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Background: Postoperative pneumonia remains a frequent complication after esophagectomy for esophageal squamous cell carci-
noma (ESCC). Simple preoperative inflammatory markers may help identify patients at higher perioperative risk.

Methods: This retrospective cohort study included patients undergoing curative minimally invasive esophagectomy for ESCC from
January 2023 to December 2025. The primary outcome was 30-day postoperative pneumonia or pneumonia during the index
hospitalization, whichever occurred first. The aggregate index of systemic inflammation (AISI) was calculated from preoperative
blood counts. Discriminatory performance was assessed using receiver operating characteristic (ROC) analysis and compared with
neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR). Associations were evaluated using hierarchical multi-
variable logistic regression.

Results: Among 446 eligible patients, 140 developed postoperative pneumonia, with an incidence of 31.4%. AISI showed good
discriminatory performance for postoperative pneumonia (AUC, 0.795; 95% CI, 0.753—0.837) and had a higher AUC than NLR and
PLR. In the fully adjusted model, higher AISI remained independently associated with postoperative pneumonia (per 100-unit
increase: adjusted OR, 1.416; 95% CI, 1.301-1.576; P < 0.001).

Conclusion: Preoperative AISI was independently associated with 30-day postoperative pneumonia after minimally invasive
esophagectomy for ESCC and showed good discriminatory performance. AISI may serve as a simple preoperative risk-stratification
marker, but external validation and prospective evaluation are needed before clinical use.

Keywords: aggregate index of systemic inflammation, AISI, esophageal squamous cell carcinoma, minimally invasive

esophagectomy, postoperative pneumonia, retrospective cohort

Introduction
Postoperative pneumonia is a common and clinically important complication after esophagectomy for esophageal cancer.
It is associated with delayed recovery, prolonged hospitalization, and poorer postoperative outcomes.'™ Although
enhanced recovery pathways and advances in perioperative care have improved surgical outcomes,*” pulmonary
complications remain frequent after esophagectomy. Therefore, simple and accessible markers that can help identify
patients at higher risk before surgery may be useful for perioperative assessment.

Current risk assessment for post-esophagectomy pneumonia is mainly based on clinical characteristics, pulmonary
function, comorbidities, and perioperative factors. Previous studies have reported associations between impaired
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pulmonary function and postoperative pneumonia,®’ and several risk models or nomograms have been proposed.® !
However, these tools vary in candidate predictors, outcome definitions, and model performance, which may limit their
use across different clinical settings. Additional markers that are routinely available and easy to interpret may help
complement existing clinical assessment.'*'?

Systemic inflammation may contribute to postoperative infectious complications by reflecting host immune status and
perioperative vulnerability. Blood count-derived indices, such as the neutrophil-to-lymphocyte ratio (NLR) and platelet-
to-lymphocyte ratio (PLR), have been investigated as simple inflammatory markers in surgical patients, including those
undergoing esophageal cancer surgery.'*'® Compared with single-ratio indices, composite inflammatory markers may
capture a broader immune-inflammatory proﬁle.”’18

The aggregate index of systemic inflammation (AISI), calculated from neutrophil, platelet, monocyte, and lymphocyte
counts, has been studied in several inflammatory and infection-related conditions.'*%* However, its association with
postoperative pneumonia after minimally invasive esophagectomy remains insufficiently defined. In this retrospective
cohort study, we examined the association between preoperative AISI and 30-day postoperative pneumonia after
minimally invasive esophagectomy for esophageal squamous cell carcinoma (ESCC). We also compared the discrimi-
natory performance of AISI with that of NLR and PLR, and explored potential non-linear associations and decision-
analytic performance. We hypothesized that higher preoperative AISI would be associated with an increased risk of

postoperative pneumonia.

Methods
Study Design and Participants

This retrospective cohort study evaluated the association between the aggregate index of systemic inflammation (AISI)
and postoperative pneumonia among patients undergoing curative minimally invasive esophagectomy for esophageal
squamous cell carcinoma (ESCC) between January 2023 and December 2025. A total of 517 consecutive patients were
screened. After excluding 71 patients due to missing preoperative blood counts required for AISI calculation (n = 28),
missing postoperative pneumonia documentation or incomplete follow-up (n = 17), receipt of neoadjuvant therapy (n =
14), emergency or non-elective surgery (n = 5), preoperative infection within 2 weeks (n = 4), and hematologic disease or
immunosuppressive therapy (n = 3), 446 patients were included in the final analysis (Figure 1). This study was approved
by the Institutional Review Board of the Affiliated Huai’an No. 1 People’s Hospital of Nanjing Medical University
(Approval No. KY-2026-072-01). Owing to the retrospective design and the use of de-identified data, the requirement for
informed consent was waived.

Baseline Data Collection and Covariates

Clinicopathological and perioperative variables were extracted from institutional medical records and standardized
anesthesia and surgical documentation. Baseline characteristics included demographics (age, sex, and body mass index
[BMI)), lifestyle factors (smoking and drinking), comorbidities (hypertension, diabetes mellitus, and coronary heart
disease), functional and perioperative risk markers (Eastern Cooperative Oncology Group [ECOG] performance status
and American Society of Anesthesiologists [ASA] physical status), cardiopulmonary function (forced expiratory volume
in 1 second/forced vital capacity [FEV1/FVC] and left ventricular ejection fraction [LVEF]), perioperative factors
(operative duration, single-lung ventilation time, intraoperative blood loss, and recurrent laryngeal nerve [RLN] injury),
and tumor-related variables (tumor location, tumor length, differentiation, and pathological staging [pT, pN, and pTNM]).
Clinical and laboratory data were extracted from institutional medical records by trained nursing staff using a predefined
data-collection form. The extracted data were checked by the research team for completeness and consistency. Data
extraction followed a predefined variable list based on the study protocol.

Exposure Definition: AlSI and Comparator Indices
AISI was calculated from preoperative complete blood count components as follows: AISI = (neutrophil x platelet x
monocyte) / lymphocyte. Two commonly used inflammatory indices were also derived for comparative analyses:
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Retrospective cohort study (January 2023-December 2025); Patients
screened: N = 517

Inclusion criteria:

1. Pathologically confirmed esophageal squamous cell carcinoma (ESCC)

2. Underwent curative esophagectomy (RO resection, if applicable)

3. Adult patients (218 years)

4. Available perioperative clinical data and postoperative outcome assessment
5. Preoperative complete blood count available for calculating AISI (neutrophil,
lymphocyte, monocyte, platelet)

Exclusion criteria (n = 71):
1. Missing preoperative blood counts for AlSI calculation (n = 28)

2. Missing postoperative pneumonia documentation / incomplete follow-up (n = 17)

3. Received neoadjuvant therapy (n = 14)

4. Emergency surgery / non-elective operation (n = 5)

5. Preoperative infection within 2 weeks (n = 4)

6. Hematologic disease or immunosuppressive therapy (n = 3)

Y

Final analytic cohort: N = 446

No postoperative pneumonia: n = 306 Postoperative pneumonia: n = 140

Statistical analysis:

1. Baseline comparison (pneumonia vs non-pneumonia)

2. ROC analysis (AISI/NLR/PLR; DeLong test; Youden cut-off)
3. Logistic regression (univariable and multivariable models)
4. Restricted cubic spline (nonlinearity assessment)

5. Decision curve analysis (DCA)

Figure | Study flow diagram. Flowchart showing patient screening, exclusion criteria, final cohort construction, postoperative pneumonia status, and planned statistical
analyses.

neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR). AISI was analyzed as both a continuous
variable, scaled per 100-unit increase for regression modeling, and a dichotomized variable for sensitivity analyses using
the Youden-index—derived ROC cut-off (AISI > 324.4 vs < 324.4). Preoperative complete blood count values were
obtained from the most recent routine test before surgery, typically within 72 hours.

Outcome Definition: Postoperative Pneumonia

The primary outcome was postoperative pneumonia within 30 days after minimally invasive esophagectomy or during
the index hospitalization, whichever occurred first. Pneumonia was diagnosed when new or progressive pulmonary
infiltrates or consolidation on chest imaging were present and at least two of the following criteria were documented: (1)
fever (>38°C) or hypothermia (<36°C); (2) leukocytosis or leukopenia; (3) purulent sputum or respiratory secretions, or

Infection and Drug Resistance 2026:19 heeps: 3



Gao et al

a new or worsening cough; and (4) worsening oxygenation or increased oxygen requirement.”> When available,
microbiological results and initiation of antibiotic therapy for suspected pneumonia were used as supportive evidence.
Alternative postoperative pulmonary conditions, including atelectasis, pulmonary edema, aspiration pneumonitis, and
acute respiratory distress syndrome, were considered during outcome adjudication. Outcome adjudication was performed
by two independent clinicians who were blinded to AISI values. Discrepancies were resolved by consensus or by a third
senior reviewer when needed.

Statistical Analysis

Baseline characteristics were summarized for the overall cohort and stratified by postoperative pneumonia status.
Continuous variables were presented as mean + standard deviation (SD) when approximately normally distributed or
as median (interquartile range [IQR]) otherwise. Categorical variables were presented as counts and percentages. Group
comparisons were performed using Student’s #-test or the Mann—Whitney U-test for continuous variables and the chi-
square test or Fisher’s exact test for categorical variables, as appropriate. Receiver operating characteristic (ROC) curves
were used to evaluate the discriminatory performance of AISI, NLR, and PLR for postoperative pneumonia. The optimal
AISI cut-off was determined using the Youden index. Areas under the curve (AUCs) were compared using the DeLong
test. Univariable logistic regression was performed to estimate odds ratios (ORs) and 95% confidence intervals (CIs) for
candidate variables. Continuous predictors were scaled by clinically meaningful increments: AISI per 100 units, PLR per
10 units, operative duration and single-lung ventilation time per 10 minutes, intraoperative blood loss per 50 mL, and
other continuous variables per 1 unit. Multivariable analyses used a prespecified hierarchical adjustment strategy. The
crude model included AISI only. Model 1 was adjusted for age, sex, and BMI. Model 2 was additionally adjusted for
smoking, drinking, hypertension, diabetes mellitus, coronary heart disease, ECOG performance status, ASA physical
status, and FEV1/FVC. Model 3 was further adjusted for operative duration, single-lung ventilation time, intraoperative
blood loss, RLN injury, and pTNM stage. Sensitivity analyses repeated the multivariable models using dichotomized
AISI with the same model definitions. Restricted cubic spline (RCS) models were used to explore potential non-linear
associations between continuous AISI and postoperative pneumonia risk, using the covariate adjustment strategy of
Model 3. Decision curve analysis (DCA) was performed to evaluate net benefit across threshold probabilities from 0.01
to 0.60, comparing the fully adjusted model, continuous AISI, and dichotomized AISI, with treat-all and treat-none
strategies as references. Analyses were performed using complete-case data for each model or variable as reported in the
tables. All tests were two-sided, and P < 0.05 was considered statistically significant. Statistical analyses were conducted
using R software (version 4.5.1). ROC analyses and DeLong tests were performed using the pROC package, restricted
cubic spline modeling was implemented using the rms package, and decision curve analysis was conducted using the
rmda package. Logistic regression was fitted using generalized linear models, and data management was performed using
the tidyverse suite. Knots for RCS models were placed at the 5th, 35th, 65th, and 95th percentiles of AISI. Net benefit
was calculated using model-predicted probabilities.

Results

Study Population and Incidence of Postoperative Pneumonia

Among 517 screened patients undergoing curative minimally invasive esophagectomy for ESCC, 71 were excluded for
prespecified reasons (Figure 1). The final analytic cohort included 446 patients, of whom 140 developed postoperative
pneumonia and 306 did not, yielding an incidence of 31.4%.

Baseline Characteristics

Baseline characteristics stratified by postoperative pneumonia status are summarized in Table 1. Patients who developed
postoperative pneumonia had higher preoperative inflammatory indices than those without pneumonia. Median AISI was
554.4 (IQR, 383.6-822.6) in the pneumonia group and 282.1 (IQR, 170.9-409.7) in the non-pneumonia group. NLR and
PLR were also higher among patients with postoperative pneumonia, and all three inflammatory indices differed
significantly between groups. Other baseline, perioperative, and tumor-related variables are shown in Table 1.
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Table | Baseline Clinicopathological Characteristics of Patients Undergoing Esophagectomy for Esophageal Squamous

Cell Carcinoma Stratified by Postoperative Pneumonia Status

Characteristic Total (n = 446) Postoperative Pneumonia P Value
No (n = 306) Yes (n = 140)

Age, Mean * SD 65.4 £ 6.5 65.3 + 6.7 65.5 £ 6.2 0.711

Gender, n (%) 0.965

Female 195 (43.7) 134 (43.8) 61 (43.6)

Male 251 (56.3) 172 (56.2) 79 (56.4)

BMI (kg/m?), Mean  SD 228 £ 24 228 £23 227 £25 0.485

Smoking, n (%) 0.782

No 294 (65.9) 203 (66.3) 91 (65)

Yes 152 (34.1) 103 (33.7) 49 (35)

Drinking, n (%) 0.365

No 300 (67.3) 210 (68.6) 90 (64.3)

Yes 146 (32.7) 96 (31.4) 50 (35.7)

Hypertension, n (%) 0.779

No 221 (49.6) 153 (50) 68 (48.6)

Yes 225 (50.4) 153 (50) 72 (51.4)

Diabetes mellitus, n (%) 0.736

No 372 (83.4) 254 (83) 118 (84.3)

Yes 74 (16.6) 52 (17) 22 (15.7)

Coronary heart disease, n (%) 0.462

No 282 (63.2) 190 (62.1) 92 (65.7)

Yes 164 (36.8) 116 (37.9) 48 (34.3)

ECOG, n (%) 0.187

0 258 (57.8) 175 (57.2) 83 (59.3)

| 177 (39.7) 126 (41.2) 51 (36.4)

2 I (2.5) 5(1.6) 6 (4.3)

FEVI/FVC (% predicted), Mean * SD 1053 £+ 12.2 1045 + 12.6 107.1 £ 11.2 0.059

LVEF (%), Mean + SD 66.0 £ 2.2 66.0 £ 2.2 66.0 + 2.1 0919

AlSI, Median (IQR) 337.0 (200.0, 566.6) | 282.1 (170.9, 409.7) | 554.4 (383.6, 822.6) | < 0.001

NLR, Mean * SD 38+23 33+20 50+26 < 0.001

PLR, Mean + SD 180.9 + 101.8 165.8 + 90.8 2138+ 1162 < 0.001

Operative duration (mins), Mean * SD 2737 + 425 271.0 + 40.5 279.6 + 46.1 0.057

Single lung ventilation time (mins), Mean + SD 169.7 £ 31.5 168.2 + 30.1 173.1 + 343 0.125

Intraoperative blood loss (mL), Mean + SD 122.7 + 55.6 119.7 £ 54.5 129.3 + 57.6 0.093

(Continued)
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Table | (Continued).

Characteristic Total (n = 446) Postoperative Pneumonia P Value
No (n = 306) Yes (n = 140)

RLN injury, n (%) 0.564

No 416 (93.3) 284 (92.8) 132 (94.3)

Yes 30 (6.7) 22 (7.2) 8 (5.7)

Tumor location, n (%) 0.269

Upper 116 (26.0) 84 (27.5) 32 (22.9)

Middle 217 (48.7) 151 (49.3) 66 (47.1)

Low 113 (25.3) 71 (23.2) 42 (30)

Tumor differentiation, n (%) 0.329

Poorly 27 (6.1) 19 (6.2) 8 (5.7)

Moderately 184 (41.3) 133 (43.5) 51 (36.4)

Well 235 (52.7) 154 (50.3) 81 (57.9)

pT. n (%) 0.848

TI 216 (48.4) 147 (48.0) 69 (49.3)

T2 140 (31.4) 95 (31.0) 45 (32.1)

T3 90 (20.2) 64 (20.9) 26 (18.6)

pN, n (%) 0.909

NO 290 (65.0) 200 (65.4) 90 (64.3)

NI 156 (35.0) 106 (34.6) 50 (35.7)

pTNM, n (%) 0.991

[ 202 (45.3) 139 (45.4) 63 (45.0)

Il 200 (44.8) 137 (44.8) 63 (45.0)

11l 44 (9.9) 30 (9.8) 14 (10.0)

Notes: Values are presented as mean * SD, median (IQR), or n (%), as appropriate. P values compare patients with and without postoperative
pheumonia.

Discriminatory Performance of Inflammatory Indices

ROC analysis showed that AISI had good discriminatory performance for postoperative pneumonia, with an AUC of
0.795 (95% CI, 0.753-0.837) (Figure 2). The Youden-derived cut-off was 324.4, with a sensitivity of 85.7% and
specificity of 63.1%. In comparative analyses, AISI showed the highest AUC among the three inflammatory indices,
followed by NLR and PLR (Figure 3). Pairwise AUC comparisons using the DeLong test showed that the AUC for AISI
was significantly higher than those for NLR and PLR.

Univariable Logistic Regression Analyses

Univariable logistic regression results are presented in Table 2. AISI modeled per 100-unit increase was associated with
postoperative pneumonia. NLR and PLR were also associated with postoperative pneumonia in univariable analyses.
Among other candidate variables, operative duration and FEV1/FVC showed statistically significant associations.
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Figure 2 Receiver operating characteristic curve of AlSI for postoperative pneumonia. The curve shows the discriminatory performance of preoperative AlSI for
postoperative pneumonia. The Youden-derived cut-off was 324.4, with an AUC of 0.795, sensitivity of 85.7%, and specificity of 63.1%.

Multivariable Logistic Regression and Sensitivity Analyses

In multivariable analyses, AISI remained independently associated with postoperative pneumonia across the hierarchical
adjustment models (Table 3). In the fully adjusted model, each 100-unit increase in AISI was associated with higher odds
of postoperative pneumonia (adjusted OR, 1.416; 95% CI, 1.301-1.576; P < 0.001). Sensitivity analyses using the
Youden-derived cut-off showed consistent results (Table 4). Patients with high AISI (>324.4) had higher odds of
postoperative pneumonia than those with low AISI, and the association remained significant after full adjustment.

Non-Linear Association Between AlSI and Postoperative Pneumonia

Restricted cubic spline analysis suggested a non-linear association between continuous AISI and postoperative pneumo-
nia risk (Figure 4). The overall association was statistically significant (P for overall < 0.001), with evidence of non-
linearity (P for non-linearity < 0.001). The adjusted odds of postoperative pneumonia increased with higher AISI values,

particularly above the reference range.

Decision Curve Analysis

Decision curve analysis compared the net benefit of the fully adjusted model, continuous AISI, dichotomized AISI, and
the treat-all and treat-none strategies (Figure 5). The AISI-based models, particularly the fully adjusted model, showed
higher net benefit than the reference strategies over parts of the evaluated threshold range.
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Figure 3 Comparison of ROC curves for AlISI, NLR, and PLR. ROC curves compare the discriminatory performance of AlSI, NLR, and PLR for postoperative pneumonia.

AUC:s and pairwise Delong test results are shown in the figure.

Discussion

In this retrospective cohort of patients undergoing minimally invasive esophagectomy for ESCC, postoperative pneu-

monia occurred in 31.4% of patients. Higher preoperative AISI was independently associated with 30-day postoperative

pneumonia after adjustment for demographic, clinical, pulmonary function, perioperative, and pathological factors. AISI

Table 2 Univariable Logistic Regression Analyses of Baseline Variables
(Including AlSI) for Postoperative Pneumonia

Variable OR 95% ClI P Value

Age (per | year) 1.006 | 0.975-1.037 0.710

BMI (per | kg/m?) 0.971 | 0.892-1.055 0.483

Smoking

No Ref

Yes 1.061 | 0.697-1.616 0.781

Drinking

No Ref

Yes 1.215 | 0.797-1.853 0.364
(Continued)
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Table 2 (Continued).

Variable OR 95% CI P Value

Hypertension

No Ref

Yes 1.059 | 0.710-1.580 0.779

ECOG

0 Ref

| I.151 | 0.562-1.295 0.456

2 1.352 | 0.751-3.529 0.134

FEVI/FVC (% predicted, per |) 1.018 | 1.001-1.036 0.040

LVEF (%, per I) 0.995 | 0.908-1.091 0918

AISI (per 100) 1.391 | 1.282-1.510 | <0.001

NLR (per I) 1.368 | 1.235-1.514 | <0.001

PLR (per 10) 1.046 | 1.025-1.068 | <0.001

Operative duration (min, per 10) 1.049 | 1.000-1.099 0.047

Single lung ventilation time (min, per 10) | 1.051 | 0.986-I1.119 0.125

Intraoperative blood loss (mL, per 50) I.161 | 0.974-1.382 0.095

RLN injury

No Ref

Yes 1.182 | 0.839-1.803 0.512

Tumor location

Upper Ref

Middle 1.147 | 0.696—1.891 0.589

Low 1.553 | 0.889-2.713 0.122

Tumor length (cm, per I) 1.037 | 0.768-1.399 0.813

Tumor differentiation

Well Ref

Moderately 1211 | 0.375-2.211 0.836

Poorly 1.549 | 0.524-2.978 0.615

pT stage

Tl Ref

T2 1.042 | 0.459-2.367 0.920

T3 1.061 | 0.466-2.280 0.940
(Continued)
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Table 2 (Continued).

Variable OR 95% CI P Value
pN stage

NO Ref

NI 1.105 | 0.707-1.712 0.671
pTNM stage

| Ref

] 1.203 | 0.671-1.813 0.571
1l 1.418 | 0.776-1.748 0.460

Notes: Outcome was postoperative pneumonia. Odds ratios are shown with 95% confi-
dence intervals. Continuous variables were modeled according to the increments shown in
the variable column. Ref indicates the reference category.

Table 3 Multivariable Logistic Regression Models Assessing the Association
Between Continuous AlSI and Postoperative Pneumonia

AlSI (per 100-unit increase) | Model N | Cases | OR 95% Cl P value

Crude | 446 140 1.371 | 1.261-1.512 | <0.001

Model | | 446 140 1.392 | 1.272-1.531 | <0.001

Model 2 | 446 140 1.394 | 1.282-1.553 | <0.001

Model 3 | 446 140 1.416 | 1.301-1.576 | <0.001

Notes: Outcome was postoperative pneumonia. AlSI was modeled per 100-unit increase. Model | was
adjusted for age, sex, and BMI. Model 2 was additionally adjusted for smoking, drinking, hypertension,
diabetes mellitus, coronary heart disease, ECOG performance status, and FEVI/FVC. Model 3 was further
adjusted for operative duration, single-lung ventilation time, intraoperative blood loss, RLN injury, and
pTNM stage.

Table 4 Sensitivity Analysis: Multivariable Logistic Regression Models for
Postoperative Pneumonia Using Dichotomized AlSI

AISI Model N Cases OR 95% CI P value

High vs. Low | Crude | 446 140 8241 | 6.041-14.361 <0.001

Model | | 446 140 8212 | 6.032-14.312 | <0.001

Model 2 | 446 140 8.742 | 6.241-14.483 | <0.001

Model 3 | 446 140 8943 | 6.310-14.985 | <0.001

Notes: Outcome was postoperative pneumonia. High AISI was defined as AISI = 324.4, and
low AISI was defined as AISI < 324.4 as the reference group. Model definitions were identical
to those in Table 3.

also showed better discriminatory performance than NLR and PLR in this cohort. In addition, restricted cubic spline
analysis suggested a non-linear association between AISI and pneumonia risk, and decision curve analysis showed
potential net benefit over selected threshold ranges. These findings suggest that AISI may be a simple preoperative
marker for pneumonia risk stratification, although external validation is needed before clinical use.
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Figure 4 Restricted cubic spline analysis of AISI and postoperative pneumonia risk. The curve shows adjusted odds ratios for postoperative pneumonia across continuous
AlSI values. The reference point was AlSI = 336.95, and the shaded area represents the 95% confidence interval. The histogram shows the distribution of AISI in the cohort.

Postoperative pneumonia remains one of the most important complications after esophagectomy and has been
associated with delayed recovery, prolonged hospitalization, and adverse short- and long-term outcomes.'> Many
previous studies have focused on clinical and functional risk factors, including pulmonary function, comorbidities,
operative factors, and perioperative care pathways.*’ Several risk models have been developed for postoperative
pneumonia or morbidity after esophagectomy, but their generalizability may be limited by differences in patient

811 Therefore, routinely available

populations, surgical approaches, candidate predictors, and outcome definitions.
biomarkers that can complement clinical assessment may be useful, particularly if they are inexpensive and easy to
obtain before surgery.

Inflammation-based markers have received increasing attention in surgical risk assessment. NLR and PLR are
commonly used blood count-derived indices and have been associated with postoperative complications in patients

undergoing esophageal cancer surgery.'*'® AISI differs from these single-ratio markers because it integrates neutrophils,
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Figure 5 Decision curve analysis of AlSI-based models. Decision curves compare the net benefit of the fully adjusted model, continuous AlSI, dichotomized AlSI, and the
treat-all and treat-none strategies across threshold probabilities from 0.01 to 0.60.

monocytes, platelets, and lymphocytes into one composite index. This may allow AISI to reflect a broader inflammatory
and immune profile than NLR or PLR alone.'* In the present study, AISI showed higher discriminatory performance
than both NLR and PLR, suggesting that this combined index may capture clinically relevant information related to
postoperative pneumonia risk.

The biological interpretation of AISI is plausible but should remain cautious. A higher AISI may reflect increased
neutrophil, monocyte, and platelet activity together with relative lymphopenia. This pattern may indicate an inflammatory
state with reduced adaptive immune reserve before major surgery.”” Surgical stress, anesthesia, single-lung ventilation,
tissue injury, and postoperative atelectasis can further disturb pulmonary host defense and increase susceptibility to
respiratory infection.’®?%! Therefore, elevated AISI may represent a preoperative immune-inflammatory phenotype that
is more vulnerable to postoperative pulmonary infection. However, this study was not designed to determine mechanism,
and these explanations should be considered hypothesis-generating.

From a clinical perspective, AISI is attractive because it is derived from routine blood tests and can be assessed
before surgery. Rather than serving as a stand-alone decision rule, AISI may help identify patients who warrant closer
perioperative respiratory assessment or more careful postoperative monitoring. It may also be considered alongside
established clinical factors, pulmonary function, operative risk, and institutional care pathways.*> The decision curve
analysis provides preliminary support for the potential clinical value of AISI-based risk stratification, but the net benefit
observed in this single-center cohort should be interpreted cautiously because threshold probabilities and preventive
strategies may vary across institutions.

This study has several strengths. First, AISI was evaluated as both a continuous and dichotomized variable, and the
findings were consistent across the main and sensitivity analyses. Second, the study compared AISI directly with NLR
and PLR in the same cohort, allowing an internally consistent assessment of discriminatory performance. Third, the
analysis included multivariable adjustment, restricted cubic spline modeling, and decision curve analysis, providing

information on association, possible non-linearity, and potential clinical value.
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Several limitations should also be acknowledged. First, this was a retrospective, single-center study, and residual
confounding or selection bias cannot be excluded. Second, postoperative pneumonia is a clinically heterogeneous
outcome, and overlap with atelectasis, aspiration, pulmonary edema, or other pulmonary complications may affect
outcome classification despite structured adjudication. Third, the AISI cut-off was derived from the same cohort using
the Youden index, which may lead to optimism and may not be directly transferable to other populations. Fourth,
although decision curve analysis suggested potential net benefit, its interpretation depends on threshold probabilities,
baseline risk, and available preventive strategies. Finally, the findings require external validation and prospective
evaluation before AISI can be incorporated into routine perioperative risk assessment.

Conclusion

In this retrospective cohort of patients undergoing minimally invasive esophagectomy for ESCC, higher preoperative
AISI was independently associated with 30-day postoperative pneumonia and showed good discriminatory performance
compared with NLR and PLR. These findings suggest that AISI may serve as a simple preoperative risk-stratification
marker. External validation and prospective evaluation are needed before its use in routine clinical practice.
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