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Abstract
Background  Checkpoint inhibitor pneumonitis (CIP) that develops following immune checkpoint inhibitor (ICI) treatment 
can be difficult to distinguish from other common etiologies of lung inflammation in cancer patients. Here, we evaluate the 
bronchoalveolar lavage fluid (BAL) for potential biomarkers specific to CIP.
Methods  We conducted a retrospective study of patients who underwent standard of care bronchoscopy to compare the 
cytokines of interest between patients with and without CIP and with and without immune-mediated pulmonary diseases. 
Pulmonary diagnoses were determined by the treating clinician at the time of bronchoscopy and retroactively reviewed for 
agreement by the study team.
Results  Thirty-seven patients were included, and 24 (64.9%) had pulmonary infection, 2 (5.4%) had pulmonary edema, 6 
(16.2%) had non-CIP drug-induced pneumonitis, 3 (8.1%) had CIP, 5 (13.5%) had immune-mediated ILD or autoimmune 
vasculitis, 4 (10.8%) had cancer progression, and 4 (10.8%) had nonimmune-mediated interstitial lung disease (ILD). IL-6 
from the BAL was significantly higher in patients with CIP compared to those with cancer progression and nonimmune-
mediated ILD, and IL-6 was significantly higher in patients with immune-mediated pulmonary diseases compared to cancer 
progression, nonimmune-mediated ILD, and infection.
Conclusions  BAL IL-6 distinguished CIP from other common, important causes of pulmonary infiltrates in patients with 
cancer, suggesting it may give insight into the pathophysiology of CIP and has potential as a biomarker.

Keywords  Immune checkpoint inhibitor pneumonitis · cancer · immunotherapy

Introduction

Immune checkpoint inhibitor (ICI) therapies have greatly 
advanced cancer treatment in the last decade. ICIs block 
physiologic regulators in the immune system, such as cyto-
toxic T lymphocyte antigen 4 (CTLA-4) and programmed 
cell death protein-1 (PD-1), leading to upregulation of T cell 
function and revitalization and enhancement of antitumor 
activity [1]. ICIs have improved outcomes for patients with 
cancer; however, immune checkpoint inhibitor pneumonitis 
(CIP) remains a devastating and potentially fatal complica-
tion of ICI therapy.

Though most immune-related adverse events (iRAEs) 
are associated with improved overall survival [2, 3], we 
and others have shown that severe CIP may be associated 
with shorter survival [4, 5]. As ICIs are increasingly uti-
lized in the neoadjuvant, adjuvant, and curative settings 
[6–8], identifying patients at highest risk of developing 
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CIP prior to ICI treatment is of paramount importance. 
Furthermore, distinguishing CIP from alternate etiologies 
of lung inflammation (i.e., infection, cancer progression, 
and non-CIP-related interstitial lung disease [ILD]) in 
complex cancer patients with competing medical comor-
bidities is challenging and often impossible, and misat-
tribution of CIP can lead to premature discontinuation 
or inappropriate delays in ICI treatment. We previously 
identified several objective pretreatment factors that may 
be predictive of CIP [9]. A corroborative predictive and 
diagnostic biomarker would help oncologists identify 
patients with the most favorable risk to benefit ratio from 
ICI treatment before treatment initiation and increase diag-
nostic certainty in patients that develop CIP after initiation 
of ICI therapy.

Materials and methods

Patient identification

Patients with available bronchoalveolar lavage (BAL) sam-
ples and diagnoses of cancer, infection, pulmonary edema, 
drug-related pneumonitis, autoimmune disease, and ILD 
between Sep 1, 2019, and Sep 1, 2023, were identified from 
the OSU BAL Repository (IRB 2019H0471), which includes 
clinical data and samples collected prospectively during 
clinically indicated bronchoscopies.

Clinical variables

The following were recorded for each included patient: age, 
sex, race, cancer type and stage, cancer status (active cancer 
was assigned if patients received systemic cancer treatment 
12 months before BAL collection), clinical treatment course, 
BAL cell differential, and BAL cytokine concentrations. The 
final pulmonary diagnoses were determined by the treat-
ing clinical team and retrospectively reviewed by members 
of the study team for agreement utilizing serology, pathol-
ogy, culture data, and imaging. If there were discrepancies 
between the treating clinician and study team members in 
determining a final pulmonary diagnosis, or if there was 
no leading diagnosis at the time of bronchoscopy, another 
member of the study team evaluated to make a final determi-
nation on the most likely pulmonary diagnosis. If multiple 
diagnoses were felt to be contributing, all were recorded. 
These determinations were made prior to cytokine measure-
ments from the BAL. The study protocol was approved by 
the Ohio State University Institutional Board (2023C0071) 
and a waiver of consent was granted due to the retrospective 
nature of analysis.

BAL collection and specimen processing

The approach to obtaining the BAL (syringe pump ± wall suc-
tion into specimen trap) was left up to the discretion of the 
pulmonologist performing the bronchoscopy. As often as pos-
sible, a standardized approach was utilized with five syringes 
of 20 ml saline manually instilled and aspirated. From the 
BAL return, 15 mL were sent to the laboratory for clinical 
purposes, and the remainder was collected and retained for the 
repository. BAL specimens were passed through sterile surgi-
cal gauze and immediately centrifuged at 500 g for 15 min. 
Supernatant was aspirated and stored at − 80 °C. Cell pellets 
were resuspended with 10 mL of Hank’s balanced salt solu-
tion, for total cell counts. BAL cell differentials were obtained 
from the clinical laboratory as entered in the electronic medi-
cal record, and cytokines of interest (IFN-y, IL-1b, IL-2, IL-4, 
IL-6, IL-8, IL-10, IL-12, IL-13, and TNF-α) were measured 
in the supernatant on the first thaw cycle. Cytokines of interest 
were multiplexed using an electrochemiluminescence method 
read using the Meso QuickPlex SQ 120 (Meso Scale Discov-
ery, 1601 Research Boulevard, Rockville, MD).

Statistical analysis

Patients' demographic and clinical characteristics were sum-
marized using means (standard deviations) for continuous var-
iables and frequencies (proportions) for categorical variables 
and further compared between patients with immune-mediated 
lung inflammation (CIP, drug-induced pneumonitis, autoim-
mune vasculitis, or ILD) and those with other diagnoses. To 
assess differences in cytokine levels and cell count differentials 
between patients with CIP, immune-mediated lung inflamma-
tion, and other diagnoses, we used the Kruskal–Wallis test to 
compare patients with CIP and immune-mediated lung inflam-
mation with other diagnoses individually. For biomarkers that 
showed significant differences, we used box plots to visualize 
the results. Biomarkers were log-transformed in the box plots 
due to skewed distributions. For all comparisons, if a patient 
was diagnosed with both immune-mediated lung inflammation 
or CIP and another condition, immune-mediated lung inflam-
mation and CIP were prioritized, and the patient was classified 
into the immune-mediated lung inflammation or CIP group. 
All analyses were conducted using SAS 9.4, with p-values less 
than 0.05 considered statistically significant.

Results

Thirty-seven patients that underwent clinically indicated 
bronchoscopies were included in this study. BAL was per-
formed with syringe only in 26/37 (70.3%) patients and 
with a combination of syringe and wall suction in 11/37 
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(29.7%) patients. The mean instilled volume was 125.9 ± SD 
60.6 mL, with mean return volume of 41.8 ± SD 18.3 mL. 
Of the 37 patients, 24 (64.9%) were determined to have 
pulmonary infection, 2 (5.4%) had pulmonary edema, 6 
(16.2%) had non-CIP drug-induced pneumonitis, 3 (8.1%) 
had CIP, 5 (13.5%) had immune-mediated ILD or autoim-
mune vasculitis, 4 (10.8%) had cancer progression in the 
lungs, and 4 (10.8%) had nonimmune-mediated interstitial 
lung disease (ILD) (Fig. 1). Twenty-one of the 37 (56.8%) 
patients had active cancer and 16 did not. Eleven (29.7%) 
of the 37 patients received systemic corticosteroids within 
7 days prior to BAL collection.

Patients with CIP had significantly higher levels of IL-6 
from the BAL compared to those with cancer progression 
in the lungs (Median: 26.1 pg/mL vs. 8.7 pg/mL, which cor-
responds to 3.3 vs. 2.2 on the log scale as shown in the box 
plot, p = 0.033) and significantly higher IL-6 and TNF-α 
compared to those with nonimmune-mediated ILD (Median: 
26.1 pg/mL vs. 3.7 pg/mL (3.3 vs. 1.3 on the log scale), 
p = 0.033 and 1.1 pg/mL versus 0.7 pg/mL (0.1 vs. − 0.4 
on the log scale,), p = 0.033, respectively, Fig. 2). IL-6 was 
higher in CIP patients compared to those with pulmonary 
infection, but this difference was not statistically significant 
(Median: 26.1 pg/mL vs. 10.3 pg/mL, (3.3 vs. 1.3 on the log 
scale), p = 0.44, Fig. 2). There were no differences in the 
BAL cell differential and in the other cytokines of interest 
between CIP and pulmonary infection, cancer progression, 
and nonimmune-mediated ILD. When all immune-mediated 
pulmonary diagnoses were combined (CIP, non-CIP drug 
pneumonitis [10, 11], autoimmune pulmonary vasculitis, 

and immune-mediated ILD), IL-6 levels were significantly 
higher compared to those with cancer progression, nonim-
mune-mediated ILD, and infection (p = 0.044, p = 0.004, and 
p = 0.0078, respectively, Fig. 3). There were no significant 
differences noted in the BAL cell differentials and in other 
cytokines of interest. Patient demographic data between 
immune-mediated pulmonary diseases and alternate diag-
noses were similar (Table 1).

Discussion

Major society guidelines have called for translational studies 
to isolate potential CIP biomarkers from the serum and BAL 
[12], but limited biomarker studies are available to date. To 
address this knowledge gap, we analyzed BAL from patients 
with CIP and other immune-mediated pulmonary diseases 
to identify differences in the cytokine profiles. In this study, 
we found that patients with CIP had higher levels of IL-6 
in BAL specimens compared to patients with cancer pro-
gression and nonimmune-mediated ILD. We also found 
that patients with immune-mediated lung inflammation had 
higher levels of IL-6 in BAL compared to pulmonary infec-
tion, cancer progression, and nonimmune-mediated ILD. To 
our knowledge, our study is the first to show IL-6 as a bio-
marker from the BAL that can potentially differentiate CIP 
and immune-mediated lung inflammation from pulmonary 
infection, cancer progression in the lungs, and nonimmune-
mediated ILD.

37 patients with 
available BAL and 
clinical data

24 patients
with pulmonary
infection

2 patients
with pulmonary
edema

6 patients with 
non-CIP drug 
pneumonitis

3 patients
with CIP

5 patients with 
immune-mediated 
ILD or  pulmonary
vasculitis 4 patients with 

cancer
progression

4 patients with 
non-immune
mediated ILD

Abbreviations: BAL, bronchoalveolar
lavage; CIP, checkpoint inhibitor 
pneumonitis; ILD, interstitial lung 
disease

9 patients had more than one final
pulmonary diagnosis

Fig. 1   Patients by pulmonary diagnoses
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Several groups have examined IL-6 from the BAL in 
the setting of benign and malignant pulmonary processes. 
Hogea, et al., found that IL-6 from the BAL was higher in 
patients with malignant lung diseases [13], and Dowlati, 
et al., reported that IL-6 in the BAL from patients with lung 
cancer was higher than BAL from patients with chronic 
obstructive pulmonary disease (COPD) with acute pul-
monary infections [14]. Kowalski, et al., showed that IL-6 
was higher in the BAL of CIP patients compared to healthy 
control subjects, patients with lung cancer, and those with 
ILD [15]. We found that IL-6 from the BAL was higher in 
immune-mediated lung inflammation compared to the most 
common alternate etiologies for lung inflammation in cancer 
patients (infection, cancer progression, and non-CIP ILD), 
and our work corroborates prior studies showing BAL IL-6 
as a promising biomarker for CIP. Utilization of this poten-
tial biomarker could lead to earlier detection of CIP, allow-
ing for prompt immune suppression and prevention of more 
severe cases of CIP [16].

In addition to its potential as a diagnostic biomarker, IL-6 
from the BAL may also have therapeutic implications for 
CIP. Tocilizumab, a monoclonal antibody that inhibits the 
IL-6 receptor to block the pro-inflammatory effects of IL-6, 

has been utilized for the treatment of iRAEs and CIP [17], 
though its role for CIP treatment is limited to steroid-refrac-
tory cases (pneumonitis not improving or worsening on sys-
temic corticosteroids). Corticosteroids remain the mainstay 
of CIP treatment, but prolonged steroid treatment in cancer 
patients treated with ICIs may be associated with worsened 
progression-free and overall survival, in addition many other 
adverse effects [18]. Further research is needed to determine 
whether BAL IL-6 can be utilized to identify CIP patients 
most likely to benefit from early anti-IL-6 therapy.

There are several limitations to our study. Our CIP sample 
size was small, making it difficult to make definitive con-
clusions on cytokine differences among patients with CIP, 
cancer progression, nonimmune-mediated ILD, and pul-
monary infection, though clear distinctions were observed 
even with the small sample size. Approximately, one third 
of patients received corticosteroids within 7 days prior to 
BAL collection, and the cytokine concentration at the time 
of BAL collection may not accurately reflect the cytokine 
concentration and composition of the pathogenic pulmonary 
process before corticosteroid administration. Several patients 
also had concurrent diagnoses, making it difficult to attribute 
identified cytokine compositions to one specific pulmonary 

Fig. 2   Interleukin-6 and tumor necrosis factor alpha levels in bron-
choalveolar lavage samples from patients with immune checkpoint 
inhibitor pneumonitis compared to patients with other common eti-
ologies of lung inflammation. Box plot legend The central line in the 
box represents the median, while the diamond point within the box 
indicates the mean. The box edges correspond to the first (Q1) and 

third quartiles (Q3), and whiskers extend up to 1.5 times the inter-
quartile range (IQR) above Q3 and below Q1. Dots beyond the 
whiskers represent outliers. CIP Checkpoint inhibitor pneumonitis; 
ILD Interstitial lung disease (specifically referring to nonimmune-
mediated ILD), IL-6 Interleukin-6; TNF-α Tumor necrosis factor 
alpha. Note: * indicates p < 0.05 and ** indicates p < 0.01
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Fig. 3   Interleukin-6 and tumor necrosis factor alpha levels in bron-
choalveolar lavage samples from patients with immune-mediated lung 
inflammation compared to patients with other inflammatory pulmo-
nary processes. CIP Checkpoint inhibitor pneumonitis, ILD Nonim-

mune-mediated interstitial lung disease; IL-6 Interleukin-6; TNF-α 
Tumor necrosis factor alpha. Note: * indicates p < 0.05 and ** indi-
cates p < 0.01

Table 1   Demographics of 
cohort group of patients 
with immune-mediated lung 
inflammation compared to other 
diagnosis (pulmonary infection, 
cancer progression in the lungs, 
and interstitial lung disease)

Immune-mediated lung 
inflammation (n = 14)

Other diagnosis 
(n = 23)

P value

Age 63.6 ± 11 62.1 ± 13 0.712
Gender Male 8 (57.1%) 12 (52.2%) 1.00

Female 6 (42.9%) 11 (47.8%)
Race White 13 (92.9%) 20 (87.0%) 1.00

Other 1 (7.1%) 3 (13.0%)
BMI 29.3 ± 7.2 37.3 ± 4.8 0.318
Smoking Active smoker 7 (50%) 13 (56.5%) 0.745

Never smoker 7 (50%) 10 (43.5%)
Steroids given Yes 7 (50.0%) 19 (82.6%) 0.063

No 7 (50.0%) 4 (17.4%)
Cancer history No 3 (21.4%) 3 (13.0%) 0.653

Yes 11 (78.6%) 20 (87.0%)
Cancer status Active cancer 9 (64.3%) 12 (52.2%) 0.515

Inactive/no cancer 5 (35.7%) 11 (47.8%)
Prior immunotherapy No 11 (78.6%) 21 (91.3%) 0.346

Yes 3 (21.4%) 2 (8.7%)
Prior chemotherapy No 8 (57.1%) 10 (43.5%) 0.508

Yes 6 (42.9%) 13 (56.5%)
Prior chest radiation No 10 (71.4%) 17 (73.9%) 1.00

Yes 4 (28.6%) 6 (26.1%)
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disorder. However, as this is a real-world study of complex 
cancer patients, confident determination of a single pulmo-
nary pathology is often difficult if not impossible. Addition-
ally, BAL return was variable and differing volumes may 
affect cytokine measurements. Despite attempts to standard-
ize BAL collection techniques [19], patient and clinician-
specific factors impacted the approach and total instilled 
volume. Finally, given the retrospective review of clinical 
data, there is a possibility of unrecognized confounders that 
may misclassify the association between IL-6 from the BAL, 
CIP, and immune-mediated lung inflammation. However, 
given the paucity of studies surrounding analysis of potential 
biomarkers from the BAL in patients with and without CIP, 
we believe our study lends valuable insight into a previously 
understudied area of CIP.

Conclusion

BAL IL-6 distinguished CIP from other common, important 
causes of pulmonary infiltrates in patients with cancer, sug-
gesting it may give insight into the pathophysiology of CIP 
and has potential as a biomarker. Further studies are needed 
to confirm the association between elevated IL-6 from the 
BAL and CIP.
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