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classification>Il grade
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Abstract

Background The occurrence of complications following radical gastrectomy for gastric cancer significantly impacts
patients' quality of life. Elderly patients are susceptible to postoperative complications. This study seeks to investigate
the risk factors associated with Clavien-Dindo >llgrade complications following radical gastrectomy for advanced
gastric cancer in elderly patients, develop a nomogram risk prediction model, and validate its accuracy.

Methods Retrospective collection of clinical and pathological data was conducted on 442 elderly patients with
advanced gastric cancer who underwent radical gastrectomy at Shaanxi Provincial People’s Hospital from January
2015 to December 2020. They were randomly divided into a training set (n=310) and a validation set (n=132)ina 7:3
ratio. The severity of postoperative complications was graded using the Clavien-Dindo classification system, resulting
in two complication groups: Clavien-Dindo <II group (n=229) and Clavien-Dindo >Il group (n=281). Univariate and
multivariate logistic regression analyses were performed to identify independent risk factors affecting the occurrence
of Clavien-Dindo >l grade complications, and a predictive model was established based on the results. The model
was then validated using the validation set.

Results Among the 442 patients included in the study, 121 cases (27.38%) experienced postoperative complications,
with 111 cases (25.11%) classified as Clavien-Dindo >II grade complications. Multivariable logistic analysis revealed
that the Prognostic Nutritional Index (PNI), surgical duration, age, and history of Diabetes mellitus were independent
risk factors for the occurrence of Clavien-Dindo >ligrade complications in elderly patients with advanced gastric
cancer after surgery (P<0.05). The nomogram model constructed based on these factors demonstrated good
discriminative ability, as indicated by the area under the Receiver Operating Characteristic (ROC) curve. Calibration
plots showed that the predicted probability of gastric cancer lymph node metastasis using the nomogram model
was well aligned with actual outcomes. Decision curve analysis indicated the clinical utility of the nomogram model
across a wide range of thresholds, demonstrating its practicality and potential for clinical benefit.
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surgery in elderly patients with advanced gastric cancer.

Nomogram

Conclusion This study identified Prognostic Nutritional Index (PNI), surgical duration, age, and history of Diabetes

mellitus as risk factors for the occurrence of Clavien-Dindo > Il grade complications in elderly patients with advanced
gastric cancer after surgery. Based on these four risk factors, a nomogram risk prediction model was constructed. This
model can be used to personalize the prediction of the risk of Clavien-Dindo > Il grade complications occurring after

Keywords Elderly, Advanced gastric cancer, Clavien-Dindo classification of surgical complications, Risk factors,

Introduction

As the population ages, the number of elderly patients
with gastric cancer is increasing [1-4]. The manage-
ment of gastric cancer involves a comprehensive systemic
approach, encompassing surgical treatment, immuno-
therapy, targeted therapy, and other modalities [5-7].
With aging, elderly patients often experience a decline
in various organ functions, which diminishes their tol-
erance to surgery compared to younger individuals [8].
This physiological decline, coupled with their decreased
ability to cope with the trauma induced by tumors or
surgery, significantly increases the risk of perioperative
complications [9]. Despite these challenges, D, radical
surgery remains the preferred treatment for advanced
gastric cancer. Advancements in medical technology
have significantly decreased the mortality rate of gastric
cancer [10, 11]. However, radical gastrectomy for gastric
cancer involves complex procedures, including complete
tumor resection, thorough clearance of lymph nodes, and
eradication of any microscopic metastases [12], leading
to a higher risk of perioperative complications due to the
longer duration of surgery. How to minimize the occur-
rence of complications while achieving radical resection
remains a focal point of clinical attention.

Perioperative complications can vary in type, includ-
ing infectious complications, anastomotic-related com-
plications, and incision-related complications. Different
research focuses on different directions [13—15], and the
risk factors affecting the occurrence and development
of perioperative complications in gastric cancer patients
vary accordingly. Previous studies have explored risk fac-
tors for overall postoperative complications or specific
types of complications [16, 17], but studies based on
the severity grading of complications are limited, mak-
ing it difficult to compare results across different cen-
ters and trials. Pierre-Alain Clavien et al. proposed the
Clavien-Dindo classification system for surgical compli-
cations in 1992 [18], which grades the severity of com-
plications based on the treatment required. It consists of
five grades and was updated in 2004 [19], with validation
conducted in 6336 general surgery patients. Research
has shown that the Clavien-Dindo classification system
demonstrates high consistency in defining and grading
perioperative complications, offering advantages such as

simplicity, reproducibility, rationality, practicality, and
comprehensiveness.

In the era of enhanced recovery after surgery, there is a
pressing need in clinical practice to develop an intuitive
and precise model for evaluating the risk of perioperative
complications in elderly patients with advanced gastric
cancer. Timely intervention guided by risk assessment
results is imperative to prevent severe outcomes and
enhance short-term prognosis for patients. This study
delves into the risk factors associated with the occur-
rence of Clavien-Dindo >II grade complications in elderly
patients with advanced gastric cancer post-surgery. Fur-
thermore, it constructs a nomogram risk prediction
model tailored for individualized risk assessment. Ulti-
mately, this empowers clinicians with a reliable tool for
promptly identifying high-risk patients and facilitating
targeted interventions.

Methods and materials

Study design and patients

This retrospective observational study collected and
reviewed clinical and pathological data from elderly
patients with advanced gastric cancer who underwent
D, radical gastrectomy in the Department of General
Surgery at Shaanxi Provincial People’s Hospital from Jan-
uary 2015 to December 2020. The severity of postopera-
tive complications was graded using the Clavien-Dindo
classification system, categorizing complications into
Clavien-Dindo <II group and Clavien-Dindo >II group.
Our study used the definition of the elderly of World
Health Organization (WHO) and defined the individu-
als aged>60 years old as the elderly [20]. Inclusion cri-
teria were as follows: (1) Age>60 years; (2) Postoperative
pathological examination confirming advanced gastric
cancer, staged according to the 8th edition of the Ameri-
can Joint Committee on Cancer (AJCC) TNM staging
system as stage I-III; (3) Underwent radical gastrectomy
for gastric cancer with concurrent D2 lymph node dis-
section; (4) No concomitant organ infections preopera-
tively; (5) Complete clinical and follow-up data available.
Exclusion criteria were: (1) Presence of tumors in other
organs; (2) Invasion of adjacent organs or occurrence of
distant metastases; (3) Presence of severe internal medi-
cal diseases; (ASA) classification of grade IV or higher;
(4) Underwent preoperative radiotherapy, chemotherapy,
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immune checkpoint inhibitors (ICIs), or other treat-
ments. Finally, 442 patients were included in this study.
(Fig. 1)

Perioperative complications encompass issues arising
from surgery within 30 days postoperatively, diagnosed
through clinical symptoms, laboratory tests, and imag-
ing examinations documented in the patient’s medical
records. These complications span various conditions
such as fever, abdominal distension, nausea, vomiting,
urinary retention, pulmonary infection, intra-abdominal
infection, urinary tract infection, wound infection, anas-
tomotic obstruction, pleural effusion, wound dehiscence,
intra-abdominal hemorrhage, intestinal obstruction,
anastomotic leakage or fistula, duodenal stump rupture,
acute kidney injury, acute heart failure, acute respiratory
failure, and multiple organ dysfunction, among others.

Complication severity is delineated by the Clavien-
Dindo classification system [21], which comprises five
grades. Level one typically entails mild symptoms with
no threat to life, while level five complications indicate
fatality. Detailed information is provided in Table 1.

Clinical variables

Clinical variables included age, gender, recent weight loss
(=5 kg within the past 3 months), history of acid suppres-
sion therapy, smoking history, alcohol consumption his-
tory, hypertension history, diabetes mellitus, coronary
heart disease history, chronic obstructive pulmonary
disease history, history of previous abdominal surgery,
tumor differentiation grade, tumor T stage, tumor N
stage, tumor location, tumor diameter, ASA classifica-
tion, surgical approach, and surgical duration were col-
lected as general clinical data. Additionally, preoperative
blood test results were obtained, including preoperative
levels of serum albumin, hemoglobin, neutrophil count,
lymphocyte count, monocyte count, platelet count, pre-
operative carcinoembryonic antigen (CEA), preoperative
carbohydrate antigen 19—9 (CA19-9), and preoperative
carbohydrate antigen 125 (CA-125).

The prognostic nutritional index (PNI) was calculated
using the following formula: PNI=serum albumin level
(g/L)+preoperative lymphocyte count (10°/L) x 5 [11].
Peripheral venous blood samples were collected from
all patients within one week before surgery for testing.
Postoperative pathological results were independently
reviewed by two pathologists.

Statistical analysis
The recruited patients were randomly divided in a 7:3
ratio, with 70% of the patients allocated to the training
set for developing the prediction model, and the remain-
ing 30% allocated to the validation set for assessing the
model’s accuracy.
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Data analysis was performed using SPSS Statistics 26.0
software and R software version 4.2.1. Clavien-Dindo <II
group and Clavien-Dindo 2II group were compared using
the Mann—Whitney U test, independent sample t-tests,
and Pearson’s chi-squared test, as appropriate. Data are
expressed as the meanztstandard deviation or median
(quartile) for continuous variables, and frequency and
percentage for categorical variables, based on the nor-
mal distribution of the data. Factors that exhibited sta-
tistical significance (P<0.05) in the univariate analysis
or were deemed clinically significant based on profes-
sional judgment were included in multivariable logistic
regression analysis to identify independent risk factors
for the occurrence of Clavien-Dindo >II grade complica-
tions. Using these independent risk factors, a nomogram
risk prediction model for forecasting the occurrence of
Clavien-Dindo 2II grade complications was constructed
using R software (version 4.2.1).

The predictive model developed in the training set was
applied to the validation set to evaluate and validate its
predictive capability. The discrimination ability of the
model was assessed within the training set using the area
under the receiver operating characteristic (ROC) curve.
ROC curve analysis is a method used to assess the per-
formance of diagnostic tests by plotting the relationship
between True Positive Rate (TPR) and False Positive Rate
(FPR). The AUC (Area Under the Curve) value is a prob-
ability metric that represents the likelihood that a classi-
fier will rank a randomly chosen positive sample higher
than a randomly chosen negative sample based on the
computed score. A higher AUC value indicates that the
classifier is more likely to correctly rank positive samples
ahead of negative samples, thereby indicating better clas-
sification performance. Calibration plots were generated,
and the calibration effect of the model was assessed using
the Hosmer-Lemeshow test. The calibration curve is the
consistency between the frequency of observed results
and prediction probability. The Hosmer-Lemeshow
test provides a P-value used to evaluate the consistency
between model predictions and actual observations. If
the P-value is less than a certain significance level (0.05),
the model is considered statistically inconsistent with
the data, indicating poor calibration. Conversely, if the
P-value is greater than the significance level, the mod-
el’s calibration is deemed acceptable. The clinical utility
of the model was evaluated using DCA (decision curve
analysis) curves.

Results

Patients’ characteristics

According to the inclusion and exclusion criteria, a
total of 442 patients were included in this study, with
ages ranging from 60 to 90 years and a median age of 67
(interquartile range: 63—72) years. The surgical duration
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Patients with elderly advanced gastric cancer
initially diagnosed from January 2015 to
December 2020
(N=625)
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Fig. 1 Flowchart of exclusion criteria for patient inclusion

ranged from 2.40 to 13.40 h, with a median of 5.20 (inter-
quartile range: 4.14-6.20) hours. The levels of CEA
ranged from 0.19 to 1000 ng/ml, with a median of 3.05
(interquartile range: 1.63-8.31) ng/ml. CA19-9 levels

ranged from 0.6 to 1000 U/ml, with a median of 11.14
(interquartile range: 6.42-25.41) U/ml. CA-125 levels
ranged from 0.55 to 657.02 U/ml, with a median of 9.23
(interquartile range: 5.54—17.63) U/ml. PNI ranged from
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Table 1 The Clavien-Dindo classification of surgical complications

Grades Definition
Gradel Non-life-threatening complications necessitating observation and administration of antiemetics, antipyretics, analgesics,
electrolyte-balancing medications, and physical therapy
Grade ll Potentially life-threatening complications
II-a Requires transfusion, anticoagulation, antimicrobial therapy, and parenteral nutrition in addition to Grade | interventions
II-b Invasive procedures like gastrointestinal decompression tube placement or contrast studies, in addition to Il-a treatments
Grade lll Complications leading to persistent disability or organ resection
lll-a Procedures performed without general anesthesia, including surgical, endoscopic, radiological, or interventional approaches
Il-b Procedures performed under general anesthesia
Grade IV Life-threatening complications
IV-a Involves single organ dysfunction necessitating ICU admission and monitoring
IV-b Involves multiple organ dysfunction
GradeV Death

Table 2 Demographic and clinical characteristics of 442 elderly patients with advanced gastric cancer

Demographic characteristics quantity percentage(%) Demographic characteristics quantity percentage(%)
Gender Operative method
Male 340 76.9 laparoscopy 311 704
Female 102 23.1 Laparotomy 131 296
Weight loss Differentiation
Yes 253 57.2 well 102 231
No 189 428 moderately 73 16.5
Acid suppression poorly 267 604
Yes 176 398 Tstage
No 266 60.2 T 0 0.0
Smoking T, 47 10.6
Yes 244 552 T, 93 211
No 198 44.8 T, 302 68.3
Alcohol N stage
Yes 161 364 Ny 120 27.1
No 281 63.6 N, 96 217
hypertension N, 105 238
Yes 133 30.1 N 121 274
No 309 69.9 Tumor localization
diabetes cardia 142 32.1
Yes 120 27.1 body 140 317
No 322 729 antrum 160 36.2
CHD ASA
Yes 72 16.3 | 191 432
No 370 837 I 132 29.9
COPD Il 119 269
Yes 43 9.7 % 0 0.0
No 399 90.3 TNM
Abdomen surgery | 29 6.5
Yes 101 229 I 121 274
No 341 77.1 Il 292 66.1

Categorical data are expressed as percentages; weight loss (=5 kg within the past 3 months); Acid suppression: history of acid suppression therapy; CHD: coronary
heart disease; COPD: chronic obstructive pulmonary disease

26.30 to 56.70, with a mean of (43.08+5.71). Further fever, abdominal distension, nausea and vomiting, uri-
clinical and pathological characteristics are detailed in  nary retention, pulmonary infection, intra-abdominal
Table 2. infection, urinary tract infection, wound infection,

121 patients (27.38%) experienced postoperative com-  delayed gastric emptying, bowel obstruction, pleural effu-
plications, manifesting in a range of types, including sion, wound dehiscence, intra-abdominal hemorrhage,
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anastomotic leakage or fistula, duodenal stump rupture,
acute kidney injury, acute heart failure, acute respiratory
failure, multiple organ dysfunction, and death. It is nota-
ble that a patient might present with one or more compli-
cations, and the final tally of complications is determined
by the most severe type observed. Among the cases, there
were 111 instances (25.11%) of Clavien-Dindo grade > II
complications. Notably, two patients succumbed: one
due to respiratory failure stemming from pulmonary
infection, and the other due to multiple organ dysfunc-
tion syndrome ensuing from systemic inflammatory
response syndrome triggered by intra-abdominal infec-
tion. The remaining patients were discharged post-recov-
ery, receiving subsequent symptomatic treatment. (Fig. 2)

According to the inclusion and exclusion criteria, a
total of 442 patients were enrolled. They were then ran-
domly divided into a training set (#=310) and a valida-
tion set (n=132) in a 7:3 ratio. In the training set, 81 cases
(26.13%) experienced Clavien-Dindo 2II grade complica-
tions after surgery, while in the validation set, the num-
ber was 30 cases (22.73%). Statistical analysis revealed
no significant difference in the clinical pathological
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characteristics between the training and validation sets
(P>0.05), suggesting that the two groups had similar
baseline data. (Table 3).

Univariate and multivariate analyses in training set

The potential factors associated with Clavien-Dindo
2I1 grade complications were analyzed using univariate
analysis. The results indicated that patient age, Diabe-
tes mellitus, TNM stage, ASA classification, Operation
time, preoperative lymphocyte count, preoperative
serum albumin level, and PNI were all associated with
the occurrence of postoperative Clavien-Dindo 2II grade
complications (P<0.05). (Table 4).

Since PNI is calculated based on preoperative serum
albumin level and lymphocyte count, preoperative serum
albumin level and lymphocyte count were not included
in the multivariable analysis to avoid multicollinear-
ity issues. Multivariate logistic regression analysis sug-
gested that independent risk factors for Clavien-Dindo
21 grade complications were age [OR (95%CI)=1.068
(1.015-1.124), P=0.011], history of Diabetes mellitus
[OR (95%CI)=4.599 (2.445-8.652), P<0.001], surgical

Anastomotic Leakage or Fistula

Intraperitoneal Bleeding
Wound Disruption
Pleural Effusion

Delayed Gastric Emptying
Bowel Obstruction
Incision Infection

Urinary Tract Infection

Intra-Abdominal Infection

Pulmonary Infection

Urinary Retention

Fig. 2 Complications after surgery

WA
)

Nausea and Vomiting

Duodenal Stump Rupture
Acute Kidney Injury
Acute Heart Failure

Acute Respiratory Failure

Multiple Organ Dysfunction

Abdominal Distension

<II
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Table 3 Demographic and clinical characteristics of the training and validation sets

Demographic characteristics Training (n=310) Validation (n=132) P

age(years) 67.5(64.0,72.0) 67.0(63.0,72.0) 0.144

gender 0.263
Male 243(78.4%) 97(73.5%)
Female 67(21.6%) 35(26.5%)

weight loss 0.907
Yes 178(57.4%) 75(56.8%)
No 132(42.6%) 57(43.2%)

acid suppression 0.926
Yes 123(39.7%) 53(40.2%)
No 187(60.3%) 79(59.8%)

smoking 0.856
Yes 172(55.5%) 72(54.5%)
No 138(44.5%) 60(45.5%)

alcohol 0.653
Yes 115(37.1%) 46(34.8%)
No 195(62.9%) 86(65.2%)

hypertension 0.949
Yes 93(30.0%) 40(30.3%)
No 217(70.0%) 92(69.7%)

diabetes 0.786
Yes 83(26.8%) 37(28.0%)
No 227(73.2%) 95(72.0%)

CHD 0.889
Yes 50(16.1%) 22(16.7%)
No 260(83.9%) 110(83.3%)

OPD 0.685
Yes 29(9.4%) 14(10.6%)
No 281(90.6%) 118(89.4%)

abdomen operation 0.592
Yes 73(23.5%) 28(21.2%)
No 237(76.5%) 104(78.8%)

differentiation 0.875
well+moderately 122(39.4%) 53(40.2%)
poorly 188(60.6%) 79(59.8%)

depth of infiltration 0.745
T5+T, 278(89.7%) 117(88.6%)
T, 32(10.3%) 15(11.4%)

lymph node metastasis 0613
Yes 228(73.5%) 94(71.2%)
No 82(26.5%) 38(28.8%)

TNM 0.356
Il 209(67.4%) 83(62.9%)
|+1 101(32.6%) 49(37.1%)

Tumor localization 0211
cardia+body 192(61.9%) 90(68.2%)
antrum 118(38.1%) 42(31.8%)

ASA 0.564
Il 81(26.1%) 38(28.8%)
[+1 229(73.9%) 94(71.2%)

operative method 0.073
laparoscopy 226(72.9%) 85(64.4%)
laparotomy 84(27.1%) 47(35.6%)

operation time(hour) 5.20(4.14,6.20) 5.10(4.11,6.23) 0.996
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Table 3 (continued)
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Demographic characteristics Training (n=310) Validation (n=132) P

intraoperative blood loss(ml) 100.0(100.0, 100.0) 100.0(100.0, 100.0) 0316
tumor diameter(cm) 5.00(3.00, 6.00) 4.00(4.00, 5.00) 0.295
CEA(ng/ml) 2.87(1.56, 8.16) 3.18(1.81,941) 0.169
CA19-9(U/ml) 11.56(6.66, 25.93) 9.13(4.88, 22.65) 0.083
CA125(U/ml) 9.35(5.67,1841) 9.06(4.91, 16.70) 0451
neutrophil count(x1 0%/L) 3.77(2.89,4.92) 3.66(2.85,4.97) 0.837
lymphocyte count(x10%/L) 1.27(0.99, 1.58) 1.30(1.09, 1.69) 0.148
monocyte count(x10°/L) 0.45(0.36, 0.58) 0.44(0.36,0.59) 0613
platelet count(x1 0%/L) 219.0(179.75, 273.25) 210.5(170.25, 266.75) 0323
hemoglobin(g/L) 119.0(98.0, 134.0) 123.5(94.25, 140.0) 0.570
albumin(g/L) 36.20+4.381 3639+4.82 0.706
PNI 4296+5.77 4338+5.59 0472

Categorical data were described using frequencies. Normally distributed continuous data were described as meantstandard deviation (x£s). Skewed distributed

continuous data were described using median (upper and lower quartiles)

duration [OR (95%CI)=1.285 (1.085-1.522), P=0.004],
and PNI [OR (95%CI)=0.900 (0.848-0.956), P=0.001].
(Table 5).

Development of the prediction model

This study developed a nomogram model to predict the
occurrence of Clavien-Dindo 2II grade complications
after surgery in elderly patients with advanced gastric
cancer by incorporating four independent risk factors:
PNI, surgical duration, age, and history of Diabetes melli-
tus. In the first row (Points), points were assigned to each
individual variable by plotting the value of each variable
on the vertical line corresponding to “Points” By sum-
ming up the points assigned to each individual variable,
the total score was calculated. Based on the total score,
the approximate probability of postoperative Clavien-
Dindo 2II grade complications was predicted. A higher
total score corresponds to a higher probability of post-
operative Clavien-Dindo 2II grade complications. When
the total score is 2196, the probability reaches the critical
value of 90%. (Fig. 3)

The discriminative ability of the nomogram prediction
model was assessed using ROC analysis. The AUCs were
found to be 0.812 (95% CI: 0.759-0.865) for the training
set and 0.813 (95% CI: 0.726—-0.901) for the validation set.
Sensitivity values were 71.6% and 76.7%, while specificity
values were 78.2% and 82.4% for the training and valida-
tion sets, respectively, indicating strong discriminative
ability. (Fig. 4). Calibration curves revealed that the pre-
dicted probabilities from the nomogram model closely
matched the ideal 45°line, demonstrating good consis-
tency. Additionally, the Hosmer-Lemeshow tests pro-
duced x2=6.860, P=0.652, and y2=4.358, P=0.886 for
the training and validation sets, respectively, suggesting
a good fit of the model. (Fig. 5). The DCA curves of the
training and validation sets indicate that using this model
to predict complications of elderly with Clavien-Dindo
Classification>II Grade in advanced gastric cancer will

result in increased clinical net benefit when the risk
threshold of the column line chart model ranges between
5 and 78% and 5-62%. (Fig. 6)

The results demonstrate that the model exhibits good
applicability in predicting postoperative Clavien-Dindo
complications of grade >1II during radical surgery for gas-
tric cancer.

Discussion

In this study, we identified four easily assessable vari-
ables: PNI, age, surgical duration, and diabetes mellitus.
Utilizing these findings, we developed and internally vali-
dated a personalized prediction nomogram for postop-
erative Clavien-Dindo >II grade complications in elderly
advanced gastric cancer patients. Our results underscore
the effectiveness of the nomogram in accurately predict-
ing the risk of such complications in this demographic.
Internal validation confirms the model’s robust discrimi-
native ability and calibration. Additionally, Decision
Curve Analysis (DCA) illustrates the clinical relevance of
decisions showing great benefit in the probability thresh-
old range of this model.

The overall incidence of postoperative complications in
gastric cancer ranges from 18.1 to 34.6% [22-24]. In fact,
surgical-related adverse events often increase with age,
and this issue becomes more pronounced for elderly indi-
viduals who are already somewhat frail. For this subset of
patients, the risk of perioperative complications is higher,
significantly impacting their survival. How to minimize
complications while achieving radical resection and
improving patients’ quality of life has emerged as a new
clinical concern. Previous studies have pursued different
research directions, with some emphasizing specific out-
comes, making it difficult to horizontally compare results
across different centers and trials. In our study of 442
patients, 121 (27.38%) experienced postoperative com-
plications, with 111 patients presenting Clavien-Dindo
> II grade complications, resulting in a rate of 25.11%.
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Table 4 Univariate analysis of postoperative Clavien-Dindo > grade Il complications in the training set

characteristics Clavien-Dindo X/t/z P
<ll(n=229) 2ll(n=81)

agel(years) 66.0(63.0, 71.0) 70.0(66.5, 76.0) -4.545 <0.001

gender 0613 0434
Male 182(79.5%) 61(75.3%)
Female 47(20.5%) 20(24.7%)

weight loss 0.156 0.693
Yes 133(58.1%) 45(55.6%)
No 96(41.9%) 36(44.4%)

acid suppression 0.688 0407
Yes 94(41.0%) 29(35.8%)
No 135(59.0%) 52(64.2%)

smoking 0.001 0.988
Yes 127(55.5%) 45(55.6%)
No 102(44.5%) 36(44.4%)

alcohol 1.756 0.185
Yes 80(34.9%) 35(43.2%)
No 149(65.1%) 46(56.8%)

hypertension 1.758 0.185
Yes 64(27.9%) 29(35.8%)
No 165(72.1%) 52(64.2%)

diabetes 42440 <0.001
Yes 39(17.0%) 44(54.3%)
No 190(83.0%) 37(45.7%)

CHD 3.009 0.083
Yes 32(14.0%) 18(22.2%)
No 197(86.0%) 63(77.8%)

OPD 0.035 0.851
Yes 21(9.2%) 8(9.9%)
No 208(90.8%) 73(90.1%)

abdomen operation 1.541 0214
Yes 58(25.3%) 15(18.5%)
No 171(74.7%) 66(81.5%)

differentiation 0.054 0.816
well + moderately 91(39.7%) 31(38.3%)
poorly 138(60.3%) 50(61.7%)

depth of infiltration 1.007 0316
T5+T, 203(88.6%) 75(92.6%)
T, 26(11.4%) 6(7.4%)

lymph node metastasis 3.547 0.060
Yes 162(70.7%) 66(81.5%)
No 67(29.3%) 15(18.5%)

TNM 4.156 0.041
I 147(64.2%) 62(76.5%)
[+11 82(35.8%) 19(23.5%)

Tumor localization 1.655 0.198
cardia+body 137(59.8%) 55(67.9%)
antrum 92(40.2%) 26(32.1%)

ASA 8376 0.004
Il 50(21.8%) 31(38.3%)
[+1 179(78.2%) 50(61.7%)

operative method 1319 0.251

laparoscopy 163(71.2%) 63(77.8%)

laparotomy 66(28.8%) 18(22.2%)
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characteristics Clavien-Dindo Xtz P
<li(n=229) >ll(n=81)

operation time(hour) 5.00(4.05, 6.03) 545(4.48,6.48) -3.331 0.001
blood loss(ml) 100.0(100.0, 100.0) 100.0(100.0, 100.0) -0.058 0.954
tumor diameter(cm) 4.50(3.00, 6.00) 5.00(3.00, 6.00) -0467 0.641
CEA(ng/ml) 3.13(1.59,825) 2.52(1.51,7.03) -1.198 0.231
CA19-9(U/ml) 11.37(6.65,22.87) 12.40(6.87,33.48) -0.935 0.350
CA125(U/ml) 9.00(5.66, 16.40) 11.53(5.81, 22.50) -1.442 0.149
neutrophil(x10%/L) 3.74(2.86,4.79) 4.10(3.03, 5.60) -1.400 0.162
|ymphocyte(><109/L) 1.38(1.02, 1.70) 1.11(0.90, 1.35) -4.135 <0.001
monocyte(x1 0°/L) 0.44(0.36,0.58) 0.47(0.39, 0.60) -0.907 0.364
platelet(x10%/L) 219.0(185.5, 270.0) 230.0(165.0, 283.5) -0.090 0928
hemoglobin(g/L) 121.0(103.0, 134.0) 117.0(89.0, 132.0) -1.346 0.178
albumin(g/L) 36.77+4.88 34.60+4.25 3.547 <0.001
PNI 4392+5.79 40.24+4.81 5.120 <0.001

P<0.05 is considered statistically significant

Table 5 Multifactorial analysis of postoperative Clavien-
Dindo > grade Il complications in the training set

complications in gastric cancer, with inconsistent find-

ings across different research teams. Wang et al. [25]

characteristics B Waldy2 OR 95%Cl P .

200 0066 6419 1068 1015-1124 0011 demonstrated that the number of comorbidities, age,
weight loss 0094 0094 1099 0601-2010 0760 BM]I, intraoperative blood loss, and surgical duration are
diabetes 1526 22399 4500  2445-8652 <0.00] independent risk factors for postoperative complications
TNM 0370 1197 1447 0.746-2807 0274 following gastric cancer radical surgery. Dong et al. [26]
ASA 0118 0117 1125 0573-2206 0732 revealed that age over 65 years, preoperative anemia,
operative method 0250 0489 0779 0387-1568 0484 serum albumin levels less than 30 g/L, and digestive tract
operation time 0251 8439 1285 1085-1522 0004 obstruction are risk factors for infectious complications
PNI 0105 11785 0900 0.848-0956 0001 after gastric cancer surgery. Zhang et al. [27] reported

The regression coefficient was denoted as B. OR, odds ratio; Cl, confidence

interval

Various factors influence the occurrence of postoperative

Points

PNI

Surgery Time

Age

Diabetes

Total Points

that transfusion, a history of hypertension, a history of
diabetes mellitus, and a history of abdominal surgery
are predictive factors for postoperative complications.
In our study, independent risk factors influencing the

Diagnostic Possibility

0 10 20 30 40 50 60 70 80 90 100
60 55 50 45 40 35 30 25
2 3 4 5 6 7 8 9 10 11 12 13 14
60 65 70 75 80 8 90

1
0
0 20 40 60 80 100 120 140 160 180 200 220

02 04 06 08

0.1 03 05 07 0.9

Fig. 3 Nomogram for predicting complications of elderly with Clavien-Dindo Classification > Il Grade in advanced gastric cancer. Each variable was
assigned a score ranging from 0 to 100. The scores for each variable were added together, yielding a sum that can be located on the total points axis,
predicting the probability of complications
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occurrence of Clavien-Dindo = II grade complications
after surgery in elderly advanced gastric cancer patients
include PNI, surgical duration, age, and diabetes mellitus.

For cancer patients undergoing chemotherapy, surgery,
targeted therapy, or radiotherapy for cancer, albumin lev-
els are a critical parameter [28, 29]. They can aid in mak-
ing treatment decisions and predicting overall survival
outcomes for these patients. The Prognostic Nutritional
Index (PNI) is a composite clinical scoring tool that
combines albumin and lymphocyte levels, reflecting the
nutritional and immune status of cancer patients [30]. In
this study, PNI was calculated using preoperative levels
of albumin and lymphocyte count to assess the body’s
immune and nutritional status. The results indicate that
a low PNI level is an independent risk factor for Clavien-
Dindo = II grade complications (OR=0.900, P=0.001).
The nonspecific inflammatory response induced by
malignant tumors can lead to a decrease in lymphocyte
count [31], exacerbating inflammation and deteriorating
nutritional status. This results in reduced immune cell
function, thereby increasing the likelihood of postop-
erative complications. Additionally, cancer itself and the
inflammatory response can cause a decrease in albumin
levels [32], making individuals with low albumin levels
more susceptible to infections and other postoperative
complications.

Research has shown that the incidence of postopera-
tive complications increases with advancing age. In this
study, age (OR=1.068, P=0.011) emerged as a signifi-
cant risk factor for Clavien-Dindo 2II grade complica-
tions following radical gastric cancer surgery, with older
patients facing a significantly higher risk of experienc-
ing such complications compared to younger counter-
parts. This heightened risk in elderly patients may be
attributed to immune dysfunction [33], poor nutritional
status [34], and multi-organ functional decline. Shi-
bata et al. [35] reported that aging leads to diminished
immune function, resulting in decreased host resistance
to infections and increased susceptibility to bacteria.
Furthermore, gastric cancer, as a debilitating disease,
exacerbates the risk of malnutrition, further weakening
the body’s immune response to external threats. Conse-
quently, these patients are more susceptible to develop-
ing infections.

The results of this study reveal that diabetes mellitus
is an independent risk factor for the occurrence of Cla-
vien-Dindo 2II grade complications following surgery
in elderly advanced gastric cancer patients (OR=4.599,
P<0.001). Diabetes mellitus is a metabolic disorder
characterized by chronic hyperglycemia resulting from
defects in insulin secretion and/or utilization, stemming
from various etiologies. Patients with diabetes mellitus
experience impaired leukocyte phagocytic and bacteri-
cidal capabilities due to compromised immune function,
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leading to reduced resistance to infections [36]. More-
over, the hyperglycemic environment resulting from
abnormal glucose metabolism promotes bacterial prolif-
eration, further heightening the risk of pathogen infec-
tions. Additionally, the heightened catabolic metabolism
in diabetic patients leads to increased protein break-
down, contributing to delayed wound healing and com-
promised immune function, thereby exacerbating poor
healing at anastomotic sites and surgical incisions [37].
Furthermore, studies suggest [38] that high blood sugar
levels delay gastric emptying by inhibiting gastric antral
contractions and stimulating pyloric contractions, poten-
tially increasing the risk of more severe complications.

Gastric cancer radical resection surgery is a complex
and time-consuming procedure. Typically, the duration
of surgery is closely related to the complexity of the oper-
ation and the extent of resection. However, as surgical
duration increases, the risk of postoperative complica-
tions in gastric cancer patients rises. Research by Cheng
et al. [39] has shown a close association between surgical
duration and complications such as surgical site infec-
tions, pulmonary infections, urinary tract infections, and
intestinal obstruction. The risk of postoperative compli-
cations increases with prolonged surgical duration. The
results of this study indicate that surgical duration is a
risk factor for Clavien-Dindo 2II grade complications
(OR=1.285, P=0.004). This may be due to the reduced
effectiveness of prophylactic antibiotics with longer sur-
gical durations [40]. Additionally, prolonged exposure of
the surgical area to the air increases the chance of contact
with potentially pathogenic microorganisms present in
the environment [41], thereby increasing the risk of post-
operative infectious complications.

In summary, in clinical practice, elderly patients with
advanced gastric cancer face an elevated risk of postop-
erative complications, highlighting the need for compre-
hensive analysis. Preparation for these patients should
involve thorough and extensive measures, encompass-
ing comprehensive physical examinations, routine tests,
as well as evaluations of major organ functions including
heart, lungs, liver, and kidneys. Appropriate treatment
should be provided for any comorbidities that may influ-
ence the clinical outcome. Preoperative patients with
low PNI levels should undergo intensified monitoring of
various indicators during the perioperative period, and
appropriate nutritional support should be provided. For
patients with concomitant diabetes mellitus, proactive
assessment of diabetic complications and blood glucose
control should be carried out preoperatively, with efforts
made to stabilize blood sugar levels. In cases of compli-
cated and difficult surgery, surgeons should strive to opti-
mize surgical procedures while accurately assessing the
patient’s condition. Based on individualized treatment
differences, targeted therapies should be implemented to
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reduce the occurrence of postoperative complications in
elderly advanced gastric cancer patients.

Limitations

The present study has several limitations that warrant
consideration. Firstly, the data for this study are sourced
from a single center, potentially introducing retrospective
bias. The collection of biological information involved
continuous biomarker reporting, enabling precise risk
assessment in stages, but it sacrificed the advantages of
facilitating predictive model assignments as cut-offs,
which could compromise result accuracy to some extent.
Secondly, it must be acknowledged that the data collec-
tion was incomplete, as the risk factor analysis did not
encompass all potential predictors of postoperative Cla-
vien-Dindo>1I grade complications in elderly advanced
gastric cancer patients, and existing data may not have
been fully evaluated. Therefore, it is essential to conduct
multicenter studies in future research endeavors to refine
the model and validate the findings.

Conclusion

The present study identified Prognostic Nutritional Index
(PNI), surgical duration, age, and history of Diabetes mel-
litus as risk factors for postoperative Clavien-Dindo>1I
grade complications in elderly advanced gastric cancer
patients. Based on these four risk factors, a well-perform-
ing nomogram risk prediction model was constructed.
This provides clinicians with a reliable tool to promptly
identify high-risk patients and promote targeted inter-
vention measures. However, high-quality prospective
studies are needed to further validate this model.
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