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Immunotherapy-related pneumonitis
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Abstract:
Immune checkpoint inhibitors (ICIs) are increasingly used in cancer treatment. Immune checkpoint 
inhibitor-related pneumonitis (ICI-P) is one of the immune-related adverse effects (irAE) and a 
leading cause of morbidity and mortality, defined as focal or diffuse inflammation of the lung paren-
chyma. Although ICI-P can occur in patients with malignancies, such as melanoma, renal cell can-
cer, and lymphoma, lung cancer patients are more susceptible to developing this condition. This 
rare side effect can be fatal. Dyspnea and cough are the most common symptoms. Organizing 
pneumonia is the most frequent radiological pattern; however, diffuse alveolar damage is more se-
vere and life-threatening. Combined ICI blockade appears to improve clinical outcomes compared 
to monotherapy, but the incidence of pneumonitis increases with the combined use of agents. The 
mainstay of ICI-P treatment is corticosteroids; however, steroid-resistant cases may require alter-
native therapies. Early recognition and treatment are essential to prevent the progression of se-
vere complications. This review analyzes the diagnosis and treatment strategies of ICI-P in detail.
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Introduction

Immune checkpoint inhibitors (ICIs), un-
like conventional cytotoxic therapies, are 

treatments targeted tumor immune escape 
mechanisms that provide better survival 
advantages through both monotherapy and 
combination regimens.[1,2] These drugs pre-
vent tumor cells from evading the immune 
response by interacting with programmed 
cell death-1 protein 1 (PD-1), programmed 
death-ligand 1 (PD-L1), and cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4).
[3] In general, T-helper 1 (Th1) CD4 and CD8 
cells are the effector cells responsible for di-

recting the antitumor immune responses of 
ICIs, controlled by multiple mechanisms. 
Through the T-cell receptor (TCR) and 
CD28, T cells are activated and produce cy-
tokines, but inhibitory molecules that atten-
uate T-cell activation are also upregulated. 
Therefore, T cells have a limited window of 
activity before they are restrained to prevent 
damage to normal cells. The signals control-
ling antitumor immunity and immunosup-
pression form a tightly regulated process 
that maintains the balance of the immune 
response.[4] If this balance is disturbed, the 
immune system may initiate a toxic process 
that affects multiple organs and systems. 
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Immune-related adverse events (irAEs) differ from the 
predictable side effects of conventional cancer therapies 
and can affect any organ, most commonly the skin, gas-
trointestinal tract, respiratory system, and endocrine 
system (including the thyroid, adrenal, and pituitary 
glands).[5,6] Among these, immune checkpoint inhibitor-
related pneumonitis (ICI-P) is defined as focal or dif-
fuse inflammation of the lung parenchyma. Although 
the incidence varies based on tumor type and whether 
monotherapy or combination therapy is used, a meta-
analysis reported the incidence of pneumonitis to be 
2.14%.[7] Although rare, it is the most common fatal ad-
verse event among irAEs, with a mortality rate of up 
to 20%.[8,9] Early diagnosis and treatment are critical to 
preventing severe outcomes. 

Predisposing factors
The current oncological focus is on predicting which 
patients may or may not benefit from immunotherapy. 
Studies on programmed cell death protein 1 (PD-1)/
programmed death-ligand 1 (PDL1) expression in tu-
mor tissue or blood, various biomarkers, the tumor mi-
croenvironment, and tumor microbiota–recently gaining 
prominence–are frequently conducted. Another emerg-
ing issue of increasing importance is determining which 
patients are susceptible to developing immunotherapy-
related side effects. Recently, publications have focused 
on identifying predisposing factors for ICI-P.[10] 

The first predisposing factor for the development of ICI-P 
is age. Studies have shown that patients younger than 65 
years are more likely to experience severe toxicity and se-
vere pneumonitis than older patients.[11] However, there 
are publications with differing results regarding the re-
lationship between gender and the risk of developing 
pneumonitis, and no definite consensus has been reached 
on this issue. On the other hand, due to the impaired 
immune balance caused by comorbidities such as high 
body mass index, metabolic syndrome, type 2 diabetes 
mellitus, coronary artery disease, and hyperlipidemia, it 
has been observed that individuals with these conditions 
have a higher risk of immunotherapy-related side effects. 
Specifically, in the case of pneumonitis, it was observed 
that patients with asthma, chronic obstructive pulmonary 
disease (COPD), interstitial pulmonary fibrosis (IPF)–
particularly autoimmune-related interstitial fibrosis–and 
those with a smoking history of more than 50 years are at 
increased risk of ICI-P. Therefore, immunotherapy candi-

dates should be evaluated for conditions such as COPD 
and IPF through baseline radiography and pulmonary 
function tests. Similarly, patients with connective tissue 
diseases (characterized by blood autoantibody positiv-
ity or certain human leukocyte antigen [HLA] subtypes) 
have also been identified as being at higher risk for im-
munotherapy-related side effects.[12,13] Cancer and autoim-
mune diseases are closely related, and many therapeutic 
antibodies are widely used in clinical settings to treat both 
conditions. Furthermore, immune checkpoint blockade 
using anti-PD1, anti-PD-L1, and anti-CTLA4 antibodies 
has improved the prognosis of patients with resistant 
solid tumors. However, excessive immune activation can 
also trigger autoimmune reactions. Therefore, treatment 
decisions for this special patient group should be made by 
a multidisciplinary team, with close follow-up.[14]

Evidence from case studies and retrospective analy-
ses has shown that the incidence of pneumonitis may 
be associated with a history of heavy antitumor treat-
ments prior to immunotherapy, tumor histology, and 
former or current smoking status.[15,16] Treatments such 
as chemotherapy and radiotherapy, administered before 
immunotherapy, may have pneumotoxic effects, and 
it is known that the risk of pneumonitis may increase 
when immunotherapy is used after these treatments. In 
patients for whom immunotherapy is planned, it is im-
portant to assess the treatment risks, particularly in those 
with a history of extensive antitumor therapy, and to ad-
minister immunotherapy under close monitoring to mit-
igate the possible risk of life-threatening pneumonitis. 

When analyzing the relationship between cancer type 
and ICI-P, it is known that immunotherapy is used for 
various cancers, such as multiple myeloma, lung cancer, 
and renal cancer. The risk of ICI-P seems lower in patients 
with multiple myeloma and renal cell carcinoma in terms 
of side effect development. On the contrary, patients with 
breast cancer and non-small cell lung cancer (NSCLC) 
have been found to have a higher incidence of ICI-P, pos-
sibly due to the more frequent radiotherapy and concur-
rent chemotherapy in these patients.[11] Among lung can-
cers, studies have shown a relationship between tumor 
histologic type and the incidence of ICI-P, with patients 
having non-squamous histology being at lower risk of 
developing ICI-P.[17] Additionally, the high incidence of 
concomitant chronic pulmonary diseases in smoking-re-
lated cancers may further increase the risk of ICI-P.
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Recent studies have demonstrated a relationship be-
tween microbiota and ICI-P. A lower abundance of Bac-
teroides and a higher presence of Faecalibacterium or 
Firmicutes species in the intestinal flora have been asso-
ciated with more immunotherapy-related side effects.[12] 
In a previous study, immunotherapy-related side effects 
were observed more frequently in patients using antibi-
otics, suggesting that antibiotics should be used with 
caution in patients receiving immunotherapy.[18] 

Clinical findings
Patients with ICI-P typically present with symptoms sim-
ilar to those of pneumonia. The first and most common 
complaint is shortness of breath. Since it can also be at-
tributed to malignancy, patients may initially ignore this 
symptom. As the condition progresses, symptoms such as 
chest pain, cough, fever, and even hypoxia may develop. 
Although the most common clinical findings in ICI-P are 
dyspnea (80.3%) and cough (52.5%), fever (32.8%) and an 
asymptomatic state (6.6%) can also be observed, though 
rarely.[19] The presence of new infiltrates on chest imag-
ing, along with these symptoms in a patient receiving 
immunotherapy, supports the diagnosis of ICI-P.[20] It has 

been shown that ICI-P typically begins within the first six 
months of immunotherapy, with high-grade pneumoni-
tis occurring earlier than low-grade pneumonitis.[17]

When pulmonary function test (PFT) findings in patients 
diagnosed with ICI-P are analyzed, reductions in Forced 
Vital Capacity (FVC), Vital Capacity (VC), and Carbon 
Monoxide Diffusion Capacity (DLCO) are observed. How-
ever, PFT volumes may be normal in patients with low-
grade ICI-P, with DLCO being particularly sensitive.[21] 

Differential diagnosis
Due to the diversity of clinical presentations and radi-
ological appearances, many etiological factors must be 
considered in the differential diagnosis [Fig. 1].

Diagnosis and new diagnostic developments 
Immune checkpoint inhibitor-related pneumonitis does 
not have any pathognomonic clinical or radiological find-
ings for diagnosis. High-resolution computed tomogra-
phy (HRCT), one of the most important diagnostic tools 
for ICI-P, should be performed when possible. The lower 
lobes are the most common sites of ICI-P involvement 

Figure 1: Differential diagnosis
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in the lungs, with the middle and upper lobes being less 
commonly affected.[27] Radiological findings in ICI-P vary 
widely. The main imaging features include ground-glass 
opacity, consolidation, interlobular septal thickening, 
bronchial dilation, nodules, and reticular patterns. The 
types of lung damage observed on CT scans are broadly 
classified into four radiological appearances: organized 
pneumonia (OP), nonspecific interstitial pneumonia 
(NSIP), hypersensitivity pneumonitis (HP), and diffuse 
alveolar damage (DAD). The acute, severe form of DAD, 
which can result in severe respiratory failure, is known 
as acute respiratory distress syndrome (ARDS). When the 
pulmonary involvement of ICI-P is ranked in terms of 
severity, the pattern follows DAD>NSIP>HP>OP. While 
DAD/ARDS is the most severe form among these four 
groups, this involvement pattern, along with HP, is one of 
the rarest. The most common form is OP, with an incidence 
of 65%, followed by NSIP at 15%. Common computed 
tomography (CT) findings in OP include ground-glass 
opacities, consolidations, nodular lesions, and inverted 
halo signs. Ground-glass opacities are the most frequent 
radiological finding in ICI-P.[28,29] Additionally, it has been 
observed that the presence of cryptogenic OP has been as-
sociated with increased immunotherapy efficacy.[30]

Minimally invasive procedures, such as bronchial lavage 
fluid examinations or bronchial biopsy, may aid in the di-
agnosis, alongside radiology. Bronchoalveolar lavage (BAL) 
has long been used in the differential diagnosis of pneu-
monitis. Bronchoalveolar lavage examinations in patients 
with ICI-P typically reveal a differential cell count with a 
predominance of lymphocytes (usually over 20%). However, 
neutrophils or eosinophils above 10% may also be observed.
[31] Pathological evidence is heterogeneous, with most ICI-P 
samples obtained from transbronchial lung biopsy. Most 
reported cases involve lymphocytic infiltration, granuloma-
tous inflammation, and organized pneumonia.

In addition to differential cell counts in BAL fluid, ad-
vanced investigations such as flow cytometry can also be 
performed. Flow cytometry studies have shown that both 
CD4 (+) and CD8 (+) T cells constitute the majority of cells 
in BAL fluid and are involved in disease pathogenesis. T-
helper 17 cells are predominant among T cells, and high 
expression of genes such as T-box transcription factor 21 
(TBX21, encoding T-bet), retinoic acid receptor-related 
orphan receptor gamma (ROR-γ), interferon-gamma 
(IFN-γ), interleukin-17 alpha (IL-17α), colony-stimulating 

factor 2 (CSF2, also known as granulocyte-macrophage 
colony-stimulating factor, GM-CSF), and cytotoxicity-re-
lated genes increases the risk of ICI-P development. With 
the increasing use of flow cytometry in clinical practice, 
it is believed that these proteins may serve as useful 
biomarkers for predicting the diagnosis and progression 
of ICI-P.[32] Bronchoscopic biopsies typically show alveoli-
tis characterized by organized pneumonia and alveolar 
septal thickening with lymphocyte predominance.[33] 

In recent years, the interpretation of radiological findings 
using new and advanced technologies such as machine 
learning, artificial intelligence, and radiomics has con-
tributed to diagnostic procedures; however, these tech-
nologies are not yet widely used. Particularly in patients 
with lung cancer and suspected interstitial pneumonia, 
differentiating between cancer progression and intersti-
tial pneumonia, as well as distinguishing viral or bacte-
rial pneumonia in other diseases can be challenging for 
clinicians. As treatment options like immunotherapy and 
targeted therapies increase, leading to improved sur-
vival, cases in which radiotherapy and immunotherapy 
are used together are being encountered more frequently 
in routine practice.[34,35] A study by Qui et al.[36] revealed 
that a radiomics algorithm could be used to differentiate 
radiotherapy-related pneumonitis from ICI-P. In a review 
of radiomic analysis studies on ICI-P by Shu et al.,[33] tech-
niques using radiomic analysis, such as machine learning 
or deep learning, were found to be more effective than 
manual radiomic analysis. However, it was concluded 
that more radiomic-analyzed data sets are needed to 
achieve high accuracy in the differential diagnosis of this 
disease, which lacks a definitive diagnostic method.

Several biomarkers are frequently used in clinical practice 
to predict the risk of ICI-P development. Baseline low he-
moglobin, low albumin, and a high neutrophil-to-lympho-
cyte ratio have been associated with ICI-P and other side 
effects. When cytokine levels were analyzed, interstitial or-
ganizing pneumonia was associated with low baseline lev-
els of tumor necrosis factor alpha (TNF-α), IL-6, IL-8, inter-
feron gamma-induced protein 10 (IP-10), CXCL9, CXCL10, 
CXCL11, and CXCL19, while a significant increase in IL-6, 
CXCL5, CXCL9, and CXCL10 levels was observed after 
treatment.[12,37] Biomarkers with high accuracy are needed 
for ICI-P, as its clinical and radiological findings can be 
confused with other diseases. In this context, transforming 
growth factor beta 1 (TGFß1), interleukins 1, 6, 8, and 10, 
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Krebs von den Lungen-6 (KL-6), and surfactant proteins, 
which have been previously studied in interstitial changes, 
have been shown to be positive in ICI-P.[10] In the future, 
the use of specific biomarkers to identify high-risk patient 
groups could help prevent irAEs. This would allow for 
early intervention or the implementation of closer patient 
follow-up protocols for those at higher risk.

Predicting risk according to immunotherapy agent
The risk of pneumonitis may vary depending on the im-
munotherapy agents used. In a meta-analysis, the inci-
dence of severe pneumonitis was reported to be 3.2% with 
anti-PD1 and 2% with anti-PDL1.[38] Another meta-analy-
sis reported the incidence of pneumonitis to range from 
0–10.6% for all grades with anti-PD1 agents and 0–4.3% for 
grade 3 and above, with no difference observed between 
the anti-PD1 agents nivolumab and pembrolizumab in 
terms of pneumonitis risk.[39] The incidence of pneu-
monitis with anti-PDL1 agents, such as atezolizumab, 
was reported to be 2–3% for all grades,[40–42] while the 
rate of pneumonitis with anti-CTLA4 monotherapy was 
less than 1%.[25] Although the incidences of pneumonitis 
are similar between anti-PD1 and anti-PDL1 monother-
apies, studies have shown relatively low rates of pneu-
monitis with anti-CTLA4 monotherapy.[9,43] Combined 
ICI blockade appears to improve clinical outcomes com-
pared to monotherapy.[44] though the incidence of pneu-
monitis varies with the combined use of agents.[7] When 
anti-PD1 monotherapy was compared with combination 
therapies, the incidence of pneumonitis across all grades 
was found to be significantly higher in the combination 
group (2.7% vs. 6.6%).[39] Among patients receiving anti-
PD1 and anti-PDL1 monotherapy, the incidence of pneu-
monitis was higher in the combination arm compared to 
those receiving anti-CTLA4 combination therapy.[19] In 
a study evaluating pneumonitis with ICI and combina-
tion therapies, it was found that the combination of anti-
PD1 + chemotherapy (1.76, 95% confidence interval [CI] 
1.52–2.05) and anti-CTLA4 + chemotherapy (2.36, 95% CI 
1.67–3.35) was associated with pneumonitis, whereas no 
association was found between the combination of anti-

PDL1+ chemotherapy and the incidence of pneumonitis.
[45] In another meta-analysis, contrary to previous results, 
the combination of anti-PD1 + chemotherapy and anti-
PDL1+ chemotherapy was found to have a lower inci-
dence of pneumonitis compared to monotherapy (2.2% 
vs. 2.48%; 2% vs. 2.48%, respectively). The incidence of 
pneumonitis with the anti-CTLA4 combination was re-
ported to be 3.43% in the same study. In this meta-anal-
ysis, the decrease in incidence with combined regimens 
was attributed to the protective immune inhibition effect 
of concomitant cytotoxic drugs or corticosteroids (used 
as pretreatment agents) against ICIs.[38] When evaluating 
the broader literature, combined ICI treatments tend to 
increase the risk of pneumonitis compared to monother-
apies. Early identification of the risk of pneumonitis with 
combination therapies and implementing protective 
measures early may reduce the risk of ICI-P.

Treatment approaches and grading in ICI-Ps 
After the diagnosis of pneumonitis in lung cancer pa-
tients receiving immunotherapy, these patients should 
be evaluated using the Common Terminology Crite-
ria for Adverse Events (CTCAE) severity scale, and the 
severity of pneumonitis should be graded and managed 
accordingly. According to this scale, ICI-P is classified 
from grade 1, which is asymptomatic, to grade 5, which 
results in death (Table 1).[46] 

In line with the recommendations of the European Soci-
ety of Medical Oncology (ESMO), immunotherapy can 
be continued when grade 1 pneumonitis is diagnosed, 
but close follow-up with symptom monitoring every 2–3 
days and repeat imaging at least every 3 weeks is recom-
mended. In cases of grade 2 pneumonitis, immunother-
apy should be interrupted, empirical antibiotic treatment 
should be initiated if infection is suspected, and 1 mg/kg/
day of oral prednisolone or an equivalent corticosteroid 
(CS) should be administered. If there is no response within 
48–72 hours to CS treatment, management should follow 
protocols for grade 3 or 4 pneumonitis. For patients with 
grade 3 or higher pneumonitis, parenteral administration 

Table 1: Grading of pneumonitis according to Common Terminology Criteria for Adverse Events (CTCAE v5.0)[44]

Grade 1 (mild) 	 Asymptomatic with radiological findings 
Grade 2 (moderate) 	 Symptomatic, limiting instrumental activities of daily living (ADL) 
Grade 3 (severe) 	 Severe symptoms, limiting self-care ADL, requiring oxygen 
Grade 4 (life-threatening) 	 Life-threatening respiratory compromise, requiring advanced oxygen delivery (e.g., mechanical ventilation)
Grade 5 	 Death related to pneumonitis
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of 2–4 mg/kg/day of methylprednisolone or an equiva-
lent CS should be initiated after hospitalization. Empir-
ical antibiotic treatment should be reassessed, and the 
spectrum should be escalated if necessary. In cases where 
oxygen therapy is insufficient, non-invasive or invasive 
mechanical ventilation should be provided without delay 
(Table 2).[47] In patients who do not respond to these ther-
apies, other immunosuppressive or immunomodulatory 
treatment options should be considered.

After complete symptomatic improvement, the steroid 
dose should be tapered over 4–6 weeks for grade 2 pneu-
monitis and ≥6–8 weeks for grade 3 pneumonitis. If the 
toxic event resolves without complications, resumption 
of immunotherapy may be considered for patients with 
grade 2 or lower, with close clinical follow-up. However, 
the resumption of immunotherapy should be postponed 
until the daily steroid dose is ≤10 mg of prednisolone. Ac-
cording to the literature, it has been reported that the risk 
of relapse increases when the first episode of pneumoni-
tis occurs early (<12 weeks) and the duration of steroid 
treatment is shorter than 5 weeks. Recurrent cases usu-
ally have a more severe course than the first episode.[48,49]

Treatment approach in steroid-resistant cases
The mainstay of treatment is corticosteroids; however, 
steroid-resistant cases present a challenge for clinicians 
in clinical practice. The optimal time to discontinue 
steroids, switch to alternative treatments, determine the 
appropriate dose, and establish the duration of treat-
ment remains unclear.[50] In grade 3 and above pneu-
monitis, intravenous immunoglobulin (IVIG) and other 
immunosuppressive treatments should be considered 
if there is no response to steroids within 48–72 hours.
[28,43,51–55] Intravenous immunoglobulin exerts an im-
munomodulatory effect through three mechanisms: 1) 
regulating the function of immune cells causing inflam-
mation, 2) binding and neutralizing autoantibodies, and 
3) downregulating the expression of various chemokines 
and cytokines.[56] Although biological agents such as tu-
mor necrosis factor inhibitors have been associated with 
increased risks of malignancy and infection, the litera-
ture reports that adding these agents to the treatment 
of steroid-resistant pneumonitis provides clinical im-
provement.[52,53] Tocilizumab, an interleukin-6 inhibitor, 
has also been reported as a potential therapeutic option 
for steroid-resistant pneumotoxicity.[51]

Table 2: Treatment recommendations from European Society for Medical Oncology (ESMO) guidelines according to the 
grading of Common Terminology Criteria for Adverse Events (CTCAE) 

Grade 1 
Asymptomatic

Grade 2
Symptomatic with limitation of 
instrumental activities

Grade 3–4
Severe new symptoms, 
life-threatening, acute respiratory 
distress syndrome (ARDS)

If no response within 48–72 hours, consider alternative treatment options and assess for differential diagnoses.

Baseline indications:
•	Computed tomography with contrast – repeat as 

necessary
•	Pulse oximetry
•	Laboratory tests
•	Respiratory function test
•	Sputum sample (screening for viral opportunistic 

panel, opportunistic pathogens, or specific 
bacterial infections)

Outpatient monitoring:
•	Daily symptom monitoring
•	Computed tomography (CT) of the thorax with 

contrast
•	Sputum, blood, and urine cultures
•	Bronchoscopy with Bronchoalveolar Lavage (BAL)
•	Weekly thoracic X-ray and pulmonary function 

test (PFT) monitoring, including transfer factor for 
carbon monoxide (TLCO)

Hospitalization:
•	In addition to baseline diagnostic assessment:
•	High-resolution computed tomography (HRCT)
•	Bronchoscopy with BAL±transbronchial biopsy

Monitoring:
•	Symptom monitoring every 2–3 days
•	In case of symptom worsening, manage as in 

Grade ≥2

Treatment:
•	Withhold immunotherapy
•	Start empirical antibiotics if infection is suspected 
•	If no evidence of infection or no response 

to antibiotics after 48 hours, initiate oral 
prednisolone at 1 mg/kg/day

•	If no response within 48 hours, treat as ≥Grade 3

Treatment:
•	Discontinue immunotherapy
•	Administer 2–4 mg/kg/day intravenous (i.v.) 

methylprednisolone
•	Review empirical antibiotic treatment, escalate 

as needed, and initiate ventilation if necessary
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Other immunosuppressant treatment options suppress 
the proliferation of immune cells through different 
mechanisms and act by inhibiting the antibody-medi-
ated immune response. The following table lists vari-
ous alternative treatment strategies and drugs currently 
under investigation, which may provide future alterna-
tives for the treatment of ICI-P (Table 3). 

In conclusion, it is clear that clinicians need evidence-
based guidance with more precise recommendations 
regarding pulmonary toxicity. The optimal manage-

ment of immunotherapy-associated pulmonary toxicity 
remains an open question that needs to be addressed, 
especially when considering the current state and fu-
ture direction of cancer treatment.

Re-challenge with immunotherapy
As expected, the adverse effects of ICIs are rarely fatal 
and usually improve with discontinuation of treatment 
or the administration of corticosteroids. Guidelines rec-
ommend stopping immunotherapy in case of life-threat-
ening (grade 4) and serious (grade 3) adverse events.

Table 3: Alternative treatment regimens

IVIG[54]

Mycophenolate mofetil[55] and 
Cyclophosphamide[43]

Infliximab[43,52,53]

Tocilizumab[51]

Secukinumab[55]

Ustekinumab[57,58]

Guselkumab[57,58]

Canakinumab[59]

Mepolizumab[60]

Tralokinumab[61]

Eculizumab, Ravulizumab[62]

Sargramostim[63]

Vedolizumab[64]

Ruxolitinib, Baricitinib, Tofacitinib, 
Upadacitinib[65,66]

Oclacitinib (NCT05305066 under 
investigation in clinical trials)
Evobrutinib[67] (NCT03934502 
under investigation in clinical trials)
Tirabrutinib (NCT02626026 under 
investigation in clinical trials)
Tomivosertib[68]

Sirolimus[69]

•	Regulates the function of immune 
cells that cause inflammation, 

•	Binds and neutralizes autoantibodies, 
•	Downregulates the expression of 

various chemokines and cytokines
•	Inhibit immune cell proliferation and 

function
•	Suppress the antibody response
•	TNF-α inhibitor
•	IL-6 inhibitor
•	IL-17 inhibitor

•	IL-12 inhibitor
•	IL-23 inhibitor

•	IL-1 inhibitor

•	IL-5 inhibitor

•	IL-13 inhibitor

•	C3a inhibitor

•	GM-CSF

•	α 4 integrin inhibitor

•	JAK-related pathway inhibitors

•	BTK-related pathway inhibitor

•	MNK1/2-related pathway inhibitor
•	mTOR-related pathway inhibitor

2 g/kg IVIG, 2–5 per day

1g, 2×1 iv

5 mg/kg, single dose, repeat every 2 weeks if necessary
8 mg/kg, single dose, repeat every 2 weeks if necessary
Effective in immunotherapy-associated psoriasiform 
dermatological toxicity (case reports)
Effective in the treatment of immunotherapy-associated colitis
Effective in immunotherapy-associated psoriasiform 
dermatological toxicity
Effective in treating various autoimmune inflammations, with 
high potential in treating pneumonitis
High potential in treating ICI-P by suppressing serum 
eosinophil count
Approved for atopic dermatitis, potential for severe ICI-P 
treatment
Approved for paroxysmal nocturnal hemoglobinuria, with 
potential for severe ICI-P treatment
Found effective in reducing ICI-P and improving survival 
(Phase 2 studies)
Approved for IBD, has a good safety profile with long-term 
use, potential for severe IBD treatment

Studies have shown that sirolimus not only relieves colitis by 
reducing T-cell infiltration but also inhibits tumor growth.

IVIG: Intravenous Immunoglobulin, iv: Intravenous, TNF: Tumor necrosis factor, IL: Interleukin, ICI-P: Immune checkpoint inhibitor-related pneumonitis, 
GM-CSF: Granulocyte-macrophage colony-stimulating factor, IBD: Inflammatory bowel diseases, JAK: Janus kinase, BTK: Bruton tyrosine kinase inhibitor, MNK: 
Mitogen-activated protein kinase-interacting kinase inhibitor, mTOR: Mammalian target of rapamycin
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[70,71] The decision to restart ICIs after irAEs is complex 
and should be discussed with a multidisciplinary team, 
considering individualized factors such as the patient’s 
cancer status, response to immunotherapy, availability 
of alternative effective treatments, and resolution of ob-
served toxicities. In a study involving lung cancer pa-
tients, re-IRAEs were observed in 20% of patients who 
restarted ICIs after ICI-P. Recurrence was associated 
with having experienced grade ≥3 ICI-P during the first 
pneumonitis episode, an Eastern Cooperative Oncology 
Group (ECOG) performance status of ≥2, and elevated 
levels of IL-6, C-reactive protein, white blood cell count, 
and neutrophil count at the time of re-administration.[72] 
If re-administration of immunotherapy is deemed neces-
sary, it should be restarted under close monitoring due 
to the risks of monotherapy with a different drug and the 
potential for recurrent and/or subsequent irAEs. 
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