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Introduction

In recent years, immune checkpoint inhibitors (ICIs) 
targeting PD-1/PD-L1 for advanced non-small cell lung 

cancer (NSCLC) have shown promising results in clinical 

trials, and are recognized as the standard treatment (1-3). 

Recent clinical studies like Checkmate-816 also proved that 
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elevation right after induction therapy. Seven days after surgery he had severe pneumonia. These two 
serious complications were both eventually relieved by a month long treatment of corticosteroids but not 
regular medicine which verified the diagnosis of irAEs. Although results of clinical trials of neoadjuvant 
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of irAEs during the perioperative use of PD-(L)1 inhibitors. We also further discuss the standard use of 
corticosteroids for irAEs based on a review of literature. 
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neoadjuvant immunotherapy for locally advanced NSCLC 
achieve satisfactory rate of major pathologic response (MPR) 
and pathologic complete response (pCR) (4-7). 

Among the immune-related adverse events (irAEs) of 
PD-(L)1 inhibitor, hepatitis and pneumonia are considered 
to be occasional and mild, mostly graded 1–2 (8). However, 
in reality severe irAEs after immune neoadjuvant therapy 
not only caused delays or difficulty of surgery, but also 
increased rate of fatal postoperative complications. 
Therefore, early identification and timely intervention for 
irAEs is clinically crucial. In this case report, we present the 
detailed treatment and outcome of a patient with locally 
advanced NSCLC who manifested ICI-related hepatitis 
after induction treatment and postoperative life-threatening 
ICI-related pneumonia. We present the following article in 
accordance with the CARE reporting checklist (available at 
https://dx.doi.org/10.21037/tlcr-21-603).

Case presentation

A 59-year-old Chinese man with body mass index of 
27.4 kg/m2 who had a 30 pack-year smoking history was 
admitted to our center due to a pulmonary right lower 
lobe tumor close to hilum discovered by chest scan without 
obvious symptoms. Positron emission tomography/
computed tomography (PET-CT) in November 2020 
showed a mass ,which was 25 mm in diameter and had a 
maximum standard uptake value (SUVmax) of 11.2, with 
suspected station 4R and 7 lymph node metastasis in the 
right hilar (Figure 1). Transbronchial biopsy confirmed 
squamous cell carcinoma and complete obstruction in the 
right lower bronchus (Figure 2). He had well-controlled 
depression by regular medication (citalopram hydrobromide 
tablet), uncontrolled slight blood glucose elevation  
(6.2 mmol/L), and controlled hypertension for over 20 years 
by regular medication without other cardiovascular disease 
or any other comorbidity.

Before  any treatment ,  h i s  l iver  funct ion tes ts 
including alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) were normal, and laboratory tests 
ruled out hepatitis A/C virus infection, but indicated that 
he was an asymptomatic hepatitis B virus carrier. After 
multidisciplinary team discussion, he was considered 
inoperable with multiple stage IIIA (N2) disease and 
an Eastern Cooperative Oncology Group (ECOG) 
performance status score of 1. Next-generation sequencing 
(NGS) revealed no classical driver mutations within 
the tumor cell genome, but the expression of PD-L1 in 

Figure 1 PET-CT images (A) before induction; (B) before surgery. 
(A) The tumor was observed at the bronchi in the dorsal segment 
of the lower lobe of the right lung when admitted. The diameter 
was 2.5 cm, SUVmax 11.2 (standard uptake value, maximum), 
with lymph nodes metastasis in the group 4R and 7; (B) the tumor  
10 days before surgery. It was considered that the malignant lesion 
still had high metabolic activity. The size was about 1.5 cm ×  
1.12 cm, and the enhanced SUVmax was 11.8.

Figure 2 Endoscopic view of right lower bronchus after 
transbronchial biopsy. The right middle bronchial mucosa was 
hyperemic, swollen, and red in fluorescence, and the right lower 
bronchus was completely blocked.
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Table 1 Cycles of chemoimmunotherapy

Cycle Dose AE Treatment Response 

1 Nab-paclitaxel 475 mg, carboplatin 
580 mg, nivolumab 360 mg

– Preventative CSF injection –

2 Nab-paclitaxel 475 mg, carboplatin 
520 mg, nivolumab 360 mg

– Preventative CSF injection PR 

3 Nab-paclitaxel 475 mg, carboplatin 
520 mg, nivolumab 360 mg

Immune-related hepatitis (22 days after treatment); 
immune-related pneumonia (64 days after treatment)

– PR

AE, adverse event; CSF, colony-stimulating factor; PR, partial response.
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Figure 3 Liver parameters and corticosteroids use. Say the admission day of this patient was day 0 (D0, etc.), the ICI induction therapy 
began on D12, and ended on D53. On D75, it was found that elevated serum level of ALT at 294 U/L and AST at 133 U/L. Intravenous 
methylprednisolone was started with 30 mg per day (30 mg/d) on D88. And on D91, it reached a maximum dosage of 80 mg/d, then it 
gradually reduced to 10 mg/d every 4 days until oral methylprednisolone was prescribed at 8 mg/d on D105. Corticosteroids were stopped  
4 days before surgery.

tumor tissues was over 10%. Given the NGS results and 
the surgically removable tumor type, targeted therapy 
was dismissed. Because the patient and his family had a 
strong desire for surgery, the medical team decided that a 
tentative induction therapy would be first given to see if 
there was chance to downstage the patient for surgery. He 
underwent 3 cycles of neoadjuvant chemoimmunotherapy 
starting with nab-paclitaxel (475 mg), carboplatin  
(580 mg), and nivolumab (360 mg) every 3 weeks, and a 
partial response (shrinkage from 28 to 19 mm in diameter) 
was achieved (Table 1). Meanwhile, damage of liver function 
was developed 22 days after the last cycle with elevated 
serum level of ALT at 294 U/L and AST at 133 U/L.

Since patient had hepatitis B, a course of therapy with 
magnesium isoglycyrrhizinate and reduced glutathione 
was first used to protect liver function which was regular 
combination to reduce liver transaminases in China. 
However, both ALT and AST levels remained high and 
other laboratory parameters were within normal ranges, 

immune-related hepatitis might be the possible cause which 
could not be relieved without corticosteroids. We added 
methylprednisolone starting from 30 mg to maximum dose 
at 80 mg to therapy 13 days after transaminases elevation. 
ALT and AST soon declined to normal within 10 days. 
Then the dose of methylprednisolone was gradually reduced 
every 4 days to the minimum oral dose at 8 mg within  
10 days. For the preparation of surgery, corticosteroids were 
suspended 4 days before operation (Figure 3).

PET-CT (Figure 1) after liver function being normal 
showed that the SUVmax declined to 11.8 without 
any suspected metastasis of N2 lymph nodes, so the 
patient was clinically restaged as cT2NxM0, stage IB-
IIIA, and the tumor was reconsidered to be resectable. 
The patient did not have a cough, sputum, chest pain, 
dyspnea, or other symptoms, and prophylactic antibiotics 
were prescribed. Sixty days after neoadjuvant therapy, 
the patient uneventfully received open surgery of right 
middle and lower bilobectomy with blood loss about  
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Figure 4 Bedside chest X-ray images (A) after surgery; (B) after steroids. (A) The bedside chest X-ray image 9 days after surgery showed 
severe bilateral pneumonia; (B) the bedside chest X-ray image cleared 4 days after corticosteroids treatment.

100 mL. On the 5th postoperative day (POD), his highest 
body temperature was 38.1 ℃, and CT showed scattered 
inflammatory lesions in both lungs that indicated possible 
postoperative pulmonary infection. His chest tube was 
unobstructed without air leak, and he was treated with 
empirical antibiotic treatment of imipenem/cilastatin. 
On the 7th POD, hypoxia was observed with finger pulse 
oxygen about 75% saturation when the patient was inhaling 
oxygen. After oxygen inhalation by face mask delivering 
oxygen concentration of 40% flowing at 5 L/min,  
his oxygenation was back to 95–96%. The D-dimer 
level was tested to be 1.85 mg/L, postoperative deep 
vein thrombosis could not be easily ruled out, therefore, 
low-molecular-weight heparin was administered for 
anticoagulation although without strong evidence. On the 
8th POD, the patient was transferred to the intensive care 
unit for bi-level positive airway pressure (BiPAP) therapy 
because of severe hypoxia with oxygen saturation of  
60–70% with face-mask oxygen inhalation. A bedside X-ray 
suggested bilateral severe pulmonary infection (Figure 4).  
The patient was then diagnosed with immune-related 
pneumonia given the history of preoperative immune-
related liver damage, we administered both intravenous 
methylprednisolone (1 mg/kg) along with gamma globulin 
(20 g) to bring down the immune related complications. In 
addition, oxygen therapy by BiPAP and nutritional support 
were also strengthened. The hypoxia symptom was 

relieved very soon after corticosteroids treatment, 13th 
POD chest X-ray indicated greatly improved pulmonary 
condition (Figure 4), gamma globulin treatment was 
stopped. The patient were sent back to normal surgery 
ward and discharged on 25th POD. After 17 days 
postoperative course of corticosteroids, he continued oral 
prednisone acetate tablets for 28 days from the day of 
discharge.

All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional and/or national research committee(s) 
and with the Helsinki Declaration (as revised in 2013). 
Written informed consent was obtained from the patient for 
publication of this case report and accompanying images. 
A copy of the written consent is available for review by the 
editorial office of this journal.

Discussion

In the last decade, significant advances have been 
achieved in the treatment of NSCLC (9,10). Currently, 
a number of phase III clinical studies of neoadjuvant 
immunotherapy including CheckMate 816, Keynote-671, 
and IMPOWER030 among others are under way. Although 
the potential benefit of neoadjuvant immunotherapy was seen 
in the early phase I/II clinical studies, some immunotherapy 
related concerns were also noticed (4,11-13). For example, 
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Figure 5 Treatment timeline of our case. Confirmed NSCLC refers to historically confirmed squamous cell lung cancer. The day of 
admission was set for day 0 (D0). Corticosteroids include methylprednisolone during hospital stay and prednisone after discharge.

of 90 patients with resectable stage IB-IIIA NSCLC in 
the LCMC3 study, 30 patients (30%) had irAEs (1 case 
grade ≥3) after atezolizumab was administered for 2 cycles 
preoperatively (14). The NADIM study reported that the 
incidence of postoperative complications was 29% (12/41) 
after 3 cycles of preoperative chemotherapy with nivolumab 
plus carboplatin and paclitaxel (4). Another study reported 
an approximately 30% (6/20) incidence of atrial arrhythmia, 
a 5% incidence of myocardial infarction, a 5% incidence 
of pulmonary infection, a 5% incidence of pulmonary 
embolism, and a 5% incidence of empyema after 2 cycles of 
nivolumab alone for NSCLC (15). Therefore, it can be seen 
from the published data of various studies that some patients 
suffer from adverse events or other reasons which may lead 
to a delay in surgery, reduced surgical safety, higher rate of 
conversion, prolonged hospital stay, increased economic 
burden, or even perioperative morbidity and mortality.

Our patient developed immune related hepatitis right after 
induction which could not be relieved by hepatoprotective 
medicine (Figure 5), and the liver enzyme levels returned 
back to normal after timely steroids therapy. Unfortunately, 
he developed immune-related pneumonia one week after 
surgery, which still could not be improved by antibiotics 
alone, the patient was sent to intensive care unit to get 
support with BiPAP therapy and treated with high-dose 
corticosteroids, immunoglobulin along with antibiotics. With 
gradually reduced steroid doses and a series of relatively long-
term anti-inflammatory maintenance therapies, his condition 
improved with satisfactory outcomes. 

irAEs are usually organ specific. Dermatologic, 
gastrointestinal, endocrine, respiratory, and hepatic adverse 
reactions are most frequently reported in clinical trials (16).  
In KEYNOTE-001 (17), patients with a history of chest 
radiotherapy were more likely to have treatment-related 
lung injury after pembrolizumab than those without 
previous chest radiotherapy (13% versus 1%). For grade 
3–4 immune-related pneumonia, the American Society 

of Clinical Oncology/National Comprehensive Cancer 
Network (ASCO/NCCN) recommends 1–2 mg/kg/d 
methylprednisolone or prednisolone (18). The time of 
tapering should be more than 6 weeks. The European 
Society for Medical Oncology (ESMO) recommends  
2–4 mg/kg/d methylprednisolone or prednisolone, and 
the tapering time is more than 8 weeks (19). The ASCO/
NCCN guideline suggests that when pneumonia reverts 
to grade 1, steroids can be reduced. ESMO indicates 
that steroids cannot be reduced until lung inflammation 
has recovered to basal levels. Due to the lack of a direct 
comparison of these two therapeutic strategies, both can 
be taken into practice. There is far from consensus as to 
what subsequent treatment options should be chosen for 
patients with poor response to corticosteroid therapy. Both 
the ASCO/NCCN and ESMO guidelines list treatment 
options such as infliximab, mycophenolate mofetil, and 
gamma globulin. However, corticosteroids may reduce the 
efficacy of PD-(L)1 inhibitors, which may negatively affect 
the efficacy of ICIs. Data supporting this view come from 
patients with NSCLC and melanoma, who are most often 
treated with ICIs (20,21). In these patients, steroids are 
associated with poorer outcomes and reduced progression-
free survival, so treatments other than corticosteroids are 
required. According to a review, the overall incidence 
of severe or life-threatening irAEs (grade ≥3) ranged 
from 10% to 15% for patients with PD-1 inhibitors, and 
toxicities appear to be dose-independent. While rare, ICI-
related pneumonitis is considered one of the more serious 
irAEs (22-24). The incidence of pneumonitis in melanoma 
patients receiving anti-PD-1 monotherapy and combination 
therapy is 3.8% and 9.6%, respectively (25). And the 
occurrence of grade 3 hepatitis after ICIs is about 2% in 
NADIM study and other trials (4,26).

In this case, 2 irAEs (one grade 4) affecting different 
organs occurred during the perioperative period, which is 
rare. This also provided us with lessons and further thinking: 
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if immune-related hepatitis occurs after induction therapy, 
would full course of steroids therapy prevent further 
postoperative irAEs, despite a delay in surgery? Because 
the long-term steroids therapy might highly increase the 
risk of bronchial anastomotic leakage, this patient did not 
further receive sleeve resection to achieve R0 resection after 
frozen pathology indicated positive bronchial margin. Life-
threatening immune-related pneumonia occurred after 
surgery which also required long-term high-dose steroids 
therapy. He was lucky to avoid bronchial anastomotic 
leakage perioperatively, however it was challenging to 
strategize adjuvant therapy. Whether or not and when 
to add radiotherapy to cover the positive margin and 
mediastinal lymph nodes were not easy to decide. Adjuvant 
immunotherapy would not be suggested since two irAEs 
occurred in this patient. Though irAEs could be rarely fatal, 
but the promising survival benefits for lung cancer should 
not be overlooked. The keys to successfully managing ICIs 
toxicity are early diagnosis, high suspicion, good patient-
provider communication, and rapid and aggressive use of 
corticosteroids and other immunosuppressants. To date, 
there are no effective biomarkers to predict the toxicity of 
immunotherapy and this is an active area of research.

In conclusion, although neoadjuvant immunotherapy has 
potential pathological and survival benefits for patients with 
locally advanced NSCLC, it is difficult to avoid perioperative 
occurrence of irAEs, which can be fatal and disastrous. 
Therefore, the proper and timely management of irAEs 
needs to be further carefully standardized, and relevant 
therapeutic principles still need to be further explored.
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