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INTRODUCTION

Abstract

Background: To investigate the correlation between the preoperative systemic
immune-inflammation index (pSII) and postoperative pneumonia (POP) in surgical
non-small cell lung cancer patients.

Methods: Patients who underwent lung cancer surgery at West China Hospital of
Sichuan University were retrospectively included. The indicators were collected,
including basic information of patients, surgery-related variables and POP rate. The
predictive value of the pSII in the occurrence of POP was analyzed.

Results: A total of 1486 patients (male: 748, 50.3%; female: 738, 49.7%; mean age:
58.2 £ 9.7 years; median age: 59 years old, interquartile range: 51-65 years old) were
finally included in the study, of which 142 patients had POP with an incidence of
9.5% (142/1486), 9.2% (69/748) in males, and 9.9% (73/738) in females. The propor-
tion of patients with diabetes in the pneumonia group was significantly higher than
that in the nonpneumonia group (9.8%, 14/142 vs. 5.6%, 75/1344, p = 0.041). Com-
pared with the nonpneumonia group, the level of the preoperative body mass index
(242 [21.9, 26.1] vs. 23.1 [21.1, 252], p = 0.003) and SII (487 [350, 673]
vs. 345 [230, 500], p < 0.001) in the pneumonia group were significantly higher. Mul-
tiple factor analysis showed that the pSII (odds ratio: 1.001, 95% confidence interval:
1.000-1.001, p < 0.001) was an independent risk factor for POP (487 [350, 673]
vs. 345 [230, 500], p < 0.001); receiver operating characteristic curve analysis showed
that the pSII was effective in predicting POP (area under curve: 0.751, p < 0.001).
Conclusion: The pSII is closely related to and can effectively predict the occurrence of
POP after lung cancer surgery.

KEYWORDS
non-small cell lung cancer, postoperative pneumonia, predictive value, surgery, systemic immune-
inflammation index

with early-stage non-small cell lung cancer (NSCLC).” As
the primary cause or contributing factor of mortality follow-

Lung cancer is a malignant tumor with the largest growing  ing pulmonary resection, postoperative pulmonary complica-
morbidity and death globally,' and it poses a significant risk ~ tions have a direct impact on the recovery of postoperative
to human health and life. Currently, surgery continues to be  cardiopulmonary function, unavoidably extending hospital
a key therapy for lung cancer, particularly for individuals  stays and increasing medical expenses.”* After lung cancer
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surgery, the postoperative pneumonia (POP) is the most
prevalent complication. Although measures such as chest
drainage, anti-infective therapy, encouraging patients to
cough and expectorate actively after surgery, and periopera-
tive pulmonary rehabilitation training have been shown to be
effective in preventing postoperative infection, the incidence
of pulmonary infection remains relatively high, and is also a
common cause of perioperative death in lung cancer
patients.”® Therefore, the ability to effectively detect and
avoid POP is a crucial component of lung cancer surgery
perioperative treatment. Clinically, various inflammatory
peripheral hematological indicators, such as white blood
cell (WBC) count, procalcitonin (PCT), C-reactive protein
(CRP), and so forth, may represent the postoperative
inflammatory condition of lung cancer patients to a certain
degree, which have certain diagnostic and monitoring sig-
nificance for pulmonary infection. In recent years, a num-
ber of studies have demonstrated that inflammation-based
markers, such as the neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR) and lympho-
cyte-to-monocyte ratio (LMR) in serum, are used to evalu-
ate the inflammation level of patients, which is closely
related to the postoperative prognosis of lung cancer.” "'
Recent research has shown that the systemic immune-
inflammation index (SII) comprised of the platelet (PLT)
count, neutrophil (Neu) count, and lymphocyte (Lym)
count may be used to completely assess the status of sys-
temic inflammation (SII = PLT x Neu/Lym). It has a high
clinical utility in assessing the surgical prognosis for lung
cancer.'>" SII has not yet been shown to accurately pre-
dict the likelihood of POP in lung cancer patients. This
research retrospectively reviewed the clinical data of 1486
patients who had lung cancer surgery at the Lung Cancer
Center of West China Hospital of Sichuan University
between January 2019 and December 2020, and then inves-
tigated the connection between the preoperative SII (pSII)
and POP. The aim of the study was to investigate the pre-
dictive value of pSII for the development of POP after pul-
monary resection of non-small cell lung cancer.

METHODS
Grouping and inclusion/exclusion criteria

Patients who had surgery for lung cancer at the Lung Cancer
Center, West China Hospital of Sichuan University between
January 2019 to December 2020 were included retrospec-
tively. The following inclusion requirements were:
(1) patients had a postoperative pathological diagnosis of
NSCLGC; (2) no preoperative radiotherapy, chemotherapy,
immunotherapy, targeted therapy or others; and (3) pulmo-
nary resection. Exclusion criteria included: (1) patients who
underwent stage IV or palliative surgery; (2) had been diag-
nosed with lung pneumonia or/and received antibiotics
or hormone therapy within a month prior to surgery; and
(3) complicated with autoimmune diseases, such as

ulcerative colitis and Crohn’s disease. In addition, blood for
evaluation of pSII was collected on the day before surgery
for all the patients included.

Observation indicators

(1) Primary observation indicators.

The primary observation indicator was the incidence
of POP, and the diagnosis met at least three of the follow-
ing criteria: (1) chest plain film or chest CT showed lung
exudation and consolidation; (2) temperature > 38°C; (3)
WBC > 10 000/mm?> or < 3000/mm?; and (4) pathogens were
detected in sputum, or purulent secretions were detected by
bronchoscopy. The Clavien-Dindo (CD) complication grad-
ing evaluation system was used to classify POP as follows:
level 2: requiring antibiotics and other drugs; level 3: requir-
ing invasive intervention such as fiberoptic aspiration and
endotracheal intubation; level 4: serious life threatening, even
requiring ICU treatment; and level 5: resulting in death.

(2) Secondary observation indicators.

Indicators for hospitalization and surgery, and postoper-
ative length of stay were included.

Statistical analysis

Continuous variables are expressed as the mean and stan-
dard deviation (mean & SD), non-normal distribution data
are expressed as the median and interquartile range (IQR),
and categorical variables are expressed as proportion (N%).
An unpaired Student’s t-test was used to test the metric vari-
ables accord with normal distribution, while the Mann-
Whitney U-test was used to test the metric variables accord
with non-normal distribution. Categorical variables were
tested using the chi-square test or Fisher’s exact test. Multi-
ple factor analysis of risk factors for pulmonary complica-
tions within 30 days after surgery was performed using
binary logistic regression. Variables with p < 0.1 of single
factor analysis were included in the final multiple factor
analysis, and p < 0.05 was considered statistically significant.
The optimal cutoff value of SII was evaluated by receiver-
operating characteristic (ROC) curve analysis. Statistical
tests were conducted using two-sided tests, and p < 0.05 was
considered statistically significant. An area under the curve
(AUC) 2 0.7 was considered clinically effective. Statistical
analysis was performed using SPSS version 21.0.

RESULTS

Comparison of clinicopathological
characteristics between patients with POP and
patients without POP

A total of 1921 surgical patients in our department were
screened between January 2019 and December 2020, and
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finally 1486 patients were enrolled into the analysis (males:
748, 50.3%; females: 738 cases, 49.7%; mean age:
58.2 £ 9.7 years old; median age: 59 years old, IQR:
51-65 years old) (Figure 1). POP occurred in 142 patients
(9.5% (142/1486), 9.2% (69/748) in males, and 9.9%
(73/738) in females). Among them, 86.6% (123/142) were for
CD 1-2, 11.3% (16/142) for CD 3, and 2.1% (3/142) for CD
4-5. Comparison of clinical data showed that the proportion
of patients with pneumonia complicated with diabetes was
significantly higher than that of patients without pneumonia
(9.8%, 14/142 vs. 5.6%, 75/1344, p = 0.041). In addition, the
preoperative body mass index (BMI) of patients with pneu-
monia (24.2 [21.9, 26.1] vs. 23.1[21.1, 25.2], p = 0.003) was
significantly higher compared with that of patients without
pneumonia, and SII also higher greatly (487 [350, 673]
vs. 345 [230, 500], p < 0.001). (Table 1).

Logistic regression analysis of risk factors for
POP in patients undergoing lung cancer surgery

The univariate logistic regression analysis included variables
with p < 0.1 of single factor analysis. It was found that diabe-
tes (p = 0.044), absolute value of forced expiratory volume in
1 s (FEV1) (p = 0.068), BMI (p = 0.002) and SII (p = 0.002)
were finally included in the univariate logistic regression anal-
ysis. Multifactor logistic regression analysis showed that BMI
(OR = 1.091, 95% CI: 1.033-1.152, p = 0.002) and pSII
(OR = 1.000, 95% CI: 1.000-1.001, p < 0.001) was an inde-
pendent risk factor for POP (Table 2).

ROC curve analysis of the efficacy of PSII, NLR
and PLR levels in predicting the occurrence
of POP

ROC curve analysis showed that SII had better efficiency in
predicting POP (AUC: 0.751, p < 0.001), and SII = 483 was

TABLE 1

group and nonpneumonia group in lung cancer patients

Comparison of the clinicopathological features between POP

Pneumonia Nonpneumonia
group group
Items (N =142) (N = 1344) p-value
Age (mean + SD) 57.8 + 104 58.2 +9.6 0.591
Sex 0.662
Male 69 (48.6) 679 (50.5)
Female 73 (51.4) 665 (49.5)
Smoking 0.297
Yes 18 (12.7) 133 (9.9)
No 124 (87.3) 1211 (90.1)
Smoking index 0.562
(pack/year)
0 124 (87.3) 1211 (90.1)
0-20 11 (7.7) 85 (6.3)
>20 7 (5.0) 48 (3.6)
Complication
(Yes/No)
Diabetes 14/128 75/1269 0.041
Hypertention 38/104 27711067 0.088
CHD 7/135 61/1283 0.832
COPD 7/135 88/1256 0.454
Tumor stage 0.228
Stage I 96 (67.6) 986 (73.4)
Stage II 39 (27.5) 285 (21.2)
Stage III 7 (4.9) 73 (5.4)
Tumor histology 0.798
Adenocarcinoma 100 (70.4) 910 (67.7)
Squamous cell 34 (23.9) 352 (26.2)
carcinoma
Other 8 (5.7) 84 (6.1)
BMI (kg/m?) 242 (21.9, 231(21.1,252)  0.003
(median, IQR) 26.1)
SII (median, IQR) 487 (350, 673) 345 (230, 500) <0.001
Preoperative lung
function
FEV1% (median, 99.0 (82.8, 101.5 (89.0, 0.090
IQR) 110.5) 112.2)
DLc0% (median, 93.0 (83.3, 94.7 (85.1, 106.7) 0.414
IQR) 107.3)
Operative time 120 (115, 130) 120 (110, 130) 0.370
(median, IQR)
Operative blood loss 50 (30, 130) 50 (20, 100) 0.047
(median, IQR)
VATS 0.282
No 29 (20.4) 329 (24.5)
Yes 113 (79.6) 1015 (75.5)
Postoperative in- 8(7,12) 6 (5, 8) <0.001

hospital stay
(median, IQR)

Abbreviations: CHD, coronary heart disease; COPD, chronic obstructive pulmonary
disease; DLco, diffusing capacity of the lungs for carbon monoxide; VATS, video-
assisted thoracic surgery.
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TABLE 2 Logistic regression analysis of risk factors for POP in patients having lung cancer surgery
Single factor analysis Multiple factor analysis
Variables OR value 95% CI p-value OR value 95% CI p-value
Diabetes 241 1.107-3.368 0.044 1.565 0.835-2.933 0.162
FEV1 0.992 0.983-1.001 0.068 0.993 0.984-1.003 0.155
BMI 1.091 1.034-1.151 0.002 1.091 1.033-1.152 0.002
SII 1.001 1.000-1.001 <0.001 1.000 1.000-1.001 <0.001
Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in 1 s; SII, systemic immune-inflammation index.
sl PLR
a b NLR Cc
100 |- e ; 100 [~ 100 (-
80 [ 80 [ 80 :—
z eof- z 6ol z 60|
= - s B 2 -
2 I z -
8 al & 4o & 4o
20| 20 20/
[ AUC = 0.751 [ AUC = 0.567 - AUC = 0.582
B P <0.001 A P =0.006 - i g? s P <0.001
3 I A IR M AT TR L] i i R N B T B I SR AN SIS IR WY
0 20 40 60 80 100 0 20 60 80 100 0 20 40 60 80 100

100-Specificity

100-Specificity

100-Specificity

FIGURE 2 A receiver-operating characteristic (ROC) curve was used to analyze the efficacy of pSII (a), NLR (b) and PLR (c) levels in predicting the
occurrence of POP in lung cancer patients. pSII, preoperative systemic immune-inflammation index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-

lymphocyte ratio

the optimal cutoff point (Youden index: 0.41, sensitivity:
68.3%, specificity: 72.7%), compared to preoperative NLR
and PLR which showed NLR (AUC: 0.567) and PLR (AUC:
0.582) (Figure 2).

Subgroup analysis of patients with POP

Further subgroup analysis of patients in the pneumonia
group (n = 142) showed that CD grade above 2 of pneumo-
nia accounted for 13.4% (19/142). In addition, the pSII level
in the CD >2 group was significantly higher than that in the
CD <2 group (476 [337, 611] vs. 1125 [429, 1369],
p <0.001). The ROC curve results showed that the SII level
could effectively predict the severity of pulmonary infection
(AUC: 0.793, p < 0.001). (Table 3) (Figure 3).

DISCUSSION

As the treatment option of choice for resectable lung cancer,
surgery is also the most effective lung cancer treatment, par-
ticularly for early-stage NSCLC, and its significance is obvi-
ous. With the advancement of thoracoscopic surgical
equipment and technology and the development of perioper-
ative management ideas, the inpatient experience and postop-
erative rehabilitation of patients have received increasing

attention. However, the occurrence of postoperative pulmo-
nary complications, such as pulmonary infection, increase the
average postoperative in hospital-stay, medical expenses, and
mortality risk of patients undergoing surgical treatment for
lung cancer, and seugantially the workload of medical per-
sonnel, and so forth. Therefore, accurately predicting the
occurrence of pulmonary complications after lung cancer sur-
gery at an early stage is of tremendous therapeutic impor-
tance. Clinically, some biochemical indicators are often used
to aid in the diagnosis and prediction of POP. Changes in
peripheral blood cell count, for instance, might alter the pro-
portions of certain cells, such as NLR, LMR and PLR. These
ratios may represent changes in systemic and local inflamma-
tory responses, and it has been observed in recent years that
such indicators have some therapeutic relevance in predicting
postoperative complications.” " The retrospective study pre-
sented here examined the link between pSII level and POP in
1486 patients who had surgical therapy for NSCLC from
2019 to 2020 in Lung Cancer Center of West China Hospital
of Sichuan University. The results demonstrated that the pSII
was an independent risk factor for pulmonary infection after
surgery in patients with lung cancer and had a strong predic-
tive effect on the occurrence of postoperative pulmonary
infection, indicating that SII may have clinical application
value in predicting the occurrence of the POP.

Hu et al."* first reported SII in 2014. Based on PLR and
NLR, it combines neutrophils, platelets and lymphocytes to
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TABLE 3 Comparison of clinicopathological features between different
Clavien-Dindo (CD) grade subgroups with pneumonia in lung cancer
patients after surgery

Items CD <2 (N=123) CD>2(N=19) p-value
Age (mean £ SD) 57.8 £10.5 57.6 £9.9 0.939
Sex 0.172
Male 57 (46.3) 12 (63.2)
Female 66 (53.7) 7 (36.8)
Smoking 1.000
Yes 16 (13.0) 2 (10.5)
No 107 (87.0) 17 (89.5)
Smoking index 1.000
(pack®year)
0 108 (87.8) 16 (84.2)
0~20 9(7.3) 2(10.5)
>20 6(4.9) 1(5.3)
Complication
(Yes/No)
Diabetes 10/113 4/15 0.096
Hypertension 32/91 6/13 0.610
CHD 7/116 0/19 0.594
COPD 6/117 1/18 1.000
Tumor stage 0.797
Stage I 82 (66.7) 14 (73.4)
Stage II 35 (28.5) 4(21.1)
Stage IIT 6 (4.9) 1(5.3)
Tumor histology 0.657
Adenocarcinoma 85 (69.1) 15 (78.9)
Squamous cell 31 (25.2) 3 (15.8)
carcinoma
Other 7 (5.7) 1(5.3)

BMI (kg/m?)
(median, IQR)

24.2 (22.0,26.1) 24.4 (20.9, 26.2) 0.621

SII (median, IQR) 476 (337, 611) 1125 (429, 1369)  <0.001
Preoperative lung
function
FEV1% 99.0 (83.8, 110.5) 101.7 (79.3, 0.943
112.6)
DLco% 93.8 (83.5, 108.7) 90.9 (81.6,96.6)  0.177
Operative time 120 (115, 130) 120 (115, 135) 0.857
(median, IQR)
Operative blood 50 (30, 150) 50 (20, 100) 0.440
loss (median,
IQR)
VATS 0.764
No 26 (21.1) 3 (15.8)
Yes 97 (78.9) 16 (84.2)
Postoperative in- 8(7,12) 10 (8, 12) 0.129

hospital stay
(median, IQR)

Abbreviations: CHD, coronary heart disease, COPD, chronic obstructive
pulmonary disease, DLco, diffusing capacity of the lungs for carbon monoxide;
VATS, video-assisted thoracic surgery.
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FIGURE 3 A receiver-operating characteristic (ROC) curve analysis of
the efficacy of SII in predicting postoperative pulmonary infection grade in
lung cancer patients. pSII, preoperative systemic immune-inflammation
index

more precisely depict patients’ inflammation and immuno-
logical condition and to predict the prognosis of patients
with NSCLC."”'® In recent years, the close relationship
between SII and infectious disorders has also been
highlighted. High SII levels are independently related to in-
hospital mortality, and SII may be a valid prognostic indica-
tor for patients with infective endocarditis.'” Domestic and
international research on the association between the pSII
and POP in NSCLC has not yet been published. The SII as a
cellular immune inflammation marker that integrates the
kinetics of NLR and PLR into one single parameter, could
better indicate the inflammatory status of the patients, and
the inflammatory status might be closely associated with
infection.” This study revealed that the pSII of the pneumo-
nia group was significantly higher than that of the nonpneu-
monia group, and multifactor logistic regression analysis of
risk factors for POP revealed that SII was an independent
risk factor, indicating that the pSII was significantly associ-
ated with POP. Consequently, ROC curve analysis was used
in this research, and it was determined that, compared to
preoperative NLR and PLR, SII was more predictive of the
incidence of POP. In addition, a subgroup analysis of
patients with pneumonia revealed that SII might predict the
severity of POP more accurately. This data implies that SII
has clinical use as a reliable predictor of pulmonary infection
after lung cancer surgery.

It should also be mentioned that this research is a retro-
spective study with some flaws and restrictions. In contrast
to prospective studies, the majority of research data is
derived from clinical medical records, which presents some
constraints in terms of the validity and reliability of data
gathering. Future research will need to confirm the
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reliability and clinical importance of SII in predicting the
POP in lung cancer patients. This will require a multicenter,
prospective controlled investigation with a high sample size.

In conclusion, the pSII levels in NSCLC patients corre-
late strongly with the frequency of POP, and the pSII levels
may effectively predict the incidence and severity of pulmo-
nary infection following surgical treatment in lung cancer
patients.
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