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A nomogram combining prognostic nutritional index and platelet lymphocyte ratio
predicts postoperative pulmonary infection following D2 radical gastrectomy for gastric

cancer
Un nomograma que combina el indice nutricional pronostico y el cociente plaquetario linfocitario
predice la infeccion pulmonar postoperatoria tras la gastrectomia radical D2 por cancer gastrico
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Abstract

Introduction: the prognostic nutritional index (PNI) and platelet-lymphocyte ratio (PLR) have been found to correlate with outcomes following
radical gastrectomy for gastric cancer (GC).

Objectives: to construct a nomogram combining PNI and PLR for individually forecasting the risk of postoperative pulmonary infection (POl)
following D2 radical gastrectomy for GC.

Methods: retrospectively, clinical data was gathered from 404 patients treated with D2 radical gastrectomy for GC. The study used multivariate
logistic regression analysis to screen independent risk factors for POl after surgery. Subsequently, a nomogram was developed based on the
above factors to forecast the POI probability accurately.

Results: the multivariate logistic regression analysis identified age, PNI, PLR, CA199 level, ASA score, and ICU treatment as independent risk
variables for POl following D2 radical gastrectomy (p < 0.001 or 0.05). The nomogram's area under the receiver operating characteristic curve
Keywords: (AUC) for predicting the risk of POl was 0.736 (95 % confidence interval (Cl) = 0.678-0.794). The nomogram was internally validated using the
bootstrap approach, involving repeated sampling 1000 times. The result yielded a concordance index (c-index) of 0.707 (95 % Cl = 0.705-0.709).
Gastric cancer. Prognostic  The calibration curves demonstrated an excellent concordance between the predicted values of the nomogram and the observed values. The

nutritional index. Platelet nomogram's clinical value was shown to be high using decision analysis curves.
lymphocyte ratio.

Pulmonary infection. Conclusions: a nomogram combining PNI and PLR is a dependable tool for forecasting the probability of POI following D2 radical gastrectomy
Nomogram. for GC.
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Resumen

Introduccion: se ha observado que el indice nutricional prondstico (INP) y el cociente plaquetas/linfocitos (PLR) se correlacionan con los resultados
tras la gastrectomia radical por cancer gastrico (CG).

Obijetivos: disefiar un nomograma que combine el INP y la RPL para predecir individualmente el riesgo de infeccion pulmonar postoperatoria
(POI) tras una gastrectomia radical D2 por CG.

Métodos: de forma retrospectiva, se recopilaron datos clinicos de 404 pacientes tratados con gastrectomia radical D2 por CG. El estudio utilizo
un andlisis de regresion logistica multivariante para detectar factores de riesgo independientes de IOP tras la cirugia. Posteriormente, se desarrollo
un nomograma basado en los factores mencionados para pronosticar con precision la probabilidad de POI.

Resultados: el analisis de regresion logistica multivariante identifico la edad, el INP, el PLR, el nivel de CA199, la puntuacion ASA y el
tratamiento en la UCI como variables de riesgo independientes para el POl tras la gastrectomia radical D2 (p < 0,001 0 0,05). El drea bajo la
curva ROC (caracteristica operativa del receptor) AUC del nomograma para predecir el riesgo de POI fue de 0,736 (intervalo de confianza [IC]
del 95 % = 0,678-0,794). El nomograma se validé internamente mediante el método bootstrap, que consiste en repetir el muestreo 1000
veces. El resultado fue un indice de concordancia (indice c) de 0,707 (IC del 95 % = 0,705-0,709). Las curvas de calibracién demostraron
una excelente concordancia entre los valores predichos del nomograma y los valores observados. El valor clinico del nomograma se demostrd
elevado mediante curvas de andlisis de decision.

Conclusiones: un nomograma que combina INP y PLR es una herramienta fiable para predecir la probabilidad de POI tras gastrectomia radical

pulmonar. Nomograma. D2 por CG.

INTRODUCTION

In 2020, gastric cancer (GC) had more than one million new
cases and caused around 769,000 deaths worldwide. It ranked
fifth in regards to new cases and fourth in regards to causing
mortality among all types of cancer (1). In China, GC is the third
leading cause of cancer-related deaths (2). The definitive and
possibly curative treatment for GC without distant metastases is
radical stomach resection combined with regional lymphadenec-
tomy. In eastern Asia, the D2 radical gastrectomy is the estab-
lished method for treating curable GC (3). Although the prognosis
of patients after radical gastrectomy has improved considerably
with advances in operative technology and perioperative care,
postoperative complications, including postoperative pulmonary
infections (POIs), continue to be clinically significant events, par-
ticularly within aged patients or those with poorer immune status
(4,5). The postoperative complications have been illustrated to
be linked to elevated medical expenses, prolonged stays in hos-
pitals, and raised mortality during the perioperative period (6,7).
Furthermore, there is an increasing amount of data indicating
that postoperative infectious complications, such as POI, impact
the overall survival of GC patients (8-11). Hence, it is crucial to
elucidate the risk factors linked to the development of POI to
identify high-risk patients and provide early, specific medicinal
interventions to decrease the occurrence of POl and improve
postoperative clinical results.

Previous studies have examined the predictive significance
of various nutritional and inflammation-related indicators de-
rived from blood tests, involving the controlling nutritional
status (CONUT) score (12), prognostic nutritional index (PNI)
(13), platelet-to-lymphocyte ratio (PLR) (14), neutrophil-to-lym-
phocyte ratio (NLR), and others (15,16), for postoperative com-
plications and long-term survival in GC. However, the existing
preoperative predictive investigations have mainly concentrated
on individual nutritional or inflammatory indicators, with a lim-
ited number of researches exploring the combined predictive
value of both nutritional and inflammatory markers concern-
ing postoperative complications for GC patients. Furthermore,
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as far as we know, no study currently focuses on creating a
nomogram that combines nutritional and inflammation-related
markers to accurately forecast the individual risk of POI after
radical gastrectomy for GC.

This study examines the relationship between preoperative nu-
trition, inflammation-related biomarkers, and postoperative POI
in individuals who undergo D2 radical gastrectomy for GC. Fur-
ther, we developed a nomogram that combines the PNI and PLR
as an intuitive and easy-to-use tool for clinicians to accurately
assess the likelihood of POI after D2 radical gastrectomy. This
nomogram may assist clinicians in tailoring treatment approach-
es to enhance patient outcomes.

METHODS

PATIENTS

This study comprised 404 patients with GC who had D2 rad-
ical gastrectomy at the Department of Gastrointestinal Surgery,
Lu'an Hospital, Anhui Medical University, between January 2019
and December 2021. Each of the individuals matched the essen-
tial inclusion standards: 1) Patients who were diagnosed with GC
through a biopsy before surgery and deemed appropriate for D2
radical resection based on a thorough preoperative assessment;
2) Patients who underwent D2 radical resection; 3) Patients with
complete medical and pathological information; 4) Patients who
received no neoadjuvant therapy; 5) Patients with tumours other
than GC were excluded from this study. Each patient had a whole
or partial gastrectomy, accompanied by D2 lymph node dissec-
tions, according to the tumour’s position and size. The surgical
management of GC was performed following the Japanese rec-
ommendations for treating this condition.

The study was authorised by the Lu’an Hospital Ethics
Committee of Anhui Medical University, complying with the
principles of the Declaration of Helsinki. Simultaneously, be-
fore conducting the study, each patient provided fully informed
written permission.
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DATA COLLECTION

This study examined clinicopathological variables like baseline
demographics, preoperative lab tests, intra-operative factors, and
pathological tumour characteristics (according to the American
Joint Committee on Cancer TNM staging system 8™ edition). The
serum albumin (ALB) level, total cholesterol, and blood cell counts,
namely neutrophils, platelets, and lymphocytes, were obtained from
the medical records before therapy. This study analysed preopera-
tive indicators of nutrition and inflammation, including the prognosis
nutritional index (PNI), controlling nutritional status (CONUT) score,
neutrophil-to-lymphocyte ratio (NLR), and platelet-to-lymphocyte
ratio (PLR). The NLR and PLR were determined by dividing the
number of neutrophils and platelets by the number of lymphocytes
(17). The PNI was derived using the formula: (10 x albumin level
[g/dL]) + (0.005 x lymphocyte count [number/mm?)) (18). The CO-
NUT score was estimated following the approach described in table |
(19). The primary measure evaluated was the occurrence of post-
operative pulmonary infection (POI) during 30 days after the surgical
procedure. The diagnosis of POl was established based on the crite-
ria put forward by the United States Centres for Disease Control and
Prevention (20). The researchers in this study meticulously reviewed
each patient’s medical records to validate the POI diagnosis.

STATISTICAL ANALYSIS

Statistical analyses were conducted using SPSS version 26.0
and R version 4.3.0. The appropriate cutoff values for PNI, CONUT
score, PLR, and NLR were identified using the receiver operating
characteristic (ROC) curve. The categorical data are represented
as the number of instances (%) and analysed using either the
Chi-square or Fisher's exact test. Quantitative variables were
measured as the median with the interquartile range and were
compared using either the student’s t-test or the Mann-Whitney
U-test. The binary logistic regression model included Variables
with a significance level of p < 0.05 obtained from univariate
analysis. A nomogram was created to estimate the probability
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of occurrence of a specific result. The nomogram’s predictive
capability was evaluated by computing the concordance index
(C-index) and the area under the receiver operating characteristic
curve (AUC). A calibration chart was created to conduct concor-
dance testing, comparing expected and actual values. Finally,
decision curve analysis (DCA) was used to evaluate the practical
value of the nomogram in a clinical setting. A p-value less than
0.05 indicates a statistically significant difference.

RESULTS

PATIENT CHARACTERISTICS

Table | displays the clinical and pathological features of the
404 patients. Of the total, 294 individuals (72.8 %) were male,
while 110 individuals (27.2 %) were female. The median age
of the individuals was 68.0 years, with a range of 39.0 to 88.0
years. Among the 404 instances, hypertension was present
in 129 patients (31.9 %), chronic obstructive pulmonary dis-
ease (COPD) in 19 patients (4.7 %), and diabetes mellitus in
40 patients (9.9 %). Two hundred twenty-two patients, 55.0 %
of the sample, had laparoscopically assisted gastrectomy. One
hundred four people, accounting for 25.7 % of the 404 partic-
ipants, were diagnosed with pulmonary infection based on the
diagnostic criteria.

THE CORRELATION OF PNI AND PLR WITH
CLINICOPATHOLOGIC VARIABLES

The optimal cutoff values for the PNIand PLR in predicting POl were
determined to be 48.55 and 142.89, respectively, by the maximum
Youden index (Fig. 1A-B). The CONUT score had a cutoff value 2.50,
while the NLR had a cutoff value of 2.515, as seen in figure 1C-D.
Among the 404 patients, 172 (42.6 %) patients had a PNI < 48.55,
while 198 (49.0 %) patients had a PLR < 142.89. On the other hand,
232 patients (57.4 %) had a PNI > 48.55, and 206 patients (51.0 %)

Table I. Computing of CONUT score

Levels of malnutrition
Variables
Normal Mild Moderate Severe
Albumin, g/dL >35 3.0<ALB< 3.5 25<ALB<3.0 <25
Score 0 2 4 6
Total lymphocyte count, mg/mL > 1600 1200 < TLC < 1600 800 <ALB < 1200 <800
Score 0 1 2 3
Total cholesterol, mg/dL >180 140 <TC < 180 100 <TC < 140 <100
Score 0 1 2 3
Total score 0-1 2-4 5-8 9-12
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had a PLR > 142.89. The PNI < 48.55 group and the PNI > 48.55
group exhibited significant differences in age, BMI, COPD, haemoglo-
bin, albumin, CA199, maximal tumour diameter, pT stage, p N stage,
0 TNM stage, vascular infiltration, neural infiltration, and postopera-
tive pulmonary infection, as indicated in table Il. The PLR < 142.89
group and the PLR > 142.89 group showed significant differences in
BMI, diabetes, haemoglobin, albumin, maximal tumour diameter, p T
stage, p TNM stage, and postoperative pulmonary infection.

Figure 1.

ROC curve analysis of PNI, PLR, CONUT score and NLR for predicting POI
(A. PNI; B. PLR; C. CONUT score; D. NLR).

UNIVARIATE AND MULTIVARIATE LOGISTIC
REGRESSION ANALYSIS

The univariate logistic analysis demonstrated substantial cor-
relations between many covariates and the incidence of PO fol-
lowing D2 radical gastrectomy for GC. These variables include
age, hypertension, diabetes, haemoglobin levels, albumin levels,
PNI, PLR, CA199 levels, American Society of Anesthesiologists
(ASA) score, operation time, and postoperative intensive care
unit (ICU) treatment (p < 0.001 or 0.05). Additional multivariate
logistic regression analyses revealed that age, PNI, PLR, CA199
levels, ASA score, and postoperative ICU treatment were deter-
mined to be independent risk variables for POl after D2 radical
gastrectomy for GC (p < 0.001 or 0.05) (Table Ill).

CONSTRUCTING VALIDATING THE
NOMOGRAM

We used the outcomes of logistic regression analysis to develop
an intuitive and effective nomogram for evaluating the probability
of POl after D2 radical gastrectomy for GC (Fig. 2). The area un-
der the curve (AUC), sensitivity, and specificity of the nomogram
were 0.736 (95 % Cl = 0.678-0.794), 61.7 %, and 76.2 %, re-
spectively (Fig. 3A). The internal validation was conducted using
the Bootstrap approach, which included doing self-help repeated
sampling 1000 times. The c-index was determined to be 0.707
(95 % Cl = 0.705-0.709). The calibration curve demonstrated
a strong agreement between the nomogram’s estimation of the
risk of POl following D2 radical gastrectomy for GC and the actual
observed risk (Fig. 3B).

Table Il. Correlation of patient characteristics with PNI and PLR
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PNI PLR
i B (,,TL’?J4, <4855 | 4855 <1428 | >142.89
(n=172) | (=232 |PVale | (,_498) | (n=206 |P-Value
Age, years® (63%8-;)4.0) (661)1—.705.0) (60.%7—;)2.0) <0001 (62.%%)3.0) (64%9-;)5.0) 0.334
Male sex 204(72.8) | 124(721) | 170733 | 0792 | 150(75.8 | 144699 | 0.186
Smoking 68(16.8) | 34(19.8) 34 (14.7) 0.174 37 (18.7) 31(150) | 0320
Drinking 64(158) | 28(16.3) 36 (15.5) 0.836 38 (19.2) 26(126) | 0071
B R 9?53—54.1) (19%1-'213.7) (19.292:'224.2) 0.003 (20%2-'224.2) (19.221-53.8) 0.018
Hypertension 129319 | 55@320) 74319 0.986 72 (36.4) 57(77) | 0.061
COPD 19(4.7) 13(7.6) 6 (2.6) 0.020 7(3.5) 125.8) 0.277
Diabetes 4099) 16(0.3) 24103 0.729 29 (14.6) 116.3) 0.002
Prior abdominal surgery 61 (15.1) 30(17.4) 31 (13.4) 0.257 28 (14.1) 33 (16.0) 0.598
(Continues on next page)




606 X. Ma et al.
Table Il (cont.). Correlation of patient characteristics with PNI and PLR
PNI PLR
. L. Total
R (n=404) | <4855 >48.55 value | <1428 | 214289 |
n=172) | (n=232) |P (n=198) | (n=206) | P
. 122.0 102.0 132.0 129.0 1125
Hemoglobin, g/L 97.3-1358) | (83.0-120.0) | (118.0-141.0) | <097 | (1130-1383) | 6.8-133.0) | <O
o 48 37.4 44.9 423 414
Albumin, g/L (38.0-45.3) | (348-40.0) | @23-467) | <000" | (390457 | (7.2-aa9 | 0070
CEA, ng/mL
<5 307 (76.6) | 129(75.9) | 178 (77.1) 155(78.7) | 152745 | 0304
>5 94 (23.4) 41 (24.1) 53 (22.9) 0.784 42213 52 (25.5)
CA125, U/mL
<35 302(97.8) | 164(965 | 228(98.7) 195(99.0) | 197(96.6) | 0102
>35 9(2.2) 635 3(13 0136 2(1.0 7(3.4)
CA199, U/mL
<37 346(86.3) | 140(82.4) | 206 (89.2) 173(87.8) | 173(84.8) | 0.381
>37 55 (13.7) 30 (17.6) 25 (10.8) 0.050 24 (12.2) 31 (15.2)
Tumor location
Upper 183(45.3) | 7443.0) 100 (47.0) 97 (49.0) 86 (41.7) 05320
Middle 89 (2200 | 36(20.9 53 (22.8) 0.461 42 (21.2) 47 (22.8) :
Lower 132(327) | 62(36.0) 70 (30.2) 59 (29.8) 73 (35.4)
Maximum tumour diameter, cm
<4 204 (505 | 71(41.3) 133 (57.3) 119 (60.1) 85(41.3) | <0001
>4 200 (495 | 101(587) | 99@42.7) 0.001 79399 | 121(88.7)
p T stage
T +T2 127314 | 37215 90 (38.8) 76 (38.4) 51 (24.8) 0.003
T3+ T4 077(686) | 135785 | 1420612 | <00 | 120616 | 1550752
p N stage
NO 168 (41.6) | 60(349) 108 (46.6) 88 (44.4) 80 (38.9) 0.253
NT + N2 + N3 236 (58.4) | 112(65.1) | 124 (53.4) 0019 | 110556 | 126(61.2)
o TNM stage
| 108(26.7) | 29(16.9) 79 (34.1) 65 (32.8) 43 (20.9) 0024
I 103(255) | 49 (285) 54 (23.3) 0.001 45 (22.7) 58 (28.2) '
1 193(47.8) | 94(547) 99 (42.7) 88 (44.4) 105 (51.0)
Tumor differentiation
Well 42 (10.4) 12(7.0) 30 (12.9) 23 (11.6) 19(9.2) 0750
Moderate 69(17.1) | 26(15.1) 43 (18.5) 0.073 33 (16.7) 36 (17.5) :
Poor 203 (72.5) | 134(77.9) | 159 (68.5) 142(717) | 151 (73.3)
Vascular infiltration 184(455) | 93(54.1) 91 (39.2) 0.003 81 (40.9) 103(50.0) | 0.067
Neural infiltration 19047.0) | 91529 99 (42.7) 0.042 85 (42.9) 1056100 | 0105
Puimonary infection 104 (25.7) | 59(343) 45 (19.4) 0.001 60 (30.3) 44(1.4) 0.040

*Values are median (interquartile range). ASA: American society of anesthesiology; BMI: body mass index; CA199: carbohydrate antigen 199; CA125: carbohydrate
antigen 125; CEA: carcinoembryonic antigen; COPD: chronic obstructive pulmonary disease, PLR: platelet-to-lymphocyte ratio; PNI: prognostic nutritional index.
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Table lll. Univariate and muiltivariate logistic regression analysis of POI risk factors
Characteristics UV OR (95 % CI) p-z‘;ue MV OR (95 % CI) p-x;l/le*

Age, > 71.5 years 2.766 (1.749-4.374) < 0.001 1.796 (1.067-3.024) 0.028
Gender, male vs female 1.249 (0.746-2.091) 0.397
Smoking 0.954 (0.523-1.740) 0.878
Drinking 1.052 (0.574-1.928) 0.870
Hypertension 2.074 (1.306-3.292) 0.002 NS 0.744
COPD 1.352 (0.500-3.653) 0.552
Diabetes 2.353 (1.202-4.606) 0.012 NS 0.606
Prior abdominal surgery 1.504 (0.835-2.709) 0174
BMI, < 18.5 kg/m? 1.347 (0.724-2.507) 0.347
Hemoglobin, < 110/120 g/L 1.655 (1.055-2.595) 0.028 NS 0.624
Albumin, < 35 g/L 2.206 (1.154-4.217) 0.017 NS 0.933
PNI, > 48.55 0.461 (0.293-0.725) 0.001 0.529 (0.313-0.893) 0.017
CONUT score, > 2.5 1.596 (0.978-2.603) 0.061
PLR, > 142.89 0.625 (0.398-0.980) 0.041 0.489 (0.290-0.822) 0.007
NLR, > 2.515 0.737 (0.459-1.184) 0.207
CEA, > 5 ng/mL 1.456 (0.873-2.428) 0.150
CA125, > 35 U/mL 0.365 (0.045-2.955) 0.345
CA199, > 37 U/mL 1.869 (1.023-3.417) 0.042 2.005 (1.025-3.924) 0.042
Tumor location

Middle vs upper 0.845 (0.469-1.521) 0.574

Lower vs upper 0.949 (0.570-1.579) 0.840
ASA score

2vs1 4.714 (2.635-8.436) < 0.001 3.391 (1.789-6.426) < 0.001

3vs1 14.371 (2.918-70.779) 0.001 6.949 (1.284-37.615) 0.024
Surgical approach, open vs laparoscopy 1.178 (0.754-1.843) 0.472
Type of resection, total vs subtotal 1.002 (0.627-1.602) 0.992
Multi-visceral resection 0.792 (0.389-1.610) 0.519
Operation time, > 261 min 1.731 (1.105-2.713) 0.017 NS 0.062
Intraoperative blood loss, > 325 ml 1.637 (0.880-3.047) 0.120
Perioperative blood transfusion 1.394 (0.855-2.273) 0.182
Postoperative ICU treatment 12.417 (2.592-59.472) 0.002 6.588 (1.199-36.198) 0.030
Maximum tumor diameter, > 4 cm 1.082 (0.692-1.690) 0.730
pTstage, T3+ T4vsT1 +T2 1.043 (0.644-1.689) 0.865
p N stage, N1 + N2 + N3 vsNO 1.484 (0.933-2.360) 0.095

(Continues on next page)
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Table Il (cont.). Univariate and multivariate logistic regression analysis of POI risk factors

Characteristics UV OR (95 % CI) uv MV OR (95 % CI) mv
p-value p-value*

o TNM stage

lvsl 1.120 (0.601-2.088) 0.720

sl 1.133(0.657-1.953) 0.654
Tumor differentiation

Moderate vs well 2.118 (0.765-5.859) 0.148

Poor vs well 2.254 (0.915-5.552) 0.077
Vascular infiltration 0.883 (0.564-1.385) 0.589
Neural infiltration 0.734 (0.467-1.152) 0.179

*Variables found to be significant at p < 0.05 in the univariate analysis were entered into the multivariate logistic regression analysis. ASA: American society of
anesthesiology; BMI: body mass index;, CA199: carbohydrate antigen 199; CA125: carbohydrate antigen 125; CEA: carcinoembryonic antigen; CONUT: controlling
nutritional status; COPD: chronic obstructive pulmonary disease; MV: multivariable; NLR: neutrophil-to-lymphocyte ratio; NS: not significant; PLR: platelet-to-lymphocyte
ratio; PNI: prognostic nutritional index; UV: univariate; OR: odds ratio; Cl: confidence interval.

0 0 20 % 4 50 o0 0 s 100
Points
>715

Age —_—

s71.5

<4855

PNI
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$142.89

PLR T
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37

2 3

ASA score

1

YES

ICU treatment

NO
Total Points.

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
Probability of POI

0.1 03 0.5 0.9
Figure 2.

The nomogram for predicting POI (ASA: American Society of Anesthesiology;
CA199: carbohydrate antigen 199; PLR: platelet-to-lymphocyte ratio; PNI:

prognostic nutritional index).

DECISION CURVE ANALYSIS

The nomogram’s clinical value was evaluated using a decision

curve (Fig. 4). The DCA indicated that the nomogram has a sig-
nificant positive net effect and is clinically valuable for accurately
predicting the occurrence of POI following D2 radical gastrecto-
my for GC.

DISCUSSION

Gastrectomy is the primary and most effective therapy for

curing GC. Nevertheless, radical resection for GC is intricate
and time-consuming, posing a significant risk of infection after
surgery. The incidence of POl after radical gastrectomy exhibits
significant variation across different nations and regions. This
retrospective study analyzed 404 GC patients who had D2

0232 (0,617, 0.762)

AUC: 0.736 (0.678-0.794)

Sensituity

Actual Probabilty

Figure 3.

Nomogram-Predicted Probabilty

The ROC curve and the calibration
curve of the nomogram (A. The ROC
curve; B. The calibration curve).

Mown abacit emor-0.028 st
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Figure 4.
The DCA curve of the nomogram.

radical gastrectomy. The study found that the incidence of POI
was 25.7 %, which was significantly higher compared to the
rates of 12.8 % (9) and 14.7 % (21) reported in earlier studies.
Possible explanations for this divergence might be attributed to
variations in the diagnostic criteria for POI, heterogeneity in the
features of the research cohorts, and disparities in surgical pro-
cedures. Postoperative infection carries a substantial economic
cost for patients and hampers their recovery. Hence, it is crucial
to determine the risk factors and promptly adopt measures to
minimise the likelihood of such infections (7,22). Several recent
studies have shown a strong correlation between the patient’s
nutritional state and levels of inflammation with the occurrence
of postoperative infection in various illnesses. The need to eval-
uate nutrition and inflammation in cancer patients is widely ac-
knowledged (22-24). Recently, several studies have examined
the risk variables associated with POl after radical gastrectomy
(25,26). However, these studies have not sufficiently included
all relevant risk factor variables, and few studies considered
preoperative nutritional and inflammation-related variables in
patients. Consequently, these studies provide restricted guid-
ance for clinical practice.

In this work, we create a nomogram that combines the PNI
and PLR to accurately predict the probability of POI after D2
radical gastrectomy for GC. This work represents the first en-
deavour to integrate patients’ nutritional and inflammatory-re-
lated indicators to individually predict the likelihood of POI
after D2 radical gastrectomy for GC. The findings of our study
suggest that Age, PNI, PLR, CA199 level, ASA score, and ICU
treatment were identified as separate risk factors for POI. In
addition, we developed a nomogram incorporating indepen-
dent risk variables obtained from multivariate analysis, which
effectively predicts the probability of POI. The nomogram mod-
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el exhibited a significant level of discrimination, as shown by
its C-index of 0.707. The calibration curves for predicting the
probability of POl demonstrated a strong agreement between
the anticipated values from the nomogram and the observed
values. Hence, our nomogram may serve as an intuitive tool for
determining the probability of POl after D2 radical gastrectomy
for GC and for implementing preventive medical measures to
mitigate the occurrence of POl and improve patients’ clinical
outcomes.

Arising percentage of clinicians are beginning to recognise the
significance of nutrition for patients diagnosed with GC. Hence,
it is crucial to assess the nutritional condition of individuals di-
agnosed with GC precisely. Among various clinical factors, the
patient’s nutritional status stands out as a modifiable factor, un-
like age, tumor status, and comorbidities, which are essentially
unchangeable. Hence, to enhance a patient’s postoperative out-
come, it is crucial to focus on modifiable risk factors that may
be partly or completely changed. Timely recognition and inter-
vention for patients who suffer from malnutrition or are at high
nutritional risk is essential for the efficient treatment of tumor
patients during the perioperative period. Several nutritional risk
screening/assessment methods are accessible, such as the Nu-
tritional Risk Screen 2002, the Malnutrition Universal Screening
Tool, the Subjective Global Assessment, and the Patient-gener-
ated Subjective Global Assessment. Nevertheless, such methods
often need to be more convenient and susceptible to subjective
influences, resulting in less precise outcomes (27). The PNl is a
quantitative nutritional assessment tool that may be readily de-
termined by measuring the serum ALB level and the peripheral
blood lymphocyte count. Serum ALB, a hepatically synthesised
protein, is crucial in transporting substances and regulating
plasma osmolality. Additionally, Serum ALB concentration serves
as an indicator of the body’s nutritional status (28). Peripheral
blood lymphocytes play a crucial role in the elimination and pro-
grammed cell death of tumour cells, thereby serving as a critical
component of the body’s immunological defence against cancer.
A reduced lymphocyte count indicates a decline in the body’s
immunological activity against tumours (29). Xi et al. (22) demon-
strated using PNI in predicting postoperative infection following
radical surgery for GC. Their study revealed that a PNI value
below 45 was a significant risk variable for infection following
radical surgery for GC. Xiao et al. (30) found that infection is an
essential complication after gastrectomy, and a PNI value of less
than 43.9 is an independent risk factor for infection after stage
II/Il radical gastric resection. This study determined that a PNI
value of 48.55 is the optimal cutoff value for predicting the oc-
currence of POI following D2 radical gastrectomy. Furthermore, a
multivariate analysis demonstrated that a PNI value below 48.55
is an independent risk factor for POI.

Neutrophils, lymphocytes, and platelets are easily accessible
via standard blood count tests and have essential functions in
reducing inflammation, responding to infections, and maintain-
ing proper blood coagulation (31). The PLR, derived from the
combined platelet and lymphocyte counts, is a reliable indica-
tor of systemic inflammation and immunological function (32).
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Consequently, a lower PLR score indicates the presence of both
systemic inflammation and weakened immune response. Mount-
ing data suggests that a widespread inflammatory response may
have a significant impact on the initiation and advancement of
cancer. While several studies have established PLR as a prog-
nostic indicator for various solid tumours (16,33), acute ischemic
stroke, and acute renal damage (34,35), there is less data about
its possible correlation with POI after radical gastrectomy for
GC. This study found a strong correlation between preoperative
PLR and POI. Multivariate analysis showed that the preoperative
PLR < 142.89 is an independent risk factor for POI. The specific
mechanism by which preoperative PLR affects POl in individuals
with GC is likely intricate yet not fully understood. A diminished
PLR indicates a reduction in the total lymphocyte count and an
elevation in platelet count. A reduced total lymphocyte count in-
dicates compromised cell-mediated immunity and malnutrition
in the body. In contrast, an elevated platelet count indicates
inflammation and a predisposition to blood clotting (36). A di-
minished lymphocyte-mediated antibacterial immune response
may reduce the lymphocyte-mediated antibacterial cellular im-
munological response, hence facilitating bacterial invasion and
proliferation (14,37). The platelet count is acknowledged as an
indicator of a widespread inflammatory reaction and the possi-
bility of tiny blood vessel clotting. The prevalence of inflammatory
cytokine cascades, such as those associated with tumour necro-
sis factor-a and interleukin (IL)-1, IL-6, and IL-8, is enhanced by
systemic inflammatory responses, including a low PLR. These
immune modulators can potentially influence the activity and
regulation of natural killer cells, cytotoxic T lymphocytes, and
antigen-presenting cells (38-40). Eventually, the interaction be-
tween these intricate elements raises infectious complications
following surgery.

An advantage of our research is that the nomograms were
constructed using PNI and PLR indicates derived from standard
laboratory tests of plasma albumin, platelet, and lymphocyte
counts. These procedures are often used in clinical practice.
Nevertheless, there are some limitations to this research. Initially,
as this is a single-centre retrospective study, it was impossible
to exclude some potential biases completely. Furthermore, this
study did not collect data to analyse the nutritional supplements
provided to patients after their surgery. The outcomes of this re-
search need to offer more proof regarding the effect of postoper-
ative nutritional supplementation and oral diet on POI. Ultimately,
this research did not have external validation, and it is necessary
to confirm the predictive effectiveness of this nomogram model
in other populations. Therefore, we will conduct multicenter re-
search, including a broader population, to further validate our
findings.

CONCLUSION

In conclusion, our research concluded that age, PNI, PLR,
CA199, ASA score, and postoperative ICU treatment were iden-
tified as independent risk factors for POI following radical gas-

X. Ma et al.

trectomy for GC. Furthermore, the nomogram combining PNI and
PLR may aid in precisely predicting the probability of POI follow-
ing radical gastrectomy for GC, assisting clinicians in developing
individualised treatment plans.
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