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Abstract: Lung cancer has the highest morbidity and mortality worldwide among the malignant tumors. 
The treatment of lung cancer was difficult in the decade years. Currently, the advent of immune checkpoint 
inhibitors (ICIs) has changed the pattern of lung cancer treatment. Programmed death-ligand 1 (PD-L1) 
inhibitors, such as pembrolizumab, plus platinum-based chemotherapy is the preferred treatment modality 
for advanced or metastatic non-small cell lung cancer (NSCLC) patients. The success of pembrolizumab in 
lung cancer has increased interest in expanding the use of neoadjuvant treatment. Immune-related adverse 
events (irAEs) are the most common adverse reactions in immunotherapy. The balance between the benefits 
and risks is crucial in this setting. Video-assisted thoracoscopic surgery (VATS) is a routine procedure of 
resectable NSCLC treatment. It appears to favor low postoperative complication rate. The prolonged air 
leakage (PAL) is the most common complication after VATS, and the bronchopleural fistula (BPF) is the 
most serious complication. The management of adverse events after VATS, especially in the setting of 
immune therapy, need to be raised. Here, we report a case of BPF following VATS lobectomy, which firstly 
presented the treatment-related adverse event with neoadjuvant combination therapy of pembrolizumab 
plus cisplatin/pemetrexed. Literature on novel neoadjuvant immunotherapy was also reviewed in the present 
study.
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Introduction

Lung cancer is the leading cause of cancer mortality, and 
the 5-year survival rate is close to 15% worldwide (1). 
The use of immunotherapy has improved the treatment 
for NSCLC. Pembrolizumab is an immune inhibitor, and 
has been the preferred protocol for advanced NSCLC 
patients with positive programmed death-ligand 1 (PD-L1) 
expression. Pembrolizumab monotherapy or combination 
pembrolizumab therapy has been found to significantly 
prolong progression free survival (PFS) and/or overall 

survival (OS) compared with chemotherapy alone in lung 
cancer (KEYNOTE189/KEYNOTE407). Therefore, it is 
important to understand the role of pembrolizumab in the 
neoadjuvant setting. In the present study, we report a case 
of an immune-related adverse event following 3 cycles of 
neoadjuvant treatment with pembrolizumab plus cisplatin/
pemetrexed. It is the first reported case of BPF following 
VATS lobectomy after neoadjuvant immunotherapy, and a 
novel anastomotic model that may decrease the occurrence 
rate of BPF is proposed.
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We present the following article in accordance with 
the CARE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-7582).

Case presentation

A 65-year old male patient presented to our institution 
(Department of Thoracic Surgery, Renji Hospital, 
Shanghai Jiao Tong University School of Medicine, 
Shanghai, China) complaining of cough for 2 months 
and symptom aggravation for 2 weeks without obvious 
inducement. Contrast-enhanced computed tomography 
(CT) scan showed a 48×42 mm mass in the right upper 
lobe. Positron emission tomography–CT scan indicated 
mediastinal lymphatic metastasis in groups 2 and 4. The 
low-differentiated adenocarcinoma was identified by CT-
guided puncture biopsy (Figure 1A). Immunohistochemistry 
included CK7(+), TFF-1(+), NaspinA(–), P40(–), P63(–), 
and Ki-67 (30%). PD-L1 tumor proportion score was 
≥50%; no epidermal growth factor receptor (EGFR) 
mutation and anaplast ic  lymphoma kinase (ALK) 
translocation were detected. The patient was diagnosed 
with lung adenocarcinoma (cT2bN2M0, stage IIIA).

The patient underwent 3 cycles of combination therapy 
of intravenous pembrolizumab (200 mg) plus cisplatin 
(130 mg)/pemetrexed (900 mg), and stopped medication  
2 weeks prior to radical surgery. The therapeutic effect was 
evaluated as stable disease by Immune Response Evaluation 
Criteria in Solid Tumor. A radical right upper lobectomy 
was performed by video-assisted thoracoscopy (3 ports), 
and the patient had an uneventful recovery. A large number 
of necrotic tumor cells was found during the pathological 
examination (Figure 1B). Three weeks after the operation, 
the patient developed symptoms, including cough and fever 

(highest temperature was 38.8 ℃). CT scan showed right 
hydro pneumothorax, and empyema was suspected. BPF was 
diagnosed by bronchoscopy. The patient was treated with 
conservative therapy. A drainage chest tube was immediately 
placed in the right chest cavity. All symptoms disappeared  
1 day after drainage. Normal saline irrigation and antibiotic 
therapy were applied twice a day, and the fistula gradually 
closed 2 months later (Figure 2). At present, the patient has 
been followed up for 2 years without maintenance therapy. 
CT scan and blood tumor indicators were reviewed every  
3 months. There was no recurrence of lung cancer. 

Written informed consent was obtained from the patient 
for publication of this study and any accompanying images. 
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). 

Discussion

The role of surgery in patients with stage IIIa-N2 NSCLC 
remains controversial. Pulmonary resection in patients 
with N2-positive lymph nodes is often performed by a 
multidisciplinary team. Previously published studies have 
reported the survival benefit of surgery after neoadjuvant 
treatment in resectable NSCLC patients. Patients with 
N2-negative lymph nodes after neoadjuvant therapy, in 
particular, have a favorable prognosis. Neoadjuvant therapy 
(including neoadjuvant chemoradiotherapy and neoadjuvant 
chemotherapy) is used in most institutions for patients 
who are candidates for surgery. However, the treatment-
related toxicities of conventional neoadjuvant therapy can 
delay surgery and/or increase postoperative complications. 
The benefits of targeted therapy and immunotherapy in 

Figure 1 Tumor cells’ morphology is showed by hematoxylin-eosin staining (A) Hematoxylin-eosin staining showing poorly differentiated 
adenocarcinoma and (B) numerous necrotic tumors after neoadjuvant immunotherapy. Original magnification ×100.
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the neoadjuvant setting has been reported in case studies, 
including low toxicity and tolerance, and there is increasing 
interest in expanding their use (2-4).

Immunotherapy is a novel treatment option for 
locally advanced or metastatic NSCLC, and has been 
recommended by several previously published studies (4,5). 
Pembrolizumab is an immune inhibitor, and is a humanized 
immunoglobulin G4 monoclonal antibody against PD-1. 
The KEYNOTE001 clinical trial demonstrated the safety, 
side-effects, and anti-tumor activity of pembrolizumab in 
patients with advanced NSCLC. The KEYNOTE010 trial 
reported that pembrolizumab significantly prolonged OS 
and major pathological response (MPR) in advanced or 
metastatic patients with positive PD-L1 expression, whose 
disease progressed after platinum-based chemotherapy. 
Remarkably, >50% of the tumor proportion score (TPS) 
of PD-L1 expression is correlated with the improved 
efficacy of pembrolizumab (6). The KEYNOTE024 trial 
was designed to investigate the efficacy of pembrolizumab 
monotherapy versus platinum-based chemotherapy 
in patients with >50% PD-L1 TPS expression. The 
significantly longer progression-free survival (10.3 vs.  
6 months, P<0.001) and OS (30 vs. 14.2 months) confirmed 
the role of pembrolizumab as first-line therapy for patients 
with advanced or metastatic NSCLC. A randomized, 
open-label, phase 3 trail (KEYNOTE042) investigated the 
survival benefit of pembrolizumab monotherapy versus 
chemotherapy for patients with a PD-L1 TPS of >1%. The 
OS analysis suggested that patients without EGFR mutation 
or ALK translocation could benefit from pembrolizumab 
treatment for locally advanced or metastatic NSCLC (6). 
Pembrolizumab has been recommended by the US Food 

and Drug Administration as the first-line treatment for 
patient with PD-L1 expression. 

The success of neoadjuvant immunotherapy in the 
treatment of various cancers suggests its potential benefit 
in the treatment of NSCLC. PD-1 inhibitor nivolumab 
has been administered in patients with untreated, surgically 
resectable early NSCLC, and was found to be safe and 
feasible, without any unreported treatment-related 
adverse events (7). Therefore, the use of PD-1 antibody 
pembrolizumab in the neoadjuvant setting is desired. A 
recently published study demonstrated that platinum-based 
chemotherapy enhanced T-cell cytotoxicity (8), which has 
the potential to activate anti-tumor activity. Combination 
therapy has been shown to make tumors highly responsive 
to immunotherapy via different pathways of tumor 
growth. We reported that neoadjuvant pembrolizumab 
plus cisplatin/pemetrexed would lead to MPR in tumors. 
Previously published studies have reported the high 
rate of MPR among patients undergoing neoadjuvant 
immunotherapy, which is consistent with our results (9); a 
high MPR has also been associated with increased tumor 
mutational burden (9). Although there is limited evidence, 
immunotherapy in the neoadjuvant setting is promising. 
Further studies are needed to verify that a high MPR is 
associated with survival benefits in NSCLC patients. 

In this study, the patient has been followed up for  
2 years without maintenance therapy, and there was no 
recurrence of disease. Immune maintenance therapy 
refers to use of ICIs after initial treatment, which has been 
proposed as either continuation maintenance or switch 
maintenance. According to NCCN Guidelines 2020, 
immune maintenance therapy plays an important role in 

Figure 2 The bronchial stump is showed by bronchoscopy (A) The bronchial fistula of the right upper lobe and (B) bronchial fistula healing 
in the right upper lobe.
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advanced or metastatic NSCLC patients, which could 
prolong the PFS and OS in this NSCLC population (10). 
The best time for immune maintenance therapy is after 
4–6 cycles of initial therapy. The patients should receive 
maintenance therapy for 2 years if they received front-line 
immunotherapy, or maintenance therapy until progression 
if they received second-line immunotherapy. During the 
period of maintenance therapy, different ICIs have different 
efficacy. However, a common point is the immune-related 
adverse events (irAEs), which are the most common adverse 
reactions. There are many guidelines on the management 
of irAEs have been published (11,12). Different irAEs 
need different treatments according to the guidelines. 
In this condition, the most important thing is to balance 
the benefits with the potential risks. Another point is the 
expression levels of PD-L1 in maintenance therapy. Though 
the expression level of PD-L1 is positively correlated with 
the efficacy of Pembrolizumab in previously untreated 
NSCLC patients (6), the correlation in maintenance 
therapy is still unclear. 

VATS is a standard procedure for early-stage NSCLC. It 
appears to favor lower short-term morbidity and improved 
long-term survival rates. Compared with thoracotomy, the 
application value of VATS is associated with shorter chest 
tube duration, shorter length hospital stay and lower cost of 
hospitalization (13). 

The prolonged air leakage (PAL) is the most common 
complication after VATS (5–15%) (14,15). The low 
FEV1% of predicted, previous smoking history, pleural 
adhesions, and major lung resection are convincing risk 
factors for PAL after lung operation. The PAL may prolong 
the hospital stay and increase the hospitalization cost, the 
risk of empyema and some other possible cardiopulmonary 
complications. 

BPF is one of the most serious postoperative adverse 
events, and is a potentially fatal complication of pulmonary 
resection. The overall BPF incidence is 4.4% and the 
mortality rate is 27.2% (16). Neoadjuvant therapy is 
considered a risk factor of BPF, and surgical procedure, 
right side, and age are mentioned as risk factors (17). 
Prompt management is necessary to treat BPF. In the 
present case, BPF was suspected by clinical symptoms, such 
as cough and fever, and was confirmed by bronchoscope. 
A drainage chest tube was immediately placed in the right 
chest cavity after the diagnosis of BPF. The management of 
this complication usually includes conservative, endoscopic, 
and surgical treatments. Fuso et al. reported that endoscopic 
therapy is a useful option in the management of BPF (18). 
Biologic or synthetic glues were used to seal the fistula. 
Sfyridis et al. reported that intercostal muscle flap coverage 
was significantly effective for the prevention of BPF (19). 
However, conservative therapy, including adequate drainage 
and appropriate antibiotic use, is considered safe and useful 
for post-lobectomy fistulas (20), which is consistent with 
our study. Combination therapy is more effective than 
monotherapy alone, and combination therapy has been 
shown to reduce the mean resolution time compared with 
monotherapy alone. More high-quality studies are needed 
to confirm the reliability of the novel management of 
BPF. Conventional neoadjuvant therapy is a risk factors 
of BPF, although there is no evidence suggesting that 
neoadjuvant immunotherapy might lead to BPF after 
pulmonary surgery. Careful preoperative assessment is 
necessary, as is postoperative systemic nutritional support. 
In our case, the right upper lobe bronchus was cut by a 
endoscopic linear cutter via the fourth intercostal at the 
anterior axillary line in the 3-port procedure (Figure 3A). 
The bronchus membrane and cartilage are stapled together, 
which may increase the rate of BPF postoperatively. An 
alternative method of dealing with the right upper lobe 
bronchus is to locate the endoscopic linear cutter via the 
seventh intercostal at the posterior axillary line, which 
may anastomose the membrane and cartilage (Figure 3B). 
This may improve the healing of the bronchus stump and 
decrease the rate of postoperative BPF.

Conclusions

Pembrolizumab is the preferred treatment modality for 
advanced NSCLC patients whose PD-L1 TPS ≥50%, 
and is safe and well tolerated. The use of pembrolizumab 
in the neoadjuvant setting is expected to increase in the 

Figure 3 The diagram of anastomose. (A) Anastomose the right 
upper lobe bronchus via the fourth intercostal at the anterior 
axillary line and (B) anastomose via the seventh intercostal at the 
posterior axillary line.
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future. Treatment-related adverse events, such as BPF, may 
hinder the use of pembrolizumab combination therapy 
in neoadjuvant immunotherapy. Correct anastomose may 
decrease the rate of BPF after pulmonary surgery. More 
high-level evidence is needed to confirm the safety and 
feasibility of pembrolizumab in the neoadjuvant setting.
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