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Abstract
Background  Immune checkpoint inhibitor-related pneumonitis (CIP) stands out as a particularly severe adverse 
event caused by immune checkpoint inhibitors, with a substantial real-world incidence ranging from 13 to 19%. 
While systemic corticosteroids represent the standard treatment for CIP, therapeutic options become limited in cases 
where patients do not respond to corticosteroid therapy. Such patients are classified as having steroid-resistant CIP, 
often associated with a poor prognosis. This case study provides insight into the symptoms, diagnostic process, and 
treatment approach for steroid-resistant CIP. Notably, successful management is demonstrated through the utilization 
of cyclosporine, highlighting its potential mechanisms of action in effectively treating steroid-resistant CIP.

Case description  We present the case of a 53-year-old male with stage IV. A non-small cell lung cancer (NSCLC), who 
experienced elevated fever, cough, and dyspnea subsequent to immunotherapy treatment. Based on his medical 
history, clinical manifestations, and radiological findings, the patient was diagnosed with CIP. Initial administration 
of led to improvement, but during the subsequent tapering of corticosteroid therapy, a resurgence of CIP occurred, 
resulting in respiratory failure. Consequently, we arrived at the diagnosis of steroid-resistant CIP, prompting the 
implementation of a combination therapy with cyclosporine and corticosteroids to establish stable disease control. 
Upon systematic reduction of corticosteroid dosage, the patient maintained a favorable response with no recurrence.

Conclusions  This marks the first instance of effectively managing steroid-resistant CIP through the combined use of 
cyclosporine and corticosteroids. Presently, cases of steroid-resistant CIP remain infrequent, necessitating vigilant and 
meticulous monitoring within clinical settings. Notably, there exists no distinct guideline specifying a singular agent 
for rescuing patients unresponsive to corticosteroid therapy. Therefore, cyclosporine emerges as a promising and 
efficacious treatment alternative for individuals unresponsive to corticosteroid intervention in the context of CIP.
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Backgrounds
Immune checkpoint inhibitors (ICIs) have revolutionized 
cancer treatment by utilizing the immune system to rec-
ognize and attack cancer cells [1, 2]. However, ICI-based 
treatment accompanied severe immune-related adverse 
events (irAEs) to which almost all organ systems are sus-
ceptible, especially checkpoint inhibitor-related pneumo-
nitis (CIP) [3]. In real-world studies, the incidence of CIP 
can be as high as 10–19%, and severe cases, especially 
grade ≥ 3 cases can be fatal [4]. Previous studies have 
revealed that CIP may occur more frequently and have 
a faster onset in non-small cell lung cancer (NSCLC) 
compared to other types of cancers [4]. Further, with the 
increasing application of ICI treatment, the incidence 
and mortality of CIP may increase. Major guidelines and 
expert consensus reports recommend that the first treat-
ment for CIP is still corticosteroids [5, 6]. However, only 
70–80% of patients with CIP respond to conventional 
corticosteroids, and the remaining patients are refractory 
or become resistant to steroids [7]. Treatment options for 
these patients are extremely limited, with only limited 
evidence suggesting the potential efficacy of drugs such 
as infliximab, and nintedanib, to name a few [8, 9].

Cyclosporine A, a calcineurin inhibitor, is a potent non-
cytotoxic immunosuppressive agent that has been widely 
used in interstitial lung disease associated with autoim-
mune diseases and rheumatoid arthritis [10]. Given that 
CIP is an immune-related interstitial lung disease (ILD) 
that may have overlapping pathophysiological mecha-
nisms with other ILDs, it is possible that such patients 
can benefit from cyclosporine-based treatment methods 
[11].

Herein, we report a case of a patient with NSCLC who 
developed severe CIP after receiving pembrolizumab. 
The patient was hospitalized four times repeatedly due 
to steroid-resistant CIP, and the patient’s condition was 
ultimately controlled with a combination of cyclospo-
rine and low-dose corticosteroid treatment. We further 

investigated the potential relationship between steroid-
resistant CIP in order to provide new treatment options 
for CIP.

Case presentation
Basic clinical information
The patient was a 53-year-old male nonsmoker with 
a body mass index (BMI) of approximately 22  kg/m² 
(weight 60 kg, height 165 cm), was diagnosed with right 
upper lobe adenocarcinoma with pleural metastases 
(cT2aN2M1a, stage IVA) during routine examination. 
Treatment with pemetrexed and nedaplatin in combina-
tion with pembrolizumab (100 mg q3w) for seven cycles 
(dose adjustment due to economic distress) was initi-
ated, followed by seven cycles of deplatinated therapy 
(pemetrexed plus pembrolizumab), resulting in partial 
response (PR). Subsequently, he underwent monotherapy 
with pembrolizumab, with the dose adjusted to 200  mg 
q4w, considering the single treatment modality and the 
patient’s economic constraints.

Checkpoint inhibitor pneumonitis and grade 
3 + respiratory failure
On the 27th day of the fourth cycle of pembrolizumab 
monotherapy, the patient had a fever of up to 38℃ with 
cough, and expectoration for three consecutive days, 
which was not a concern until dyspnea developed. Lab-
oratory tests revealed the white blood cell count and 
lactate dehydrogenase levels fluctuated within normal 
limits, except for kreb von den lungen-6 (KL-6) (9345 U/
mL) (Fig. 1), which were much higher than normal. Chest 
computed tomography on admission showed extensive 
interstitial lesions and ground-glass opacities (GGOs) in 
both lungs, most of which were grid-like (Fig.  2A). The 
imaging staging was diagnosed as acute interstitial pneu-
monia-associated-acute respiratory distress syndrome 
(AIP-ARDS). To further clarify the diagnosis, a histopath-
ological biopsy of the right upper lung was performed 
by bronchoscopy, biopsy revealed the tissue changes 
were consistent with interstitial lung inflammation with 

Fig. 1  The changing trend of IL-8 and KL-6 in the four hospitalization of CIP
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fibrinoid exudative inflammation. Finally, he was diag-
nosed with CIP of grade 3.

Due to his critical condition combined with respira-
tory failure, the patient was given methylprednisolone 
(120  mg, QD) on the first day of diagnosis. The afore-
mentioned symptoms were improved (PaO2/FiO2 347.1 
mmHg, respiratory rate < 20 per/minute), and chest X-ray 
showed absorption of interstitial lesions in both lungs 
indicating that the treatment was effective. He was then 
instructed to take prednisone acetate tablets (45 mg) and 
continue to take them orally, and then consider reducing 
the dosage according to the followup results.

Recurrence of grade 2 checkpoint inhibitor pneumonitis 
after 10 days
On the tenth day after discharge, the patient returned 
with shortness of breath after activity and chest tightness. 
The chest X-ray showed increased interstitial lesions in 
both lungs than before, and he was hospitalized again 
with grade 2 CIP. The patient did not discontinue the 
drug artificially after discharge, and we considered CIP 
recurrence. Further, the symptoms were also relieved 
after three days of prednisolone (120 mg QD) treatment 
(Fig.  2B). After discharge, the patient continued to take 
a higher dose of oral prednisone acetate tablets (60 mg) 
than he had taken during the previous hospitalization.

Recurrence of steroid-resistant checkpoint inhibitor 
pneumonitis grade 3 + respiratory failure
Unfortunately, the patient returned with dyspnea on the 
7th day after the second discharge, he was unable to lie 
down accompanied by cough and fever (up to 38.4℃). 
He had a PaO2/FiO2 of 197.9 mm Hg and KL-6 > 10,000 
U/ml. The recurrence of CIP was evaluated as a grade 3 
adverse event (Fig. 2C). Given that a previously reported 
case of steroid-refractory CIP was successfully treated by 

pulse steroid therapy [12], we gave methylprednisolone 
400 mg high-dose shock on the first day to rule out the 
recurrence of CIP as a corticosteroid dosage problem. 
We then gradually reduced the dosage to 80  mg/day by 
the sixth day according to the improvement of symptoms 
and imaging results. At discharge, the patient was still 
taking prednisone acetate tablets 40 mg.

Checkpoint inhibitor pneumonitis stability control: 
cyclosporine + low dose methylprednisolone
On the fifth day after the third discharge, he presented 
with an aggravated cough, chest pain, and fatigue, two 
lungs presented diffuse parenchymal lesions (Fig.  2D). 
Further, the KL-6 and IL-8 level was significantly higher 
than normal (Fig. 1). We determined the type of CIP in 
this patient to be steroid-resistant CIP. Considering the 
patient’s radiological imaging showed severe diffuse 
interstitial change in both lungs, and the clinical second-
line treatment for CIP has always been based on experi-
ence of treating other irAEs and other lung diseases [7], 
cyclosporine has been reported to be effective in treat-
ing interstitial pulmonary fibrosis and extensive pulmo-
nary fibrosis resulting from organ transplantation with 
no significant adverse effects [13, 14], we tentatively 
used cyclosporine (25 mg) based on 60 mg/day of pred-
nisolone. Surprisingly, the patient’s symptoms were sig-
nificantly relieved on the 3rd day, and the corticosteroid 
dose was rapidly tapered down to 20 mg on the third day. 
On the 15th day, the patient was discharged asymptomat-
ically and a marked amelioration of pulmonary opacities 
was observed by chest radiography (Fig. 2E).

During these four hospitalizations of the patient for 
CIP, microbiological examination findings were all nega-
tive, and immunotherapy was suspended but fortunately, 
there was no progress in the tumor. In the next course 
of treatment, we will fully evaluate to immunotherapy 

Fig. 2  (A-E) Dynamic changes of chest X-ray and chest computed tomography (CT) in five stages of CIP
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rechallenge. Presently, he remains on 15  mg corticoste-
roids with 25  mg cyclosporine, and there is no recur-
rent CIP. Further, KL-6 levels also decreased significantly 
(Fig.  1). His blood pressure, creatinine, and other indi-
cators were in the normal range without any cyclo-
sporine-related side effects. Meanwhile, since we used 
cyclosporine in conjunction with rapid corticosteroid 
tapering, we circumvented the adverse consequences of 
using corticosteroids in large doses for long periods of 
time (Fig. 3). The patient was also delighted to share his 
feedback that he was no longer struggling to walk quickly 
and was breathing much better when he returned to the 
hospital for follow-up.

Six-month follow-up: the tumor keeps SD with no 
antitumor therapy
The patient continued to take cyclosporine (25 mg, QD) 
in combination with a substantially reduced dose of 
corticosteroids (15  mg, QD) for three weeks after dis-
charge from the hospital and stopped both drugs at week 
five (Fig. 3). He showed no signs of recurrence, indicat-
ing that the previous steroid-resistant CIP was under 

control. At the same time, the patient stated that he 
was in good condition, and did not come to the hospi-
tal for anti-tumor treatment for half a year. During this 
period, only routine reexamination was performed, and 
stable disease (RECIST1.1 criteria) of the primary tumor 
lesion was evaluated. The patient’s treatment and follow-
up were documented in a timeline (Fig.  4). Further, the 
patient’s weight had increased by 10 kg compared to the 
last hospitalization.

Discussion
In this work, we present a case of a recurrent steroid-
resistant CIP patient treated with pembrolizumab immu-
notherapy. The patient failed to achieve stable control 
with corticosteroids and experienced a relapse of CIP 
during the fourth steroid treatment tapering period. In 
an exploratory approach, we administered a combination 
of cyclosporine and corticosteroids, rapidly tapering the 
corticosteroid dose during the treatment process. There 
were no signs of CIP relapse, and the tumor remained 
stable during the six-month follow-up. Cyclosporine is 
an immunosuppressive agent that specifically targets T 

Fig. 4  Timeline of events in this case

 

Fig. 3  Corticosteroid dosage and its dynamics during four hospitalizations of CIP
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lymphocytes, and is frequently utilized in clinical settings 
to prevent graft rejection in liver, kidney, and heart trans-
plantation. Additionally, it can be combined with steroids 
to treat immune-related disorders [15]. To our knowl-
edge, cyclosporine has not been previously used to treat 
pneumonitis associated with ICIs.

Despite our patient showing a moderate response to 
corticosteroids based on clinical manifestations and 
imaging, he continued to experience a recurrence of 
CIP during corticosteroid tapering. Clinicians should be 
fully aware of the possibility of ICI-induced pulmonary 
toxicity during ICIs treatment [16]. As a type of intersti-
tial lung disease caused by immunosuppressive medica-
tions, it is often associated with irreversible pulmonary 
fibrosis. Further, without timely and effective control, it 
can significantly impact the lung function. Indeed, pro-
longed or high-dose use of corticosteroids may signifi-
cantly increase the risk of opportunistic infections when 
used for managing patients with immune-related adverse 
events (irAEs). Therefore, combining immunosuppres-
sive agents with lower doses of corticosteroids for the 
treatment of CIP can be effective for stable control and 
can also reduce the risk of severe infections caused by 
steroids.

Current guidelines do not clearly specify the use of 
immunosuppressive agents for steroid-resistant CIP 
patients. Given that treatment approaches like using 
infliximab have not shown complete efficacy in some 
reported cases and are associated with adverse reactions 
such as infections, we opted for an exploratory approach 
using the conventional immunosuppressive agent cyclo-
sporine. This treatment regimen led to the stable control 
of CIP while facilitating a rapid tapering of steroids, thus 
minimizing the risk of opportunistic infections. Further, 
we found that the laboratory results of four hospitaliza-
tions showed that KL-6 levels in patients with CIP con-
tinued to increase, which was well above normal (< 500 
U/ml) during four recurrent CIP episodes and even 
exceeded 10,000 during the third recurrence. There have 
been studies proving that KL-6 is considered to be one 
of the best and most reliable serum biomarkers for the 
diagnosis of Interstitial Lung Disease (ILD) [17]. Serum 
KL-6/MUC1 is higher in 70–100% of patients with vari-
ous ILDs, and is often associated with the severity of 
interstitial lung injury. In our case when cyclosporine was 
combined with steroid treatment, the KL-6 level was also 
significantly decreased [18].

Based on the existing possible mechanisms of CIP, 
we explored possible mechanisms of the effective-
ness of cyclosporine. For example, Kim et al. found 
a notable increase of Ki-67 (proliferation markers of 
PD-1 + CD8 + T cell) in NSCLC patients who received 
ICIs [19]. Further, Suresh et al. found that the prolifera-
tion of lymphocytes in the bronchoalveolar lavage fluid 

(BALF) of CIP was mainly composed of CD4 + T cells, 
including a high proportion of central memory CD4 + T 
cells (Tcms, CD4 + CD45RA − CD62L+). Further, com-
pared with conventional T cells, Tcms were more resis-
tant to steroid-induced apoptosis, which suggests the 
potential mechanism of steroid-resistant CIP. Addition-
ally, in vitro stimulation showed increased secretion of 
tumor necrosis factor (TNF-α) and interferon-gamma 
(IFN-γ), and Th1 cell-mediated immunity with IFN-γ 
as its signature cytokine. This suggests that during the 
development of CIP, Th1 may trigger an overactive T cell 
response and thus mediate T-helper 1 (Th1)-mediated 
immune responses [20]. Cyclosporine as the first drug 
identified to have immunosuppressive capabilities, is now 
newly found to have applications in a variety of diseases 
such as membranous nephropathy, ulcerative colitis and 
some autoimmune-related diseases [21–24]. It can selec-
tively regulate the function of peripheral blood lympho-
cyte subsets, blocks the activation of cytotoxic t cells, 
and may inhibit the formation or response of memory T 
cells [25]. In a study exploring the successful treatment of 
autoimmune uveitis with cyclosporin A by using single-
cell sequencing, it was found that cyclosporine may have 
a superior salvage effect in attenuating the pathogenic-
ity of auto-reactive T-cells compared to glucocorticoids, 
and focuses on modulating Th1 cells and Th17 cells [26]. 
Thus in our case combining the existing mechanisms of 
cyclosporine, the possible mechanism for the effect of 
cyclosporine on CIP may be the selective inhibition of T 
lymphocyte subsets in CIP, which effectively inhibits the 
activity of helper T lymphocytes and B lymphocytes. This 
is mainly by suppressing the differentiation and prolifera-
tion of resting Th cells and the expression of HLA-II anti-
gen [27, 28], thus reducing the synthesis and secretion of 
cytokines released from Th cells and indirectly affecting 
B cells.

Conclusions
In conclusion, we successfully treated a case of CIP by 
using a combination of cyclosporine and corticosteroids. 
It has been suggested that routine early use of addi-
tional immunosuppression may be a strategy to improve 
prognosis in the future [29]. The same efficacy has been 
observed in our case and can help reduce the potential 
risks associated with high corticosteroid use by reducing 
the dosage of previously used corticosteroids as soon as 
possible. Corticosteroids along with cyclosporine might 
be an option for CIP, especially steroid-resistant CIP. Our 
case not only highlights the significance of cyclosporine 
as a treatment option for irAEs, but it also underscores 
the need for further investigation through large-scale 
clinical studies to validate its safety and efficacy.
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CIP	� Immune checkpoint inhibitor-related pneumonitis
ICIs	� Immune checkpoint inhibitors
CT	� Computed tomography
KL-6	� Kreb von den lungen-6
IFN-γ	� Knterferon-gamma
TNF-α	� Tumour necrosis factor-α
irAEs	� Immune-related adverse events
NSCLC	� Non-small cell lung cancer
ILD	� Interstitial lung disease
PR	� Partial response
GGOs	� Gound-glass opacities
AIP-ARDS	� Acute interstitial pneumonia-associated-acute respiratory 

distress syndrome
PaO2	� Pressure of oxygen in arterial blood
FiO2	� Fraction of inspiratory oxygen concentration
Th1	� T-helper 1
BALF	� Bronchoalveolar lavage fluid
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