bronchiectasis Yes 9 (16.4) 13 (20.3) .58

No 46 (83.6) 51 (79.7)

Honeycombing Yes 3 (5.5) 7 (10.9) .28

No 52 (94.5) 57 (89.1)

aThree patients did not receive steroid treatment.
bOne-hundred twenty-four patients had chest CT available for review before ICI initiation.
cOne-hundred nineteen patients had chest CT available for review at the time of ICI-p diagnosis.
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Figure 1. Survival by severity of ICI-p

Figure 2. Survival in steroid-refractory ICI-p patients treated with IVIG alone.
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FVCpp and TLCpp, specific and severe radiographic pre- 
treatment chest imaging abnormalities, and lower absolute 
lymphocyte and eosinophil counts at the time of diagnosis 
were risk factors for severe ICI-p. We also found that less 
than 1 mg/kg prednisone equivalent of corticosteroid as ini-
tial treatment was associated with partially steroid-responsive 
and steroid-refractory ICI-p. This study is the first to concur-
rently evaluate pre-treatment risk factors for severe ICI-p 
and the impact of initial corticosteroid dosing on the clinical 
course of ICI-p. Our study highlights several pre-treatment 
risk factors that may help stratify which patients are at the 
highest risk for severe complications from ICI and the impor-
tance of aggressive and appropriate immune suppression for 
preventing partially steroid-responsive ICI-p.

Several groups have shown that pre-treatment interstitial 
abnormalities may be a risk factor for developing ICI-p, but 
few have focused on whether imaging abnormalities are a 
risk factor for severe disease. Shimoji et al reported that pre- 
existing interstitial lung abnormalities,30 particularly ground-
glass attenuation, were a risk factor for ICI-p, while several 
groups showed that pulmonary fibrosis and the extent of hon-
eycombing on pre-treatment imaging increases the risk of ICI-
p.11,31 None found a link between pre-treatment chest imaging 
abnormalities and severe ICI-p. In our previous study,14 we 
also found that chest imaging abnormalities were a risk factor 
for ICI-p but not for severe disease. However, our study only 
included patients up to 2017, with most patients receiving ICI 
for palliative intent, limiting the amount of time for ICI-p to 
develop. In our current study, the number of ICI-p patients is 
higher, and a majority received ICI as first-line treatment. We 
found that consolidation and bronchiectasis on pre-treatment 
chest imaging, along with the extent of interstitial abnormal-
ity, were risk factors for developing severe ICI-p. As most 
cancer patients have chest imaging completed before ICI 
initiation, pre-treatment chest imaging is a reliable and non- 
invasive tool to help determine which patients may be at the 
highest risk for severe pulmonary complications (hospitaliza-
tion, intensive unit admission, death).

Existing literature suggests there may be an association 
between pre-treatment PFT abnormalities and the develop-
ment of ICI-p, but none shows whether these physiologic 
changes are associated with severe disease. FEV1pp, FVCpp, 
and TLCpp have all been implicated in previous studies as 
risk factors for ICI-p.32,33 All of these studies, including our 
previous work, have not found a link between these abnor-
malities and severe ICI-p as most are limited by the available 
pre-treatment PFTs and the small number of patients with 
severe ICI-p.14,32 In our current study, we had a larger number 
of patients with severe disease but were still limited by the 
small percentage of patients that had PFTs completed within 
12 months of ICI initiation. We found that reduced pre- 
treatment FVCpp and TLCpp were associated with severe 
ICI-p, and lower TLCpp was associated with more severe 
pre-treatment interstitial changes. FVCpp and TLCpp are 
closely linked with the development and progression of inter-
stitial lung disease,34,35 therefore lower pre-treatment values 
may be predictive of patients at higher risk for severe ICI-
p. As ICIs are increasingly utilized in the neoadjuvant and 
curative setting, preventing severe ICI-p, which can worsen 
survival in patients with potentially curable early-stage can-
cer, is of paramount importance. Integrating pre-treatment 
PFTs into the treatment planning for these patients, espe-
cially for patients with more severe pre-treatment interstitial 

abnormalities, may identify patients at highest risk for severe 
ICI-p, those in which the risk of toxicity outweighs the benefit 
of treatment, and those who may need more frequent mon-
itoring (office visits, shorter interval chest CTs) early in the 
ICI treatment course as severe ICI-p tends to present early 
compared to mild disease.10

While pre-treatment chest and PFT abnormalities are rela-
tively well established as potential risk factors for ICI-p, the 
association with serologic biomarkers is not clear. Zhou et 
al found that lower albumin levels were associated with the 
development of ICI-p,11 and Chu et al showed that higher 
pre-treatment peripheral eosinophilia was associated with 
ICI-p and better overall survival.36 Neither examined whether 
these or other serologic markers were predictive for severe 
ICI-p. We found that lower albumin level, lower absolute 
lymphocyte count, and lower absolute eosinophil count at 
the time of ICI-p diagnosis were associated with severe ICI-p. 
Serum albumin may be difficult to utilize prognostically for 
severe ICI-p as low levels have been correlated with lower 
survival in cancer patients treated with ICI,37 but higher abso-
lute eosinophil counts have been linked to steroid-responsive 
pulmonary diseases,38,39 which typically have a better prog-
nosis compared to non-eosinophilic interstitial lung diseases. 
We found that patients with higher eosinophil count at ICI-p 
diagnosis had more mild disease compared to those with 
lower eosinophil counts, which may reflect a better response 
to initial corticosteroid treatment preventing the development 
of severe ICI-p. Further studies will be needed to validate our 
findings by using albumin, lymphocyte count, and eosinophil 
count as potential biomarkers for severe ICI-p.

Corticosteroids are a mainstay in ICI-p treatment, but the 
dosing of steroids and its impact on the disease course for ICI-p 
is unknown. Major societies all recommend treatment with ste-
roids at a dose of at least 1 mg/kg (prednisone equivalent) as 
first-line therapy.16,19,40 However, this recommendation is based 
on expert opinion, extrapolated from other ICI toxicities, and 
not based on evidence showing superiority of corticosteroid 
dosing being at least 1 mg/kg. Furthermore, previous literature 
on drug-related pneumonitis suggested initial corticosteroid 
dosing at 1 mg/kg but only up to a maximum of 60 mg daily.41 
Although utilized frequently, corticosteroids at high doses are 
not harmless and can increase the risk of opportunistic infec-
tions, exacerbate other chronic illnesses, and decrease quality 
of life. In our study, we are the first to show that patients who 
received less than 1 mg/kg prednisone equivalent of steroids, 
despite a median dose of 60 mg of prednisone, were more 
likely to need an increase or repeated steroid course, additional 
immune suppression, or have incompletely resolved ICI-p com-
pared to those who received at least 1 mg/kg corticosteroid as 
initial therapy, suggesting this dose is necessary to prevent par-
tially steroid responsive or refractory ICI-p.

We found that patients with severe ICI-p have decreased 
survival compared to those with mild ICI-p, consistent with 
prior studies.8,15 Severe ICI-p, particularly in patients with 
steroid-refractory ICI-p, is associated with significant mor-
bidity and mortality.10,42 Small studies and case series have 
shown varying success with cyclophosphamide,42 IVIG,43 
infliximab,44 mycophenolate,10 and tocilizumab.45 Society 
guidelines recommend additional, non-steroid immune sup-
pression, but the optimal secondary agent is unknown due to 
a lack of direct comparison between treatment options.16,19,40 
In our study, we found that patients with steroid-refractory 
ICI-p treated with IVIG may live longer compared to other 
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treatment options, but this was limited by small sample size, 
suboptimal steroid dosing, and delayed treatment initiation at 
pneumonitis diagnosis. Larger, prospective studies are needed 
to fully evaluate the role of IVIG against other therapeutic 
options for steroid-refractory ICI-p.

Prior thoracic radiation is a known risk factor for ICI-p in 
patients with lung cancer,15,46,47 but whether this leads to more 
severe disease is unknown. In a study of lung cancer patients 
treated with ICI, Deng et al found that radiation treatment (not 
limited to thoracic radiation) during ICI was associated with 
severe ICI-p,46 but this same association was not seen in radia-
tion treatment preceding ICI initiation. Barron et al found that 
patients with severe ICI-p all received previous radiotherapy,47 
but the severe ICI-p cohort was small (4 patients) and prior 
radiation treatment was not limited to thoracic radiation. 
Surprisingly, in our study, we found that NSCLC and previous 
chest radiation were associated with mild ICI-p. This may be 
driven by the subset of stage III NSCLC patients that received 
concurrent chemoradiation followed by ICI who developed 
mild ICI-p (required corticosteroids but never required oxy-
gen supplementation or hospitalization). Further studies will 
be needed to validate our findings as this has important prog-
nostic implications for integrating ICI into the multimodality 
treatment plan for patients with lung cancer.

There are several limitations to our study. First, this study 
is retrospective in nature, and there may be unidentifiable 
confounders that affect the associations among pre-treatment 
imaging abnormalities, PFT abnormalities, lab abnormalities, 
and severe ICI-p. Additionally, P-values for demographic vari-
ables are unadjusted for multiple comparisons, making sig-
nificant findings prone to false positives. Second, our sample 
size for steroid-refractory ICI-p is small and several patients 
received delayed or suboptimal corticosteroid dosing, making 
it difficult to make definitive conclusions on the optimal sec-
ondary treatment agent for refractory disease. Third, patients 
included in the partially steroid-responsive cohort were het-
erogeneous, and identified risk factors may not apply to each 
subgroup. However, there are currently no predictors for  
steroid-responsive and partially steroid-responsive ICI-p, and 
we believe our study gives valuable insight into a previously 
understudied area of ICI-p. Lastly, the diagnosis of ICI-p is 
made clinically, requiring reasonable exclusion of alternate 
etiologies, leading to variability in diagnosis and practice 
patterns. To address this, all pneumonitis cases documented 
by the treating oncologist were retrospectively reviewed by a 
member of the study team for agreement. Our pneumonitis 
incidence is within the range of recent studies of ICI-p, sug-
gesting generalizability of our results.48

Conclusion
We found that pre-treatment chest imaging abnormalities, 
PFT abnormalities, and lower lymphocyte and eosinophil 
count at the time of ICI-p diagnosis may be associated with 
severe ICI-p. We also found that an initial corticosteroid dose 
of less than 1 mg/kg was associated with partially steroid- 
responsive ICI-p. Larger, prospective studies will be needed to 
validate our results.
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