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Background: Neoadjuvant immunochemotherapy has been proven to be a successful therapeutic strategy
for patients with locally advanced non-small cell lung cancer (NSCLC). Nevertheless, there is a paucity of
information regarding surgical feasibility and safety as well as tumor response. The present study aimed to
investigate the therapeutic and surgical outcomes for patients with stage III lung squamous cell carcinoma
(LSCCQC).

Methods: Patients with stage III potendially resectable LSCC treated with neoadjuvant immunochemotherapy
at The First Affiliated Hospital of Ningbo University between March 2020 and June 2022 were
retrospectively included. Oncologic outcomes and intraoperative and postoperative variables were assessed.
Results: A total of 17 locally advanced LSCC patients were included in the study. Patients in stages ITIA
and IIIB were represented by 10 (58.8%) and 7 (41.2%) cases, respectively. A minimally invasive procedure
was successfully completed in 12 out of 17 cases (70.6%). A total of 10 patients (58.8%) had standard
lobectomies performed, 1 (5.9%) had a bilobectomy, 3 (17.6%) had pneumonectomies, and 1 (5.9%) had a
wedge resection. A total of 7 patients (41.2%) experienced postoperative complications, and there were no
30- or 90-day mortalities. The 2-year disease-free survival (DFS) and overall survival (OS) rates were 76.6%
and 82.5%, respectively. The rate of major pathological response (MPR) was 70.6%.

Conclusions: Lung resection after immunochemotherapy for potentially resectable stage III LSCC is
feasible and safe. This treatment strategy results in a significant pathologic response and promising rates of
OS at 2 years.
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Introduction

Lung cancer is the leading cause of cancer-related death
worldwide. Non-small cell lung cancer (NSCLC) is the
predominant type of lung cancer, comprising 85% of all
cases of lung cancer (1). The general prognosis for patients
with advanced-stage NSCLC is still poor, despite significant
improvements in the treatment landscape for the disease (2).
Surgical resection is the only potentially curative treatment
for NSCLC, but only about 20-25% of NSCLC:s are suitable
for resection because the majority of patients are in the mid-
to-late stage of the disease at the time of diagnosis (3,4).

NSCLC is histologically divided into adenocarcinoma,
squamous cell carcinoma, and large-cell carcinoma (5).
Lung squamous cell carcinomas (LSCCs) are often of
the central type, and has invaded the heart, mediastinum,
and large blood vessels at the time of diagnosis, making
surgical resection challenging. Neoadjuvant therapy aims to
improve disease-specific survival (DSS) and overall survival
(OS) in locally advanced tumors by increasing resection
rates and lowering local and systemic recurrence (6-8).
However, the 5-year absolute survival improvement is only
5% (9). Effective systemic treatments are still needed for
nonmetastatic disease in perioperative settings.

Immune checkpoint inhibitor (ICI) therapy aimed
at programmed death receptor 1 (PD-1) or its ligand
(PD-L1) has drastically altered the treatment of a substantial
number of patients with advanced lung cancer (10). The
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combination of pembrolizamab with carboplatin plus
paclitaxel or nab-paclitaxel has demonstrated substantial
improvements in OS and progression-free survival (PFS)
compared to chemotherapy alone in patients diagnosed
with previously untreated metastatic LSCC (11). According
to the NADIM study, patients with stage IIIA NSCLC
treated with a combination of nivolumab and chemotherapy
had a major pathological response (MPR) rate of 85%
following neoadjuvant therapy, as well as an OS rate of
91% and 87% at 36 and 42 months, respectively (12,13).
In patients with resectable IB-IIIA NSCLCs, neoadjuvant
nivolumab plus chemotherapy produced significantly
longer event-free survival and a greater proportion of
patients with a pathological complete response (pCR) than
chemotherapy alone (14). Consequently, a neoadjuvant
immunochemotherapy strategy is desirable in this population.
According to the American Joint Committee on
Cancer (AJCC) and Union for International Cancer
Control (UICC) staging manuals (8th edition), some late-
stage tumors may also be resectable. For LSCC, due to
its absence of actionable driver mutations, it is rarely
suitable for targeted therapy, and the downstaging effect of
neoadjuvant chemotherapy is not obvious (9). Neoadjuvant
chemotherapy combined with immunotherapy shows good
clinical application prospects in this part of patients (15,16).
Herein, we conducted a retrospective analysis of patients
with potentially resectable stage III (stage IIIA and IIIB)
LSCC who underwent tumor resection after neoadjuvant
immunochemotherapy to evaluate the feasibility, safety,
and perioperative outcomes for these patients. We present
this article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-23-1175/rc) (17).

Methods
Patient selection and study design

This was a retrospective cohort study conducted between
March 2020 and June 2022 at The First Affiliated Hospital
of Ningbo University. The inclusion criteria for patients
were as follows: (I) patients age 18 years or older, have stage
IITA or IIIB LSCC according to the 8th edition TNM
staging of lung cancer of the American Joint Committee on
Cancer (18) confirmed by histology or cytology, and have
radiographic evidence of measurable disease according to
Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1; (II) patients were required to be surgically
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resectable and medically operable by a multidisciplinary
team (MDT); (III) no radiation or chemotherapy had been
administered to the patients previously; (IV) a Karnofsky
performance status above 80; (V) normal organ function
and lung function can tolerate lung resection surgery. The
exclusion criteria were as follows: (I) patients receiving
steroids or other immunosuppressants; (II) patients with
autoimmune disease; (III) patients with a prior history of
malignant tumors; (IV) patients with a history of thoracic
surgery or interstitial lung disease with symptoms; and (V)
patients with N3 disease.

Active and passive methods were used to collect follow-
up data. The active method means that patients go to the
outpatient clinic for follow-up regularly, and the passive
method means that we follow up patients by telephone,
email, etc. To maintain accurate surveillance information,
data fields relating to patient vital status, date of last contact,
treatment, and recurrence were updated. Patients were
followed until the date of death or the last date of follow-
up (December 31, 2022). Disease-free survival (DFS) was
defined as the amount of time from the start of surgery until
disease progression or death. OS was defined as the length
of time between the beginning of surgery and death (from
any cause). Treatment-related adverse events (TRAE) were
evaluated using (CTCAE) (19). The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by ethics board of The First
Affiliated Hospital of Ningbo University (No. 2020-R229)
and individual consent for this retrospective analysis was
waived.

Therapy protocol

On the first day of each 21-day cycle, 200 mg of
pembrolizumab, camrelizumab, or sintilimab was
administered intravenously as part of immunotherapy. In
addition, chemotherapeutic regimens included nab-paclitaxel
260 mg/m’ plus carboplatin area under the curve (AUC)
of 5-6 mg-min/mL intravenously on day 1 every 3 weeks
or a docetaxel plus cisplatin regimen, in which docetaxel
75 mg/m’ was infused over 1-2 h followed by an intravenous
infusion of cisplatin 75 mg/m’ over at least 2 h on day 1.

Surgical methods

lung resections include wedge resection, lobectomy,
bilobectomy, or pneumonectomy and mediastinal lymph
node dissection (2R, 4R, 7, 8, and 9 for right-sided
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cancers; 4L, 5, 6, 7, 8, and 9 for left-sided cancers). In the
thoracotomy group, surgical resection was performed with
an incision placed at the fifth intercostal space (ICS). A
posterolateral incision was often used. In the minimally
invasive group, surgical resection was performed using bi-
portal video-assisted thoracoscopic surgery (VATYS) using
a 10-mm, 30-degree thoracoscope. A 12-mm observation
port was positioned at the seventh or eighth ICS at the
midaxillary line and the operating port was located at
the fourth or fifth ICS between anterior axillary line and
midaxillary line. At the end of surgery, a single or double
chest drain (24 or 28 Fr chest tube) was placed at the edge
of the incision.

Study evaluation

All participants were staged with a chest computed
tomography (CT) or positron emission tomography
(PET)/CT scan, brain imaging with magnetic resonance
imaging (MRI), and endobronchial ultrasound for invasive
mediastinal nodal staging (20). Based on the RECIST
version 1.1, the tumor’ radiological response was checked
every 2 cycles (6 weeks) of the neoadjuvant regimen and
before surgery. Based on tumor size and lymph node
status, pathological staging was determined. Using a cryo-
microtome, formalin-fixed paraffin-embedded (FFPE)
tumor specimens were sliced to a thickness of 5 mm and
placed on slides. For each case, the proportion of viable
tumor cells was reevaluated and calculated. The definition
of MPR is <10% of viable tumor with no viable tumor
required for complete pathologic response (CPR) (21).
The term “pathological complete response” (pCR) refers
to the absence of any viable tumor cells upon examination
of H&E slides following a comprehensive assessment of a
surgically removed lung cancer specimen, which includes
the evaluation of all sampled regional lymph nodes (21).
The concept of pathological partial response (pPR) was
established to describe a condition when the proportion of
live tumor cells within the treated tumor bed is equal to or
less than 50% (22). The term “pathological non-response”
(pNR) was operationally defined as the presence of live
tumor cells occupying more than 50% of the tumor bed (22).

Statistical analysis

Patients were characterized by demographic and clinical
variables. Continuous variables were expressed as mean =
standard deviation (SD). Categorical variables were expressed
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Figure 1 Flowchart of the selection of the patients. LSCC, lung

squamous cell carcinoma; MD'T, multidisciplinary team.

as numbers (percentages). DFS and OS were determined
using the Kaplan-Meier method and the statistical difference
was determined using the log-rank test. R (version 4.0.5;
https://www.r-project.org/) was used for statistical analysis.
A two-sided P<0.05 was considered statistically significant.

Results
Patient characteristics

The study identified a total of 17 consecutive cases. A
flowchart of patient selection is presented in Figure 1.
The patient demographics are summarized in Table 1. All
participants were male and diagnosed with stage III LSCC.
The average age was 64.8+7.7 years, and the majority
(70.6%) had a smoking history. Overall, 10 (58.8%) of the
patients had stage IITA disease, and 7 (41.2%) had stage
IIIB disease. Of these 17 cases, 3 cases (17.6%) were stage
NO patients, 4 cases (23.5%) were stage N1 patients, and 10
cases (58.8%) were stage N2 patients. Pembrolizumab was
administered to 13 (76.5%) patients, sintilimab to 3 (17.6%),
and camrelizumab to 1 (5.9%). There was 1 patient (5.9%)
who received 1 cycle of neoadjuvant treatment, 10 patients
(58.8%) received 2 cycles, 5 patients (29.4%) received 3 cycles,
and 1 patient (5.9%) received 4 cycles. The mean tumor
diameter prior to immunotherapy was 51.41£22.32 mm. The
average time between the last neoadjuvant treatment and
surgery was 37.06+20.29 days.
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Table 1 Baseline demographic and clinical characteristics
Characteristics Value
Age, years, mean + SD 64.8+7.7
Gender, n (%)

Male 17 (100.0)

Female 0
Smoking status, n (%)

Current or ever 12 (70.6)

Never 5(29.4)
Clinical stage prior to immunotherapy, n (%)

A 10 (58.8)

1B 7(41.2)
Clinical nodal stage prior to immunotherapy, n (%)

NO 3(17.6)

N1 4 (23.5)

N2 10 (58.8)

Single-station 3(17.6)
Multi-station 7(41.2)

Immunotherapy regiments, n (%)

Pembrolizumab 13 (76.5)

Sintilimab 3(17.6)

Camrelizumab 1.9
Treatment cycles, n (%)

One 1(5.9)

Two 10 (58.8)

Three 5(29.4)

Four 1.9
Tumor diameter prior to immunotherapy, mm, 51.41+22.32
mean + SD
FEV1% predicted, mean + SD 79.50+10.26
Days from end of neoadjuvant therapy to 37.06+20.29

surgical resection, mean + SD

SD, standard deviation; FEV1%, forced expiratory volume in the
first second.

Outcomes of neoadjuvant therapy

The objective response rate (ORR) was 76.5% among
the 17 patients evaluated for response using RECIST
1.1, with complete response (CR) in 2 patients (11.8%),
partial response (PR) in 11 patients (64.7%), and stable
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Figure 2 After neoadjuvant immunochemotherapy, the imaging
response (percent change in maximum tumor diameter) is
measured. Combined with postoperative pathological results,
patients with a pCR are depicted in green, those with MPR are
represented in navy blue, and those with >10% viable tumor
remaining are shown in light blue. MPR, major pathological

response; pCR, pathological complete response.

disease in 4 patients (23.5%). MPR was found in 12 (70.6%)
of the patients, with 6 having a pCR. After neoadjuvant
chemotherapy, 8 patients (47.1%) had their lymph nodes
down-staged (from N2 to N1 or NO) (Figures 2,3 and Table 2).

There was no grade 3 or higher TRAEs observed in
any of the 17 patients following neoadjuvant treatment. A
total of 13 (76.5%) patients experienced at least 1 TRAE
of mild degree, including nausea, decreased appetite,
hyperbilirubinemia, leukopenia, and thrombocytopenia

(Tuble 2).

Perioperative outcome

Pre-treatment clinical stage of all 17 patients and the type
of surgery each received are summarized in Table S1.
Perioperative outcomes are described in Table 3. VATS
was conducted in 12 cases (70.6%) and thoracotomy was
performed in 5 cases (29.4%). RO resections were achieved
in 16 (94.1%) patients, with standard lobectomy in 10
(58.8%), sleeve lobectomy in 1 (5.9%), bilobectomy in
1 (5.9%), and pneumonectomy in 3 (17.6%) cases. One
patient (5.9%) underwent wedge resection because of poor
pulmonary function. One patient (5.9%) underwent surgical
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exploration and was found to have an unresectable tumor.

Mean surgical time was 149.24+65.43 min. Mean
estimated blood loss was 98.82+63.63 mL. No patient
required intraoperative blood transfusion. The mean length
of postoperative chest tube duration was 8.65+5.53 days
and the mean duration of hospital stay after surgery was
9.7125.51 days. A total of 7 out of the 17 patients (41.2%)
developed a postoperative complication. Air leak was the
most common morbidity [5 (29.4%)], 1 patient (5.9%)
developed chylothorax, and 1 patient (5.9%) experienced
atelectasis.

At a median follow-up of 26.0 months [interquartile
range (IQR), 10.0-30.0 months] from the first day of
surgery, 14 (82.4%) of the 17 patients who underwent
surgical resection were still alive and had no evidence of
disease, whereas 3 (17.6%) of the 17 patients had disease
recurrence. Of the 3 patients who had disease recurrence, 1
patient had local recurrence (a recurrence at the bronchial
stump), 1 patient had distant recurrence in the brain, and 1
patient had distant recurrence in the bone. The 2 patients
with distant recurrences died. The 2-year DFS and OS rates
were 76.6% and 82.5%, respectively (Figure 4). The 2-year
DFS and OS rates with response to neoadjuvant therapy
were both 80.0% in the no-MPR group, and 78.7% and
85.7% in the MPR group, respectively (Figure 54,5B). The
2-year DFS and OS rates by stage were 83% and 100% for
stage IIIA, respectively, and 66.7% and 62.5% for stage I1IB,
respectively (Figure 5C,5D). Neither tumor-node-metastasis
(TNM) stage nor response to neoadjuvant therapy was found
to be associated with DFS or OS (Figure 5).

Discussion

In this retrospective study, we presented 17 cases of stage
III LSCC lung resection after immunochemotherapy.
58.8% of which had stage IIIA disease, and 41.2% had
stage IIIB disease. Overall, 70.6% of patients were treated
via a minimally invasive approach, 5 patients underwent
thoracotomy due to anticipated complexity, no conversion
to thoracotomy during operation. Increased surgical
difficulty after neoadjuvant therapy has always been a
concern for surgeons. In the present study, the average
operative time was 149.24+65.43 min, and the average
blood loss was 149.24+65.43 mL. Some indicators, such as
the rate of minimally invasive approaches, operating time,
blood loss, and perioperative complications, can reflect
operative difficulties (23). We found that after neoadjuvant
therapy, the operative time was slightly longer, and the
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Figure 3 Radiographic (A,B,E,ELJ) and pathologic (C,D,G,H,K,L) response to neoadjuvant immunochemotherapy for patients with pCR
(H&E staining). Original magnifications: (C,G,K) x100; (D,H,L) x200. pCR, pathological complete response.
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Table 2 Outcomes of neoadjuvant therapy

Variables N (%)

Clinical response

Complete response 2(11.8)
Partial response 11 (64.7)
Stable disease 4 (23.5)
Pathological response
Non-response 1(5.9
Partial response 4 (23.5)
Major pathologic response 12 (70.6)
Pathological complete response 6 (35.3)
Pathological T stage
TO 7 (41.2)
T1a 3(17.6)
T1b 2(11.8)
T2b 3(17.6)
T3 1(5.9
T4 1(5.9)
Pathological N stage
NO 10 (58.8)
N1 4 (23.5)
N2 2(11.8)
Nx 1(5.9

Downstaging of nodal status in patients with N2 at baseline

N2 to NO 6 (35.3)
N2 to N1 2(11.8)
N2 2(11.8)
Adverse events (any grade)
Nausea 10 (58.8)
Decreased appetite 13 (76.5)
Hyperbilirubinemia 2(11.8)
Leukopenia 2(11.8)
Thrombocytopenia 3(17.6)

average blood loss did not increase significantly compared
with conventional surgery in the same period. According to
the previous study, the surgical procedure becomes more

challenging following neoadjuvant immunotherapy due to
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Table 3 Perioperative outcomes for patients undergoing surgery
after neoadjuvant therapy

Variables Value

Extent of resection, n (%)

Lobectomy 10 (58.8)
Sleeve lobectomy 1.9
Bilobectomy 1(5.9
Pneumonectomy 3(17.6)
Wedge resection 1(5.9
Unresectable 1(5.9
Surgical approach, n (%)
VATS 12 (70.6)
Thoracotomy 5(29.4)
Operative duration, min, mean + SD 149.24+65.43
Blood loss, mL, mean + SD 98.82+63.63
Chest tube duration, days, mean + SD 8.65+5.53
Hospital stay after surgery, days, mean + SD 9.71+5.51
Overall complications, n (%)
Chylothorax 1(5.9)
Air leak lasting >3 days 5(29.4)
Atelectasis 1(5.9

VATS, video-assisted thoracoscopic surgery; SD, standard deviation.

the heightened presence of adhesions, hemorrhage, vascular
invasion, fibrotic tissues and lymph node enlargement are
difficult to separate (24). However, in another analysis on
the duration of surgery, amount of blood loss, and rate of
conversion to thoracotomy in a cohort of 31 patients who
underwent surgical procedures subsequent to neoadjuvant
immunotherapy, the authors concluded that the utilization
of neoadjuvant immunotherapy did not provide a statistically
significant increase in the surgical complexity (25). In
this study, the overall complication rate was 41.2%, with
postoperative air leak accounting for the highest proportion
(29.4%). There were no mortalities within either 30 or
90 days. Even though all patients in our study were late stage,
the rate of minimally invasive approach was significantly
higher, and the duration of surgery was shorter than in
previous studies (14,26,27). There was no postoperative
mortality and most postoperative morbidity was minor in
our study. Our findings show that even though the cases
are more complex, that complications remain limited,
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and surgery is feasible and safe, although more difficult in
patients with advanced LSCC.

In the era of neoadjuvant chemotherapy, the MPR rate
of NSCLC is around 20%, whereas the pCR rate is less
than 4% (28). The total OS of preoperative chemotherapy
for NSCLC increased by only 5% (9). Ford et 4l. reported
an MPR rate of 45% and a pCR rate of 10% in resectable
NSCLC patients treated with neoadjuvant nivolumab
monotherapy (29). The NEOSTAR trial, which used
dual immunotherapy with nivolumab and ipilimumab for
operable NSCLC, showed MPR and pCR rates of 38.1%
and 28.6, respectively (30). The MPR and pCR rates in
neoadjuvant immunochemotherapy have been significantly
improved. In the NADIM-trial, a phase II open-label,
multicenter, single-arm clinical trial, 3 cycles of nivolumab
plus paclitaxel plus carboplatin preoperatively for stage
[Ia NSCLC resulted in an MPR rate of 82.9% and a pCR
rate of 63.4% (13). The CheckMate-816 trial was the first
reported phase III neoadjuvant immunochemotherapy
clinical trial for resectable NSCLC, with 3 cycles of
nivolumab plus paclitaxel plus carboplatin preoperatively
showing an MPR rate of 36.9% and a pCR rate of 24%,
respectively (14). Our study reported an MPR rate of 70.6%
and a pCR rate of 35.3%. Furthermore, 53% of patients
experienced nodal downstaging following treatment, which
was consistent with previous findings (31). It is critical to
identify patients who can benefit from neoadjuvant therapy.
Some studies have pointed out that certain biomarkers, such
as the expression level of PD-L1, tumor mutation burden
(TMB), and homologous recombination deficiency (HRD),
can screen out the potential patients who may benefit from
immunotherapy (32,33). However, which biomarkers have
the highest potential for indicative capability in predicting
outcomes remains unknown.

The median DFS and OS in our series were not reached.
The 2-year DFS and OS rates were 76.6% and 82.5%,
respectively. Previous studies used MPR as a surrogate
for clinical benefit from neoadjuvant therapies and found
that patients who achieved MPR after neoadjuvant
chemotherapy had significantly longer DFS and OS than
those who did not (3,34). Due to the small sample size and
short follow-up time, we were unable to detect a significant
difference in OS and DFS in our study.

There is currently no established guideline on how
to process and evaluate resected lung cancer specimens,
and there is a lack of precise definitions on the degree of
pathological response after neoadjuvant therapy in clinical
trials and clinical practice (21). In our study, 2 patients with
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pCR relapsed, 1 with local recurrence and 1 with distant
metastasis. ‘Traditional imaging evaluation after neoadjuvant
immunotherapy can be difficult and misleading in assessing
therapeutic effect on tumor cells because it does not always
reflect the actual therapeutic effect (35). The International
Association for the Study of Lung Cancer (IASLC)
currently recommends a standardized approach to assess
the percentages of (I) viable tumor, (II) necrosis, and (III)
stroma (including inflammation and fibrosis), with a total of
100% (21).

Our study had the following limitations. First, this was
a retrospective study with a small sample size and lack
of PD-L1 scores. Second, all patients were men, and the
treatment cycles and intervals could not be well controlled.
Third, because the follow-up period was relatively short,
additional analyses with long-term follow-up are warranted.
As a result, the findings must be validated in a large-scale,
multicenter prospective clinical trial.

Conclusions

Our study demonstrated that neoadjuvant
immunochemotherapy was safe and feasible for patients
with late-stage resectable LSCC. In the current population,
the perioperative mortality and morbidity rates were
comparable. Our findings need to be confirmed in larger
sample size with randomized clinical trials in the future.
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