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Background: Previous studies have reported on the efficacy and safety of neoadjuvant use of a programmed
cell death 1 (PD-1) antibody, sintilimab, in patients with non-small cell lung cancer (NSCLC). This study
aimed to further evaluate the difficulty of this surgery and the postoperative complication rates in patients
with NSCLC receiving neoadjuvant sintilimab.

Methods: Patients who received neoadjuvant sintilimab (200 mg) in the Department of Thoracic Surgery,
National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital from March 2018
to March 2019 were enrolled in the neoadjuvant immunotherapy group (NI group). Another two cohorts
who did not receive sintilimab were retrospectively selected by propensity score matching (PSM) at a ratio
of 1:1 in the upfront surgery (M-US) and neoadjuvant chemotherapy (M-NC) groups. The postoperative
complication rate, postoperative days (PODs), and other detailed objective indicators were compared by #-test
or y’ test.

Results: Thirty-seven patients were enrolled in each group. Postoperative complications were greater in
the NI group (37.8%) than in the M-US (10.8%; P=0.013) or in the M-NC group (16.2%; P=0.036). The
number of PODs (7) was greater in the NI group than in the M-US group (P=0.005). The total number
of dissected lymph nodes was lower in the NI group than in the M-US group (P<0.001) or in the M-NC
group (P<0.001). Lymph node dissection (LND) in the NI group was more difficult than in the M-US group
(P=0.015), but intrathoracic adhesion, tumor invasion, and whole procedure difficulty were similar.
Conclusions: The administration of neoadjuvant sintilimab increased complications but did not increase

the difficulty of surgery. Fewer lymph nodes were dissected in the NI group.
Keywords: Neoadjuvant immunotherapy; non-small cell lung cancer (NSCLC); subjective evaluation of surgery

difficulty; postoperative complications; lymph node dissection (LND)
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Introduction

Lung cancer is one of the leading causes of morbidity
and mortality worldwide (1). Non-small cell lung cancer
(NSCLC) is the most common type of lung cancer
that encompasses a heterogeneous class of tumors and
represents around 85% of cases (2). Surgical treatment
and radiochemotherapy play an important role in the
prognosis of patients, particularly those with early stage
NSCLC (2,3). Meanwhile, targeted therapy for distinct
molecular subtypes of NSCLC and immunotherapy
has improved the treatment of patients with metastatic
disease (4).

Immune checkpoint inhibitors (ICIs) have been widely
applied in NSCLC in recent years (5). Neoadjuvant
administration of ICIs in NSCLC has become popular
worldwide since Forde ez al. reported a high pathological
response rate (6). Some patients with advanced
NSCLC treated with one ICI type, an antibody against
programmed cell death 1 (PD-1), have survived 5 years or
longer (7). Application of ICIs before surgery has several
advantages: (I) the vessels and lymph-vascular structures
are intact, so pharmaceuticals can reach the tumor site and
activate peripheral lymphocytes to destroy cancer cells (8).
(II) Oncologists can obtain a pathological response to
ICIs to guide postoperative treatment more individually.
For example, patients with a major pathological response
(MPR) may benefit from adjuvant use of the same ICI (9).
(III) Preoperative cycle use of ICIs is often limited (4),
so the financial burden for patients is mild compared
to adjuvant therapy (often more than 12 cycles), which
provides better patient compliance throughout the
treatment procedure (10).

Despite the merits of neoadjuvant ICIs in NSCLC,
concerns have also been raised for these blockades.
Immune-related adverse events (irAEs) are a common
cause of perioperative complications (i.e., pneumonitis,
colitis, dermatitis, thyroiditis, hypophysitis), some of which
are potentially lethal (11). In addition, surgeons are also
concerned about the extra difficulty of tumor and lymph
node resection due to ICI administration before surgery,
which may include severe adhesions or fusion of lymph
nodes stuck in the bifurcation of vessels (12). Most previous
surgical studies of neoadjuvant ICIs were feasibility studies,
reporting acceptable complication rates, little operation
delay, and an optimal RO resection rate. However, they
rarely had controlled or matched groups (6,13-19).

Recently in our center, we evaluated the efficacy of a
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PD-1 blockade (sintilimab) in neoadjuvant use for grade
TA-IIIB NSCLC, which achieved a promising MPR of
40.5% (15/37) (19). This study aimed to investigate whether
using sintilimab before surgery increases the difficulty of
the procedure or increases the rate of complications. To
do this, we evaluated the intraoperative and postoperative
circumstances of a neoadjuvant ICI cohort and compared
them to similar patients treated with preoperative
chemotherapy and those treated with upfront surgery.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-1007).

Methods
Patients

In this cohort study, data from patients treated with
neoadjuvant sintilimab were obtained from the phase 1b
trial for resectable NSCLC (Department of Thoracic
Surgery, National Cancer Center/National Clinical
Research Center for Cancer/Cancer Hospital, Chinese
Academy of Medical Sciences, and Peking Union Medical
College (registration No. ChiCTR-OIC-17013726) from
March 2018 to March 2019. None of the received any
other treatment before sintilimab therapy. The inclusion
criteria were patients who were (I) 18-75 years old; (II)
histologically or cytologically diagnosed with NSCLC (IA
to IIIB, eighth edition of the American Joint Committee
on Cancer) that could be surgically removed; (III) received
sintilimab for the first time and had a diameter of the
primary tumor greater than or equal to 2 cm; (IV) with an
Eastern Cooperative Oncology Group (ECOG) score of
0; and (V) with adequate organ function. The exclusion
criteria were patients who had (I) an epidermal growth
factor receptor (EGFR)-sensitive gene mutation in tumor
tissue; (II) any previous history of antitumor treatment,
including radiotherapy, chemotherapy, immunotherapy, or
traditional Chinese medicine; (III) received glucocorticoids
within 4 weeks of the start of the study; (IV) suffered
from known or suspected autoimmune diseases (including
congenital or acquired), including interstitial pneumonia,
uveitis, enteritis, hepatitis, pituitary inflammation, vasculitis,
nephritis, or thyroiditis, or were currently suffering
from interstitial lung disease; (V) received allogeneic
transplantation (excluding corneal transplantation) or
allogeneic hematopoietic stem cell transplantation; (VI)
an allergy to any component of the monoclonal antibody
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treatment; (VII) suffered from other serious conditions
that cannot be controlled, including but not limited to
severe infection; HIV infection (HIV antibody positive);
hepatitis B or acute or chronic active hepatitis C, or active
tuberculosis; III-IV congestive heart failure (New York
Heart Association classification), arrhythmia, arterial
hypertension, or other malignant tumors; (VIII) other
acute or chronic diseases, mental illnesses, and women who
were pregnant or breastfeeding. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by ethics board of the
Cancer Hospital, CAMS (No. 17-085/1340), and individual

consent for this retrospective analysis was waived.

Groups

We retrospectively matched two cohorts to the ICI
neoadjuvant cohort (NI group) from the clinical database of
the Department of Thoracic Surgery using the propensity
score matching (PSM) method to minimize selection bias.
The characteristics selected for the match were clinical
stage, sex, age at surgery, histological type, smoking history,
and family history of cancer. All selected patients had an
ECOG score of 0. One cohort underwent upfront surgery
without preoperative treatment (M-US group), and the
other received platinum-based neoadjuvant chemotherapy
(M-NC group). The clinical staging of all patients was
determined by preoperative imaging examination with
enhanced chest computed tomography (CT) or positron
emission tomography (PET) CT, or pathology results from
a biopsy of the primary tumor and suspected lymph nodes.
Notably, we included only patients who underwent surgery
at our center during the same period of the PD-1 blocking
trial.

Interventions

Neoadjuvant ICI consisted of 2 cycles of intravenous
sintilimab (200 mg/cycle) administered in patients with
EGFR mutation-negative NSCLC (stage TA-IIIB,
The American Joint Committee on Cancer/Union for
International Cancer Control eighth version) before
surgery with an interval of 3 weeks. Thirty-seven patients
who received the PD-1 blockade agents and underwent
surgery were included in this analysis of surgery-related
complications (19). Patients in the NC group received
platinum-based chemotherapy (pemetrexed + platinum or
paclitaxel + platinum).
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Evaluation of surgical difficulty

The total difficulty of surgery was evaluated according to
the scoring for the extent of intrathoracic adhesion (0=
no adhesion; 1= mild/moderate; 2= severe), difficulty in
lymph node dissection (LND) (0= easy/normal; 1= hard;
2= extremely hard), tumor invasion [0= no peripheral
tissue invasion; 1= mild invasion of the lobar pulmonary
artery (PA)/bronchus; 2= severe invasion of the main PA/
bronchus], and difficulty of the procedure as a whole (0=
easy/normal; 1= hard; 2= extremely hard). Each indicator
was classified into three grades according to the score given.
Finally, each patient was classified according to the score.

Observation indicators

Objective indicators related to surgery were observed,
including tumor locations, the extent of resection, surgical
approach, duration of surgery, intraoperative blood loss,
intrathoracic adhesions, postoperative complications,
30-day mortality, postoperative days (PODs) in hospital,
postoperative drainage volume, resection margin, shrinkage
of maximum tumor diameter, the maximum diameter of
harvested lymph nodes, and the total number of harvested
lymph nodes. Secondary outcomes were subjective variables,
including the degree of intrathoracic adhesion, tumor
invasion, the difficulty of LND, and difficulty of the entire
operation procedure. All subjective variables were defined
as ordered and categorical variables (i.e., for the degree of
intrathoracic adhesion: 0= no adhesion; 1= mild adhesion;
2= massive/severe adhesion).

Adverse events

Documented postoperative complications included
pneumonia, atelectasis, arrhythmia, prolonged air leak
(more than 5 days), subcutaneous emphysema, chylothorax,
hemorrhage, fever, and other irAEs, including hypophysitis
and thyroiditis. All complications were classified according
to the National Cancer Institute Common Terminology
Criteria for Adverse Events version 5.0 (CTCAE 5.0).

Data collection and follow-up

The data for all patients were obtained from the electronic
medical record system in the Department of Thoracic
Surgery, National Cancer Center/National Clinical
Research Center for Cancer/Cancer Hospital. All patients
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Figure 1 Flowchart of the study. The neoadjuvant immunotherapy group were from the phase 1b trial of sintilimab treating resectable
NSCLC (trial No. ChiCTR-OIC-17013726). The other two groups were matched cohorts from the clinical database of the Thoracic
Surgery Department of our center. NI group: neoadjuvant immunotherapy group; M-US group: matched upfront surgery group; M-NC

group: matched neoadjuvant chemotherapy group. NSCLC, non-small cell lung cancer; PSM, propensity score matching.

were followed up by telephone every 3 months.

Statistical analysis

All statistical analysis was performed using SPSS 22.0
for Windows (IBM Corp., Armonk, NY, USA). The
Kolmogorov-Smirnov test was used to verify the normality
of continuous data. Quantitative variables with a normal
distribution (or nonnormal distribution) were described by
mean = SD or median [range]. Quantitative variables with
a normal distribution (or nonnormal distribution) between
two groups were analyzed by Student’s #-test (or Mann-
Whitney U test). Categorical data are expressed as count or
percentage (%) and were analyzed by y’ test (Pearson) and
Fisher’s exact test. The statistical significance level was set
ata P value <0.05.

Results
Characteristics of unmatched coborts and PSM

From March 2018 to March 2019, 753 patients who
underwent surgery at our center underwent chemotherapy,
558 of whom received upfront surgery (US group) and
195 of whom received neoadjuvant chemotherapy (NC
group) (Figure 1). Additionally, 37 of 40 patients who
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received the PD-1 blockade agent underwent surgery (NI
group). Among the remaining 3 patients, 2 patients had
pleural metastases after thoracotomy and were switched to
chemotherapy. In 1 case, surgical exploration indicated the
patient could not be successfully resected, and this patient
was switched to chemotherapy. Detailed characteristics of
the US and NC groups before PSM with the NI group are
listed in Table 1.

The proportion of women was significantly higher in the
US group than in the NI group (38.0% vs. 16.2%; P=0.008),
while in the NC group, the proportion of women was only
slightly higher than in the NI group (28.2% vs. 16.2%;
P=0.129). Compared to the NI group, the mean age of
the patients in the US and NC groups was not statistically
significant (P>0.05). The proportion of squamous cell
carcinoma cases was lower in the US group (56.3%) and the
NC group (59.0%) than in the NI group (83.8%; P=0.001
and P=0.006, respectively). The proportion of peripheral
tumor, which was defined as the primary tumor that had
not affected a segmental bronchus, was much higher in the
US and NC group than in the NI group (77.4% vs. 27.0%,
P<0.001; 50.3% wvs. 27.0%, P=0.009, respectively). For
the clinical stage T, the proportion of T1 in the US group
was higher than that in the NI group (56.6% vs. 16.2%;
P<0.001), while the proportion of T1 in the NC group
was higher than that in the NI group (39.0% vs. 16.2%;
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Table 1 Patient characteristics of the three cohorts before matching (right) and after matching (left)

After matching Before matching

Variables (rl:lzlg;;)(l,:,z) M-USgroup Pvalue M-NCgroup P value USgroup Pvalue NCgroup P value
(n=37) (%) (Nlvs. M-US) (n=37) (%) (NIvs. M-NC) (n=558) (%) (NIvs. US) (n=195) (%) (NI vs. NC)
Gender >0.999 >0.999 0.008 0.129
Male 31(83.8) 31(83.9) 31(83.8) 346 (62.0) 140 (71.8)
Female 6 (16.2) 6(16.2) 6 (16.2) 212 (38.0) 55 (28.2)
Age 60.3+7.0  60.9+6.5 0.694 60.1+6.1 0.902 62.4+8.0 0.137 60.2+6.6 0.763
Pathology types >0.999 >0.999 0.001 0.006
Adenocarcinoma 5(13.5) 5(13.5) 5(13.5) 238 (42.7) 76 (39.0)
Squamous 31(83.8) 32(86.5) 32 (86.5) 314 (56.3) 115 (59.0)
carcinoma
Others 1@2.7) 0 (0.0 0 (0.0 6 (1.0) 4(2.0)
Tumor locations 0.611 0.790 <0.001 0.009
Peripheral 0(27.00 12(32.4) 9 (24.3) 432 (77.4) 98 (50.3)
Central 27 (73.00 25(67.6 28 (75.7) 126 (22.6) 97 (49.7
Clinical T stages 0.745 0.294 <0.001 0.048
T1 6(16.2) 10 (27.0) 13 (35.2) 316 (56.6) 76 (39.0)
T2 15(40.6) 14 (37.8) 14 (37.8) 167 (29.9) 58 (29.7)
T3 4@37.8) 11(29.9) 9 (24.3) 49 (8.8) 45 (23.1)
T4 2 (5.4) 2 (5.4) 1(2.7) 4 (4.3) 13 (6.7)
Tx 0 (0.0 0 (0.0 0 (0.0 2(0.4) 3(1.5)
Clinical N stages >0.999 0.568 0.033 0.090
NO 15(40.6) 14 (37.8) 11 (29.7) 251 (45.0) 72 (36.9)
N1 6 (16.2) 7 (18.9) 9 (24.3) 178 (31.9) 67 (34.4)
N2 16 (43.2) 16(43.2) 17 (45.9) 125 (22.4) 53 (27.2)
Nx 0 (0.0 0 (0.0 0 (0.0 4(0.7) 3(1.5)
Clinical stages 0.906 0.885 <0.001 0.130
IA 2 (5.4) 4 (10.8) 4 (10.8) 137 (24.6) 18 (9.2)
B 4(10.8) 2 (5.4) 4(10.8) 92 (16.5) 5(12.8)
1A 12.7) 12.7) 2 (5.4) 102 (18.3) 35 (17.9)
B 13(35.1) 12(32.4) 9 (24.3) 92 (16.5) 54 (27.7)
A 10 (27.0) 12(32.4) 10 (27.0) 84 (15.0) 35(17.9)
B 7(18.9) 6(16.2) 8(21.6) 45 (8.0 22 (11.3)
Undefined 0 (0.0 0 (0.0 0 (0.0 6(1.1) 6 (3.1)
Smoking history 0.772 0.515 <0.001 0.145
Ever 30(81.1) 29(78.4) 33(89.2) 286 (51.3) 135 (69.2)
Never 7(18.9) 8(21.6) 4(10.8) 272 (48.7) 60 (30.8)
Family history of malignant tumor 0.790 0.611 0.442 0.005
Yes 10 (27.0) 9 (24.3) 12 (32.4) 185 (33.2) 102 (52.3)
No 27 (73.00  28(75.7) 25 (67.6) 373 (66.8) 93 (47.7)

Quantitative variables with normal distribution are presented as mean + SD, and categorical data are presented as count or percentage (%).
The characteristics of PSM for matching include clinical stage, sex, age at surgery, histological type, smoking history, and family history of
cancer. NI group: neoadjuvant immunotherapy group; M-US group: matched upfront surgery group; M-NC group: matched neoadjuvant
chemotherapy group; US group: upfront surgery group; NC group: neoadjuvant chemotherapy group. PSM, propensity score matching.
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P=0.048) but not significantly so. For the clinical stage N,
the proportion of N2 patients was lower in the US group
than in the NI group (22.4% vs. 43.2%; P=0.033). For the
total clinical stages, the proportion of patients in the cIA
stage was significantly higher in the US group than in the
NI group (24.6% vs. 5.4%; P<0.001). The proportions for
never-smokers and those with a family history of malignant
tumors were significantly higher in the US group (48.7%
vs. 18.9%; P<0.001) and the NC group (52.3% vs. 27.0%;
P=0.005) than in the NI group, respectively.

As described above, this study used PSM and matched
two cohorts (M-US group, n=37; M-NC group, n=37) to
minimize possible factors that may affect surgery difficulty.
After matching, variables with significant differences before
PSM were no longer significantly different between the
groups (Tuble I).

Comparison of objective indicators related to surgery

The distribution of tumor location (left vs. right, upper wvs.
middle vs. lower lobe) in the 3 groups was similar (7able 2).
However, the proportion of tumors in the upper lobe was
higher in the M-NC group than in the NI group but not
significantly so (70.3% wvs. 45.9%; P=0.097). Three groups
were determined according to the extent of resection:
lobectomy + (including lobectomy, lobectomy, plus wedge
resection or segmentectomy of the adjacent lobe, and
lobectomy, plus resection of the chest wall), combined/
sleeve lobectomy (including combined lobectomy including
right upper lobe plus middle lobe, or the middle lobe plus
the lower lobe, and sleeve resection), and pneumonectomy.
The proportion of pneumonectomies was lower in the
M-US group and the M-NC group than in the NI group,
but not significantly so (16.2% wvs. 35.1%, P=0.149; 27.0%
vs. 35.1%, P=0.264). Most surgeons in all three groups
preferred open surgery to video-assisted thoracoscopic
surgery (VATS). In all three groups, most the patients
had RO resection (36/37 in the NI group, 35/37 in the
M-US group, and 34/37 in the M-NC group). The
median duration of surgery in the M-NC group was longer
than that in the NI group (140 vs. 109; P=0.011), while
the time in M-US and NI groups was the same (112 vs.
109; P=1.000). There were no significant differences in
intraoperative blood loss between the NI and M-US groups
(105 vs. 85; P=0.426) or between the NI and M-NC groups
(105 vs. 120; P=0.098). The proportion of intrathoracic
adhesions in the NI and M-US group (P=0.619) and in the
NI and M-NC group (P=0.806) was the same.
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Patients in the NI group had a significantly higher
complication rate for postoperative complications with
clinical symptoms than did the other two groups (NI vs.
M-US group: 37.8% vs. 10.8%, P=0.013; NI vs. M-NC
group: 37.8% vs. 16.2%, P=0.036; Table 2). Fifteen types of
postoperative complications were documented in medical
records. There were higher numbers in the NI group than
in the other two groups in most types of complications,
except for fever. Some complications were similar in the
three groups (prolonged air leak, subcutaneous emphysema,
chylothorax), while a minority of complications were more
frequent in the two matched groups, including atelectasis
and atrial fibrillation (7ible 3). There was a minor difference
in the number of complications cases above grade 3 (6 vs. 2
vs. 3; NI vs. US: P=0.261; NI vs. NC: P=0.479; Fisher’s exact
test). There were no deaths within 30 days after surgery in
the M-US or M-NC groups, but two deaths occurred in
the NI group (P=0.493). These two patients almost covered
all severe complications, including altered consciousness,
hyponatremia, pneumonia, diabetes insipidus, and fever, as
described in an earlier report (19).

There were no differences in the max diameter of
the harvested lymph nodes in the NI and M-US groups
(P=0.350) or the NI and M-NC groups (P=0.323). Surgeons
removed fewer lymph nodes in the NI group than in the
M-US or M-NC groups (P<0.001). The median number
of days after surgery in the hospital (POD) in the NI group
was 7 days, which was greater than that in the M-US
group (P=0.005) and the same as that in the M-NC group
(P=0.987). The postoperative total drainage volume of the
NI group was higher than that of the M-US group (P=0.193)
but lower than that of the M-NC group (P=0.439); however,
neither difference was significant (Table 2).

Evaluation of operation difficulty

For the proportion of intrathoracic adhesions, there
was almost no difference between the NI and M-US
groups (P=0.920) or between the NI and M-NC groups
(P>0.999). For LND, the proportion patients with easy/
normal grade in the NI group was significantly higher than
that in the M-US group (P=0.015), but not significantly
different to that of the M-NC group (P=0.409). There
was no difference in the extent of tumor invasion to the
PA and bronchus in the NI and the M-US groups or the
NI and the M-NC groups. For the surgical procedure as
a whole, 56.8% of surgeons considered it easy or normal
in the NI group, while the proportion in the M-US and
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Table 2 Comparison of objective indicators in the different groups

Variables NI group M-US group P value M-NC group P value
(n=37) (%) (n=37) (%) (NI'vs. M-US) (n=37) (%)  (Nlvs. M-NC)

Tumor locations-1 0.103
Right 16 (43.2) 21 (56.8) 0.245 23 (62.2)

Left 21 (56.8) 16 (43.2) 14 (37.8)

Tumor locations-2 0.097
Upper 17 (45.9) 21 (56.8) 0.694* 26 (70.3)

Middle 4(10.8) 3(8.1) 1(2.7)
Lower 16 (43.3) 13 (35.1) 10 (27.0)

Extent of resection 0.264
Lobectomy+ 18 (48.7) 21 (56.8) 0.149 15 (40.5)
Combined/sleeve lobectomy 6 (16.2) 10 (27.0) 12 (32.5)
Pneumonectomy 13 (35.1) 6 (16.2) 10 (27.0)

Surgery approach 0.157
Open 26 (70.3) 19 (51.4) 0.153 31(83.8)

VATS converted to open 0 (0.0) 12.7) 12.7)
VATS 11 (29.7) 17 (45.9) 5(13.5)

Surgery duration 109 [50, 225] 112 [69, 218] >0.999 140 [86, 295] 0.011

Intraoperative blood loss 105 [20, 250] 85 [20, 300] 0.426 120 [20, 500] 0.098

Intrathoracic adhesion 0.806
Yes 13 (35.1) 11 (29.7) 0.619 12 (32.4)

No 24 (64.9) 26 (70.3) 25 (67.6)

Postoperative complications 0.036
Yes 14 (37.8) 4(10.8) 0.013 6 (16.2)

No 23 (62.2) 33(89.2) 31(83.8)

30-day mortality 0.493
Yes 2(5.4) 0 (0.0 0.493 0(0.0)

No 35 (94.6) 37 (100.0) 37 (100.0)
PODs in the hospital 71[2,13] 6 [3, 14] 0.005 71[4,17] 0.987
Postoperative drainage volume 1,200 [360, 3,950] 990 [160, 3,250] 0.193 1,450 [450, 0.439
9,568]

Resection margin 0.743
RO 36 (97.3) 35 (94.6) >0.999 34 (91.9)

R1 0 (0.0) 12.7) 2 (5.4)
R2 1@.7) 1@2.7) 1(2.7)

Shrinking of the maximum tumor diameter 1.1+1.8 -0.1+0.6 <0.001 1.0+1.2 0.774

Maximum diameter of harvest lymph nodes 2.1+£0.8 2.3+1.0 0.350 2.3+1.0 0.323

Total number of lymph nodes harvested 93, 18] 191, 41] <0.001 24 [10, 59] <0.001

Quantitative variables with a normal distribution (or nonnormal distribution) are presented a mean + SD or median [range], and categorical
data are presented as count or percentage (%). *, Fisher’s exact test. NI group: neoadjuvant immunotherapy group; M-US group: matched
upfront surgery group; M-NC group: matched neoadjuvant chemotherapy group. VATS, video-assisted thoracoscopic surgery; PODs,
postoperative days.
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Table 3 Detailed complications after surgery in the three groups
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NI group (n=37)

M-US group (n=37) M-NC group (n=37)

Variables
All grades, n (%) Grade 3-4, n (%) All grades, n (%) Grade 3-4, n (%) All grades, n (%) Grade 3-4, n (%)

Prolonged air leak 1(2.7) 0(0.0) 1(2.7) 1(2.7) 2(5.4) 0(0.0)
Subcutaneous emphysema 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(2.7) 1(2.7)
Hemoptysis 2 (5.4) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Atelectasis 0(0.0) 0(0.0) 2 (5.4) 0(0.0) 2 (5.4) 0(0.0)
Intrathoracic bleeding 3(8.1) 2(5.4) 12.7) 12.7) 0(0.0) 0(0.0)
Subcutaneous ecchymosis 1(2.7) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Chylothorax 1(2.7) 0(0.0) 0(0.0) 0(0.0) 1(2.7) 1(2.7)
Pneumonia 2 (5.4) 2 (5.4) 0 (0.0) 0(0.0) 0(0.0) 0(0.0)
Fever 6(16.2) 2 (5.4) 2 (5.4) 0(0.0) 0(0.0) 0(0.0)
Disturbance of consciousness 12.7) 12.7) 0 (0.0 0 (0.0) 0 (0.0) 0(0.0)
Diabetes insipidus 1(2.7) 1(2.7) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Hyponatremia 12.7) 12.7) 0 (0.0) 0 (0.0) 0(0.0) 0(0.0)
Incision infection 12.7) 12.7) 0 (0.0 0(0.0) 0(0.0) 0(0.0)
High blood pressure 2 (5.4) 0(0.0) 0 (0.0 0(0.0) 12.7) 0(0.0)
Atrial fibrillation 0(0.0) 0(0.0) 0(0.0) 0(0.0) 2 (5.4) 1(2.7)
Total (events) 22 (59.5) 10 (27.0) 6(16.2) 2 (5.4) 9 (24.3) 3(8.1)
Total (patients) 14 (37.8) 6(16.2) 4(10.8) 2 (5.4) 6 (16.2) 3(8.1)

Categorical data are presented as count or percentage (%). All complications are classified according to CTCAE 5.0. NI group:
neoadjuvant immunotherapy group; M-US group: matched upfront surgery group; M-NC group: matched neoadjuvant chemotherapy
group. CTCAE 5.0, Common Terminology Criteria for Adverse Events version 5.0.

M-NC groups was 59.5% (P=0.777) and 48.6% (P=0.800),
respectively. The proportion of T or N downstaging in the
NI group was higher than that in the M-INC group, but not
significantly so (T downstaging: 43.2% wvs. 29.7%, P=0.227;
N downstaging: 29.7% vs. 16.2%, P=0.167; Table 4).

Discussion

This study evaluated the difficulty of surgery and the
postoperative complications rates of NSCLC patients
treated with neoadjuvant sintilimab. Surgical factors and
complications were compared in the NI group with two
other PSM-matched cohorts of PSM-matched patients
with NSCLC who underwent surgery. The results showed
that postoperative complications were higher in the NI
group than in the M-US and M-NC groups. The number
of PODs in the NI group was greater than that in the
M-US group, and there were fewer dissected lymph nodes

© Journal of Thoracic Disease. All rights reserved.

in the NI group than in the other groups. Dissection of the
lymph nodes in the NI group was more difficult than in the
M-US group, but intrathoracic adhesion, tumor invasion,
and whole procedure difficulty were similar. This suggests
that neoadjuvant sintilimab administration increased
complications but did not increase the difficulty of surgery.
The reason why fewer lymph nodes were dissected in
patients in the NI group warrants further investigation.
The presence of more complications in the NI group
contradicts some of the findings of previous research.
In most stage I-II clinical trials for the neoadjuvant
administration of ICIs in NSCLC that have shown
promising MPR rates, the researchers found that ICls
before surgery did not increase the rate of postoperative
complications, R1/R2 margin, or inoperable cases (13-19).
However, the reference standard for the postoperative
complication rate was previous studies, including the

SWOG-$9900, ANTTA, JBR-10, and TALT (15-23) trials,
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Table 4 Comparison of surgical difficulty in the different groups
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Variables NI group M-US group P value M-NC group P value
(n=37) (%) (n=37) (%) (NI'vs. M-US) (n=37) (%) (NI'vs. M-NC)
The extent of intrathoracic adhesion 0.920 >0.999
No adhesion 24 (64.9) 26 (70.3) 25 (67.6)
Mild/moderate adhesion 11 (29.7) 9 (24.3) 11 (29.7)
Severe adhesion 2(5.4) 2 (5.4) 1(2.7)
The difficulty for LND 0.015 0.409
Easy/normal 22 (59.5) 32 (86.5) 17 (45.9)
Hard 12 (32.4) 5(13.5) 14 (37.9)
Extremely hard 3(8.1) 0(0.0) 6(16.2)
Tumor invasion 0.445 0.203
No peripheral tissue invasion 28 (75.7) 25 (67.6) 30 (81.1)
Mild invasion of the lobar PA/bronchus 9(24.3) 10 (27.0) 5(13.5)
Severe invasion of the main PA/bronchus 0 (0.0) 2 (3.4) 2 (3.4)
The difficulty for the whole procedure 0.777 0.800
Easy/normal 21 (56.8) 22 (59.5) 18 (48.6)
Hard 12 (32.4) 13 (35.1) 14 (37.9)
Extremely hard 4(10.8) 2 (5.4) 5(13.5)
Number of T downstaging after neoadjuvant treatment 0.227
No 21 (56.8) NA 26 (70.3)
Yes 16 (43.2) NA 11 (29.7)
Number of N downstaging after neoadjuvant treatment 0.167
No 26 (70.3) NA 31(83.8)
Yes 11 (29.7) NA 6 (16.2)

Categorical data are presented as count or percentage (%). NI group: neoadjuvant immunotherapy group; M-US group: matched upfront
surgery group; M-NC group: matched neoadjuvant chemotherapy group. LND, lymph node dissection; PA, pulmonary artery.

in which clinical stages, tumor locations, and other factors
that might be related to complications were not comparable
with the neoadjuvant immunotherapy group. In this study,
two cohorts from the same medical center were matched
in the same treatment period by PSM to minimize possible
confounders. The postoperative complications rate (37.8%)
was significantly higher in the NI group than in the other
two groups (10.8% and 16.2%). The absolute complication
rate was comparable with that of other studies (6,17,18)
at approximately 30%, and most were mild (grade 1 or 2).
However, the complications in the two matched groups
were much lower. Previous studies have reported rates of
up to 50% for complications after pulmonary surgery with

© Journal of Thoracic Disease. All rights reserved.

neoadjuvant chemotherapy. The level of 10-20% in this
study was consistent with the common clinical experience
in our center (24) and China (25) perhaps for the following
reasons: (I) more than 10 years’ (2018-2019 vs. 2000-2006)
difference between the treatment periods allowed centers
to become more skilled in operations; (II) the retrospective
matching of neoadjuvant chemotherapy patients could
have caused selection bias in which only patients who could
tolerate chemotherapy drugs were enrolled in the cohort;
and (III) the limited numbers in the cohorts might have led
to some less common complications being missed.
However, the rate of complication for the NI group
should not be neglected. There were more severe
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complications, including ICI-induced pneumonia,
disturbance of consciousness, and intrathoracic bleeding
in the NI group than in the other two groups, but these
differences were not significant. Two cases died within
30 days after surgery, one due to ICI-related pneumonia
and one for sudden high fever, electrolyte disturbance, and
diabetes insipidus. This was possibly due to hypophysitis,
indicated by moderate elevated 2-[fluorine-18]-fluoro-
2-deoxy-D-glucose (FDG)-avidity in PET-CT, after
ICI use as we previously reported (19). The number
of PODs was also greater in the NI group than in the
M-US group, which was related to complications. One
possible reason for the increase in complications is that the
internal environment alterations caused by ICI use could
be more severe than those of chemotherapy, leading to
variations in inflammatory and coagulation factors (26).
Our previous studies have shown that sintilimab rarely
causes common adverse effects such as those encountered
with platinum-based chemotherapy, such as vomiting,
alopecia, or myelosuppression (19). However, the results of
this study are a reminder that ICIs are not as mild as they
may appear and activated immune cells can give patients
additional susceptibility to an unpredictable crisis. During
the postoperative period, life-threatening complications,
including pneumonia, bleeding, and electrolyte disturbance,
had to be meticulously managed and treated.

There were few differences in most intraoperative
indicators, including surgical approach, intraoperative
blood loss, intrathoracic adhesion, or tumor invasion. Most
importantly, the duration of surgery (median 109 minutes)
of the NI group was not longer than that of the other
two groups, indicating that the difficulty of the surgery
was under control after the ICI was infused, which was
consistent with the subjective evaluation of the difficulty
of the surgery indicating that the proportion of difficult or
extremely hard surgery was about 40-50% for three groups.
Many surgeons were concerned about the additional
difficulties they might encounter due to the action of
activated immune cells on cancer cells, and there have
been no previous studies that have reported a subjective
evaluation of surgery difficulty after ICIs. The results of
this study could offer reasonable confidence for surgeons in
using sintilimab before surgery.

Another interesting finding was the difference in
the number of lymph nodes harvested between the NI
group and the other two groups. The median number
of lymph nodes harvested was only half of the other two
groups (9 vs. 19 vs. 24). As surgeons, we all understand
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the importance of LND in thoracic surgery, especially
for these cohorts of patients, most of whom were in the
N1-2 stage. Some retrospective studies have shown that
the number of lymph nodes harvested was significantly
associated with the overall survival of the patients
(27-29). An obvious reason for the difference of harvested
number of lymph nodes is the difficulty. The proportion
of LND subjectively evaluated as hard/extremely hard
in the NI group was significantly higher than that in the
M-US group (40.5% vs. 13.5%), indicating the elevated
difficulties caused by ICI administration. However, the
proportion of difficult LND was high in the M-NC group
(54.1%), and in that group, it was not related to fewer
lymph nodes harvested (median number 24). If LND
was hampered by severe adhesion or invasion between
lymph nodes and vessels or other surrounding tissues,
the harvested lymph nodes should be smaller and more
fragmented, and the maximum diameter should decrease,
but we did not observe this (mean value 2.1 vs. 2.3 vs. 2.3;
P>0.05). In recent research, Liang ez 4l. found fewer lymph
nodes in an immunotherapy + chemotherapy group than in
a chemotherapy group, up to 51% at the N2 station. They
attributed the decrease in lymph node number to difficult
dissection after the administration of PD-1 blockade (30).
Another probable reason for the fewer lymph nodes
harvested in the NI group was that sintilimab could cause
dramatic changes in the lymph nodes, such as fusion or
shrinking. However, if so, the size of the lymph nodes
in the NI group could be larger than that in the other
two groups. Previous studies showed that PD-1 blockade
significantly affected the tumor’s microenvironment,
favoring CD8" T cell infiltration and therefore improved
anticancer efficacy (31). Whether ICIs affect lymph nodes
at the macrolevel needs to be further investigated.

The duration of the surgery was also affected by the
difference in the difficulty of dissection of the lymph nodes
in the three groups. A pulmonary surgery (lobectomy or
pneumonectomy) (T) comprises three parts: separation of
adhesion (T,), resection of the lobe(s) (T)), and dissection
of lymph nodes (T,). Let D, represent the difficulty in
the dissection of the lymph nodes and N represent the
number of lymph nodes harvested. As the adhesion and
difficulty of lobe(s) resection were the same in three groups,
we determined T, and T, to be equal in the three groups.
Therefore, the duration of surgery for the entire procedure
depended on T,. Theoretically, T, xD, x N. In the case of
the NI and M-US groups, D, n1 > Dyarus and Nyp < Nypus,
so T a1 = Toaus, and thus Ty = Tyius. In the case of the
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NI and M-NC groups, D, x; =D, mne and Ny < Nyine, s0
Tt < Thane, and thus Ty < Tyine. This explains why
the surgical duration was significantly longer in the M-NC
group.

By imaging observation, we also noticed that the
shrinkage of the maximum tumor diameter in the NI
group was generally the same as that in the M-NC
group (1.1+1.8 vs. 1.0+1.2; P=0.774), indicating that ICI
administration did not have an advantage in decreasing
tumor diameter over chemotherapy. In this study, 9 of
the 37 patients had a severe response. Theoretically, ICIs
may recruit more immune cells to the tumor site so that
more “swelling” of the tumor occurs than that induced by
chemotherapeutic or targeted kinase inhibitor drugs that
directly eliminate tumor cells. Thus, an efficacy evaluation
indicator based on imaging examination, including
objective response rate (ORR), may not represent the “real”
treatment effect of ICIs like sintilimab. Administration of
ICIs before surgery plays an irreplaceable role in guiding
subsequent treatment options because it can lead to a
pathological response.

There were some limitations in this study. First, the
sample size was limited due to the stage I-II nature of the
neoadjuvant sintilimab trial, making the statistical test result
more vulnerable to random errors. The second limitation
was the retrospective nature of the study. Although PSM
selected two groups to minimize the factors that might have
affected the difficulty of surgery, the baseline condition of
the three groups of patients may still differ in unknown
ways. Third, the subjective evaluation of surgical difficulty
was extremely challenging to quantify. We tried to invent
a scoring system for the subjective evaluation of surgery
difficulty and finally used categorical variables that only
contained a few ordered values (i.e., O= easy; 1= hard; 2=
extremely hard) to account for differences in the sensory
degree of different personnel. This might have led to
different results compared to other studies.

Conclusions

This study was the first to report the increase in
complications due to neoadjuvant use of sintilimab in
NSCLC according to two well-matched cohorts that were
comparable to the neoadjuvant ICI group in the clinical
stage and treatment period. This study also found that
fewer lymph nodes were harvested in the immunotherapy
group than in the initial surgery group or the neoadjuvant
chemotherapy group; the underlying reasons for this need
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to be investigated further.
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