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Background: Researches on programmed cell death (PD-1) as neoadjuvant immunotherapy for resectable 
non-small cell lung cancer is underway, which brings hope for individuals with the disease. However, a study 
dedicated to lung squamous cell carcinoma (LUSC) specifically has yet to be conducted. Now, data from our 
pilot prospective research neoadjuvant study provide new insights in the field of neoadjuvant regimen for 
LUSC.
Methods: Between June 2019 and July 2020, 37 adults with untreated, surgically resectable stage IIB–IIIB 
LUSC were enrolled into this prospective study. Patients received 2 cycles of pembrolizumab (2 mg/kg) with 
chemotherapy (albumin-bound paclitaxel 100 mg/m2 on days 1 and 8 + carboplatin AUC 5) via intravenous 
administration every 3 weeks, and underwent surgical treatment 3–4 weeks after the second cycle. The 
primary endpoint of the study was the tumor pathologic complete response (pCR) rate. The toxicity profile, 
tumor major pathological remission, complete resection rate, response rate, and operative and postoperative 
complications were also evaluated. 
Results: The postoperative pathological specimens of 17 (45.9%) patients suggested pCR. Neoadjuvant 
pembrolizumab with chemotherapy had an acceptable side-effect profile, and no patients withdrew from 
the study preoperatively due to disease progression or toxicity. A major pathological response occurred in 
24 (64.9%) resected tumors. All tumors were completely resected (R0, 100%). According to the Response 
Evaluation Criteria in Solid Tumors (RESIST), a response was evaluated before surgery in 32 (86.5%) 
patients by computed tomography. Twenty-five (67.6%) patients underwent thoracoscopic surgery. No 
deaths or postoperative major complications requiring reoperation occurred. Recurrence or metastasis was 
found in 2 patients during follow-up of 2–14 months.
Conclusions: The early outcomes of pembrolizumab with chemotherapy in the neoadjuvant setting 
as a novel treatment for resectable stage IIB–IIIB LUSC showed a high pCR rate that has not been seen 
previously, as well as a high R0 resection rate and a low toxicity profile. The long-term efficacy of this novel 
treatment and the validity of the present findings should be confirmed with longer follow-up and prospective 
comparative trials.
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Introduction

Lung cancer is the most common malignancy worldwide. 
It has the largest impact of any cancer on morbidity and 
mortality among the world’s population (1). Non-small 
cell lung cancer (NSCLC) make up 80–85% of newly 
diagnosed lung cancer cases (2). Despite the combination 
of multiple treatment modalities to treat resectable lung 
cancer, including chemotherapy, radiotherapy, and surgical 
resection, the prognosis of resectable NSCLC remains 
poor. For patients with stage III disease, the 5-year survival 
rate is a meager 20% and recurrences are often observed 
after surgical treatment (3).

Immunotherapy has completely changed the approach 
to treating metastatic NSCLC. Particularly, antibodies that 
block programmed cell death 1 (PD-1) and programmed 
death-ligand 1 (PD-L1) have considerably improved 
the 5-year survival of NSCLC patients and show better 
tolerability than conventional chemotherapy (4-7). 
Pembrolizumab is a humanized monoclonal anti-PD-1 
antibody that was approved in 2014 by the US Food and 
Drug Administration to treat melanoma. Since then, 
pembrolizumab has been approved to treat multiple 
malignancies. A large number of patients with metastatic 
NSCLC now receive pembrolizumab as a first-line 
therapy, either as monotherapy or as part of combined with 
chemotherapy. Furthermore, for patients with unresectable 
stage III NSCLC, PD-L1 sequential treatment following 
concurrent chemoradiotherapy has greatly improved 
progression-free survival and 3-year overall survival, 
bringing hope that the cure rates will also improve (8).

Since the mode of recurrence in patients with early-
stage NSCLC who undergo complete resection is mainly 
systemic, there are high expectations for the integration 
of immunotherapy into the treatment approach. The first 
study to introduce a PD-1 inhibitor into a neoadjuvant 
regimen for resectable lung cancer was CheckMate 
159. After 2 doses of nivolumab preoperatively, 45% of 
resected tumors (9/20) had a major pathological response, 
and 10% of patients (2/20) even achieved a complete 
pathological response (pCR). Another phase II study used 

Pembrolizumab is the NEOMUN trial which including 
30 patients with NSCLC stage II/IIIA suitable for curative 
intent surgery (9). Furthermore, another clinical trial 
(NADIM study, NCT: 03081689) used 3 preoperative 
cycles of PD-1 inhibitor with chemotherapy to treat 
individuals with stage IIIA–N2 disease. This combination 
treatment proved to be majorly successful, with 35 patients 
(85.4%) achieving major pathological response (MPR), of 
which 25 patients (71.4%) were pCR. Moreover, among 
the 41 participants whose tumors were resected, 35 had not 
progressed at the 24-month follow-up (10). This suggests 
that immunotherapy combined with chemotherapy may 
be a better treatment model for resectable lung cancer 
and can achieve better results than traditional neoadjuvant 
chemotherapy.

However, different from the European and American 
populations, the epidermal growth factor receptor (EGFR) 
mutation rate of lung adenocarcinoma in Asian populations 
is as high as 40–60% (11), and a number of studies have 
shown that the effect of immunotherapy for patients with 
EGFR mutation is poor (12,13). 

In order to exclude the influence of high rates of EGFR 
mutations in lung adenocarcinoma cancer on the efficacy 
of neoadjuvant immunotherapy, this study was conducted 
to investigate the safety and treatment response of the 
pembrolizumab plus paclitaxel-carboplatin regimen for IIB–
IIIB LUSC. We present the following article in accordance 
with the STROBE reporting checklist (available at http://
dx.doi.org/10.21037/jtd-21-103).

Methods

Study design

A single-group study was designed and carried out at Cancer 
Hospital of University of Chinese Academy of Sciences 
(Zhejiang Cancer Hospital). All procedures performed in 
this study involving human participants were in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
study was approved by institutional ethics committee 
of Zhejiang Cancer Hospital (No.: IRB-2021-16). The 
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tumor stage was evaluated according to the American Joint 
Committee on Cancer 7th edition criteria (3). Patients 
whose locally advanced tumors were evaluated as being 
surgically resectable by a multidisciplinary clinical team 
underwent treatment comprising 2 doses of pembrolizumab 
given intravenously at a dose of 2 mg per kilogram of body 
weight every 3 weeks. Two cycles of chemotherapy were 
given simultaneously. The detailed regimen was as follows: 
albumin- paclitaxel 100 mg per square meter of body-
surface area on days 1 and 8; and carboplatin targeted at 
an area under the curve of 5 mg per milliliter per minute 
on day 1. The operation was arranged to be performed 
3–4 weeks after the second dose. Patients underwent chest 
enhanced computed tomography (CT) within the 1 week 
prior to the operation. Evaluation of tumor size-related 
changes was carried out using the Response Evaluation 
Criteria in Solid Tumors (RECIST), version 1.1 (14). The 
study’s primary endpoint was the efficacy of anti-PD-1 
therapy based on the evaluation of clinical and pathologic 
tumor response. The key secondary and exploratory 
endpoints were safety and feasibility. Subjects were kept 
under close monitoring for the occurrence of toxicity 
related to the neoadjuvant therapy, which was evaluated 
using the National Cancer Institute Common Terminology 
Criteria for Adverse Events version 5.0. 

Patients

Patients were included on the basis of meeting the following 
criteria: (I) aged over 18 years old; and (II) with stage IIB 
to IIIB LUSC evaluated as being suitable for surgical 
resection prior to enrollment. All subjects were scored 
as 0 or 1 on the Eastern Cooperative Oncology Group 
(ECOG) performance status scale, with normal organ 
function and adequate pulmonary and cardiac function (15).  
Written informed consent was obtained from each patient. 
Patients were excluded on the basis of the following 
criteria: immunodeficiency disease; current systemic 
immunosuppressive therapy with either corticosteroids 
(>10 mg dai ly  prednisolone equivalent)  or  other 
immunosuppressive drugs; infectious disease; clinically 
significant concurrent malignancies; any previous medical 
treatment with immune checkpoint inhibitors (ICIs), or 
other antibodies or drugs targeting T-cell co-stimulation; 
a mental or psychological disorder that the investigator 
believed would affect the patient’s ability to complete the 
study; acute or chronic hepatitis B or C virus infection; and 
hypersensitivity to albumin- paclitaxel and carboplatin.

Surgery and follow-up

Following neoadjuvant therapy, the patients underwent CT 
evaluation. Endoscopic evaluation is not necessary after 
neoadjuvant therapy. All eligible patients received radical 
surgery with curative intent. The selection of surgical 
procedures depended on individual patient factors (e.g., 
body weight, thoracic anatomy, and tumor location and size) 
and the surgeon’s experience. The chest cavity was accessed 
through endoscopic surgery (video-assisted thoracoscopy, 
with 1 or 3 individually placed small utility incisions 
triangulated over the lateral chest wall) or through open 
surgery (with a horizontal incision made anterolaterally or 
posterolaterally over the 4th or 5th intercostal space). The 
patients in this research were scheduled to undergo at least 
anatomical lobectomy, including systemic and complete 
hilar, and mediastinal lymphadenectomy, as systemic lymph 
node dissection is an integral part of R0 resection. All 
operations were performed by 5 attending surgeons in our 
center, each of whom had experience of more than 1,000 
cases of lung cancer surgery. Postoperative complications 
including hematological toxicity, bronchopleural fistula, 
pleural effusion, and lung infection were recorded on the 
case report form for up to 30 days after surgery. For the 
year immediately following surgery, subjects were examined 
every 3 months, and at 6-month intervals in the year after 
that.

Statistical analyses

Patients were kept under continuous monitoring for side 
effects, adverse events (AEs), and feasibility. If more than 
25% of patients had a 90% or higher probability of delayed 
surgery, the treatment was considered unfeasible. The 
treatment was also deemed to be unsafe if the probability 
was 70% or more that the risk of grade 3 or 4 toxic 
effects was more than 25%. Kaplan-Meier estimates were 
calculated for progression-free survival and overall survival 
along with 95% confidence intervals (CIs). The median 
follow-up time was obtained by adopting the reverse 
Kaplan-Meier method. Categorical variables were expressed 
as absolute frequency and relative frequency, and numerical 
variables were expressed as means (SD) or medians. 
Recurrence-free survival—defined as the time from the date 
of the operation until the occurrence of recurrent disease 
or death—was calculated using the Kaplan–Meier method. 
P values were bilateral, and all analysis was performed 
with 0.05 as the threshold for significance unless indicated 
otherwise.
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Results

Patient characteristics

Between June 1, 2019 and July 30, 2020, 37 patients were 
enrolled into the study, all of whom completed 2 cycles 
of neoadjuvant therapy. Complete tumor resection was 
obtained by every patient, and no related cases of morbidity 
or mortality were recorded. Baseline characteristics of the 
patients who met the study’s eligibility criteria are described 
in Table 1. These patients had a median age of 62.8 years, 
and included 3 (8.1%) stage IIB, 28 (75.7%) stage IIIA, and 
6 (16.2%) stage IIIB cases. Thirty-one (83.8%) patients 
were current or former smokers.

Safety and feasibility of neoadjuvant therapy

All patients completed 2 cycles of pembrolizumab therapy. 
In 4 patients, the dose of chemotherapy drugs was reduced 
due to bone marrow suppression. None of the patients quit 
the course of neoadjuvant therapy due to toxic effects or 

disease progression. No previously unreported toxicities 
were observed in relation to the combined neoadjuvant 
treatment. AEs relating to the treatment were experienced 
by 70.3% (26/37) of subjects (Table 2). In terms of grade 3 
AEs, there were 2 (5.4%) cases of neutropenia, 1 (2.7%) 
case of thrombocytopenia, and 1 (2.7%) case of increased 
aminotransferases. No grade ≥4 AEs were observed. CT 
was performed on all patients before surgery to evaluate 
the treatment effect. Complete and partial responses 
were observed in 10 (27.0%) and 22 (59.5%) patients, 
respectively. There were 5 (13.5%) patients whose disease 
was stable, and no cases of disease progression were 
recorded.

Surgery

All patients achieved complete resection (R0). Twenty-five 
(67.6%) patients underwent video-assisted thoracoscopy 
surgery, and 12 (32.4%) received open surgery. The 
specific surgical procedures performed were as follows: 
lobectomy (22 cases, 59.5%); combined lobectomy  
[7 cases, 18.9%; including right middle and lower lobectomy  
(5 cases, 13.5%) and right upper and middle lobectomy  
(2 cases, 5.4%)]; pulmonary sleeve resection [6 cases, 
16.2%; including 1 (2.7%) combined with pulmonary 
artery reconstruction], and left pneumonectomy (2 cases, 
5.4%). The mean operative time was 184 minutes (range,  
100–310 minutes).

Postoperative complications are summarized in Table 3. 
None of the participants experienced severe intraoperative 
complications or died in hospital. No major postoperative 
complications requiring reoperation occurred. During the 
postoperative period, the most common complications 
were pneumothorax (9 cases,  24.3%) and pleural 
effusion (3 cases, 8.1%). At a median of 7 months (range,  
2–14 months) postoperative follow-up. Of 37 participants, 
35 (94.6%) who had received R0 resection remained alive 
and were without recurrence. Bone metastasis was detected 
in 1 subject at 4 months after surgery, while another was 
found to have brain metastases at 9 months after surgery.

Pathological assessment

From the 37 patients who underwent surgery, a median 
of 21 (range, 11–37) lymph nodes were resected. Resected 
specimens from 17 (45.9%) patients displayed pathological 
complete response (ypT0N0; with y indicating neoadjuvant 
therapy and p indicating pathological assessment). A major 

Table 1 Characteristics of the patients at baseline

Characteristics Value

Age (yr)

Median 62.8

Range 38–76

Sex, n (%)

Male 35 (94.6)

Female 2 (5.4)

Smoking status, n (%)

Never 6 (16.2)

Former or current 31 (83.8)

Tumour, Node, Metastasis staging 
classification, n (%)

T1N2M0 1 (2.7)

T2N1M0 2 (5.4)

T2N2M0 9 (24.3)

T3N0M0 1 (2.7)

T3N1M0 14 (37.8)

T3N2M0 6 (16.2)

T4N0M0 1 (2.7)

T4N1M0 3 (8.1)
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pathological response was found in 24 (64.9%) resected tumors. 
The pathological tumor regression in all resection specimens 
compared with preoperative CT evaluation are listed in Figure 1.  
Preoperative CT did not fully reflect the final pathological 
remission status among the patients in our study.

Discussion

In this single-center, prospective trial, we administrated 
the neoadjuvant treatment regimen of pembrolizumab 

combined with chemotherapy to patients with potentially 
curable locally advanced LUSC. Two cycles of this regimen, 
which was given via intravenous injection, resulted in 
few immediate AEs and no severe AEs. Furthermore, 
no scheduled procedures were delayed, and 45.9% of 
tumors achieved pCR. No serious immune-related AEs 
(irAEs), such as myocarditis or hepatitis, were observed 
in our patients, which may be attributable to their good 
physical conditions compared with advanced or metastatic 
patients. The pCR rate of pembrolizumab combined 
with chemotherapy was far higher than that of traditional 
neoadjuvant chemotherapy (16,17) or neoadjuvant 
immunotherapy alone. A meta-analysis showed that 
neoadjuvant immunotherapy had a pCR rate of 11.76% (18). 
This result implies that neoadjuvant chemoimmunotherapy 
might achieve a better tumor response and be more 
promising as a treatment regimen than neoadjuvant 
immunotherapy alone.

Unlike other studies,  we only selected patients 
with LUSC. As we know, Asian patients with lung 
adenocarcinomas show a much higher frequency of 
EGFR active mutations, with the overall EGFR mutation 
frequency in mainland Chinese population reaching  
50.2% (11). A number of clinical studies (12,13,19,20) 
have shown that immunotherapy for EGFR mutations 
in NSCLC has poor efficacy; therefore, in this study, we 

Table 2 Adverse events during neoadjuvant chemoimmunotherapy

Events of during neoadjuvant therapy, n (%) Grade 1–2 Grade 3

Alopecia 9 (24.3) –

Neutropenia 6 (16.2) 2 (5.4)

Decreased appetite 6 (16.2) –

Arthralgia 6 (16.2) –

Fatigue 5 (13.5) –

Constipation 5 (13.5) –

Nausea 5 (13.5) –

Anemia 4 (10.8) –

Diarrhoea 4 (10.8) –

Rash 4 (10.8) –

Neurotoxic effects 4 (10.8) –

Increased aminotransferases 3 (8.1) 1 (2.7)

Thrombocytopenia 2 (5.4) 1 (2.7)

Hypothyroidism 1 (2.7) –

Table 3 Postoperative complications

Postoperative events n (%)

Pneumothorax 9 (24.3)

Pleural effusion 3 (8.1)

Postoperative bleeding 2 (5.4)

Pneumonia 2 (5.4)

Atrial fibrillation 2 (5.4)

Recurrent nerve paralysis 2 (5.4)

Chylothorax 1 (2.7)

Hypokalemia 1 (2.7)

Increased aminotransferases 1 (2.7)
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temporarily excluded patients with lung adenocarcinoma. 
The efficacy of neoadjuvant chemoimmunotherapy for 
patients with EGFR-mutant lung adenocarcinoma requires 
more specific research.

In the NADIM study, the rates of MPR and pCR 
reached 76.1% and 54.3% for stage IIIA patients in all study  
groups (10), which were similar to those observed in our 
research. However, patients in the NADIM study received 3 
cycles of the regimen before surgical resection; consequently, 
they showed a higher incidence (93.5%) of neoadjuvant 
therapy-related AEs, with 30.4% of patients (14/46) suffering 
AEs of at least grade 3 (21). Therefore, we propose believe 
that extended neoadjuvant therapy cycles are associated with 
an increased incidence of treatment-related AEs. Further 
clinical randomized controlled trials are needed to clarify 
the benefits and risks associated with the number of cycles of 
neoadjuvant chemoimmunotherapy used.

For surgeons, whether neoadjuvant chemoimmunotherapy 
affects the difficulty of surgery is a matter of concern. 

In our study, 67.6% patients underwent video-assisted 
thoracoscopy surgery.  None of  them had severe 
intraoperative complications, and the mean operative time 
was 184 minutes. The data showed us that neoadjuvant 
chemoimmunotherapy did not significantly increase the 
difficulty of the surgical procedure. Based on our experience, 
3–4 weeks after the second dose of chemoimmunotherapy 
is a good time to perform surgery; at this point, we did 
not find any severe adhesions or hilar fibrosis during the 
procedures.

Before neoadjuvant chemoimmunotherapy can become 
the standard treatment strategy for locally advanced lung 
cancer, there are still some challenges to overcome. Firstly, 
effective biomarkers to predict the efficacy of neoadjuvant 
therapy are lacking. PD-L1 level is an established 
biomarker for the efficacy prediction of PD-1 checkpoint 
inhibitors in NSCLC (22,23); however, the relationship of 
PD-L1 level with pathological reaction in the neoadjuvant 
setting is still surrounded by controversy. The NeoStar 

Figure 1 Patients’ characteristics and preoperative CT evaluation compared with the final pathological evaluation.

Sex          Smoking status    Tumor stage                 CT evaluation                  Pathological evaluation

Sex                               Smoking status            Tumor stage                  CT evaluation               Pathological evaluation
Male
Female

Smoker

Non-smoker

IIB

IIIA

IIIB

Stable disease 

Partial response 

Complete response

Stable disease 

Partial response Complete 

response or MPR
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study indicated PD-L1 and pathological reaction to be 
correlated; compared with non-responders, responders had 
an increased median PD-L1 level prior to therapy (80% 
vs. 1%) (24). However, other researchers reported no such 
correlation (25-27). For instance, in the NADIM clinical 
trial, 58% of patients whose PD-L1 tumor proportion score 
was below 25% had a MPR or pCR. Another biomarker, 
tumor mutational burden (TMB), also has the problem of 
drawing different conclusions in different studies. Forde 
et al. confirmed patients’ pathological responses to be 
significantly correlated with their pretherapy TMB (25), 
whereas another study arrived at a different conclusion (28). 
Thus, other effective biomarkers for this treatment strategy 
urgently need to be identified. The strategy of adjuvant 
treatment is another unresolved problem. The PACIFIC 
trial evaluated the activity and safety through a comparison 
of consolidation therapy with durvalumab versus a placebo 
in patients with stage III, locally advanced, unresectable 
NSCLC who were without progression following standard 
chemoradiotherapy. The result was encouraging, with 
durvalumab significantly outperforming the placebo in terms 
of progression-free survival (8). When it comes to the adjuvant 
treatment, there is still no strong evidence of ICIs adjuvant 
therapy. Adjuvant treatment regimens are still controversial 
regarding whether chemotherapy can be used in combination 
or whether only PD-1/PDL-1 blockade should be used. 
Furthermore, the optimal maintenance time for adjuvant 
therapy has yet to be clarified. For this reason, we did not 
stipulate the regimen of adjuvant therapy in our study.

Some retrospective analyses have shown a relationship 
between the occurrence of MPR after neoadjuvant 
chemotherapy and recurrence-free and improved overall 
survival (29,30). In this context, the MPR rate (67.6%) 
observed among our patients is promising. During a median 
postoperative follow-up of 7 months, none of the patients 
who achieved MPR experienced recurrence. However, 
long-term follow-up is needed to determine progression-
free survival and overall survival with this treatment.

Our study has a number of limitations; these include 
but are not limited to the short postoperative follow-up 
time and the small number of patients enrolled and we did 
not monitor the patient’s immune status during treatment. 
Neoadjuvant chemoimmunotherapy holds promise as a 
treatment for resectable stage IIB–IIIB LUSC, but we still 
need to pay close attention to the immune related AEs during 
therapy. Larger studies and longer follow-up, as well as more 
prospective comparative trials, are needed to ascertain the 
optimal duration of neoadjuvant treatment and to identify 

the best biomarkers for predicting therapeutic efficacy. 

Conclusions

This study shows that as a new treatment regimen for 
resectable stage IIB–IIIB LUSC, the early outcome of 
pembrolizumab with chemotherapy in a neoadjuvant setting 
showed an unprecedented high PCR rate, high R0 resection 
rate and low toxicity. The long-term efficacy of this new 
therapy and the effectiveness of the current findings should 
be confirmed through longer follow-up and prospective 
comparative trials.
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