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Objectives: To evaluate whether the systemic inflammation score (SIS) could predict
postoperative outcomes for patients undergoing video-assisted thoracoscopic surgery
(VATS) lobectomy for early-stage non-small-cell lung cancer (NSCLC).

Methods: This retrospective study was conducted on the prospectively maintained database
in our institution between January 2016 and December 2017. Preoperative SIS comprising
serum albumin (sALB) and lymphocyte-to-monocyte ratio (LMR) was graded into 0, 1 and
2, and then utilized to distinguish patients at high surgical risks. Multivariable logistic-
regression analysis was conducted to determine independent risk factors for postoperative
outcomes.

Results: There were 1,025 patients with TNM-stage I-II NSCLC included, with an overall
morbidity rate of 31.1% and mortality rate of 0.3%. We applied the sALB at 40 g/L and the
median LMR of our series at 4.42 as dichotomized cutoffs for modified SIS scoring criteria.
Both minor and major morbidity rates in patients with SIS=2 were significantly higher than
those in patients with SIS=0 and with SIS=1 (P<0.001). No difference was found in overall
morbidity rate between patients with SIS=1 and with SIS=0 (P=0.20). No significant difference
was found in the mortality rate between these 3 groups. Patients with SIS=2 had the highest
probability to experience most of individual complications. Finally, multivariable logistic-
regression analysis suggested that preoperative SIS=2 could independently predict the morbid-
ity risks following VATS lobectomy (OR=1.73; 95% CI=1.11-2.71; P=0.016).
Conclusions: The SIS scoring system can be employed as a simplified, effective and
routinely operated risk stratification tool in patients undergoing VATS lobectomy.
Keywords: systemic inflammation score, video-assisted thoracoscopic surgery, non-small-
cell lung cancer, prediction

Introduction

Rationale

Non-small-cell lung cancer (NSCLC) is the leading cause of malignancy-related
deaths worldwide." Radical surgery is generally regarded as the optimal therapeutic
option for early-stage NSCLCs. Since the 1990s, single-lobectomy via video-assisted
thoracoscopic surgery (VATS) has been popularized in the modern surgical modality,
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offering more advantages than traditional thoracotomy in
terms of cosmetic wounds, operative stress control, preser-
vation of pulmonary function and prolonged survival
time.>* However, despite advances in surgical techniques,
anesthetic techniques and perioperative care, the overall
morbidity rate still reaches at 26.2-36.3% after VATS
lobectomy.®> ™ A better understanding of possible predispos-
ing factors will be extremely crucial to assist thoracic
surgeons to prevent morbidity risks.

Current evidence recognizes that a systemic inflamma-
tory response, which is featured by changes in peripheral
hematological indicators and alterations in levels of inflam-
mation-linked proteins, frequently accompany with cancer
patients, especially in advanced cases, and plays a vital role
in carcinomatous pathogenesis and progression.™® Systemic
inflammation indicated by a range of circulating hematolo-
gical and biochemical markers, such as the elevated neu-
trophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR) and lymphocyte-to-monocyte ratio (LMR),
and the decreased hemoglobin and serum albumin (sALB)
levels, has been reported to predict unfavorable cancer
prognosis.®® These biomarkers can provide readily avail-
able and objective information to help oncologists to eval-
uate patient outcomes since they are easily obtained with
a low healthcare cost in routine clinical practice.”

Recently, a novel scoring system comprising the ordinal
variables of LMR and sALB, termed systemic inflammation
score (SIS), was firstly developed among clear-cell renal cell
carcinoma (ccRCC) patients, showing a great efficacy for
prognostic prediction. Preoperative SIS was then reported to
serve as a potent prognostic factor for patients undergoing
gastric, colorectal and hepatic surgery.”'® However, until
recently, there has been no study addressing on the clinical
significance of SIS for either short-term or long-term out-
comes after lung cancer surgery.

Objectives

The purpose of our study was to elucidate the predictive
roles of preoperative SIS for morbidity and mortality risks
following VATS lobectomy for early-stage NSCLC.

Materials and methods

Ethics approval and consent to participate
This present study was approved by the regional ethics
committee of Sichuan University West China Hospital (ID:
2016-255). We declared that all relevant procedures were
in compliance with the Helsinki Declaration. All enrolled

patients signed the written informed consent forms, includ-
ing the use of participant medical characteristics and files
for research in this manuscript.

Study design and protocol
This single-center retrospective study was conducted on the
prospectively maintained dataset in our institution. We
wrote it in compliance with the Strengthening the
Reporting of Observational Studies

(STROBE) statement.''

in Epidemiology

Patient selection

Settings

We retrospectively reviewed clinical data of consecutive
patients undergoing VATS lobectomy for early-stage
NSCLCs at
December 2017. Patient characteristics could be extracted

our unit between January 2016 and

from our medical records.

Inclusion and exclusion criteria
On the basis of existing studies reporting the SIS, we
established the following eligibility criteria to determine

the appropriateness of patients included:”'°

(1) The target diseases were primary TNM-stage I-11
NSCLCs. Patients with any concomitant or pre-
vious malignancy were not included;

(i1) Only standardized single-lobectomy with sys-
tematic mediastinal lymph node dissection oper-
ated by a completely VATS procedure would be
included. Any extended or sleeve resection was
not considered;

(iii) Patients who received neoadjuvant or adjuvant
chemotherapy were not considered, in order to
avoid potential confounding influence from perio-
perative anti-cancer therapy, which might compli-
cate the actual significance of the SIS;

(iv) Patients who experienced major intraoperative
events, resulting in unexpected conversion to thor-
acotomy, were excluded due to their confounding
influence on postoperative outcomes when evalu-
ating the significance of the SIS;

(v) The laboratorial indexes must be obtained within 5
days before surgery. Patients with loss of accurate
laboratorial records were not included;

(vi) Patients must finish the entire clinical pathways
according to our institutional policies during the
hospitalization;
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Outcome data, measures and definitions
Patient characteristics

Baseline information included the age, gender, body mass
index (BMI), FEV,, FEV; to FVC ratio (FEV/FVC) and
smoking history.

Preoperative comorbidities included the respiratory
comorbidities, cardio-cerebrovascular comorbidities, dia-
betes mellitus, renal insufficiency and steroid use.
Respiratory comorbidity was defined as the existence of
one or more respiratory diseases, including the chronic
obstructive pulmonary disease, emphysema, lung bullae,
asthma, tuberculosis, pneumonia (including the bacterial/
viral/fungal respiratory tract infections, obstructive pneu-
monia and aspiration pneumonia), bronchiectasis, lung
abscess and interstitial lung diseases (including the idio-
pathic interstitial pneumonia, idiopathic pulmonary fibro-
sis, eosinophilic pneumonia and Langerhans cell
histiocytosis). Cardio-cerebrovascular comorbidity was
comprised of the hypertension, coronary heart diseases,
peripheral arterial diseases, stroke, aortic aneurysm and

chronic heart failure.

Laboratorial markers

The amounts of neutrophils, lymphocytes, monocytes and
platelets, and the levels of hemoglobin and sALB were
gathered from preoperative blood sampling to extrapolate
the NLR, PLR and LMR.

Establishment and modification of SIS

The SIS was formulated by dichotomous variables of
sALB and LMR. The lower range of normal measurement
at 40 g/ was applied to dichotomize the sALB level
according to its clinical meaning to define the “hypoalbu-
minemia”. As for the LMR dichotomization, the original
SIS, which was first proposed based on the survival data of
441 ccRCC patients, utilized a median value at 4.44 as the
cutoff since no international consensus had been recom-
mended on the reference values for LMR. Accordingly, in
this study, we chose the median LMR value of our NSCLC
cohort and sALB at 40 g/L as the dichotomized cutoffs to
modify the original SIS scoring criteria.

Therefore, the modified SIS system was as follows:
patients with both sALB >40 g/L and LMR > the median
value of our cohort were assigned a score of 0; patients
with either sSALB <40 g/L. or LMR < the median value of
our cohort were assigned a score of 1; patients with both
sALB <40 g/L and LMR < the median value of our cohort
were assigned a score of 2.

Operative notes

Estimated intraoperative parameters included the tumor
location, dense pleural adhesion, pulmonary fissure com-
pleteness, estimated intraoperative blood loss (EIBL) and
operation time.

Pathological factors

The following three pathological variables were assessed:
histological subtypes, tumor invasion (T-stage) and lymph
node metastasis (LNM), all of which were defined according
to the Union for International Cancer Control Seventh Edition.

Outcomes of interest

Our outcome of interest was any Clavien-Dindo grade >I1
complication developed within 30 days after surgery,
which was judged in compliance with the Society of
Thoracic Surgeons and the European Society of Thoracic
Surgeons joint definitions.'*'* In-hospital mortality was
defined as any death during the hospitalization.

All Clavien-Dindo grade II complications only requiring
pharmacological intervention were categorized as the minor
morbidity, including the prolonged air leak (PAL) (>5 days)
requiring suction drainage only, pneumonia (fever >38°C,
purulent sputum, abnormal findings on radiography) requiring
antibacterial drugs, mild-atelectasis, subcutaneous emphy-
sema requiring suction drainage only, mild-pneumothorax,
pleural effusion requiring suction drainage only, hemoptysis,
sinus irregularity and atrial arrhythmia requiring medical care,
gastrointestinal discomforts and wound infection requiring
antibacterial drugs.

We categorized all Clavien-Dindo grade >III complica-
tions requiring endoscopy, surgical intervention or life sup-
port as the major morbidity, including the PAL requiring
pleurodesis or re-operation, severe-atelectasis requiring
endoscopic intervention, severe subcutaneous emphysema
and pneumothorax requiring re-operation, pulmonary artery
embolism, acute respiratory distress syndrome (ARDS),
chylothorax, bronchial fistula, ventricular arrhythmia, myo-
cardial infarction and urinary tract retention requiring
catheterization.

Grouping criteria

In our series, we adopted the same grouping criteria that
had been validated in previous studies estimating the prog-
nostic significance of the SIS.”'° We divided the patients
into 3 groups based on their preoperative SIS for initial
risk stratification. Then, we compared the baseline char-
acteristics and postoperative outcomes between patients

Cancer Management and Research 2019:11

submit your manuscript

5615

Dove


http://www.dovepress.com
http://www.dovepress.com

Li et al

Dove

who were stratified into 3 degrees of systemic inflamma-
tion indicated by the SIS of 0, 1 and 2. With respect to
potential predictors for postoperative morbidity, we further
explored the demographic differences in clinicopathologi-
cal variables between patients with and without any com-
plication in the univariable analysis.

Surgical procedure and perioperative care
Our VATS lobectomy was operated through a 3-portal access,
using a modified “hilum-first-fissure-last” thoracoscopic tech-

nique known as “single-direction lobectomy”.?

Mechanical
staplers were implemented in all patients to divide the incom-
plete inter-lobar fissures and close the bronchial stumps.

All of our patients were routinely managed in compli-
ance with a standardized clinical pathway, including the
pulmonary physiotherapy, antibiotic prophylaxis, respiratory
drug intervention, breath training, venous thromboembolism
prophylaxis, and surgical pain control, which had been
described in our previous studies.*'* One chest tube was
placed on the suction device (—10-20 cm H,0) at the end of
operation, and then either removed or converted to water seal
according to our institutional policies after chest radiography
done on postoperative day 1. Chest tube removal would be
allowed with a 24 hr pleural drainage <200 mL and air leak
cessation detected from the chest drainage system.

Statistical analysis

We employed the Pearson’s chi-squared test (when 0% of data
cells have expected count <5) with Yates-correction (when
25% of data cells have expected count <5) or Fisher’s exact
test (when 50% of data cells have expected count <5) to
compare the categorical variables (number with percentage),
and the Mann—Whitney U-test to compare the continuous
variables [median with 25th—75th percentile-interval].

A receiver operating characteristic (ROC) analysis was
performed to estimate the discriminative power of preoperative
SIS for predicting morbidity risks. Area under the curve (AUC)
with its 95% confidence interval (CI) was then calculated.

Finally, as Sato et al’ previously reported, a preoperative
SIS of 2 and other clinicopathological variables with univari-
able P<0.20 would be included in the multivariable binary
logistic-regression model, which utilized the Hosmer—
Lemeshow test for goodness-of-fit and the C-statistic for dis-
crimination, to determine independent risk factors for post-
operative complications. OR with its 95% CI was then
obtained.

We used the IBM SPSS 22.0 software (IBM SPSS
Statistics, Version 22.0; IBM Corp., Armonk, NY, USA)

to accomplish above statistical analyses. Statistical signifi-
cance was indicated by P<0.05.

Results

Basic information and outcomes

Patient characteristics

During the study period, there were 1,025 patients under-
going VATS lobectomy for primary early-stage NSCLCs
included. Patient characteristics are presented in Table 1.
Our cohort consists of 530 male (ratio =51.7%) and 495
female (ratio =48.3%) patients, with a median age of 62
years (25th—75th percentile-interval =57-67 years) and med-
ian BMI of 23.3 kg/m® (25th-75th percentile-interval =
21.1-25.2 kg/m?), and 380 patients were active smokers
(ratio =37.1%). There were 665 patients suffered from one
or more underlying comorbidities (ratio =64.9%). Lung ade-
nocarcinoma was diagnosed in 822 patients (ratio =80.2%),
followed by squamous cell carcinoma in 181 patients (ratio
=17.7%) and other subtypes in 22 patients (ratio =2.1%).
LNM was found in 59 patients postoperatively by the patho-
logical criteria (ratio =5.8%).

SIS evaluation

The median sALB and LMR of our cohort were 43.1 g/L
(25th—75th percentile-interval =40.7-45.4 g/L) and 4.42
(25th—75th percentile-interval =3.30-5.48), respectively.
Therefore, the SALB at 40 g/l and the median LMR at
4.42 were adopted to formulate our modified SIS.
Accordingly, there were 470 patients got a SIS=0 (ratio
=45.9%), 413 patients got a SIS=1 (ratio =40.3%) and 142
patients got a SIS=2 (ratio =13.9%), respectively.

Outcomes

There were 319 patients experienced Clavien-Dindo grade
>II complications postoperatively, with an overall morbidity
rate of 31.1%. The minor morbidity and major morbidity rate
of the entire cohort was 27.7% (n=284) and 14.8% (n=152),
respectively. There were 3 deaths during the hospitalization,
with an in-hospital mortality rate of 0.3%. One patient died of
sudden ventricular fibrillation, and another 2 patients dead of
ARDS and pulmonary artery embolism. The incidences of
individual complications are presented in Table 2.

Preoperative SIS and patient
characteristics
Table 1 shows the association between preoperative SIS and

baseline characteristics. We found the significantly increased
age, NLR, PLR and operation time but the decreased FEV%
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Table | Patient characteristics®
Characteristics® Total (N=1,025) | SIS=0 (N=470) | SIS=1 (N=413) Pi-value | SIS=2 (N=142) P,-value
Median age (years) 62 (57-67) 61 (55-66) 63 (56-69) 0.004 66 (60-71) <0.001
Gender
Male 530 (51.7%) 170 (36.2%) 256 (62.0%) <0.001 104 (73.2%) <0.001
Female 495 (48.3%) 300 (63.8%) 157 (38.0%) 38 (26.8%)
Median body mass index (kg/m?) 23.3 (21.1-25.2) 23.2 (21.1-25.1) | 23.4 (21.2-254) 0.090 22.9 (20.5-26.3) 0.92
Median FEV,% 83.8 (73.8-92.7) 87.3 (80.3-96.5) | 80.8 (70.3-89.8) <0.001 74.7 (64.9-86.8) <0.001
Median FEV,/FVC (%) 79.0 (74.2-83.5) 81.3 (76.4-84.7) | 77.9 (73.0-82.9) <0.001 749 (66.8-79.4) <0.001
Median neutrophil-to-lymphocyte ratio | 1.9 (1.4-2.5) 1.5 (1.2-1.9) 2.3 (1.8-3.1) <0.001 2.4 (1.7-3.1) <0.001
Median platelet-to-lymphocyte ratio 91.5 (72.4-120.0) | 827 (64.9-102.6) | 101.6 (78.0-133.8) <0.001 105.7 (81.6-162.7) | <0.001
Median hemoglobin (g/dL) 13.6 (12.8-14.6) 13.5 (12.9-14.5) | 13.8 (12.9-14.8) 0.11 132 (12.1-14.2) <0.001
Smoking history 380 (37.1%) 99 (21.1%) 198 (47.9%) <0.001 83 (58.5%) <0.001
Respiratory comorbidity 400 (39.0%) 146 (31.1%) 183 (44.3%) <0.001 71 (50.0%) <0.001
Cardio-cerebrovascular comorbidity | 382 (37.3%) 134 (28.5%) 181 (43.8%) <0.001 67 (47.2%) <0.001
Diabetes mellitus 112 (10.9%) 36 (7.7%) 59 (14.3%) 0.002 17 (12.0%) 0.11
Renal insufficiency 89 (8.7%) 35 (7.4%) 38 (9.2%) 0.35 16 (11.3%) 0.15
Steroid use 31 (3.0%) I (2.3%) 14 (3.4%) 0.35 6 (4.2%) 0.23
Tumor location
Right upper lobe 334 (32.6%) 164 (34.9%) 136 (32.9%) 0.44 34 (23.9%) 0.25
Left upper lobe 261 (25.5%) 127 (27.0%) 99 (24.0%) 35 (24.6%)
Right lower lobe 193 (18.8%) 81 (17.2%) 78 (18.9%) 34 (23.9%)
Left lower lobe 149 (14.5%) 56 (11.9%) 65 (15.7%) 28 (19.7%)
Right middle lobe 88 (8.6%) 42 (8.9%) 35 (8.5%) I (7.7%)
Dense pleural adhesion
Absent 935 (91.2%) 429 (91.3%) 374 (90.6%) 0.71 132 (93.0%) 0.53
Present 90 (8.8%) 41 (8.7%) 39 (9.4%) 10 (7.0%)
Pulmonary fissure completeness
Complete 596 (58.1%) 285 (60.6%) 242 (58.6%) 0.54 69 (48.6%) 0.011
Incomplete 429 (41.9%) 185 (39.4%) 171 (41.4%) 73 (51.4%)
Median estimated intraoperative 50 (20-50) 30 (20-50) 50 (20-60) 0.053 50 (30-60) <0.001
blood loss (mL)
Median Operation time (mins) 100 (80-130) 100 (75-130) 105 (80-130) 0.016 120 (90-150) <0.001
Histological subtypes
Adenocarcinoma 822 (80.2%) 386 (82.1%) 339 (82.1%) 0.99 97 (68.3%) <0.001
Non-adenocarcinoma 203 (19.8%) 84 (17.9%) 74 (17.9%) 45 (31.7%)
Tumor invasion (T-stage)
T, 627 (61.2%) 322 (68.5%) 237 (57.4%) 0.001 68 (47.9%) <0.001
Tas 398 (38.8%) 148 (31.5%) 176 (42.6%) 74 (52.1%)
Lymph node metastasis (N-stage)
No 966 (94.2%) 453 (96.4%) 389 (94.2%) 0.12 124 (87.3%) 0.001
N, 59 (5.8%) 17 (3.6%) 24 (5.8%) 18 (12.7%)

Notes: °P,-value indicates demographic differences between patients with SIS=1 and with SIS=0. P,-value indicates demographic differences between patients with SIS=2 and
with SIS=0. "The continuous data were presented as medians with 25th-75th percentile-intervals.
Abbreviations: FEV,/FVC, FEV, to FVC ratio; SIS, Systemic inflammation score.
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Table 2 Postoperative outcomes®

Characteristics Total SI1S=0 SIS=I P,- SI1S=2 P,-
(N=1,025) (N=470) (N=413) value (N=142) value
Overall morbidity
Any morbidity 319 (31.1%) 124 (26.4%) 125 (30.3%) 0.20 70 (49.3%) <0.001
Minor morbidity (Clavien-Dindo Grade II) 284 (27.7%) 111 (23.6%) 109 (26.4%) 0.34 64 (45.1%) <0.001
Major morbidity (Clavien-Dindo Grade 2IIl) | 152 (14.8%) 54 (11.5%) 62 (15.0%) 0.12 36 (25.4%) <0.001
In-hospital mortality 3 (0.3%) 1 (0.2%) 2 (0.5%) 0.60 0 (0.0%) 1.0
Individual complications
Prolonged air leak (>5 days) 152 (14.8%) 47 (10.0%) 65 (15.7%) 0.011 40 (28.2%) <0.001
Pneumonia 118 (11.5%) 36 (7.7%) 48 (11.6%) 0.045 34 (23.9%) <0.001
Atelectasis 95 (9.3%) 45 (9.6%) 35 (8.5%) 0.57 15 (10.6%) 0.73
Subcutaneous emphysema 73 (7.1%) 26 (5.5%) 28 (6.8%) 0.44 19 (13.4%) 0.002
Pneumothorax 49 (4.8%) 26 (5.5%) 17 (4.1%) 0.33 6 (4.2%) 0.54
Pleural effusion requiring chest tube 30 (2.9%) 9 (1.9%) 5 (1.2%) 0.40 16 (11.3%) <0.001
drainage
Hemoptysis requiring medical care 29 (2.8%) I (2.3%) 8 (1.9%) 0.68 10 (7.0%) 0.015
Sinus irregularity requiring medical care 17 (1.7%) 9 (1.9%) 4 (1.0%) 0.24 4 (2.8%) 0.75
Chylothorax 15 (1.5%) 2 (0.4%) 9 (2.2%) 0.019 4 (2.8%) 0.028
Atrial arrhythmia I (1.1%) 3 (0.6%) 6 (1.5%) 0.32 2 (1.4%) 0.33
Ventricular arrhythmia 3 (0.3%) 1 (0.2%) 0 (0.0%) 1.0 2 (1.4%) 0.14
Pulmonary artery embolism 8 (0.8%) 6 (1.3%) 2 (0.5%) 0.30 0 (0.0%) 0.35
Acute respiratory distress syndrome 4 (0.4%) 0 (0.0%) 4 (1.0%) 0.047 0 (0.0%) —
Hemothorax 2 (0.2%) 0 (0.0%) 2 (0.5%) 0.22 0 (0.0%) —
Bronchial fistula 1 (0.1%) 0 (0.0%) 1 (0.2%) 0.47 0 (0.0%) —
Wound infection 4 (0.4%) 2 (0.4%) 2 (0.5%) 1.0 0 (0.0%) 1.0
Gastrointestinal discomforts requiring med- | 13 (1.3%) 5 (1.1%) 8 (1.9%) 0.28 0 (0.0%) 0.60
ical care
Urinary retention 7 (0.7%) 3 (0.6%) 2 (0.5%) 1.0 2 (1.4%) 0.33

Notes: °P;-value indicates demographic differences between patients with SIS=1 and with SIS=0. P,-value indicates demographic differences between patients with SIS=2 and

with SIS=0.
Abbreviation: SIS, systemic inflammation score.

and FEV/FVC with each 1 point increase of SIS. When
compared to patients with SIS=0, both patients with SIS=1
and with SIS=2 had significantly higher ratios of males, smok-
ing history, respiratory and cardio-cerebrovascular comorbid-
ities and T,.3-stage tumors. In addition, patients with SIS=2
had a larger volume of EIBL and higher ratios of poorly
developed fissure, LNM and non-adenocarcinoma subtypes.
No difference was found in the other clinicopathological vari-
ables between these 3 groups.

Preoperative SIS and surgical outcomes
Morbidity and mortality

The overall morbidity rate in patients with SIS=0, SIS=1 and
SIS=2 was 26.4% (n=124), 30.3% (n=125) and 49.3%
(n=70), respectively (Figure 1; Table 2). The overall morbid-
ity rate in patients with SIS=2 was significantly higher than
that in patients with SIS ranged 0—1 (P<0.001). No difference

was found in overall morbidity rate between patients with
SIS=1 and with SIS=0 (P=0.20). Of the 3 dead cases, one got
an SIS=0 and another two got an SIS=1. No difference was
found in the mortality rate between these 3 groups.

The data for minor and major morbidities between 3
SIS groups are shown in Table 2. Both minor morbidity
and major morbidity rates in patients with SIS=2 were
significantly higher than those in patients with SIS ran-
ged 0-1 (P<0.001).
observed in either minor morbidity (P=0.34) or major
morbidity (P=0.12) between patients with SIS=0 and
with SIS=1.

However, no difference was

Individual complications

Demographic data for individual complications are summar-
ized in Table 2. Among five most frequent complications,
there was a significant step-wise increase in the incidences
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Figure | Overall, minor and major morbidity rates between 3 SIS groups.
Abbreviation: SIS, systemic inflammation score.
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Figure 2 Incidences of five most frequent complications between 3 SIS groups.
Abbreviation: SIS, systemic inflammation score.

of PAL and pneumonia in proportion to the SIS, as shown in
Figure 2. Patients with SIS=2 had the highest probability to
experience most of individual complications.

Compared to patients with SIS=0, patients with SIS=2
had significantly higher incidences of PAL (28.2 vs 10.0%;

P<0.001), pneumonia (23.9 vs 7.7%; P<0.001),
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subcutaneous emphysema (13.4 vs 5.5%; P=0.002),
pleural effusion (11.3 vs 1.9%; P<0.001), hemoptysis
(7.0 vs 2.3%; P=0.015) and chylothorax (2.8 vs 0.4%;
P=0.028). In addition, patients with SIS=1 had signifi-
cantly higher incidences of PAL (15.7 wvs 10.0%;
P=0.011), pneumonia (11.6 vs 7.7%; P=0.045), chy-
lothorax (2.2 vs 0.4%; P=0.019) and ARDS (1.0 vs
0.0%; P=0.047) than those of patients with SIS=0. No
significant difference was observed in the other individual
complications between these 3 groups.

ROC analysis of the SIS for morbidity

prediction

The ROC analysis of our modified SIS showed an AUC of
0.58 (95% CI=0.54-0.62; P<0.001) for predicting overall
morbidity. Moreover, the Chang’s original SIS got an
approximately equal AUC of 0.57 (95% CI=0.54-0.61;
P<0.001). With regard to the prediction of overall morbid-
ity, SALB at 40 g/L had 84% sensitivity and 26% specifi-
city, LMR at 4.42 had 54% sensitivity and 58% specificity,
and LMR at 4.44 had 53% sensitivity and 58% specificity.
Finally, SIS=2 was found to be the threshold value at
which the sensitivity (22.0%) plus specificity (90.0%)
were maximal.

Univariable analysis of predictors for

postoperative complications

The morbidity group patients had significantly higher age
(P<0.001), NLR (P=0.007), PLR (P=0.014), EIBL
(P<0.001) and operation time (P<0.001) but lower FEV;
% (P<0.001) and FEV/FVC (P<0.001) than those of non-
morbidity group patients. Compared to patients without any
complication, patients who experienced complications had
significantly higher ratios of males (P<0.001), SIS=2
(P<0.001), smoking history (P<0.001), respiratory comor-
bidity (P<0.001), cardio-cerebrovascular comorbidity
(P=0.002), incomplete pulmonary fissure (P<0.001), dense
pleural adhesion (P=0.017), LNM (P<0.001) and T,_;-stage
tumors (P=0.001). No significant difference was found in
the other clinicopathological variables between patients
with and without any morbidity (Table 3).

Multivariable analysis of predictors for

postoperative complications

Multivariable logistic-regression analysis was conducted on
clinicopathological parameters with univariable P<0.20
regarding to postoperative morbidity, as shown in Table 4.

The multivariable logistic-regression model with Hosmer—
Lemeshow-P=0.40 and C-statistic=0.76 (95%
CI=0.73-0.79; P<0.001) demonstrated that preoperative
respiratory comorbidity (OR=2.13; 95% CI=1.56-2091;
P<0.001), SIS=2 (OR=1.73; 95% CI=1.11-2.71; P=0.016),
incomplete  pulmonary  fissure = (OR=1.69; 95%
CI=1.25-2.29; P=0.001) and prolonged operation time
(OR=1.01; 95% CI=1.01-1.02; P<0.001) could indepen-
dently predict overall morbidity after VATS lobectomy
(Table 4; Figure 3).

In addition, we also established two effective multi-
variable logistic-regression models to demonstrate inde-
pendent risk factors for minor morbidity and major
morbidity, respectively (see Tables S1-S2). Accordingly,
we found that the SIS=2 could be predictive of both minor
morbidity (OR=1.79; 95% CI=1.15-2.80; P=0.011) and
(OR=1.87; 95% CI=1.09-3.20;
P=0.023) after adjusting the confounding influence from

major  morbidity

other clinicopathological factors.

Discussion

Key results and interpretations

The SIS is established on 3 laboratorial biomarkers, namely
sALB level, lymphocyte and monocyte counts, which can
be easily and inexpensively measured in routine clinical
practice. This scoring system is characterized by a simple
and effective integration of the clinically meaningful cutoffs
for both sSALB and LMR, reflecting a balance between host
inflammatory and nutritional conditions.” Since its first
introduction onto oncological prognosis prediction, the
SIS, as a novel risk stratification model, has been validated
in a variety of surgical specialties.” '

Chang et al’ firstly developed the SIS by incorporating
the sALB at 40 g/L and median LMR at 4.44 based on the
survival data of 441 patients undergoing nephrectomy for
ccRCC. A higher preoperative SIS was reported to be
significantly associated with aggressive oncological beha-
viors and poor 5-year overall survival (OS) of ccRCC. In
the subsequent retrospective analysis of 727 colorectal
cancer cases, Suzuki et al® adopted the Chang’s original
SIS to stratify patients with regard to long-term prognosis.
They also reported that a higher preoperative SIS was
significantly associated with a worse 5-year OS. In another
one smaller cohort of 271 hepatocellular carcinoma
patients, Shi et al'® utilized a ROC-derived optimal cutoff
of LMR (4.50) as the dichotomization criteria in their
modified SIS system. Accordingly, a preoperative SIS=2
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Table 4 Multivariable analysis of predictors for overall morbidity
Estimated factors OR 95% CI P-value
Age (per |-year increase) 1.004 0.98-1.02 0.72
Gender (male vs female) 1.24 0.79-1.93 0.35
Body mass index (kg/mz) (per unit decrease) 1.04 0.991-1.10 0.11
FEV,% (per unit decrease) 1.01 1.00-1.03 0.054
FEV,/FVC (%) (per unit decrease) 1.004 0.98-1.03 0.75
Systemic inflammation score (2 vs 0-1) 1.73 1.11-2.71 0.016
Neutrophil-to-lymphocyte ratio (per unit increase) 0.99 0.89-1.10 0.79
Platelet-to-lymphocyte ratio (per unit increase) 1.002 0.998-1.006 0.38
Hemoglobin (g/dL) (per unit decrease) 1.007 0.997-1.02 0.17
Smoking history 1.49 0.97-2.31 0.071
Respiratory comorbidity 2.13 1.56-2.91 <0.001
Cardio-cerebrovascular comorbidity 1.18 0.85-1.64 0.33
Right upper lobectomy 1.32 0.96—1.81 0.087
Pulmonary fissure completeness (incomplete vs complete) 1.69 1.25-2.29 0.001
Dense pleural adhesion (present vs absent) 1.33 0.78-2.25 0.30
Operation time (mins) (per 10 mins increase) 1.01 1.01-1.02 <0.001
Estimated intraoperative blood loss (mL) (per 10 mL increase) 1.002 1.00-1.004 0.083
Tumor invasion (T,.3vs.T|) 1.06 0.78-1.46 0.70
Lymph node metastasis 1.46 0.78-2.71 0.24
Note: FEV|/FVC, FEV, to FVC ratio.
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Figure 3 C-statistic revealing discriminative power of multivariable logistic-regression model for the prediction of overall morbidity.

was found to be predictive of poor 5-year OS after hepatic
surgery. The most recent study conducted by Sato et al’
firstly evaluated the effects of preoperative SIS on post-
operative complications in 187 patients undergoing gastric

cancer surgery. The authors finally concluded that the SIS
could also act as an effective risk assessment tool for
short-term outcomes. However, until recently, the efficacy
of the SIS has never been evaluated in lung cancer surgery.
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To the best of our knowledge, the present study was the
first to demonstrate the clinical significance of the SIS
scoring system for postoperative outcomes in a large
cohort consisting of >1,000 NSCLC patients who had
undergone VATS lobectomy. In our NSCLC series, we
modified the Chang’s original SIS scoring criteria by
applying preoperative sALB at 40 g/L and median LMR
at 4.42 for dichotomization and integration. This modified
SIS could not only reflect patient pro-inflammatory and
undernourished conditions but also correspond to the clin-
ical practice of VATS lobectomy in our department.

On the basis of grouping and analytical methods that
had been validated in currently available studies, we
divided all included patients into 3 groups according to
their SISs and then compared the clinical data between
these groups.” '® Patients with SIS=2, who were consid-
ered to suffer from hypoalbuminemia, lymphocytopenia
and monocytosis, had the worst baseline characteristics,
including the advanced age, more active smokers, severe
cardiopulmonary comorbidities and impaired lung func-
tion. That might be attributed to a significantly increased
risk of systemic inflammatory response in the patients with
insufficient immuno-nutritional reverse, especially in
elderly people and those who were debilitated by chronic
This
a good validity of the SIS to reflect patients’ immune-

underlying comorbidities. phenomenon showed
nutritional status before surgery. Furthermore, the highest
ratios of T, 3-stage tumors and LNM in the patients with
SIS=2 might also support a strong relationship between
suppression of immuno-nutritional characteristics and
aggressive oncological progression.

The highlight of our study was to demonstrate that the
SIS scoring system could serve as a novel risk stratifica-
tion tool for patients undergoing VATS lobectomy. Patients
with a preoperative SIS=2, which reflect the worst
immune-nutritional status, had the highest probability to
experience both minor and major morbidities postopera-
tively. No significant difference was found in the morbid-
ity rates between patients with SIS=0 and with SIS=1. We
also found a significant step-wise increase in the preva-
lence of PAL and pneumonia in proportion to the SIS,
which was similar to previous results reported in
gastrectomy.” However, no association was thus observed
between preoperative SIS and in-mortality rate. We specu-
lated that a limited number of events, only 3 deaths among
>1,000 patients, might cause a large decline of analytical
power. Finally, our multivariable logistic-regression ana-
lyses highlighted that a higher preoperative SIS could be

an excellent discriminator for morbidity risks after VATS
lobectomy. As an integrated indicator based on SALB and
LMR, the biological reasons underlying the potent predic-
tive value of preoperative SIS may be elucidated by
a combination of the following two plausible mechanisms.

First, lymphocytes can assist to enhance cancer
immune-surveillance and inhibit tumor growth by secret-
ing a series of cytokines that participate in the cellular
immunity. A large decline of circulating lymphocyte
counts can lead to a weak and insufficient immune
response to oncological progression.®”* Furthermore,
recent evidence demonstrates that monocytes can be
recruited in carcinomatous tissues and further differentiate
into tumor-associated macrophages, which play a key role
in the tumor microenvironment, cancer cell proliferation
and encouraging metastasis.'> Thus, an elevated level of
circulating monocytes may represent the increase of
tumor-associated macrophages as a surrogate for high
cancer burden. Given the above concerns, a significant
decline of LMR conveying both monocytosis and lympho-
cytopenia plays a strong predictive role for adverse
outcomes.’

Second, sALB is known as a negative acute-phase protein
and routinely employed to reflect patient nutritional status.
Hypoalbuminemia represents not only an undernourished con-
dition but also a sustained systemic inflammatory response as
the synthesis of sSALB could be suppressed by malnutrition and
inflammation.'® Preoperative malnutrition has shown evident
effects in terms of tissue vulnerability, delayed wound healing
and increased susceptibility to infectious complications.”
Besides, the excessive protein catabolism induced by surgery
can further impair global immune-nutritional function and
physiological homeostasis. Thus, patients with a lower SALB
level are less likely to have an adequate response to operative
stress because of their compromised ability to withstand an
acute injury, resulting in a dramatically increased risk of
adverse events.

Generalizability

Our findings can facilitate thoracic surgeons to better
distinguish the patients with high surgical risk by incor-
porating a preoperative SIS into traditional assessment
models to complement morbidity prediction in VATS
lobectomy. Of course, the SIS system might also be very
helpful for risk stratification in octogenarians and patients
undergoing major lung resections through conventional
thoracotomy. In order to enhance the surgical tolerability
and limit the adverse effects induced by major morbidities,
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nutritional supportive care and intensive symptomatic
therapies will be quite necessary when patients have
a higher preoperative SIS. An early enteral alimentation,
which has been reported to elevate the sALB level and
lymphocyte counts, may improve postoperative outcomes

of patients with poor immune-nutritional reserve.’

Limitations
Several limitations in this study must be acknowledged.

First, our study was subject to the inherent limitations
of any single-center retrospective analysis without external
validation. Potential selection bias might complicate our
findings, although our cohort included >1,000 patients in
accordance with fairly strict eligibility criteria, which had
been made to eliminate potential confounding influence
from neoadjuvant/adjuvant therapy, concomitant malig-
nancy, additional surgical procedures, intraoperative
events and blood sampling time before surgery. We recom-
mend that more prospective validating studies with much
better control of potential confounders from patient char-
acteristics are needed to verify the SIS efficacy in lung
cancer surgery.

Second, putative inflammatory indicators such as the
C-reactive protein, fibrinogen and cytokines, were not
gathered in the present analysis because they might not
be routinely measured in our institutional clinical practice.
Several common risk scales involving these biomarkers
could not be estimated to help to interpret our findings.
Therefore, further studies are highly desirable to estimate
the clinical significance of SIS in combination with such
specific laboratory markers.

Third, we utilized the median LMR of the entire
NSCLC series to modify the Chang’s original SIS scoring
criteria since no international consensus had been recom-
mended on the reference values for LMR. The dichoto-
mized cutoffs of LMR varied across studies.

Fourth, some of pulmonary diffusion function indexes,
such as the carbon monoxide diffusing capacity, had unfor-
tunately missed from our database maintained during the
study period. So these parameters were not evaluated in all
included patients.

Fifth, overall morbidity included various types of indi-
vidual complications. Predictive roles of preoperative SIS
for each complication remained unclear. Thus, the rela-
tionship between the SIS and individual complications
should be clarified in the future studies.

Finally, the potential influence of the SIS scoring sys-
tem on long-term survival of surgical patients with

NSCLC still remains unclear in this study since a 5-year
follow-up for all included patients was not completed.
Maybe we will further validate the prognostic value of
SIS for both OS and disease-free survival in patients
undergoing lung cancer surgery in the future.

Conclusions

The present study demonstrates that a higher preoperative
SIS acts as an excellent discriminator for morbidity risks
following VATS lobectomy for NSCLC. The SIS scoring
system can be employed as a simplified, effective and
routinely operated risk stratification tool to provide readily
available and objective information for morbidity predic-
tion. Owing to several inherent limitations of the retrospec-
tive design, more large-scale prospective validating
analyses with a long-term follow-up are warranted to sub-

stantiate and validate our findings in the future.
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Table S1 Multivariable analysis of predictors for minor morbidity (Clavien-Dindo Grade Il complications)?
Estimated factors Odds ratio 95% CI P-value
Age (year) (per |-year increase) 1.006 0.98-1.03 0.59
Gender (male vs female) 1.25 0.81-1.93 0.32
FEV,% (per unit decrease) 1.01 0.999-1.03 0.064
FEV,/FVC (%) (per unit decrease) 1.005 0.98-1.03 0.68
Systemic inflammation score (2 vs 0-1) 1.79 1.15-2.80 0.011
Neutrophil-to-lymphocyte ratio (per unit increase) 0.98 0.88-1.10 0.72
Platelet-to-lymphocyte ratio (per unit increase) 1.001 0.997-1.006 0.51
Smoking history 1.40 0.89-2.22 0.14
Respiratory comorbidity 1.99 1.44-2.76 <0.001
Cardio-cerebrovascular comorbidity 1.08 0.77-1.52 0.66
Right upper lobectomy 1.46 1.05-2.01 0.024
Pulmonary fissure completeness (incomplete vs complete) 1.66 1.21-2.28 0.002
Dense pleural adhesion (present vs absent) 1.31 0.76-2.27 0.33
Operation time (mins) (per 10 mins increase) 1.01 1.009-1.02 <0.001
Estimated intraoperative blood loss (mL) (per 10 mL increase) 1.003 1.000-1.005 0.018
Tumor invasion (T3 vs T)) 1.004 0.72-1.39 0.98
Lymph node metastasis 1.51 0.80-2.84 0.20

Notes: “The multivariable logistic-regression model was established based on 284 patients with minor morbidity and 706 patients without any morbidity to identify the risk
factors for minor morbidity. The data for major morbidity (Clavien-Dindo Grade 2Ill complications) were excluded. This multivariable logistic-regression model got

a Hosmer—Lemeshow P=0.13 and a C-statistic of 0.75 (95% Cl: 0.72-0.79; P<0.001). FEVI/FVC, FEVI to FVC ratio.

Table S2 Multivariable analysis of predictors for major morbidity (Clavien-Dindo Grade 2Ill complications)?

Estimated factors Odds ratio 95% ClI P-value
Age (year) (per |-year increase) 0.992 0.97-1.02 0.53
Gender (male vs female) 1.45 0.83-2.54 0.20
Body mass index (kg/m?) (per unit decrease) 1.07 1.005-1.14 0.036
FEV,% (per unit decrease) 1.01 0.994-1.03 0.19
FEV\/FVC (%) (per unit decrease) 1.02 0.98-1.05 0.34
Systemic inflammation score (2 vs 0-1) 1.87 1.09-3.20 0.023
Neutrophil-to-lymphocyte ratio (per unit increase) 0.92 0.79-1.08 0.29
Platelet-to-lymphocyte ratio (per unit increase) 1.006 1.001-1.01 0.017
Smoking history 1.44 0.79-2.63 0.23
Respiratory comorbidity 3.37 2.19-5.19 <0.001
Cardio-cerebrovascular comorbidity 1.58 1.01-2.45 0.044
Renal insufficiency 1.17 0.60-2.27 0.64
Pulmonary fissure completeness (incomplete vs complete) 2.40 1.58-3.66 <0.001
Dense pleural adhesion (present vs absent) 1.12 0.58-2.15 0.75
Operation time (mins) (per 10 mins increase) 1.02 1.01-1.03 <0.001
Estimated intraoperative blood loss (mL) (per 10 mL increase) 1.001 0.998-1.003 0.67
Tumor invasion (T3 vs T)) 1.12 0.73-1.72 0.60
Lymph node metastasis 1.27 0.55-2.95 0.57

Notes: “The multivariable logistic-regression model was established based on 152 patients with major morbidity and 706 patients without any morbidity to identify the risk
factors for major morbidity. The data for minor morbidity (Clavien-Dindo Grade Il complications) were excluded. This multivariable logistic-regression model got

a Hosmer—Lemeshow P=0.10 and a C-statistic of 0.82 (95% CI: 0.78-0.85; P<0.001). FEVI/FVC, FEVI to FVC ratio.
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