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Abstract

Background Systemic nutrition and inflammation status is recognized for its influence on cancer survival, yet its role
in perioperative outcomes remains poorly defined. This study aimed to refine the assessment of systemic nutrition
and inflammation status in non-small cell lung cancer (NSCLC) patients and to elucidate its impact on perioperative
outcomes.

Methods All patients underwent video-assisted thoracoscopic lobectomy, with their nutrition and inflammation sta-
tus assessed based on preoperative blood tests. The development cohort, comprising 1497 NSCLC patients from two
centers, evaluated the predictive value of systemic nutrition/inflammation indicators for perioperative endpoints

and formulated the systemic nutrition-inflammation index (SNII). The tertiles of SNII were used to classify the nutri-
tion/inflammation risk as high (< 15.6), moderate (15.6-23.1), and low (>23.1). An external validation cohort of 505
NSCLC patients was utilized to confirm the effectiveness of SNII in guiding perioperative management.

Results In the development cohort, the SNII tool, calculated as the product of total cholesterol and total lympho-
cytes divided by total monocytes, demonstrated a stronger correlation with perioperative outcomes compared

to 11 existing nutrition/inflammation indicators. A low SNII score, indicative of high nutrition/inflammation risk,

was independently predictive of increased complication incidence and severity, as well as prolonged chest tube
duration and hospital stay. These findings were corroborated in the validation cohort. Upon combining the devel-
opment and validation cohorts, the superiority of the SNII in predicting perioperative outcomes was further con-
firmed over the existing nutrition/inflammation indicators. Additionally, comprehensive subgroup analyses revealed
the moderately variable efficacy of SNII across different patient populations.
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Conclusions This study developed and validated the SNII as a tool for identifying systemic nutrition and inflamma-
tion risk, which can enhance perioperative managements in NSCLC patients. Patients identified with high risk may
benefit from prehabilitation and intensive treatments, highlighting the need for further research.

Keywords Non-small cell lung cancer, Nutrition, Inflammation, Perioperative management

Background

Lung cancer is the most prevalent malignancy and the
leading cause of cancer-related mortality worldwide,
with an estimated 2.48 million new cases and 1.82 mil-
lion deaths reported in 2022 [1]. Lung adenocarcinomas
now constitute the majority of non-small cell lung can-
cers (NSCLCs) [2, 3]. Anatomical resection remains a
cornerstone for the radical treatment of NSCLCs, with
video-assisted thoracoscopic surgery (VATS) lobec-
tomy emerging as a mainstay of thoracic oncology [4,
5]. Despite advancements in surgical techniques and
perioperative care, the incidence of complications follow-
ing VATS lobectomy, reported at 20.0-30.0%, remains
a significant concern [5, 6]. Certain patient populations
continue to experience complications and slow recovery,
leading to higher medical costs, diminished quality of
life, and potential long-term morbidities. Identifying risk
factors and implementing effective interventions are cru-
cial from improving perioperative outcomes in NSCLC
patients, an area of ongoing research focus.

Host properties of nutrition and inflammation signifi-
cantly affect therapeutic outcomes in cancers and other
diseases [7, 8]. However, their role in perioperative man-
agement has not been thoroughly explored. Traditionally,
apart from the age, gender, and smoking factors, perio-
perative management for NSCLC patients has focused
on local factors, such as comorbidities, cardiopulmonary
function, and cancer characteristics, often overlook-
ing nutrition and inflammation factors [9-12]. Recent
studies have highlighted the impact of systemic nutri-
tion and inflammation status on response to anticancer
treatment, disease progression, and survival outcomes
[2, 13-15]. The interaction between systemic nutrition
and inflammation and the local tumor microenviron-
ment has shown promise in NSCLCs [2] and gastrointes-
tinal cancers [16, 17]. Considering the physical demands
of VATS lobectomy, a patient’s baseline nutrition and
inflammation status can significantly influence periop-
erative outcomes and postoperative recovery. Addressing
poor nutritional and inflammatory conditions through
prehabilitation may enhance short-term postoperative
outcomes. These considerations underscore the need for
systematic investigation.

Several algorithms have been developed to assess sys-
temic nutrition and inflammation based on routine
blood tests (Additional file 1: Table S1), including the

albumin-to-globulin ratio (AGR) [18], the advanced lung
cancer inflammation index [15], the controlling nutri-
tional status score (COUNT) [19], the geriatric nutri-
tional risk index [20], the lymphocyte-to-monocyte ratio
(LMR) [21], the neutrophil-to-lymphocyte ratio (NLR)
[22], the neutrophil-to-platelet ratio [23], the platelet-to-
lymphocyte ratio [24], the prognostic nutritional index
[25], the systemic immune-inflammation index [26],
and the systemic inflammation response index (SIRI)
[27]. These indicators, derived from routinely tested bio-
chemical and anthropometry parameters, have yet to be
extensively evaluated for their predictive value in guiding
perioperative managements, particularly in relation to
complications and recovery in NSCLCs.

This study aimed to evaluate the predictive value of
preoperative nutrition and inflammation indicators for
perioperative outcomes in NSCLC patients undergoing
VATS lobectomy. We have developed and validated the
systemic nutrition-inflammation index (SNII), a com-
posite biochemical indicator for assessing nutrition and
inflammation risk, with the goal of facilitating more
effective perioperative management.

Methods

Study design

This study encompassed both development and valida-
tion cohorts, as depicted in Fig. 1. For the development
cohort, we amalgamated databases from two institu-
tions: The First Affiliated Hospital of Zhengzhou Univer-
sity (cohort 1), with NSCLC patients undergoing VATS
lobectomy from January 2018 to December 2020, and
Peking University People’s Hospital (cohort 2), with data
from January 2014 to December 2016. Nutrition and
inflammation parameters, derived from preoperative
routine blood tests, were correlated with perioperative
outcomes to develop the SNII tool. The external valida-
tion for the SNII was conducted using data from NSCLC
patients who underwent VATS lobectomy at Henan
Cancer Hospital (cohort 3) between January 2017 and
December 2018. This study protocol was approved by the
Ethics Committee Board of the First Affiliated Hospital
of Zhengzhou University (2024-KY-1756-001) and the
Ethics Committee Board of Peking University People’s
Hospital (2022PHB151-001). Data from all three cohorts
were collected prospectively and analyzed retrospec-
tively. Informed consent was previously obtained from all
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Cohort 1: NSCLC patients undergoing VATS lobectomy between 2018 and
2020 in The First Affiliated Hospital of Zhengzhou University (N = 1005)
Cohort 2: NSCLC patients undergoing VATS lobectomy between 2014 and

Cohort 3: NSCLC patients undergoing VATS lobectomy
between 2017 and 2018 in Henan Cancer Hospital

2016 in Peking University Peoples’ Hospital (N = 845)

(N = 665)

Exclusion (N =353)
1. Bilobectomy or sleeve lobectomy (N =31)
2. Anticancer treatment before surgery (N = 66)
3. Non-radical surgery (N =26)
4. Active infection (N = 39)
5. Thoracic or abdominal surgery within 1 year (N = 3)
6. Cancer history within 5 years (N = 51)
7. Specific comorbidities (N = 36)
8. Lack of required data (N = 101)

Exclusion (N = 160)

1. Bilobectomy or sleeve lobectomy (N = 12)
2. Anticancer treatment before surgery (N = 32)
3. Non-radical surgery (N = 9)

4. Active infection (N = 11)

5. Cancer history within 5 years (N = 23)

6. Specific comorbidities (N = 26)

7. Lack of required data (N = 47)

Development cohort (N = 1497)

Validation cohort (N = 505)

postoperative complications and recovery endpoints

Association between preoperative nutrition/inflammation indicators and

Association between the nutrition/inflammation risk
identified by the SNII tool and postoperative endpoints

Establishment and classification of the SNII tool

External validation of the SNII tool

Fig. 1 Study design and patient recruitment flowchart. This flowchart illustrates the process of the study design and the recruitment of patients
for both development and validation cohorts. SNII, the systemic nutrition-inflammation index; VATS, the video-assisted thoracoscopic surgery

patients for the establishment and utilization of institute
databases. The study was reported in accordance with the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement [28].

Participants

In both development and validation cohorts, patients
with NSCLC, aged over 18 years, and undergoing ana-
tomic VATS lobectomy were consecutively included.
Exclusion criteria included (1) bilobectomy or sleeve
lobectomy; (2) anticancer treatment before surgery; (3)
non-radical resection; (4) active infection within 2 weeks
before surgery; (5) history of thoracic or abdominal sur-
gery within 1 year; (6) cancer history within 5 years; (7)
liver or kidney dysfunction; (8) comorbidities of rheu-
matic, immune, hematologic, or lymphatic system; and
(9) lack of required data.

Treatment strategy

Standard preoperative assessment included thoracic
computed tomography, cardiopulmonary function tests,
abdominal and adrenal gland ultrasonography, brain
magnetic resonance imaging, and bone scans. Endobron-
chial ultrasound-guided transbronchial needle aspiration
or mediastinoscopy biopsy was performed for mediasti-
nal lymph node enlargement. Positron emission tomog-
raphy/computed tomography was utilized to detect
suspected metastasis. Staging or restaging of cancer was

based on the American Joint Committee on Cancer 8th
edition of the tumor, node, and metastasis (TNM) clas-
sification system. Anatomic VATS lobectomy with hilar
and mediastinal lymph node dissection was the standard
surgical approach. All procedures were performed by
proficient thoracic surgeons. Postoperative care involved
management of fluid and electrolyte balance, nutri-
tional supplement, pulmonary exercises, and physical
rehabilitation.

Nutrition/inflammation risk assessment

In the development cohort (Additional file 1: Table S2),
systemic nutrition and inflammation parameters were
assessed through preoperative routine blood tests con-
ducted within 1 week prior to surgery. The basic nutri-
tion/inflammation items measured included total
protein, serum albumin, serum globulin, total choles-
terol, hemoglobin, total neutrophils, total lymphocytes,
total monocytes, and total platelets in peripheral blood.
The existing systemic nutrition and inflammation indica-
tors were determined by incorporating these nutrition/
inflammation items, either with or without the inclu-
sion of anthropometric parameters (Additional file 1:
Table S1).

We began by evaluating the predictive power of the
existing systemic nutrition and inflammation indi-
cators for perioperative outcomes using receiver
operating characteristic (ROC) curve analysis and
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multivariate regression analysis (Table 1 and Additional
file 1: Table S3). The independent predictive value of
these established indicators was found to be relatively
weak when adjusted for clinicopathological variables. To
address this, we pinpointed the key foundational nutri-
tion/inflammation items that demonstrated the strong-
est predictive potential for perioperative outcomes
through multivariable analysis. Building on this, we cre-
ated novel nutrition/inflammation indicators, the SNII,
by integrating these key foundational variables through
a method of variable division. This method involves the
mathematical division of two or more related variables
to yield a new metric, which not only mitigates poten-
tial biases in individual variables but also elucidates their
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interrelationships and interactions. In line with standard
practices, we utilized the tertiles of SNII to stratify the
nutrition/inflammation risk as low, moderate, and high,
thus establishing novel classification systems.

Finally, we validated the predictive efficacy of the SNII
classification systems for perioperative outcomes in an
external cohort.

Endpoints

For both the development and validation cohorts, the
primary endpoints were overall complications and dura-
tion of hospital stay following surgery. Secondary end-
points included specific complications, complication
severity, chest tube duration, unscheduled readmission

Table 1 Predictive values of systemic nutrition/inflammation indicators for perioperative endpoints in the development cohort

(n=1497)
Parameters Incidence of overall complications® Length of postoperative hospital stay®
AUC (95% ClI) P values Associations 6 days 8 days 12 days Associations
The existing nutrition/inflammation indicators
Biochemical groups
PNI 0.534 (0.490-0.579) 0.13 Negative 0.556 0.551 0519 Negative
COUNT 0.565 (0.520-0.611) 0.004 Positive 0.547 0.569 0.556 Positive
AGR 0.546 (0.500-0.592) 0.044 Positive 0.558 0.527 0.543 Positive
NLR 0.565 (0.522-0.609) 0.004 Positive 0.557 0.562 0.556 Positive
PLR 0.523 (0.480-0.567) 031 Positive 0.506 0.54 0.509 Positive
NPR 0.557 (0.513-0.600) 0.013 Positive 0.558 0.539 0.541 Positive
LMR 0.600 (0.559-0.641) <0.001 Negative 0.579 0.582 0.564 Negative
SIRI 0.582 (0.539-0.625) <0.001 Positive 0.570 0.569 0.557 Positive
SI 0.532 (0.486-0.577) 0.17 Positive 0.528 0.542 0.530 Positive
Biochemical and anthropometry groups
GNRI 0.536 (0.490-0.582) 0.11 Negative 0.548 0.537 0.536 Negative
AL 0.572(0.528-0.615) 0.002 Negative 0.568 0.570 0.569 Negative
The basic nutrition/inflammation items
Total protein, g/L 0.535 (0.489-0.581) 0.13 Negative 0.579 0.537 0.530 Negative
Serum albumin, g/L 0.511 (0.466-0.556) 0.63 Negative 0.541 0.522 0.502 Negative
Serum globulin, g/L 0.551 (0.504-0.599) 0.024 Negative 0.579 0.538 0.545 Negative
Total cholesterol, mmol/L 0.569 (0.526-0.612) 0.002 Negative 0.590 0.587 0.587 Negative
Hemoglobin, g/L 0.526 (0.479-0.573) 0.26 Positive 0.528 0.525 0.524 Positive
Total neutrophils, x 10°/L 0.536 (0.489-0.583) 0.11 Positive 0.541 0.530 0.533 Positive
Total lymphocytes, x 10%/L 0.559 (0.514-0.603) 0.010 Negative 0.523 0.552 0.529 Negative
Total monocytes, x 10%/L 0.553 (0.510-0.596) 0.020 Positive 0.551 0.538 0.530 Positive
Total platelet, x 10°/L 0.546 (0.502-0.591) 0.042 Negative 0.528 0.525 0.524 Negative
Newly proposed nutrition/inflammation indicator
SNII 0.612 (0.571-0.653) <0.001 Negative 0.591 0.603 0.596 Negative

AGR albumin-to-globulin ratio, AL/ advanced lung cancer inflammation index, C/ confidence interval, CONUT controlling nutritional status score, GNRI geriatric
nutritional risk index, LMR lymphocyte-to-monocyte ratio, NLR neutrophil-to-lymphocyte ratio, NPR neutrophil-to-platelet ratio, PLR platelet-to-lymphocyte ratio, PN/
prognostic nutritional index, S/ systemic immune-inflammation index, SIRI systemic inflammation response index, SNII systemic nutrition-inflammation index

2 Receiver operating characteristic (ROC) curves were utilized to evaluate the predictive values of nutrition/inflammation indicators for the incidence of postoperative

complications

b Time-dependent ROC curves were employed to assess the predictive value of nutrition/inflammation indicators concerning the length of postoperative hospital
stay. Area under the curve (AUC) values are reported for these analyses. The specific time points analyzed were 6, 8, and 12 days post-surgery
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within 30 days, and 90-day mortality. Intraoperative end-
points, such as operative time and estimated blood loss,
were also assessed.

Postoperative complications were identified according
to the Common Terminology Criteria for Adverse Events
v5.0 [29], classified using the Clavien—-Dindo classifica-
tion [30], and quantified using the comprehensive com-
plication index (CCI) [31]. Major complications were
defined as those with a Clavien-Dindo classification
of >2. Chest tubes were removed under conditions of no
sign of leakage, normal drainage, and the drainage vol-
ume of less than 200 ml/day. Discharge criteria included
stable vital signs, ability to tolerate oral feeding, absence
of complications requiring hospital treatment, unassisted
ambulation, and manageable pain with oral analgesics.

Patients were closely monitored for 30 days following
discharge to identify any late complications, unsched-
uled readmission, or other issues. The initial follow-up
appointment was scheduled routinely at 90 days post-
surgery. The 90-day mortality rate, which is considered
to be related to surgical complications, was evaluated and
analyzed.

Statistical analysis

Categorical data are presented as frequencies (percent-
ages), while continuous data are shown as means (stand-
ard deviations, SDs) or medians (interquartile ranges,
IQRs). Group differences were assessed using ANOVA,
Pearson’s chi-squared tests, Fisher’s exact test, Mann—
Whitney U tests, or Kruskal-Wallis tests as appropri-
ate. ROC curves were utilized to evaluate the predictive
accuracy of nutrition and inflammation indicators for
perioperative endpoints, with the area under the curve
indicating performance. Propensity score matching bal-
anced patient baseline characteristics using a logistic
regression model, with SNII-defined nutrition/inflamma-
tion risk as the matching indicator, considering variables
such as age, sex, comorbidity, smoking history, lung func-
tion, tumor location, histology, and cancer stage. A 1:1
match was made with a caliper width of 0.2 of the stand-
ard deviation for the nearest propensity scores. Multi-
variable analysis was performed using logistic regression
and the Cox proportional hazards regression models.
Subgroup analysis of clinicopathological characteristics
was conducted to identify vulnerable populations at risk
from nutrition and inflammation effects. Odds ratios
(ORs) and hazard ratios (HRs) with 95% confidence
intervals (Cls) were reported. A two-tailed P value <0.05
was considered significant. All analyses were conducted
using IBM SPSS Statistics for Windows (version 22.0,
IBM Corp., Armonk, NY, USA) and R tool (version 4.2.0,
R Core Team, Vienna, Austria).
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Results

Development cohort

Participants

The development cohort comprised 1497 NSCLC
patients, with 805 from cohort 1 and 692 from cohort 2
(Fig. 1). Clinicopathological data are detailed in Addi-
tional file 1: Table S2. All patients underwent radical
VATS lobectomy as the primary treatment, with an aver-
age age was 61.2 years (SD: 10.3). The cohort included
724 females (48.4%) and 773 males (51.6%), with 37.4%
having a smoking history. Median operation time was
165 min (IQR: 135-200), and estimated blood loss was
50 ml (IQR: 30-100). Adenocarcinoma and squamous
cell carcinoma (SCC) accounted for 81.8% and 14.0% of
cases, respectively. Pathological TNM stage distribution
was IA (44.4%), IB (24.6%), II (14.6%), and III (16.4%).
Postoperative complications occurred in 182 patients
(12.2%), with a median chest tube duration of 5 days
(IQR: 3-7) and a postoperative hospital stay of 7 days
(IQR: 5-9). Rates of unscheduled readmission within
30 days and 90-day mortality were 1.34% and 1.27%,
respectively.

The existing nutrition/inflammation indicators

and perioperative endpoints

The existing nutrition/inflammation indicators for
the development cohort are detailed in Additional
file 1: Table S2. Their predictive values for postopera-
tive complications and hospital stay, as determined by
ROC curves and multivariable regression analyses, are
presented in Table 1 and Additional file 1: Table S3,
respectively. The LMR, SIRI, COUNT, NLR, and AGR—
particularly the LMR and SIRI—showed moderate pre-
dictive values for these endpoints in ROC curves and
univariable regression analyses. However, after adjusting
for demographic and surgical parameters, none of these
established nutrition/inflammation indicators was found
to be independently associated with the primary end-
points. Notably, both the LMR and SIRI include periph-
eral lymphocyte and monocyte parameters but with
reversed ratios, highlighting the prognostic significance
of these two parameters for the endpoints.

Establishment of the SNI for nutrition/inflammation risk
assessment

We aimed to develop new systemic nutrition/inflamma-
tion indicators that have a stronger correlation with peri-
operative outcomes and are easy to use, based on readily
available nutrition/inflammation items derived from
routinely preoperative blood tests. The predictive val-
ues of these foundational nutrition/inflammation items
for primary endpoints were assessed using ROC curves
and multivariate regression analyses, as shown in Table 1
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and Additional file 1: Table S4, respectively. These analy-
ses identified total cholesterol, total lymphocytes, and
total monocytes as the key predictive parameters. Nota-
bly, total lymphocytes and total monocytes are param-
eters that have been widely used in established nutrition/
inflammation indicators (Additional file 1: Table S1),
whereas total cholesterol has not been well recognized
or utilized. Moreover, total lymphocytes and total cho-
lesterol were found to be negatively associated with the
incidence of overall complications and the length of post-
operative hospital stay, whereas total monocytes were
associated with an increase in complications and a pro-
longation of postoperative hospital stay. Consequently,
we developed a novel nutrition/inflammation indicator,
the SNII, by combining these three key predictive param-
eters using a variable division method: total cholesterol
(mmol/L) X total lymphocytes / total monocytes. The
median value of SNII in the development cohort was 19.1
(IQR: 13.9-25.6). Following conventional practices, we
used the tertiles of SNII to categorize nutrition/inflam-
mation risk into low (>23.1), moderate (15.6—-23.1), and
high (<15.6), thereby establishing a new classification
system, with 497 patients in each group (Table 2).

SNIl and clinicopathological characteristics

Groups classified by the SNII showed significant differ-
ences in age, gender, smoking history, Charlson comor-
bidity index, diabetes prevalence, lung function, cancer
histology, and pathological stage (Table 2). Patients with
high nutrition/inflammation risk was older, more males,
had more smoking history, higher comorbidity index,
increased diabetes prevalence, poorer lung function,
higher SCC proportion, higher risk of vascular invasion,
and more advanced pathological stage. After propensity
score matching, 278 pairs were selected with no signifi-
cant differences in baseline characteristics among groups.

SNIl and perioperative endpoints
Intraoperatively, high nutrition/inflammation  risk
patients identified by the SNII showed increased opera-
tive time and blood loss, with no differences after pro-
pensity score matching (Table 2). Postoperatively,
moderate and high-risk patients had increased overall
complications rates, particularly cardiac, pulmonary, and
hypoalbuminemia. Clavien—-Dindo grades and CCI ele-
vated with the increased SNII risk. A high or moderate
SNII risk was also associated with prolonged chest tube
duration and hospital stay and increased rates of 90-day
mortality.

Propensity score matching confirmed that high-
risk patients had increased complications, higher

Page 6 of 18

complication grades, larger CCI, and prolonged chest
tube duration and hospital stay compared to moderate or
low-risk patients (Table 2). However, patients with mod-
erate and low SNII risk showed no significant differences
in these endpoints after propensity score matching.

Multivariable analyses (Table 3) demonstrated that
high nutrition/inflammation risk was independently
associated with increased incidence of overall compli-
cations and major complications, prolonged chest tube
duration, and extended hospital stay, after adjusting for
demographics, surgical parameters, and cancer charac-
teristics. Moderate SNII risk showed a non-significantly
association with these endpoints.

Validation cohort

Participants

The validation cohort consisted of 505 NSCLC patients
(Fig. 1). Clinicopathological characteristics are detailed
in Additional file 1: Table S5. All patients underwent
radical VATS lobectomy with an average age of 64.5 years
(SD: 9.13). The cohort included 277 females (54.9%) and
228 males (45.1%), with 37.0% having a smoking history.
Median operation time was 170 min (IQR: 140-196), and
estimated blood loss was 50 ml (IQR: 40-70). Adeno-
carcinoma and SCC were presented in 78.8% and 13.1%
of patients, respectively. Pathological TNM stage dis-
tribution was IA (62.2%), IB (12.5%), II (12.7%), and III
(12.7%). Postoperative complications occurred in 104
patients (20.6%), with a median chest tube duration of
5 days (IQR: 4-8) and a postoperative hospital stay of
7 days (IQR: 6-8). Rates of unscheduled readmission
within 30 days and 90-day mortality were 2.57% and
1.58%, respectively.

SNl and clinicopathological characteristics

The preoperative SNII median value was 18.4 (IQR: 12.0—
25.4). Using the established SNII classification, systemic
nutrition/inflammation risk was categorized as low,
moderate, and high in 163 (32.3%), 163 (32.3%), and 179
(35.4%) patients, respectively (Table 4). Consistent with
the development cohort, high-risk patients were older,
more males, had more extensive smoking and drinking
histories, increased prevalence of cardiovascular disease
and diabetes, poorer lung function, a higher propor-
tion of SCC, increased vascular invasion risk, and more
advanced stages. After propensity score matching of 114
pairs, no significant differences in clinicopathological
characteristics were observed between the high-risk and
low-to-moderate risk groups.
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SNIl and perioperative endpoints

High nutrition/inflammation risk patients identified by
the SNII showed increased operative time and estimated
blood loss compared to low-to-moderate risk patients,
with no differences after propensity score matching
(Table 4). The incidence rate of overall complications
was significantly higher in the high-risk group, with ele-
vated Clavien—-Dindo grades and increased CCI, persist-
ing after propensity score matching. High-risk patients
also had prolonged chest tube duration, larger drainage
volume, and longer hospital stay, with significant differ-
ences in chest tube duration and hospital stay remaining
after matching, but not in drainage volume. Additionally,
patients with high nutrition/inflammation risk showed
trends of increased incidence of unscheduled readmis-
sion within 30 days and 90-day mortality.

Comparisons of SNII with the existing nutrition/
inflammation indicators

By combining the development and validation cohorts,
we compared the predictive values of the SNII for perio-
perative endpoints with those of established nutrition/
inflammation indicators known for their moderate pre-
dictive values, such as the LMR, SIRI, COUNT, NLR,
and AGR (Fig. 2). The ROC curves indicated that the
SNII showed superior predictive power for the incidence
of overall complications, major complications, cardiac
complications, pulmonary complications, unscheduled
readmissions within 30 days, and 90-day mortality when
compared to other nutrition/inflammation indicators.
Additionally, time-dependent ROC curves revealed a
stronger association between the SNII and the length of
postoperative hospital stay (at the 8-day timepoint) and
chest tube duration (at the 6-day timepoint) than was
observed with other nutrition/inflammation indicators.

Comprehensive subgroup analysis of the SNII classification
system

Combining development and validation cohorts, high
nutrition/inflammation risk identified by SNII correlated
with increased complication risk and prolonged hospital
stay across most subgroups defined by age, gender, smok-
ing history, comorbidity index, specific comorbidities,
body mass index (BMI), cancer histology, and pathologi-
cal stage (Fig. 3). Notably, the correlation between the
risk identified by SNII and primary endpoints was signifi-
cantly reduced in patients with a history of smoking or
a Charlson comorbidity index of 3 or higher, compared
to those without these factors. In patients with cardio-
vascular disease, pulmonary disease, or diabetes, a high
SNII risk was associated with the occurrence of adverse
endpoints, although this association was either signifi-
cant or not, possibly due to the relatively small sample

Page 10 of 18

size in these subgroups. Moreover, the link between high
SNII risk and adverse endpoints remained significantly
among patients with different BMIs, although this sig-
nificance tended to decrease with increasing BMI. In
patents with SCC, high nutrition/inflammation risk was
not significantly associated with endpoints. Furthermore,
moderate nutrition/inflammation risk was associated
with postoperative endpoints in specific populations,
such as those without comorbidities and those with lung
adenocarcinomas.

Discussion

This study evaluated the impact of preoperative sys-
temic nutrition and inflammation risk on the periop-
erative outcomes of NSCLC patients undergoing VATS
lobectomy. The SNII, derived from routine preoperative
blood parameters, was established and validated for its
correlation with postoperative complications and recov-
ery. It demonstrates potential in simplifying the assess-
ment of systemic nutrition and inflammation states,
thereby enhancing perioperative management in NSCLC
patients.

Previous researches have extensively documented the
correlation between patients’ systemic nutrition and
inflammation profiles and survival outcomes, with less
emphasis on perioperative recovery. In the context of
NSCLC, elevated nutrition/inflammation risk has been
associated with diminished response to cancer treat-
ments [13, 14], earlier recurrence [2], and poor survival
rates [15]. Similar adverse effects have been reported in
small cell lung cancer [32], gastrointestinal cancers [21,
27, 33], and urogenital cancers [34—36]. For periopera-
tive outcomes, high nutrition/inflammation risk has been
identified as a predictor for severe complications and
infections in patients with esophageal and gastric cancer
undergoing surgical resection [33, 37]. This study, focus-
ing on NSCLC patients undergoing VATS lobectomy,
compared the predictive capabilities of existing systemic
nutrition/inflammation indicators for perioperative end-
points and integrated total lymphocytes, total mono-
cytes, and total cholesterol into the novel SNII tool to
enhancing performance.

The SNII's predictive efficacy for perioperative out-
comes was confirmed across both development and vali-
dation cohorts through multivariable analysis, propensity
score matching, ROC curve analysis, and subgroup
analysis. A low SNII score, indicative of high systemic
nutrition/inflammation risk, was independently associ-
ated with the occurrence and severity of complications,
as well as extended chest tube duration and hospital
stay. The SNII provided a comprehensive assessment of
nutritional, inflammatory, and immune status by incor-
porating total lymphocytes, total monocytes, and total
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Table 3 Multivariable analysis investigating the association between systemic nutrition/inflammation risk and postoperative

endpoints in the development cohort (n=1497)

Endpoints SNiIl risk Univariable analysis Multivariable analysis [OR/HR (95% ClI)]
OR/HR (95% Cl) Pvalue Model1 Pvalue Model 2 Pvalue Model 3 P value
Overall High 257(1.70-388)  <0.001 1.64(1.05-256) 0.031 167(1.04-267) 0.034 168(1.05-2.70)  0.031
complications®  \joderate 1.86(1.21-2.86)  0.005  1.54(097-2.40) 0058  158(0.99-2.52) 0057  1.56(0.98-250) 0.062
Low (reference) - - - - - - - -
Major com- High 254 (157-413)  <0.001 1.75(1.05-2.91) 0.032 1.75(1.04-293) 0.035 183(1.07-3.15)  0.028
plications Moderate 183(1.10-305) 0.019  161(0.96-2.70) 0069  157(0.93-266) 0091  164(095-2.83) 0075
(Clavien-Dindo
grades > 2)* Low (reference) - - - - - - - -
Chest tube High 0719 (0611- <0.001 0.769 (0.642— 0.004 0.819(0.685- 0.029  0.802 (0.675- 0.012
duration® 0.846) 0922) 0.979) 0.952)
Moderate 0.782 (0.665- 0.003  0.829 (0.698- 0.033  0.859(0.723- 0083  0.855(0.722- 0.068
0919) 0.985) 1.020) 1.012)
Low (reference) - - - - - - - -
Length High 0.708 (0.625- <0.001 0821 (0.718- 0.004 0.823(0.713- 0.007 0.823(0.713- 0.008
of postoperagive 0.802) 0.939) 0.949) 0.949)
hospital stay Moderate 0.826 (0.729- 0.003  0.878(0.773- 0.045 0.890(0.778- 0.087  0.895 (0.783- 0.11
0.936) 0.997) 1.017) 1.024)

Low (reference) - - -

Multivariate analyses were conducted to establish the independent association between systemic nutrition/inflammation risk and postoperative endpoints, after
controlling for confounding clinicopathological parameters. The models varied based on the inclusion of different clinicopathological characteristics as follows:
model 1 included adjustments for demographic data (age, gender, smoking history, Charlson comorbidity index, and lung function); model 2 further incorporated
adjustments for surgical data (operation time, estimated blood loss, and lymph node dissection); and model 3 encompassed adjustments for demographic and
surgical data, as well as cancer characteristics (tumor location, histology, and cancer stage)

SNII systemic nutrition/inflammation index

@ Multivariate logistic regression analyses were conducted with the backward conditional method and results are reported as odds ratios (ORs) and 95% confidence

intervals (Cls)

b Multivariate Cox’s proportional hazards regression analyses were conducted with the backward conditional method and results are reported as hazard ratios (HRs)

and 95% Cls

cholesterol. Lymphocyte counts, primarily comprising T
cells, B cells, and NK cells, reflect immune system pres-
ervation [38, 39], while monocyte counts indicate inflam-
mation levels [40]. The low lymphocyte-to-monocyte
ratio may signal heightened inflammation and compro-
mised immunity. Total cholesterol serves as a robust
indicator of nutrition status [41], with low levels associ-
ated with increased mortality risk following general sur-
geries [42] and in the elderly patients with cancer and
infection [43]. Higher cholesterol levels may indicate bet-
ter resilience to acute attacks and chronic diseases [44].
Consequently, the SNII demonstrated superior predictive
performance for adverse perioperative endpoints com-
pared to existing nutrition/inflammation indicators. Spe-
cifically, an independent association between the SNII
classification system and the occurrence of overall com-
plications, as well as prolonged postoperative hospital
stays, was validated. This association was not observed
with existing nutrition/inflammation indicators, thereby
confirming the necessity and superiority of the SNII tool.

Comprehensive subgroup analyses confirmed the
robust predictive performance of the SNII classification
system in forecasting adverse perioperative endpoints for

NSCLC patients, while also revealing heterogeneity in its
application across different patient groups (Fig. 3). Nota-
bly, the association between SNII and perioperative end-
points was less pronounced in subgroups with a smoking
history and in SCC patients. It is well-documented that
smoking contributes to an increased risk of malnutri-
tion and inflammation [45, 46], and this study further
supports these findings. The smoking history and high
nutrition/inflammation risk may cooperatively lead to
adverse perioperative endpoints. Moreover, smoking is
recognized as a risk factor for the development of lung
SCC [47]. The considerable disparity in the prevalence
rates of low and high SNII risk among these patients
may overshadow the association. The small sample size
of SCC patients in this study necessitates further inves-
tigation. Additionally, although the association between
SNII risk and perioperative outcomes was attenuated in
patients with a high Charlson comorbidity index, this
association remained significant among patients with
specific comorbidities, including cardiovascular dis-
ease and pulmonary disease, even when considering the
relatively small sample size. Intriguingly, the association
between the SNII classification system and perioperative
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Table 4 Clinicopathological characteristics and perioperative endpoints according to the classified systemic nutrition/inflammation
risk in the validation cohort

Characteristics

Assessment and classification of nutrition/inflammation risk using the systemic nutrition-inflammation index

Before propensity score matching

After propensity score matching

Low risk (n=163) Moderate risk High risk (n=179) Pvalue  Low-to-moderaterisk High risk (n=114) Pvalue
(n=163) (n=114)
Demographic
data
Age, years 63.1+9.33 64.1+9.51 66.0+9.14 <0.001 652+9.03 6531991 0.77
Gender (female) 123 (75.5) 97 (59.5) 57(31.8) <0.001 41 (36.0) 45(39.5) 0.59
Smoking history 26 (16.0) 51(313) 110 (61.5) <0.001 59(51.8) 59(51.8) 1.00
Drinking history 12 (7.36) 21(129) 30(16.8) 0.031 21(184) 15(13.2) 028
Charlson 2(2-3) 2(2-3) 2(2-3) 0.28 2(2-3) 2(2-3) 0.75
comorbidity index
Comorbidities
Cardiovascular ~ 25(15.3) 18 (11.0) 52(29.1) <0.001 21(184) 30(26.3) 0.15
disease
Pulmonary 6 (3.68) 7(4.29) 11 (6.15) 0.53 7(6.14) 9(7.89) 0.60
disease
Diabetes 13 (7.96) 29(17.8) 29(16.2) 0.023 14(12.3) 19(16.7) 035
FEV1, % 109 (90.1-117.0) 95.2 (88.3-99.7) 96.2 (78.6-111.2) 0.001 994 (88.3-111.3) 105 (80.3-117.1) 0.74
FEV1/FVC, % 784 (75.5-80.9) 75.0 (72.6-79.8) 73.6 (69.1-80.5) 0.001 759 (72.7-78.6) 74.7 (70.2-83.7) 0.87
DLCO, % 83.9 (71.5-94.5) 88.9 (80.4-95.3) 79.1 (63.4-90.6) 0.021 88.9 (75.9-94.0) 80.8 (76.9-91.7) 0.52
Body mass 237+343 239+294 240+352 0.61 238%3.13 24.0£3.51 0.64
index, kg/m?
Surgical param-
eters
Operative time, 165 (140-195) 165 (133-191) 175 (150-220) <0.001 176 (151-215) 174 (141-196) 0.31
min
Estimated blood 40 (40-70) 40 (40-70) 70 (40-100) <0.001 50 (40-70) 55 (40-70) 045
loss, ml
Cancer character-
istics
Tumor location:  95/68 (58.3/41.7) 109/54 (66.9/33.1) 105/74 (58.7/41.3) 0.19 72/42(63.2/36.8) 67/47 (58.8/41.2) 0.50
right/left
Histology: 146/11/6 134/15/14 118/40/21 <0.001  91/15/8(79.8/13.2/7.02) 82/21/11 038
adenocarcinoma/  (89.6/6.75/3.68) (82.2/9.20/8.59) (65.9/22.3/11.7) (71.9/18.4/9.65)
SCC/others
Multiple primary 17 (10.4) 16 (9.82) 7(391) 0.046 7(6.14) 5(4.39) 0.55
cancer
Pleural invasion 10 (6.13) 17 (10.4) 28(15.6) 0.018 16 (14.0) 22(193) 0.29
Vascular inva- 56 (344) 44.(27.0) 51(285) 031 42 (36.8) 40 (35.1) 0.78
sion
Pathological 109/16/20/18 120/18/9/16 85/29/35/30 <0.001 59/19/14/22 56/17/26/15 0.75
TNM stage IA/ (66.9/9.82/12.3/11.0) (73.6/11.0/5.52/9.82) (47.5/16.2/19.6/16.8) (51.8/16.7/12.3/19.3) (49.1/14.9/22.8/13.2)
1B/11/111
Postoperative
complications
Supraventricular 3 (1.84) 0 5(2.79) 0.11 0 5(4.39) 0.070
arrhythmia
Pneumonia 5(3.07) 3(1.84) 11(6.15) 0.096 1(0.877) 7(6.14) 0.072
Subcutaneous  9(5.52) 10 (6.13) 25 (14.0) 0.008 10(8.77) 17 (14.9) 0.15
emphysema
Fistula of lung 7(4.29) 4(2.45) 18 (10.1) 0.007 8(7.02) 16 (14.0) 0.084
Fistula of bron- 0 0 7(391) 0.002 0 7(6.14) 0.021
chus
Pleural effusion 10 (6.13) 17 (104) 22(12.3) 0.15 9(7.89) 15(13.2) 0.20
Hypoalbumine- 3 (1.84) 5(3.07) 12 (6.70) 0.055 2(1.75) 8(7.02) 0.052
mia
Chylothorax 3(1.84) 0 2(1.12) 0.24 2(1.75) 0 048
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Characteristics

Assessment and classification of nutrition/inflammation risk using the systemic nutrition-inflammation index

Before propensity score matching

After propensity score matching

Low risk (n=163) Moderate risk High risk (n=179) Pvalue  Low-to-moderaterisk High risk (n=114) Pvalue
(n=163) (n=114)

Wound infection 0 9(5.52) 4(2.23) 0.007 5(4.39) 2(1.75) 0.44

Thrombosis/ 0 3(1.84) 0 0.042 1(0.877) 0 1.00
embolism

Overall compli- 20 (12.3) 27 (16.6) 57(31.8) <0.001 18(15.8) 42 (36.8) <0.001
cations

Clavien-Dindo 2/13/5(1.23/7.98/3.07)  13/10/4 (8.0/6.13/2.45)  19/23/15 <0.001 6/9/3 (5.26/7.89/2.63) 10/19/13 <0.001
grades I/1l/llla (10.6/12.8/8.38) (8.77/16.7/11.4)

ca 0(0-8.66) 0 (0-8.66) 8.66 (0-20.9) <0.001 0(0-8.66) 8.66 (0-22.6) <0.001
Recovery end-
points

Chest tube 4 (4-5) 5 (4-6) 6 (4-7) <0.001 5 (4-6) 5(4-7) 0.021
duration, days

Drainage 1050 (750-1500) 850 (611-1300) 1225 (800-2300) <0.001 1050 (800-1750) 1290 (794-2300) 0.19
volume, ml

Postoperative 7 (6-7) 7 (6-8) 8(6-9) <0.001 7 (6-8) 8 (6-10) 0.013
hospital stay, days

Unscheduled 3(1.84) 2(1.23) 8(4.47) 0.13 2(1.75) 8(7.02) 0.052
readmission
within 30 days

90-day mortality 1 (0.613) 1(0.613) 6(3.35) 0.062 1(0.877) 6 (5.26) 0.055

Data are mean + standard deviation, number (percentage), or median (interquartile range)

Differences between groups were assessed using ANOVA, Pearson'’s chi-squared tests, Fisher’s exact test, Mann-Whitney U tests, or Kruskal-Wallis tests

For propensity score matching, nutrition/inflammation risk classified by the systemic nutrition-inflammation index was the intervention indicator, and the
confounding covariates were age, gender, smoking history, Charlson comorbidity index, lung function, tumor location, cancer histology, and pathological stage. Pairs
of low-to-moderate and high risk with a nearest propensity score were matched 1:1 with a caliper width of 0.2 of standard deviation

CCl comprehensive complication index, DLCO diffusing capacity for carbon monoxide, FEV1 forced expiratory volume in 1 s, FVC forced vital capacity, SCC squamous

cell carcinoma

endpoints weakened with increasing BMI, despite simi-
lar classification proportions. The growing prevalence of
comorbidities associated with higher BMI [48], especially
in patients who are overweight or obese, may attenuate
the association between SNII risk and adverse outcomes.
These heterogeneities highlight the need to tailor the
SNII classification system to accommodate these specific
subpopulations, thereby enhancing its effectiveness in
guiding perioperative management strategies.

The precise mechanisms by which systemic nutri-
tion and inflammation risk influences perioperative
outcomes are not fully understood. Elevated nutrition/
inflammation risk, indicated by a low SNII, may stem
from factors such as aging, smoking, comorbidities, and
cancer itself [11], which were particularly evident in our
study cohorts. The interplay between nutrition, inflam-
mation, and immunity is complex and continuous [9].
Chronic inflammation can lead to immune senescence
and suppression, as well as nutritional depletion and
wasting of body composition [10-12]. A compromised
nutritional status is closely linked to weakened immune
function, as the immune response requires substantial
nutrient support, especially energy and amino acids [49,

50]. Consequently, poor systemic nutrition/inflammation
status often coincides with impaired immunity. Patient
with high nutrition/inflammation risk may exhibit poor
nutrition, inflammation, and immunity properties, which
can lead to diminished surgical tolerance and impaired
tissues repair, immune response, and metabolic mobili-
zation under the stress of surgery [51]. Infectious com-
plications, such as the pneumonia observed in this study,
may arise from compromised immunity and heightened
inflammation. An increased incidence risk of infection
complications has also been observed in major surgeries
for esophageal cancers and gastric cancer patients with
poor nutrition and inflammation status [33, 37]. Another
example is the occurrence of healing complications, such
as lung and bronchus fistula noticed in this study. The
connection between nutrition/inflammation risk and
the likelihood of anastomotic leaks has been observed in
gastrointestinal surgeries [52—54]. A higher incidence of
hypoalbuminemia also suggests impaired protein mobi-
lization during the metabolic stress of surgery, which can
negatively affect tissue repair and anastomotic healing
[51, 55]. Even in the absence of overt complications, the
recovery of postoperative function in major organs and
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Fig. 2 Comparisons of predictive values of the systemic nutrition-inflammation index (SNII) and selected established nutrition/inflammation
indicators for perioperative endpoints. Receiver operating characteristic (ROC) curves were utilized to evaluate the predictive values of these
indicators for the incidence of postoperative complications, unscheduled readmissions within 30 days, and 90-day mortality. Time-dependent
ROC curves were employed to assess the predictive value of these indicators concerning the length of postoperative hospital stay (at the 8-day
timepoint) and chest tube duration (at the 6-day timepoint). AGR, albumin-to-globulin ratio; AUC, area under the curve; CONUT, controlling
nutritional status score; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio; SIRI, systemic inflammation response index

systems may be delayed in patients at risk. All these fac-
tors can contribute to an extended duration of chest tube
use, delayed in hospital discharge, and increased 90-day
mortality rate, which in turn incurs significant medical
and economic costs.

The SNII tool addresses the need for a straightforward
assessment of systemic nutrition/inflammation sta-
tus during perioperative management. Its classification
system, particularly for identifying high-risk patients,
proved consistent across development and validation
cohorts in terms of diagnostic proportion and association
with clinicopathological characteristics and periopera-
tive endpoints. The SNII’s correlation with factors such as
older age, male, smoking, comorbidities, poor lung func-
tion, SCC, vascular invasion, and advanced cancer stage
supports its efficacy in detecting adverse situations. In
clinical practice, we recommend using the SNII at admis-
sion to assess surgical risk and manage strategies, allow-
ing time for interventions. High-risk patients may require
more rigorous treatment strategies, including meticulous
surgical techniques, optimal medical resources, early
antimicrobial therapy, and aggressive nutritional support.
A preoperative intervention targeting poor nutrition and
inflammation status over 2 weeks could be beneficial. The

role of physical exercise in boosting immune function is
well-established [56, 57], and a balanced nutritional for-
mula with regular physical activity may improve nutri-
tion and immunity [58, 59]. However, the effectiveness of
specific drugs to enhance patient profiles requires further
investigation. For patients with advanced cancer, inter-
ventions during neoadjuvant therapy may be beneficial,
as this therapy can significantly compromise a patient’s
nutritional and inflammatory status [60]. Furthermore, a
high nutrition/inflammation risk, reflecting deteriorated
intrinsic patient conditions [7-9], can adversely affect
therapeutic outcomes in various major surgeries and
other stress events, such as major trauma and infectious
diseases. The SNII tool thus holds the potential to guide
not only the perioperative management of major surger-
ies for various solid tumors but also the management of
major trauma and other stress events. However, factors
such as population characteristics, primary diseases, and
surgical approaches can influence the predictive values of
SNII tool for therapeutic outcomes. Within this study’s
NSCLC patient cohorts, SNII values were shown to be
influenced by age, gender, smoking history, comorbidi-
ties, and cancer characteristics. Therefore, the SNII clas-
sification system, which was established based on NSCLC
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Parameters Sample SNII risk
(vs. Low)
Low Moderate High
Overall 662 662 678 Moderate —_—
High —
Age, years
<65 410 373 304 Moderate ——
High ——
=65 252 289 374 Moderate -
High ——
Gender
Female 476 335 190 Moderate ——
High ——
Male 186 327 488 Moderate ——
High ——
Smoking history
No 526 431 298 Moderate ——
High ——
Yes 136 231 380 Moderate ——
High ——
Charlson comorbidity index
<3 548 538 508 Moderate ——
High ——
23 114 124 170 Moderate —
High —
Specific comorbidities
Cardiovascular 86 82 136 Moderate —_—
diseases High —
Pulmonary 27 23 37 Moderate _
diseases High _—
Diabetes 53 75 100 Moderate —
High -
Body mass index, kg/m?
Underweight 69 58 74 Moderate —_——
(<20) High —_—
Normal 347 372 351 Moderate ——
(20-25) High ——
Overweight/obesity 246 232 253 Moderate ——
(225) High —
Cancer histology
Adenocarcinoma 594 542 487 Moderate ——
High ——
Squamous cell 44 85 146 Moderate —
carcinoma High —_—
Pathological TNM stage
1A 344 358 276 Moderate e
High ——
B 140 144 148 Moderate —_——
High —
11l 178 160 254 Moderate ——
High ——

022 1.00

Postoperative complications

54.60

Page 150f 18

Postoperative hospital stay

OR (95% Cl) P value HR (95% Cl) P value
1.70 (1.20-2.42) 0.003 —_— 0.863 (0.774-0.961)  0.007
2.82(2.02-3.92) <0.001 —_— 0.695 (0.624-0.774) <0.001
1.69 (0.94-3.02) 0.080 —— 0.855 (0.741-0.986) 0.032
2.16 (1.20-3.89) 0.010 —— 0.741(0.636-0.864) <0.001
1.40 (0.87-2.26) 0.16 —— 0.933 (0.784-1.110)  0.43
2,63 (1.71-4.01) <0.001 —— 0.715 (0.606-0.844) <0.001
2.13(1.30-3.48) 0.003 — 0.947 (0.823-1.089)  0.44
2.68 (1.56-4.60) <0.001 —— 0.753 (0.635-0.893) 0.001
1.06 (0.63-1.77) 0.83 et 0.882 (0.737-1.057)  0.17
1.81(1.14-2.89) 0.012 —— 0.777 (0.656-0.921)  0.004
1.99 (1.28-3.10) 0.002 —— 0.884 (0.778-1.004) 0.058
2.81(1.79-4.42) <0.001 —— 0.715 (0.620-0.826) <0.001
1.04 (0.57-1.88) 0.91 — 0.972 (0.786-1.201)  0.79
1.77 (1.04-3.02) 0.034 — 0.801(0.652-0.985) 0.035
2.20 (1.45-3.34) <0.001 —— 0.822 (0.729-0.926) 0.001
2.94 (1.95-4.43) <0.001 — 0.679 (0.601-0.767) <0.001
0.80 (0.40-1.60) 0.53 ——  1.070(0.828-1.381) 0.61
2.13(1.19-3.81) 0.011 —_— 0.767 (0.604-0.974) 0.030
157 (0.65-3.75) 0.32 —_— 0.836 (0.617-1.133)  0.25
3.01(1.43-6.51) 0.004 — 0.609 (0.462-0.801) <0.001
9.18 (1.01-83.1) 0.049 —_— 0.666 (0.380-1.167)  0.16
8.34(0.99-706) 0.051 —_— 0.516 (0.309-0.862) 0.012
0.90 (0.31-2.58) 0.84 ———— 1.143(0.803-1.627) 0.46
1.96 (0.78-4.93) 0.15 —_— 0.786 (0.562-1.100)  0.16
3.70(1.23-11.1)  0.020 —_— 0.632 (0.444-0.901) 0.011
6.14 (2.19-17.2) 0.001 [ 0.479 (0.340-0.676) <0.001
1.72 (1.07-2.76) 0.026 —— 0.830 (0.717-0.962) 0.013
2.78 (1.76-4.37) <0.001 —— 0.647 (0.557-0.753) <0.001
1.29(0.70-2.38)  0.41 —— 0.974 (0.814-1.166)  0.77
2.19(1.26-3.82) 0.005 —— 0.835 (0.700-0.995) 0.044
1.83 (1.24-2.70) 0.002 —— 0.871(0.775-0.978)  0.020
2.70 (1.85-3.94) <0.001 — 0.736 (0.652-0.830) <0.001
0.64 (0.25-1.66) 0.36 ——s——  0.953(0.662-1.374) 0.80
1.32 (0.58-3.00) 0.51 —_— 0.786 (0.560-1.102)  0.16
1.38(0.85-2.24) 0.19 —— 0.906 (0.781-1.051)  0.19
2,63 (1.64-4.21) <0.001 —— 0.665 (0.565-0.781) <0.001
1.49(0.70-3.14)  0.30 — 0.888 (0.701-1.126)  0.33
2.70 (1.35-5.38) 0.005 ——t 0.793 (0.649-0.969) 0.023
2.93(1.44-5.99) 0.003 —_— 0.758 (0.611-0.941) 0.012
3.48(1.79-673) <0.001 — 0.723 (0.596-0.877) 0.001
0.27 100 1.65

Fig. 3 Forest plots of subgroup analysis for systemic nutrition/inflammation risk and perioperative outcomes across different patient populations.
Systemic nutrition/inflammation risk was assessed and classified using the systemic nutrition-inflammation index (SNII). Cl, confidence interval; HR,

hazard ratio; OR, odds ratio

patients undergoing VATS lobectomy in this study, par-
ticularly the thresholds used, may require adjustments to
fit diverse application scenarios and ensure robust pre-
dictive power. Despite the extensive work involved, these
issues can only be resolved in future studies that target
different populations and application scenarios.

Our study’s findings should be interpreted with
caution due to several limitations. Although based
on a large sample from multiple centers, the study
was retrospective. The SNII’s role in assessing sur-
gical risk and guiding perioperative management
needs further validation in clinical settings. The
impact of neoadjuvant therapy on the SNII's util-
ity in locally advanced NSCLC patients requires

further examination. Apart from the reported con-
founding factors, other potential influences, such
as psychosocial status and specific comorbidities,
could affect the performance of SNII tool in perio-
perative management. Further studies should aim
to tailor the SNII classification system to fit specific
subpopulations and diverse application scenarios,
thereby enhancing its effectiveness in guiding medi-
cal management strategies. Benefits of interventions
targeting systemic nutrition/inflammation risk also
warranted additional research. Moreover, further
scientific inquiry is needed to elucidate the mecha-
nisms linking nutrition/inflammation risk to adverse
perioperative outcomes.
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Conclusions

This study introduces the SNII tool for assessing sys-
temic nutrition/inflammation risk in NSCLC patients
and validated its predictive power for postoperative
complications and recovery. The SNII is recommended
for preoperative nutrition/inflammation assessment
and subsequent integration into perioperative manage-
ment strategies. High-risk patients may benefit from
more aggressive treatments, while the methods and
effectiveness of interventions require further explora-
tion. Future studies should tailor the SNII classification
system to fit specific subpopulations and diverse appli-
cation scenarios.
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