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Abstract
Background  The recent novel conception of neoadjuvant immunotherapy has generated interest among surgeons worldwide, 
especially the lack of experience involving surgical treatment for the neoadjuvant immunotherapy population.
Methods  Patients with non-small cell lung cancer (NSCLC), who underwent neoadjuvant immunotherapy or chemo-immu-
notherapy, were retrospectively collected between September 2018 and April 2020. Demographic data, pathological and 
clinical features, therapeutic regimens and outcome data of all individuals were collected by retrospective chart review. 
Operative details, information of neoadjuvant therapy, were also abstracted.
Results  In total, 31 patients were included in the final analysis. The patients’ median age was 61 years. In total, 29 of the 
patients were males, while 2 were females. Patients received a median of 3 doses before resection. The median duration from 
final treatment to surgery was 34 days. After neoadjuvant treatment, post-treatment computed tomography scan showed that 
24 patients had partial response. In total, 12 of 31 patients had a major pathological response, 15 pathological downstaging. 
Three patients had no residual viable tumor. A positive surgical margin was identified in 7 cases. One or more postoperative 
complications occurred in 18 of all 31 patients. In total, 26 patients underwent next-generation sequencing before surgery 
in total. Among them, 2 patients were detected STK11 mutations, none of whom had a major pathological response by final 
pathological examination.
Conclusions  Pulmonary resection after neoadjuvant immunotherapy or chemo-immunotherapy for resectable NSCLC appears 
to be safe with low operative mortality and morbidity rate in the current population.
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Introduction

Globally, lung cancer is one of the most common malig-
nancies, with its high incidence, mortality and low 5-year 
survival rate [1]. Non-small cell lung cancer (NSCLC) is 
responsible for more than 85% of all cases of lung cancer, 
and approximately one-third of NSCLC cases are diagnosed 
at a locally advanced stage [2]. For patients with early stage 
(stage I and II) and appropriately selected locally advanced 
disease (stage IIIA and IIIB), the standard approach is multi-
disciplinary treatment including complete surgical resection, 
chemotherapy, radiotherapy, targeted therapy and so on [3].

Traditionally, platinum-based chemotherapy is mainly 
used in advanced or metastatic NSCLC [4]. More recently, 
PD-(L)1 immune checkpoint inhibitors have changed the 
treatment paradigm of patients with advanced or meta-
static NSCLC [5, 6]. The development of anticancer 
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immunotherapy targeting PD-1/PD-L1 and CTLA-4 immune 
checkpoints has achieved encouraging therapeutic effects in 
many cancers, including melanoma, NSCLC, renal cell can-
cer and Hodgkin disease [7]. With evidence that targeting 
the host immune response to lung cancer, and development 
of immune checkpoint blockage agents, immunotherapy has 
become the first-line therapy for the majority of patients 
with metastatic NSCLC [8].

Neoadjuvant therapy in the treatment of NSCLC is well 
established as part of the guidelines [9]. Recent published 
pilot data on preoperative use of checkpoint inhibition in 
patients with NSCLC suggested the safety and feasibility of 
inductive immunotherapy with surgically resectable cases 
[10–17]. The novel conception of neoadjuvant immunother-
apy has generated interest among surgeons worldwide [18]. 
However, the lack of experience involving surgical treat-
ment for the neoadjuvant immunotherapy population, caused 
substantial concerns of surgical perspective regarding the 
inflammatory action of these agents, such as pneumonitis 
and endocrinopathies, and subsequent technical challenges 
[19]. To address this, the current study was conducted to 
report the analysis of surgical perspective outcome data after 
neoadjuvant immunotherapy followed by surgery for resect-
able NSCLC.

Patients and methods

The current retrospective study was conducted at Shang-
hai Chest Hospital, an ultra-high-volume tertiary thoracic 
surgery center in Shanghai, China. The institutional review 
board approved the retrospective analysis of anonymous 
patient data. The data were retrospectively collected on 
patients admitted to Shanghai Chest Hospital between Sep-
tember 2018 and April 2020. Patients with histologic diag-
nosis of NSCLC underwent neoadjuvant immunotherapy or 
chemo-immunotherapy and with available clinicopathologi-
cal characteristics were included. Exclusion criteria included 
patients recruited in blind clinical trials, unavailable clinico-
pathological characteristics.

The treatment regimens, including initial and subsequent 
regimens, indication for surgery were always discussed and 
determined by a multidisciplinary team. Demographic data, 
pathological and clinical features, therapeutic regimens and 
outcome data of all individuals were collected by retrospec-
tive chart review.

For all patients, preoperative assessment approaches 
should contain contrast-enhanced computed tomography 
(CT) scan or positron emission tomography (PET)/CT 
scan, brain imaging with CT or magnetic resonance imag-
ing, pretreatment tumor biopsy, invasive mediastinal nodal 
staging with endobronchial ultrasound or mediastinoscopy. 
Operative details, including operative approach, extent of 

resection, operative time, hospital length of stay, postop-
erative morbidity, rationale for conversion of minimally 
invasive surgical procedures to thoracotomy if necessary 
and other details related to the operative experience, were 
recorded in detail. Information of neoadjuvant therapy, such 
as agents, courses, duration of final neoadjuvant treatment 
to surgery, was also abstracted.

Patients were staged according to AJCC Lung Can-
cer Staging, 8th edition (2017) [20]. Operative time was 
obtained by review of the anesthesia and operating room 
nurse record, which was defined as the time from skin inci-
sion to closure. Surgical complications were evaluated and 
recorded according to the criteria defined by the Society of 
Thoracic Surgeons and the European Society of Thoracic 
Surgeons general thoracic surgery databases [21]. Briefly, 
complete pathological response was defined as 0% viable 
tumor cells in residual tumor, while major pathological 
response as 10% remaining [22].

Statistical analysis

Data were expressed as median and range unless otherwise 
indicated, and P < 0.05 was considered significant. Statisti-
cal calculations were conducted with SPSS software (IBM 
SPSS Statistics for Windows, version 22.0., IBM Corp., 
Armonk, NY, USA).

Result

Of the 14,901 patients underwent lung resection in our insti-
tute during the study period, 31 patients received neoadju-
vant immunotherapy or chemo-immunotherapy for at least 2 
courses were included in the study. Majority of these 14,901 
patients were treated with surgery only, instead of adjuvant 
or neoadjuvant treatment, due to their early-stage diseases. 
The demographic and clinical characteristics of the overall 
cohort are listed in Table 1. The patients’ median age at the 
time of the surgery was 61 years (range, 38–77 years). In 
total, 29 of the patients were males (93.5%), while 2 were 
females (6.5%). Squamous cell carcinoma (n = 22, 71.0%) 
was the most common histologic subtype and adenocar-
cinoma (n = 9, 29.0%) second most common. In total, the 
majority of patients had stage IIIA disease (16, 51.6%), and 
10 patients (32.3%) with stage IIIB disease, 4 (12.9%) with 
stage IIB disease, 1 (3.2%) with stage IIA disease at the 
stage of treatment naive. Moreover, pathological responses 
were observed regardless of tumor PD-L1 expression, and 
PD-L1 expression did not appear to be predictive of a treat-
ment benefit (Table 1, Fig. 1).

None of the patients received preoperative radio-
therapy. The most commonly used neoadjuvant regimens 
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were chemo-immunotherapy (n = 27, 87.1%), followed by 
immunotherapy alone (n = 4, 12.9%). The most commonly 
prescribed checkpoint inhibitor was pembrolizumab (16, 
51.6%), the others as nivolumab (15, 48.4%). The frequen-
cies of the most commonly used drugs and drug classes are 
shown in Table 2. Patients received a median of 3 doses 
before resection (range, 2–4 doses). The median dura-
tion from final treatment to surgery was 34 days (range, 

4–93 days). After neoadjuvant treatment, post-treatment CT 
scan showed that 24 patients (77.4%) had partial response, 
five patients (16.1%) stable disease and two (6.5%) radio-
graphic progression of disease (Table 2 and Fig. 1).

Details of surgical intervention and tumor location for the 
patients are listed in Table 3. The most common procedure 
was lobectomy (18, 58.1%), followed by sleeve lobectomy 
(7, 22.6%), bilobectomy (4, 12.9%) and pneumonectomy 

Table 1   Demographic and 
clinical characteristics of the 
overall cohort

BMI body mass index, NA Unknown

Characteristic  <  = 10% viable tumor (n = 12)  > 10% viable tumor (n = 19) p value

Median age (range), ys 60 (48–77) 61 (38–66) 0.408
Sex 0.510
 Female 0 2
 Male 12 17

Median BMI (range) 23.81 (21.05–27.77) 24.49 (17.72–28.39) 0.805
Clinical stage 0.455
 IIA 0 1
  T2bN0 0 1

 IIB 3 1
  T2aN1 1 1
  T2bN1 1 0
  T3N0 1 0

 IIIA 6 10
  T2aN2 3 5
  T2bN2 0 1
  T3N1 2 1
  T4N0 0 2
  T4N1 1 1

 IIIB 3 7
  T3N2 3 3
  T4N2 0 4

Histologic subtype 0.101
 Squamous cell carcinoma 11 11
 Adenocarcinoma 1 8

Smoking history 0.523
 Never 8 16
 Former 3 1
 Current 1 2

PD-L1 expression 0.352
  < 1% 5 5
 1—50% 1 4
  > 50% 2 5
 NA 4 5

Fig. 1   Detailed information involving radiographic response, patho-
logical response, pretreatment PD-L1 expression and NGS result of 
all 31 patients. NGS next-generation sequencing; PR partial response; 

SD stable disease; PD progressive disease; pCR pathological com-
plete remission; NA not applicable
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(2, 6.5%). Minimally invasive approaches, including 
video-assisted thoracic surgery (VATS) in 8 patients, and 
robot-assisted thoracic surgery (RATS) in 1 patient, were 
attempted in 9 resections (7 lobectomies, 1 sleeve lobec-
tomy, 1 bilobectomy). In total, only 1 patient (3.2%) with 
clinical stage IIB tumor, who was initially attempted to 
underwent VATS procedure, was converted to open thora-
cotomy due to dense adhesions of hilar lymph node causing 
difficulty dissecting the blood vessel. Therefore, the conver-
sion rate from minimally invasive procedures to thoracotomy 
in the present population was 3.2%. Median operative time 
was 158 min (range, 77–279 min). Median estimated blood 
loss was 200 mL (range, 50–1600 mL). Two patients (%) 
required blood transfusion. Median hospital length of stay 
after surgery was 7 days (range, 2–29 days).

Final pathological examination demonstrated 12 of 31 
patients (38.7%) had a major pathological response (MPR) 
(defined as ≤ 10% residual viable tumor), 15 (48.4%) 
pathological downstaging. Three patients (9.7%) had no 
residual viable tumor, which means pathological com-
plete remission, while viable tumor cells in 28 patients 
(90.3%) (Fig. 2). A positive surgical margin (R1 or R2) 
was identified in 7 (22.6%) cases, including 4 cases of 
R1 resection and 3 cases of R2 resection (Table 3). All 
4 patients were classified as R1 resections because of 
positive highest mediastinal lymph nodes. Even though 
intraoperative pathology was conducted as clinical routine 
activity, positive surgical margin status was inevitable in 
these 3 patients identified as R2 resection, due to their 
limited lung function intolerant of bilobectomy or pneu-
monectomy. One or more postoperative complications 
occurred in 18 of all 31 patients (overall morbidity, 58.1%) 
(Table 3). The most common complication was prolonged 
air leak, occurring in 14 patients (45.2%), followed by 

arrhythmia (n = 3, 9.7%), pneumonia (n = 1, 3.2%), chy-
lothorax (n = 1, 3.2%) and wound infection (n = 1, 3.2%). 
No early deaths (within 90 days) were reported among the 
whole cohort. There was no significant difference in com-
plication rates between the two groups, patients had ≤10% 
viable tumor remaining on final pathological assessment, 
and those who had > 10% viable tumor (p = 0.981).

Following completion of surgical therapy, 11 patients 
(35.5%) received adjuvant chemo-immunotherapy, 5 
patients (16.1%) chemotherapy, 4 patients (12.9%) chemo-
radiotherapy, 1 patient (3.2%) postoperative radiotherapy, 
1 patient (3.2%) immunotherapy alone, 1 patient (3.2%) 
targeted therapy, while the remaining 8 patients (25.8%) 
underwent active surveillance. Remarkably, for these 7 
patients with positive surgical margin (R1 or R2), postop-
erative radiotherapy or chemoradiotherapy was conducted 
following NCCN guidelines. Totally, 19 of 31 patients 
(61.3%) in the current cohort discontinued checkpoint 
inhibitor treatment postoperatively. Notably, one female 
57-year-old patient diagnosed as stage IIIA adenocarci-
noma, whose initial gene assay showed wild-type EGFR 
and KRAS, negative for ALK and ROS1 gene rearrange-
ment, was prescribed chemo-immunotherapy (carboplatin-
pemetrexed and nivolumab). After 3 doses neoadjuvant 
treatment, right upper lobe lobectomy was conducted. It is 
interesting that postoperative gene assay indicated EGFR 
exon 19 deletion. Therefore, adjuvant targeted therapy was 
suggested to this individual.

Additionally, 26 patients underwent next-generation 
sequencing (NGS) before surgery in total (Figs. 1, 2). 
Among them, 2 patients (7.7%) were detected STK11 
mutations. None of these 2 individuals had an MPR by 
final pathological examination, which also confirmed that 

Table 2   Neoadjuvant 
characteristics of the overall 
cohort

PR partial response; SD stable disease; PD progressive disease

Characteristic ≤ 0% viable tumor 
(n = 12)

 > 10% viable tumor 
(n = 19)

p value

Neoadjuvant regimens 0.999
 Chemo-immunotherapy 11 16
 Immunotherapy alone 1 3

Prescribed checkpoint inhibitor 0.552
 Pembrolizumab 5 10
 Nivolumab 7 9

Median doses (range) 3 (2–3) 2 (2–4) 0.782
Median duration from final treatment to 

surgery (range), days
32 (4–93) 36 (23–86) 0.314

Radiographic response assessment 0.352
 PR 10 14
 SD 2 3
 PD 0 2
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STK11 mutations might be an unfavorable factor to neo-
adjuvant immunotherapy [14] (Figs. 1, 2).

Discussion

In the current study, it is safe and feasible of the application 
of neoadjuvant immunotherapy or chemo-immunotherapy 
before surgery for patients with resectable NSCLC.

Table 3   Surgical and 
postoperative characteristics of 
the overall cohort

LUL left upper lobe; LLL left lower lobe; RUL right upper lobe; RML right middle lobe; RLL right lower 
lobe; VATS video-assisted thoracic surgery; RATS robot-assisted thoracic surgery; NA not applicable

Characteristic ≤ 10% viable tumor 
(n = 12)

 > 10% viable tumor 
(n= 19)

p value

Tumor location 0.250
 LUL 2 3
 LLL 1 2
 RUL 5 12
 RML 0 1
 RLL 4 1

Extent of resection 0.181
 Lobectomy 4 14
 Bilobectomy 3 1
 Sleeve lobectomy 5 2
 Pneumonectomy 0 2

Approach 0.930
 Open thoracotomy 9 13
 VATS 2 6
 RATS 1 0

Median operative time (range), min 159 (77–223) 157 (82–279) 0.994
Median estimated blood loss (range), ml 200 (50–200) 200 (50–1600) 0.265
Median hospital length of stay after surgery 

(range), days
6 (2–25) 8 (4–29) 0.906

Pathological downstaging 0.106
 No 4 12
 Yes 8 7

Surgical margin 0.029
 R0 12 12
 R1 0 4
 R2 0 3

Thirty-day mortality 0 0 NA
Ninety-day mortality 0 0 NA
Postoperative complications 0.749
 Prolonged air leak 6 8
 Arrhythmia 1 2
 Pneumonia 0 1
 Chylothorax 1 0
 Wound infection 0 1

Adjuvant treatment 0.068
 Chemo-immunotherapy 4 7
 Chemotherapy 3 2
 Chemoradiotherapy 0 4
 Radiotherapy 0 1
 Immunotherapy alone 1 0
 Targeted therapy 0 1
 Active surveillance 4 4
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As is well known, with the rapid development of modern 
tumor immunology, immunotherapy has become an increas-
ingly important weapon and achieving great success in tumor 
therapy [23]. The role of immunotherapy has restructured 
the treatment approach to numerous malignancies. Immune 
checkpoint inhibitors have revolutionized the therapeutic 
landscape in oncology and have shown significant clinical 
benefit in several cancer types [24]. The clinical application 
of immune checkpoint inhibitors has dramatically changed 
the treatment landscape for patients with advanced cancers, 
including advanced NSCLC [25].

Prior to immunotherapy, treatment for advanced NSCLC 
had not changed significantly since the broad uptake of 
chemotherapy over best supportive care in the mid-1990s 
[26]. Neoadjuvant chemotherapy has already been widely 
accepted as a comprehensive therapeutic strategy, espe-
cially for local advanced lung cancer [27]. Immunotherapy 
with immune checkpoint inhibitors has brought real pro-
gress in the treatment of solid tumors including lung cancer, 
which have revolutionized the management of patients with 
NSCLC [28]. At present, numerous ongoing investigations 
of neoadjuvant immunotherapy or chemo-immunotherapy 
demonstrate the promising future of immunotherapy in the 

complex management paradigm of advanced NSCLC, which 
represents one of the next frontiers in cancer immunotherapy 
[10, 29, 30].

With concerns of potential pulmonary and extrapulmo-
nary toxicity after immunotherapy administration, such as 
pneumonitis, adrenal insufficiency and hyperthyroidism 
[31], for patients who have received neoadjuvant immuno-
therapy or chemo-immunotherapy, the safety of following 
pulmonary resection is the primary concern for thoracic sur-
geons [19]. According to previous studies, secondary analy-
ses of former small pilot prospective studies, the approach of 
lung resection after neoadjuvant therapy is safe and reliable 
[10, 11, 32]. Our initial series demonstrated low rates of 
mortality and major intraoperative and postoperative com-
plications, similar to those published in previous neoadju-
vant immunotherapy or chemotherapy settings [19, 27]. In 
our current cohort, the rates of chest tube air leak (45.2%), 
arrhythmia (n = 3, 9.7%), pneumonia (3.2%), reintubation 
(0%) and respiratory failure (0%) were acceptable and com-
parable to previous studies [19, 27]. Compared with patients 
without neoadjuvant treatment, the complication profile 
was similar in the current population. The complications 
occurred at similar levels in the present neoadjuvant group, 

Fig. 2   Detailed information about pathological response of 26 patients with NGS result. NGS next-generation sequencing
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comparable with previous reports of without neoadjuvant 
cohort as 42.5–68.3% [33]. In addition, a similar trend is 
observed for the distribution of postoperative complications 
between the two systems [33]. In summary, patients who 
underwent surgery after neoadjuvant immunotherapy or 
chemo-immunotherapy did not have out-of-range intraop-
erative and postoperative complications rate, which indicates 
that patients can be safely operated with satisfied surgical 
outcomes after prescribed neoadjuvant immunotherapy or 
chemotherapy agents.

Since it is hard to quantitatively evaluate the difficulty of 
the surgery, there are some significant manifestations, such 
as operating time, amount of blood loss, conversion rate and 
perioperative complications [21]. In the present study, all 
similar manifestations as previously reported in the literature 
[11, 19, 27, 32], including comparable operation time, mini-
mal intraoperative blood loss, low level of conversion rate 
and low rates of mortality and complications, indicate that 
neoadjuvant immunotherapy or chemo-immunotherapy does 
not increase the complexity and difficulty of the operation.

As one of the most significant predictors of prolonged 
survival, radical (R0) resection rate is critical to underline 
the feasibility and utility of neoadjuvant therapeutical strat-
egy [27, 34]. Expect for the 77.4% R0 resection rate in the 
present cohort, it is worth noting that 12 patients (38.7%) 
have no evidence of residual tumor cell at microscopic 
examination. The present pilot data confirmed that STK11 
mutations might be an unfavorable factor to neoadjuvant 
immunotherapy [14]. Consequently, the identification and 
characterization of novel markers that can predict residual 
disease after neoadjuvant therapy is critical to investigate 
new management approaches to select appropriate patient 
and improve clinical outcome.

As a real-world study focusing on patients with clinical 
practice, instead of clinical trial, the current report suggests 
the safety of surgical resection after neoadjuvant immuno-
therapy or chemo-immunotherapy in resectable NSCLC 
patients. Considering that neoadjuvant immunotherapy con-
tinues to be studied both individually and in combination 
with chemotherapy, these results would have a pertinence 
for thoracic oncologists and surgeons.

What remains unclear is the optimum neoadjuvant doses 
and interval from final administration of neoadjuvant agents 
to operation. In the situation of lacking evidence-based 
algorithms, current study could provide implications for 
clinical practice. Based on our data, neoadjuvant immuno-
therapy or chemo-immunotherapy was prescribed for 2–4 
courses, followed by radiographic assessment of residual 
cancer and treatment response. After the last prescrip-
tion, patients were often observed for a drug-free interval 
period of approximately 30 days to ensure they are fully 
prepared for the subsequent surgery. In the current cohort, 
two patients experienced a relevant long drug-free interval 

of 86 and 93 days, because of the Chinese Lunar New Year 
holiday and COVID-19 pandemic since January 2020 [35]. 
However, after control of COVID-19 outbreak in China [36], 
both of them were admitted and underwent lobectomy and 
sleeve lobectomy.

The study involved several limitations. The present ret-
rospective observational study has inherent limitations. 
Although there is an increasing number of patients who 
underwent surgery following immunotherapy, sufficiently 
large sample size report is lacking, and enough experiences 
still expected. Future research including prospective data 
and follow-up assessments is in progress.

Conclusively, pulmonary resection after neoadjuvant 
immunotherapy or chemo-immunotherapy for resectable 
NSCLC appears to be safe with low operative mortality 
and morbidity rate in the current population. Because of 
possible post-neoadjuvant treatment adhesions or fibrosis, 
concerns that surgical treatment for these patients might be 
challenging have raised. However, based on the current data, 
difficulty of operation appears to be similar to those treated 
with other neoadjuvant agents. Future studies with larger 
sample numbers will address new perspectives in the setting 
of neoadjuvant immunotherapy or chemo-immunotherapy.
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