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Background: Sleeve lobectomy has been reported to be a safe procedure after neoadjuvant chemotherapy.
We aim to evaluate the oncological and surgical outcomes of neoadjuvant chemoimmunotherapy (10+C) for
local advanced non-small cell lung cancer (NSCLC) patients who underwent sleeve lobectomy.

Methods: NSCLC patients that underwent sleeve lobectomy between December 2016 and December 2019
were retrospectively included. Patients were divided into two groups: neoadjuvant IO+C and chemotherapy.
Oncological, intraoperative and postoperative variables were compared.

Results: In total, 20 patients underwent sleeve lobectomy after neoadjuvant IO+C (n=10) or chemotherapy
(n=10). In the neoadjuvant I0+C group, 8/10 (80%) patients achieved a partial response (PR), 1/10 (10%)
patients had a complete pathological response (CPR), and 5/10 (50%) patients achieved a major pathological
response (MPR). In the neoadjuvant chemotherapy group, only 3/10 (30%) patients had PR, and
3/10 (30%) patients achieved MPR. No complications were found in the neoadjuvant IO+C group, 1
chylothorax occurred in the neoadjuvant chemotherapy group. Other peri- and postoperative outcomes were
similar: bleeding volume (365.00 vs. 347.50 mL; P=0.267), operation time (291.88 vs. 287.50 min; P=0.886),
chest tube duration (5.40 vs. 5.00 day; P=0.829), total drainage volume (815.50 vs. 842.50 mL; P=0.931) and
the length of hospital-stay (7.00 vs. 6.56 day; P=0.915). In addition, less N1 (average number 4.70 vs. 7.40)
and N2 (average number 9.80 vs. 20.10) lymph nodes were acquired in the neoadjuvant I0+C group than
the neoadjuvant chemotherapy group. The number of lymph nodes positive for tumor cells was also less in
the neoadjuvant IO+C group than the neoadjuvant chemotherapy group, both in N1 (0.40 vs. 1.60) and N2
(0.10 vs. 1.30). The positive lymph node ratio (LNR) was lower in the neoadjuvant IO+C group, both in
N1 (0.05 vs. 0.15) and N2 (0.01 vs. 0.09). A greater destruction on elastic fiber of the blood vessels, vascular
wall degeneration, fibrinoid necrosis and fibrosis, and greater pulmonary interstitial exudation were found in
neoadjuvant IO+C patients compared to the neoadjuvant chemotherapy patients.

Conclusions: Sleeve lobectomy for advanced NSCLC following I0+C is feasible, although the operations

become more complex, neoadjuvant IO+C did not delay postoperative recovery.

Keywords: Sleeve lobectomy; neoadjuvant chemotherapy; neoadjuvant immunochemotherapy; non-small cell
lung cancer (NSCLC)
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Introduction

Bronchial and/or pulmonary arterial sleeve lobectomy was
initially developed for non-small cell lung cancer (NSCLC)
patients with insufficient pulmonary reserve (1). Sleeve
lobectomy is now widely accepted as a reliable and safe
procedure to allow complete resection of tumors invading
the central structures, which offers better short-term
recovery outcomes and long-term survival outcomes than
pneumonectomy (2).

When considering patients with locally advanced
NSCLC, neoadjuvant chemotherapy or chemoradiotherapy
were traditionally the standardized indications, especially in
the presence of N2 disease (3). However, the development
of PD-1/PD-L1 check-point inhibitors has changed the
therapy pattern for local advanced NSCLC. The NADIM
study was the first to evaluate the potential therapeutic
effect of neoadjuvant PD-1 inhibitors in combination with
chemotherapy in stage IITA NSCLC patients (4). A high
major pathological response (MPR) rate of 85.36% and
100% RO resection rate hint the combination neoadjuvant
strategy might be a new option for local advanced
NSCLC. However, concerns of additional perioperative
risks with this approach include increased difficulty in
surgical resection caused by diffuse fibrotic reaction, tissue
edema, lack of interstitial space and the potential healing
impairment of the reconstructed bronchus caused by tissue
damage and compromised vascularization (5).

Sleeve lobectomy following neoadjuvant chemotherapy
or chemoradiotherapy has recently been reported as a safe
procedure (6). Our team has also reported similar results (7).
However, no study to date has ever explored whether
neoadjuvant chemoimmunotherapy (I0+C) would increase
surgical risk or postoperative complications in followed
sleeve lobectomy. The aim of this study was to evaluate
the surgical, oncological and perioperative outcomes of
neoadjuvant IO+C for the treatment of local advanced
NSCLC in patients who underwent subsequent sleeve
lobectomy. We present the following article in accordance
with the strengthening the reporting of observational
studies in epidemiology (STROBE) guideline checklist (8)
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(available at http://dx.doi.org/10.21037/tlcr-20-778).

Methods
Study design and patient inclusion

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
protocol and methods were reviewed by the institutional
ethics committee of the First Affiliated Hospital of
Guangzhou Medical University (2020-69). The data of all
biopsy-verified NSCLC patients after sleeve lobectomy
consecutively admitted to the First Affiliated Hospital of
Guangzhou Medical University between December 2017
and January 2020 were retrospectively collected. We only
included local advanced NSCLC patients who received
neoadjuvant therapy. Neoadjuvant therapy was given when
the disease was unresectable due to bulky N2, multi-station
N2 or invasion of critical structures. The neoadjuvant
strategy included chemotherapy or chemotherapy in
combination with PD-1 inhibitors (IO+C). Prior to the
availability of PD-1 inhibitors in China (2018), neoadjuvant
chemotherapy was used. After approval of PD-1 inhibitors
by the China Food and Drug Administration (CFDA),
neoadjuvant IO+C were considered priority. Informed
consents were obtained from every patient before the
neoadjuvant procedure.

Computed tomography (CT) scan of all patients was
performed to confirm the size and position of lesions by two
independent radiologists before the first cycle of neoadjuvant
therapy. Brain magnetic resonance imaging (MRI), bone
scan or positron emission tomography (PET) examination
were performed to exclude distant metastasis. Preoperative
lymph node status was assessed via one of following
techniques: contrast-enhanced CT, PET, endobronchial
ultrasound-transbronchial needle aspiration (EBUS-TBNA)
or mediastinoscopy. Not all patients underwent PET
examination or invasive mediastinal staging pre-operatively.
Except for necessary CT scan and physical examination, all
other evaluation strategies would be discussed and decided
together with patients and his/her family members.
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Neoadjuvant strategy and surgical technique

Biopsies via CT-guided percutaneous or EBUS-TBNA
were obtained to confirm the histology types before
neoadjuvant therapy. A PD-L1 expression test was used
but not necessary in every case. Platinum-based doublet
chemotherapy was prescribed every 21 days (3), with or
without PD-1 inhibitors for the IO+C and chemotherapy
groups, respectively. The strategy for neoadjuvant
therapy was decided and agreed upon together by a group
oncologists, surgeons and patients. CT scan was used to re-
evaluate the lesion every 2 cycles of neoadjuvant therapy.
Importantly, the neoadjuvant cycle was not fixed, as the
surgery was performed at a time the surgeons regarded
radical resection could best be accomplished.

Resection was initially performed under video-assisted
thoracoscopic surgery (VATS), and conversion to hybrid
VATS or open surgery was conducted when necessary.
Sleeve lobectomy comprises lobectomy with complete
circular bronchus sleeve resection and systematic hilar
and mediastinal lymphadenectomy. The same procedure
of lymphadenectomy was performed in both groups.
Angioplasty or intrapericardial resections were added
when necessary. The bronchial and vessel endings were
adapted end-to-end using a 3-0 and 5-0 prolene running
suture, respectively. The anastomosis was covered by
the interposition of the vascular pedicled thymic flap,
prepericardial fat, thymus or mediastinal pleura in selected
cases.

Data collection and evaluation

Data were extracted independently by two investigators
and conflicts were adjudicated by a third investigator. The
following outcomes were used to make the comparison
between neoadjuvant chemotherapy vs. IO+C: (I)
intraoperative parameters: operating time, bleeding
volume, conversion rate, lymph node or stations retrieved,;
(II) postoperative recovery outcomes: 30-day mortality,
morbidity, duration of hospitalization, drainage volume and
days of tube removal; (IIT) oncological response evaluation:
radiological and pathological regression; (IV) baseline
details.

The tumor radiologic response was evaluated through
Response Evaluation Criteria for Solid Tumors version
1.1 (RECIST 1.1) (9). Pre-therapy, post-adjuvant therapy
and postoperative staging was evaluated in accordance with
the 8th American Joint Committee on Cancer (AJCC)
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lung cancer staging manuals on tumor, lymph node and
metastasis (TNM) staging systems (10). Radiologic-
regression rate (RRR) of tumor was defined as the longest
diameter of the tumor after neoadjuvant treatment, divided
by the longest diameter of the tumor before neoadjuvant
treatment.

Pathological analyses were performed on available
biospecimens of surgical groups by two senior pathologists.
Hematoxylin-eosin staining was performed for all paraffin
sections. MPR rate was defined as 10% or less viable tumor
remaining on postoperative pathologic review, which was
identified on routine hematoxylin and eosin staining (11,12).
No residual tumor cells found in dissected tissues and
lymph nodes was defined as complete pathological response
(CPR) (13). The 10+C group have the same pathological
evaluation procedure with the chemotherapy group. The
pathological evaluation for lymph node is also the same
with that of primary tumor.

Statistical analyses

Continuous data are presented as mean and standard
deviation and were analyzed with 2-sample Student’s #-tests
for independent data. Categorical variables are given as a
count and percentage of patients and compared with the y’
or Fisher’s exact test. Patents were followed up by Oct. 17,
2020. Progression-free survival (PFS) and overall survival
(OS) were calculated. Kaplan-Meier (K-M) method was
used to evaluate the survival status between two groups
and compared with the log-rank test. Hazard ratios (HRs)
were calculated with 95% confidence intervals (Cls). All
tests were two-sided, with an a-level of 0.05. SPSS software
(SPSS version 25.0; IBM Corp, Armonk, NY, USA) and

GraphPad Prism 6.0 were used for all statistical evaluations.

Results
Patients characteristics

A total of 108 patients between December 2016 and
December 2019 that underwent sleeve lobectomy were
retrospectively included in this analysis, of which 91 were
local advanced NSCLC patients (Figure I). Among them,
10 patients received neoadjuvant chemotherapy (11%) and
10 patients were treated with neoadjuvant I0+C (11%).
The baseline characteristics are summarized in Table 1. Of
the 20 patients, 2 were staging at IIb (10%), 15 were IIla
(75%) and 3 were IIIb (15%). Importantly, these baseline
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Patients underwent
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Y

Sleeve lobectomy for
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T

Sleeve lobectomy after neoadjuvant
chemoimmunotherapy
(n=10)

Figure 1 Flow chart of patient selection.

demographics and clinical variables were well balanced
between the two groups (Table 1).

Efficacy of neoadjuvant therapy

No patients died or experienced severe side effects during
neoadjuvant therapy in either group. According to imaging
evaluation before and after neoadjuvant therapy, the
average RRR was 35.78% and 20.86% in the neoadjuvant
IO+C and chemotherapy groups (P=0.416), respectively.
No radiological complete response (CR) occurred in
either group. In the neoadjuvant I0O+C group, 8/10 (80%)
patients achieved partial response (PR), and no progression
of disease (PD) occurred. Conversely, in the neoadjuvant
chemotherapy group, only 3/10 (30%) patients achieved
PR, while PD occurred in 2/10 (20%) of patients.

After surgical resection, 1/10 (10%) patients achieved
CPR and 5/10 (50%) patients achieved MPR in the
neoadjuvant IO+C group, while only 3/10 (30%) patients
achieved MPR in the neoadjuvant chemotherapy group.
Interestingly, postoperative histological evaluation indicated
that no tumor cells were found in the lymph nodes (N1 or
N2) of 7/10 (70%) patients in the neoadjuvant IO+C group,
as opposed to only 3/10 (30%) patients in neoadjuvant

© Translational Lung Cancer Research. All rights reserved.

Sleeve lobectomy after
chemotherapy
(n=10)

chemotherapy group.

Re-staging according to 8" AJCC was conducted after
surgery. The down-staging rate was 8/10 (80%) in the
neoadjuvant IO+C group and 6/10 (60%) in the neoadjuvant
chemotherapy group. However, 2/10 (20%) patients had up-
staging in the neoadjuvant chemotherapy group (Figure 2).
According to preoperative imaging evaluation, these
2 patients corresponded to the 2 PD cases.

The tumor and lymph node outcomes after surgery
are summarized in Table 2. Less N1 (average number
4.70 vs. 7.40) and N2 (average number 9.80 vs. 20.10)
lymph nodes were acquired in the neoadjuvant I0+C
group than the neoadjuvant chemotherapy group. The
number of lymph nodes positive for tumor cells was also
less in the neoadjuvant IO+C group than the neoadjuvant
chemotherapy group, both in N1 (0.40 vs. 1.60) and
N2 (0.10 vs. 1.30). Although not statistically significant,
the positive lymph node ratio (LNR) was lower in the
neoadjuvant I0+C group, both in N1 (0.05 vs. 0.15) and
N2 (0.01 vs. 0.09). However, 8/10 (80%) and 9/10 (90%)
patients were negative for tumor cells in both N1 and N2
after neoadjuvant I0+C, while only 6/10 (60%) and 5/10
(50%) patients showed negative N1 and N2 disease in
neoadjuvant chemotherapy.
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Table 1 Baseline characters
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Neoadjuvant

Neoadjuvant

Variables chemoimmunotherapy (n=10) chemotherapy (n=10) P value Total (n=20)
Age (years) 58.70+11.14 63.08+5.77 0.846 -
Gender 1.000 -
Male 7[70] 7 [70] 14 [70]
Female 3[30] 3[30] 6 [30]
Height (cm) 162.50+10.60 161.70+7.20 0.667 -
Weight (kg) 58.70+11.14 63.80+5.77 0.215 -
BMI (kg/m?) 23.41+4.47 23.00+2.64 0.805 -
FVC (L) 3.46+1.14 3.02+0.64 0.319 -
FEV, (L) 2.38+0.77 2.27+0.48 0.691 -
Smoking history 0.296
Never 4[40] 2[20] 6 [30]
Former/current 6 [60] 8 [80] 14 [70]
Comorbidity 0.573
Hypertension 2 [20] 2 [20] 4 [20]
Diabetes 1[10] 0 [0] 18]
Coronary heart disease 3[30] 11[10] 4 [20]
Other 1[10] 2 [20] 3[15]
None 5 [50] 5 [50] 10 [50]
ASA status class 0.528
Il 8 [80] 9[90] 17 [85]
1 2 [20] 1[10] 3[15]
Tumor position 0.100
Upper right lung 9 [90] 4 [40] 13 [65]
Middle right lung 01[0] 3[30] 3[15]
Lower right lung 0[0] 1[10] 1[5]
Upper left lung 1[10] 2 [20] 3[15]
Lower left lung 0[0] 0[0] 0[0]
Histology 0.149
SCC 4[40] 8 [80] 12 [60]
LUAD 2 [20] 2 [20] 4[20]
LCLC 1[10] 0 [0] 18]
Others 3 [30] 0 [0] 3[15]

Table 1 (continued)

© Translational Lung Cancer Research. All rights reserved.
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Table 1 (continued)

Neoadjuvant

Neoadjuvant

Variables chemoimmunotherapy (n=10) chemotherapy (n=10) Pvalue Total (n=20)
Stage at baseline 0.072
llb 2 [20] 0[0] 2[10]
lla 7 [70] 8[80] 15 [75]
liib 1[10] 2 [20] 3[15]
Anti-PD-1
Pembrolizumab 5 [50] - -
Nivolumab 2 [20] - -
Sintilimab 3 [30] - -
Neoadjuvant therapy cycles 0.649
1 1[10] 01[0] 11[5]
2 3[30] 4 [40] 7 [35]
3 4[40] 4[40] 8 [40]
4 2 [20] 1[10] 3[15]
5 0[0] 0[0] 0[q]
6 01[0] 1[10] 11[5]
Interval between neoadjuvant therapy and surgery (weeks) 0.211
2 2 [20] 0[0] 2[10]
3 2 [20] 2 [20] 4[20]
4 2 [20] 2 [20] 4120]
5 3[30] 2 [20] 5 [25]
6 01[0] 1[10] 11[5]
7 1[10] 0[0] 11[5]
8 0[0] 3[30] 3[15]

Data are mean (standard deviation) or n [%]. Percentages are calculated for the whole population. BMI, FVC, forced vital capacity; FEV1,
forced expiratory volume in one second; ASA, American Society of Anesthesiologists; SCC, squamous cell carcinoma; LUAD, lung

adenocarcinoma; LCLC, large-cell lung cancer.

Intraoperative outcomes and postoperative recovery

There were 2 cases that underwent double sleeve lobectomy
of bronchoplasty and pulmonary arterial angioplasty
(1 in neoadjuvant IO+C group and 1 in neoadjuvant
chemotherapy group), 1 case that underwent autogenous
lobar transplantation in the neoadjuvant IO+C group and
1 case that underwent double sleeve lobectomy (plasty
of bronchus, pulmonary artery) and superior vena cava
reconstruction in the neoadjuvant chemotherapy group.
Other cases were performed with bronchoplasty.

© Translational Lung Cancer Research. All rights reserved.

No surgery-related deaths or conversion to open
surgery occurred. Of all patients where VATS was initially
performed, 3/10 (30%) patients in the neoadjuvant
10+C group and 1/10 (10%) patients in the neoadjuvant
chemotherapy group were converted to the hybrid
VATS with a 10-cm operating incision due to pleural
adhesions. Similar bleeding volume (365.00 vs. 347.50 mL;
P=0.267) between the neoadjuvant IO+C and neoadjuvant
chemotherapy groups was observed. Operation time (291.88
vs. 287.50 min; P=0.886) was also similar between the two
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Figure 2 Clinical stage of patient before and after neoadjuvant therapy. IO+C, immunotherapy plus chemotherapy; MPR, main pathological

response; CPR, complete pathological response; PD, progression disease; PR, partial response; SD, stable disease.

Table 2 Postoperative histological tumor and lymph node outcomes

Neoadjuvant

Neoadjuvant

Variables chemoimmunotherapy (n=10) chemotherapy (n=10) P value
Tumor length (cm) 3.22 (0.94) 4.23 (2.35) 0.223
N1 LN resection number 4.70 (2.83) 7.40 (5.66) 0.194
N1 positive LN number 0.40 (0.84) 1.60 (2.50) 0.168
N2 LN resection number 9.80 (6.99) 20.10 (12.74) 0.038
N2 positive LN number 0.10 (0.31) 1.30 (1.57) 0.029
N1 LN negative patients 8 [80] 6 [60] 0.326
N2 LN negative patients 9 [90] 5 [50] 0.040
N1 LNR 0.05 (0.12) 0.15(0.24) 0.262

N2 LNR 0.01 (0.02) 0.09 (0.12) 0.051

Data are mean (standard deviation) or n [%)]. Percentages are calculated for the whole population. LN, lymph node; LNR, lymph node ratio
(positive lymph number)/(total lymph node number).

groups (Tuble 3).

No incidence of post-operative complication was
found in neoadjuvant I0+C group, while 1 incident of
chylothorax occurred in the neoadjuvant chemotherapy
group. Chest tube duration (5.40 vs. 5.00 days; P=0.829)
and total drainage volume (815.50 vs. 842.50 mL; P=0.931)

© Translational Lung Cancer Research. All rights reserved.

were similar in the neoadjuvant IO+C and neoadjuvant
chemotherapy groups. The length of hospital-stay (7.00 vs.
6.56 days; P=0.915) was also similar between two groups.
Bronchoscopy examination indicated that all patients
suffering bronchus anastomosis recovered well up to

1 month after surgery (1able 3).
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Table 3 Postoperative outcomes

Neoadjuvant

Neoadjuvant

Variables chemoimmunotherapy (n=10) chemotherapy (n=10) P value
Convert to hybrid VATS 3 [30] 1[10] 0.582
Bleeding (mL) 365.00 (413.69) 347.50 (247.08) 0.267
Operation time (min) 291.88 (79.82) 287.50 (46.38) 0.886
Complications 0[0] 1010] 0.247
Chest tube duration (days) 5.40 (2.01) 5.00 (2.74) 0.829
Total drainage volume (mL) 815.50 (523.94) 842.50 (751.84) 0.931
Hospitalization (days) 7.00 (5.34) 6.56 (5.52) 0.915
VAS score 3.49 (2.32) 3.13 (2.53) 0.153
Opioid analgesia use 4 [40] 6 [60] 0.369

Data are mean (standard deviation) or n [%]. Percentages are calculated for the whole population. VAS, visual analogue scale.

Postoperative pain evaluation

A similar level of visual analogue scale (VAS) score
was observed in neoadjuvant IO+C compared with
the neoadjuvant chemotherapy group (3.49 wvs. 3.13,
P=0.153) (Table 3). In addition, the number of patients
using postoperative opioid analgesia was similar in the
neoadjuvant IO+C compared with the neoadjuvant
chemotherapy group (4 vs. 6, P=0.369).

Histological change of tissue after neoadjuvant therapy

We selected two MPR patients (Figure 34,B) from the
neoadjuvant I0+C and neoadjuvant chemotherapy groups
to examine the histological change of different tissues other
than tumor (Table 4). Destruction of elastic fibers of the
blood vessels was more severe in the neoadjuvant IO+C
patients (Figure 3C,D). Vascular wall degeneration, fibrinoid
necrosis and fibrosis were also more severe in neoadjuvant
10+C patients (Figure 3E,F). Furthermore, more pulmonary
interstitial exudation was found in neoadjuvant 10+C
patients compared to the neoadjuvant chemotherapy
patients (Figure 3G, H).

Follow-up and survival outcomes of patients

Patients were followed up by Oct. 1%, 2020, and only
1 patient in neoadjuvant chemotherapy group was lost in
contact. The median follow-up time were 406 and 623 days
in neoadjuvant I0+C and neoadjuvant chemotherapy,
respectively. All patients in neoadjuvant IO+C were alive,

© Translational Lung Cancer Research. All rights reserved.

and no one suffered from recurrence or death. However,
4 patients in neoadjuvant chemotherapy group dead after
recurrence or metastasis (Figure 4).

Discussion

In this study, we reported our initial results from 10 cases of
sleeve lobectomy in patients with local advanced NSCLC
after receiving neoadjuvant I0+C. Although no major
complications occurred and similar intraoperative and
postoperative recovery outcomes were observed compared
with neoadjuvant chemotherapy, we regarded it is more
difficult to perform complex reconstruction operations after
pre-operative treatment added with PD-1 inhibitors.
Numerous phase I and II clinical trials have reported
the oncological outcomes of NSCLC after neoadjuvant
PD-1 inhibitors with or without chemotherapy. The first of
these studies was CHEKMATE 159 published in 2018 (14):
two preoperative doses of PD-1 inhibitor nivolumab
were administered to early (stage I, II, or IIIA) NSCLC
patients intravenously every 2 weeks, with surgery planned
approximately 4 weeks after the first dose. An MPR
occurred in 9 of 20 resected tumors (45%). Responses
occurred in both PD-L1 positive and negative tumors.
Additionally, the NEOSTAR study reported the first
neoadjuvant doublet immunotherapy (15): three doses of
nivolumab with or without ipilimumab were administered
to stage I-IIIA NSCLC patients every 2 weeks. Of the
16 resectable cases in the doublet agent group, 7/16
(~44%) patients achieved MPR, a response percentage
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Figure 3 Histological changes after neoadjuvant therapy via hematoxylin-eosin staining. (A) Tumor tissue after neoadjuvant IO+C; (B)
tumor tissue after neoadjuvant chemotherapy; (C) elastic fiber stain of vessel after neoadjuvant I0+C; (D) elastic fiber stain of vessel after
neoadjuvant chemotherapy; (E) distant vessel after neoadjuvant I0+C; (F) distant vessel after neoadjuvant chemotherapy; (G) pulmonary

interstitial neoadjuvant IO+C; (H) pulmonary interstitial neoadjuvant chemotherapy. The magnification was 40x for (A,B,G,H) and 100x for
(C,D,E,F). I0+C, immunotherapy plus chemotherapy.
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Table 4 Histological change of tissue after neoadjuvant immunochemotherapy

Location

Changes after neoadjuvant immunochemotherapy

Blood vessels
Vascular wall

Pulmonary interstitium

Destruction of elastic fibers
Degeneration, fibrinoid necrosis and Fibrosis

Pulmonary interstitial exudation

Bronchus Mild fibrosis, chronic inflammatory cell infiltration

Lymph node Calcification or no obvious change
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Figure 4 Kaplan-Meier plot for survival status comparison between sleeve lobectomy after neoadjuvant IO+C and neoadjuvant

chemotherapy in advance NSCLC patients. HR, hazard ratios; CI, confidence interval; IO+C, immunotherapy plus chemotherapy; NSCLC,

non-small cell lung cancer.

similar to that reported for single agent therapy in the
CHECKMATE 159 study. However, the NADIM study
was the first to explore the outcomes of PD-1 inhibitors
in combination with neoadjuvant chemotherapy in stage
IITA NSCLC patients (4). In this study, they reported the
highest MPR of all PD-1 neoadjuvant studies to date; 35
(85.36%) patients achieved MPR and 25 (71.4%) patients
achieved CPR. These results are similar to what we found
in our first-line treatment of negative mutated advanced
NSCLC: the combination therapy of PD-1/PD-L1
inhibitors and chemotherapy was superior to PD-1/PD-L1
single agent, regardless of PD-L1 expression (16). In this
study, the patients were all initially unresectable cases,
thus the combination therapy of IO+C was given without
necessarily testing PD-L1 expression in advance. We also
found the MPR (including CPR) rate was 60% in the
neoadjuvant I0+C group, which was double that of the
group that received neoadjuvant chemotherapy alone (30%).
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However, limited by case number, statistically significance
was not achieved. Therefore, the addition of future patient
data and larger datasets will allow for a more accurate
comparison between neoadjuvant I0+C and neoadjuvant
chemotherapy, and the reliability of neoadjuvant I0+C in
improving patient outcomes.

Some clinical trials also have reported the surgical
outcomes of lung cancer after neoadjuvant immunotherapy.
CHEKMATE 159 enrolled 22 patients in total, 20 of which
underwent resection. There were no delays to surgical
resection because of immunotherapy. Of the 13 procedures
attempted via a minimal invasive approach, 7/13 (~54%)
required conversion to open surgery and postoperative
morbidity occurred in 10/20 patients (50%). Notably,
only one sleeve lobectomy case was performed in this
trial (17). Another retrospective study evaluated the use of
neoadjuvant immunotherapy for unresectable or metastatic
NSCLC, which also reported a high conversion to open
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surgery rate (25%) and a high postoperative complication
(32%) after neoadjuvant immunotherapy. This study didn’t
report any sleeve lobectomy cases (18). The NEOSRAR
study has also reported its surgical results, 1 (3%) patient
died after surgery because of bronchopleural fistula.
Postoperative leak occurred in 8 (22%) patients. Surgeons
who participated in the trial regarded 41% (15/37) of
operations were more difficult than usual and 19% (7/37) of
operations persisted over 4 hours (15). However, compared
with histological data, neoadjuvant PD-1 inhibitors did
not increase postoperative complications and had similar
recovery outcomes compared with surgery alone.

According to current evidence, we have reason to
believe the surgery after neoadjuvant I0+C would be more
challenging than chemotherapy or single agent PD-1
inhibitors, especially performing the sleeve lobectomy.
In this study, although postoperative recovery was similar
between two group, we found it is more difficult to
perform the sleeve operation after neoadjuvant I0+C.
During the operation, first, the space between vessels and
bronchus is very narrow and the majority of cases in I0+C
group presented more severe tissue edema and increased
vascular fragility, thus surgeons noted the space between
vessels and tissue were difficult to divide; second, the
hilar and mediastinal lymph node are tougher and more
difficult to dissect from the bronchus; third, the visceral
pleura becomes tighter, which is more difficult to cut with
electrosurgical or ultrasound scalpel. All these factors
contributed to a potentially higher risk of bleeding. The
fact that we observed more severe tissue degeneration in
histological paraffin sections of the neoadjuvant I0+C
group than the neoadjuvant chemotherapy group lends
some credence to this hypothesis. However, this opinion
also needs prospective data to support. The subjective
difficulty of surgery after I0+C should be evaluated by
a scoring system to facilitate quantification of apparent
surgical complications in future studies.

We can observe that although no statistically significant
(probably owing to the sample size), the operation time
(291.88 wvs. 287.50 min) was longer and the intraoperative
bleeding volume (365.00 vs. 347.50 mL) was more in
I0+C group when the lymph node dissection number was
significantly less in IO+C group. Besides, from the results
of the NEOSTAR study (15), 40% of operations after
immunotherapy was judged to be “more difficult” than
usual cases, we have the reason to believe that operation
after IO+C is more difficult than that after immunotherapy
alone. However, we must acknowledge that the systematic
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objective evaluation of the difficulty should be prospectively
applied to confirm this preliminary subjective perception.
Several limitations should be acknowledged. First,
the small sample size and retrospective nature limited its
statistical power and may have selection biases, however,
sleeve lobectomy is not a routine procedure in clinical
practice, especially after neoadjuvant IO+C. This study
reported the largest cohort to announce its surgical clinical
features. Second, all patients underwent neoadjuvant
10+C in 2018 or 2019, limiting the insufficient follow up
time, the outcomes of PFS and OS were premature, and
the prognostic impact of major and CPR is not clearly,
either. Third, not all patients underwent mediastinum
pathological staging, which might affect the postoperative
N stage evaluation. However, this study focused on surgical
outcomes independent of lymph node status. Fourth, not
all patients underwent PD-L1 expression examination.
According to a recent study (5), PD-L1 expression did
not affect the results in neoadjuvant setting. In addition,
referring from first-line treatment for advanced NSCLC,
PD-1 inhibitors in combination with chemotherapy showed
better efficacy than monotherapy of either immunotherapy
or chemotherapy (16). Thus, PD-L1 expression test is
not necessary in this study. Last, the hilar and mediastinal
lymph node are tougher and more difficult to dissect from
the bronchus after neoadjuvant I0+C, thus the number
of harvested lymph nodes was less in IO+C group than
C group, and this could be a potential bias in term of
downstaging rate and post-operative complications.

Conclusions

In this analysis, we reported the initial experience of
sleeve lobectomy for local advanced NSCLC treated with
neoadjuvant IO+C vs. neoadjuvant chemotherapy. Although
the operations become more complex, neoadjuvant IO+C
did not add extra perioperative complications for sleeve
lobectomy.
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