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Abstract
BACKGROUND
[bookmark: _Hlk82260122]As immune checkpoint inhibitors (ICIs) have become widely used in lung cancer treatment, immune-related adverse events (irAEs) warrant sufficient attention. Checkpoint inhibitor-related pneumonitis (CIP) is one of the most concerning adverse events as it is uncommon but life threatening.

CASE SUMMARY
The patient whose case is reported here experienced three episodes of CIP in a span of 4 mon. Interestingly, the three episodes of CIP involved different regions of the lung separately. Taking these pneumonitis areas together makes nearly a whole lung area.

CONCLUSION
This case showed that recurrent CIPs may occur repeatedly until the whole lung is involved, suggesting that the follow-up period of CIP should be long enough, and the rechallenge of ICI should be done with due caution.
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Core Tip: Checkpoint inhibitor-related pneumonitis (CIP) is one of the most concerning adverse events as it is uncommon but life threatening. This is the first case report on the unique dynamic changes in the radiologic features of CIP. This case showed that recurrent CIPs may occur repeatedly until the whole lung is involved, indicating that the follow-up period of CIP should be long enough, and the rechallenge of immune checkpoint inhibitor should be done with due caution.

INTRODUCTION
In recent years, immune checkpoint inhibitors (ICIs) have become a rising star in cancer therapy. It has revolutionized the treatment of lung cancer, including non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC), from the early stages to the advanced stages of the disease[1,2,3]. Currently, clinical trials are still ongoing to investigate the potential clinical benefit of ICI in lung cancer therapy. 
As ICIs become widely used in clinical practice, immune-related adverse events (irAEs) should be given sufficient attention. Checkpoint inhibitor-related pneumonitis (CIP) is one of the most concerning adverse events as it is uncommon but life threatening. The incidence rate of CIP in NSCLC is 4.1% in any grade and 0.8% in grade 3 or higher[4], which is slightly higher than in other cancers. Prior thoracic radiotherapy, pulmonary comorbidities, smoking status, and treatment with PD-1 inhibitors may be risk factors of CIP[5]. The timing of onset of CIP can vary from 9 d to 24 mon after the first dose of immunotherapy[6]. The typical symptoms are non-productive cough and unresolving dyspnea, while fever and chest pain are rare[6]. The diagnosis of CIP mainly depends on the combination of clinical symptoms and radiological manifestations. The radiographic patterns present in CIP are diverse, including cryptogenic organizing pneumonia (COP), non-specific interstitial pneumonia, hypersensitivity pneumonitis (HP), and acute interstitial pneumonia[7]. High-dose corticosteroids are recommended for the treatment of CIP greater than grade 2 (CTCAE5.0). Recurrent CIP may occur after steroid treatment with or without continuing ICI. The clinical features and underlying mechanism of CIP are scantily reported. Here, we present a recurrent CIP in a post-operative NSCLC patient with interesting dynamic changes in the radiologic findings in the lungs.

CASE PRESENTATION
Chief complaints
[bookmark: _Hlk82260091]A chest computed tomography (CT) scan showed pneumonitis after ten cycles of immune checkpoint inhibitor treatment.

History of present illness
A 40-year-old man, who has no history of smoking, was diagnosed with locally advanced (pT3N2M0 stage IIIA) left-lower lung adenocarcinoma. The status of driver genes and PD-L1 expression were unknown. He underwent radical left-lower lobe resection plus mediastinal lymph node dissection followed by four cycles of adjuvant chemotherapy with pemetrexed plus cisplatin. After the operation and chemotherapy, he was administered with durvalumab (anti-PD-L1, 1500 mg q4w) as consolidation immunotherapy. After ten cycles of durvalumab injection, pneumonitis with a COP pattern in the left upper lung was detected by CT for regular follow-up (Figures 1A-C). Physical examination showed no positive signs. Considering that the patient did not have a history of interstitial pneumonia and did not complain of any relevant symptoms, he was diagnosed with CIP grade 1. Treatment with durvalumab was continued for two cycles until the patient complained of moderate dry cough. An interesting finding in the chest CT scan was that the pneumonitis in the left upper lobe completely disappeared (Figures 1D-F) without any anti-CIP treatment. In addition, new consolidations and ground-glass opacities representing again a COP pattern in combination with an HP pattern were newly observed in multifocal distributions in the rest of the lung (Figures 1G-I). The values of β-D glucan and procalcitonin were normal, which indicated that it was a non-infectious pneumonia. He was therefore diagnosed with recurrent CIP grade 2 and was treated with intravenous injection of methylprednisolone (1 mg/kg/d). After a week of methylprednisolone treatment, the dry cough was significantly improved and CT showed resolution of consolidations and ground-glass opacities (Figures 1J-L). Methylprednisolone was tapered slowly over 8 wk. After oral corticosteroid treatment, a chest CT was performed for routine follow-up. Again, interestingly, in the absence of durvalumab retreatment, new diffuse ground-glass and consolidative opacities appeared in the lung exactly where the first and second episode pneumonitis were not involved (Figures 1M-O). With only radiographic changes, the patient was again diagnosed with recurrent CIP grade 1. He refused to restart the steroid treatment. Durvalumab was discontinued permanently because of recurrent CIP.

History of past illness
The patient had on history of past illness.

Personal and family history
The patient had no notable personal or family history. 

Physical examination
Physical examination showed no positive signs. 

Laboratory examinations
The values of β-D glucan and procalcitonin were normal.

Imaging examinations
CT scan images of the patient during CIP presentation and follow-up in Figure 1. The first episode of CIP in Figures 1A-C; chest CT showed that the changes of the former in Figures 1D-I; CIP in the left upper lobe disappeared in Figures 1D-F; the second episode of CIP in Figures 1G-I.; a significant improvement in the CIP in Figures 1J-L; the third episode of CIP in Figures 1M-O; resolution of CIP in Figures 1P-R.

FINAL DIAGNOSIS
CIP.

TREATMENT
At the second episode of CIP, Methylprednisolone (1 mg/kg/d) was administrated and was tapered slowly over 8 wk.

OUTCOME AND FOLLOW-UP
A follow-up CT scan performed 5 mon later showed that the CIP was completely cured without any treatment (Figures 1P-R). The patient harboring EGFR exon 19 mutations is administered osimertinib because of disease progression with bilateral lungs and multiple brain metastases. No symptoms or side effects were observed. 

DISCUSSION
The most interesting aspect of this case is the dynamic changes in radiographic findings. The first episode of CIP was limited to the left lung, while the second episode of CIP was distributed to the rest of the left lung and peripheral area of the right lung. As for the third episode of CIP, the radiologic changes were mainly localized in the central area of the right lung. Obviously, the areas of the three CIPs involved in the lung were different from each other. Interestingly, taking these pneumonitis areas together makes nearly a whole lung area (Figure 2). The dynamic radiographic changes in this case are different from those of the other cases reported in recurrent CIP, as most of the CIP cases were recurrent in the former pneumonitis area or in different areas overlapping the former[8].
It was reported that half of the patients had recurrent CIP in the absence of ICI retreatment[9]. Recurrent CIP, which is considered to be related to the persistent response after ICI discontinuation, is a unique phenomenon for ICI treatment and may be explained by the durable nature of the effect of ICI[8]. In this case, the patient suffered from a second recurrent CIP just at the end of steroid tapering, which indicated the durable effect of durvalumab continued for at least 8 wk. What is more interesting is that the third episode of CIP started after the whole oral corticosteroid treatment and that it was relieved completely without any anti-ICI treatment. This observation indicates that some types of CIP may be resistant to steroids, and that wait-and-see may be a choice for them.
The mechanism of CIP remains to be investigated. By targeting the PD-L1 expressed on cancer cells, anti-PD-L1 inhibitors are considered to cause fewer irAEs, especially immune-related pneumonitis, than anti-PD-1 inhibitors[10]. Based on the dynamic changes of radiologic findings in our case, a possible mechanism of CIP is that some specific immune factors targeting antigens expressed on the surface of normal lung cells are generated. This may provoke the immune system to attack normal lung cells until the whole lung is involved. It may be some kind of reversible self-healing allergic reaction.

CONCLUSION
This is the first case report on the unique dynamic changes in the radiologic features of CIP. This case showed that recurrent CIPs may occur repeatedly until the whole lung is involved, indicating that the follow-up period of CIP should be long enough, and the rechallenge of ICI should be done with due caution. 
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[bookmark: _Hlk82260401][bookmark: _Hlk82260340]Figure 1 Computed tomography scan images of the patient during checkpoint inhibitor-related pneumonitis presentation and follow-up. A-C: The first episode of checkpoint inhibitor-related pneumonitis (CIP) after 10 cycles of durvalumab; D-F: Chest computed tomography showed that the changes of the former CIP in the left upper lobe disappeared after 12 cycles of durvalumab; G-I: The second episode of CIP after 12 cycles of durvalumab; J-L: A significant improvement in the CIP at 1 wk after starting methylprednisolone; M-O: The third episode of CIP at completion of methylprednisolone tapering; P-R: Resolution of CIP at 5 mon after completion of methylprednisolone tapering.
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Figure 2 A three-dimensional reconstruction of the pneumonitis areas for three episodes. The red, blue, and yellow areas show the first, second, and third episodes of checkpoint inhibitor-related pneumonitis, respectively, taking the pneumonitis areas all together makes nearly a whole lung.
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