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Abstract: Objective: To evaluate the predictive value of the Prognostic Nutritional Index (PNI) combined with C-reactive
protein (CRP) and albumin (ALB) for anastomotic leakage following radical gastric cancer surgery. Methods: A ret-
rospective case-control study was conducted with 275 gastric cancer patients at the Second People’s Hospital of
Lanzhou City from September 2019 to October 2022. Patients were categorized into an anastomotic leakage group
(n=31) or a non-leakage group. Clinical, surgical, and pathological data were analyzed using logistic regression to
develop two risk models: a combined clinical-laboratory index (RISK1) and a separate laboratory index (RISK2).
Model effectiveness was compared using Receiver Operating Characteristic (ROC) curves. Results: Anastomotic
leakage occurred in 11.27% of patients, predominantly in those with advanced TNM stages (P=0.006). Notably,
higher operative times (P=0.049) and increased intraoperative bleeding (P=0.027) were associated with the leak-
age group. Significant differences in ALB, PNI, and CRP levels were observed between the groups. Both RISK1 and
RISK2 identified ALB, CRP, PNI, operative time, and intraoperative bleeding as independent predictors of leakage,
demonstrating high predictive accuracy (RISK1 AUC=0.937, RISK2 AUC=0.911), with no significant difference in
performance between the models (P=0.245). Conclusion: The combination of ALB, CRP, and PNI effectively predicts
the risk of anastomotic leakage in patients undergoing gastric cancer surgery. These biomarkers can significantly
enhance postoperative management and improve patient outcomes.

Keywords: Prognostic nutritional index, CRP, ALB, radical gastric cancer surgery, postoperative anastomotic leak-
age

Introduction

Gastric cancer is the fifth most common malig-
nancy worldwide and the third leading cause
of cancer-related mortality. In China, the inci-
dence and mortality rates of gastric cancer are
notably high, ranking third (10.6%) and second
(13.6%), respectively [1]. The disease often pro-
gresses without noticeable symptoms in its
early stages, leading to late diagnoses. This
problem is exacerbated by uneven distribution
of medical resources, causing many patients
to miss the optimal treatment window [2].
These challenges highlight the critical need for

improved early detection methods and more
equitable healthcare access to better patient
outcomes.

Treatment for gastric cancer primarily involves
surgery, frequently complemented by chemo-
therapy. Surgical techniques have progressed
from traditional open methods to minimally
invasive procedures, including laparoscopic
and robotic surgeries [3]. Complications post-
radical surgery range from 13.0% to 30.3%,
with anastomotic leakage being one of the
most severe, occurring in 0.5% to 15% of cases
[4, 5]. This complication can significantly impact
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patient prognosis by increasing hospital stays,
healthcare costs, and the need for further sur-
geries, and in severe cases, it can be life-
threatening [6, 7].

Risk factors for anastomotic leakage include
advanced age, obesity, diabetes mellitus, poor
anastomotic blood supply, and excessive ten-
sion at the anastomotic site [8, 9]. Preventive
measures emphasize the importance of preop-
erative nutritional assessments, surgical exper-
tise, careful intraoperative management, and
ensuring adequate blood supply to the anasto-
mosis to reduce leakage risk. Prompt diagnosis
and management are crucial for addressing
this complication effectively [10].

While traditional markers such as white blood
cell count [11], C-reactive protein (CRP) [12],
and calcitonin are commonly used to predict
anastomotic leakage, there is a persistent
need for more effective predictive models for
postoperative management in gastric cancer
patients. The Prognostic Nutritional Index (PNI),
determined by serum albumin levels and pe-
ripheral blood lymphocyte counts, reflects a
patient’s nutritional status and immune func-
tion [13]. Lower PNI values indicate poorer
prognosis and an increased risk of postopera-
tive complications. Elevated CRP levels typical-
ly indicate inflammation or infection, while low
albumin levels are associated with poor recov-
ery and a heightened risk of complications [14,
15]. This evidence highlights the importance
of comprehensive preoperative and postopera-
tive management strategies to improve out-
comes in gastric cancer surgery.

Given the significant impact of anastomotic
leakage on prognosis, this study aims to devel-
op an efficient predictive model by evaluating
nutritional and inflammatory markers to accu-
rately assess risk. This model strives to provide
a clear and precise tool for predicting the risk
of postoperative anastomotic leakage, thereby
enhancing patient management and improving
outcomes.

Methods and data

Clinical information

This retrospective study analyzed gastric can-
cer patients admitted to the Second People’s
Hospital of Lanzhou City from September 2019
to October 2022. Patients were categorized
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based on the occurrence of anastomotic leak-
age within one week post-surgery and put into
one of two groups: those with or without leak-
age. The study received approval from the ethi-
cal committee of The Second People’s Hospital
of Lanzhou City (Figure 1).

Inclusion criteria: (1) Confirmed diagnosis of
gastric cancer through preoperative pathologi-
cal examination of digestive endoscopic biopsy
samples (n=624). (2) Underwent radical gastric
cancer surgery with D2 lymph node dissection
(n=545). (3) Postoperative pathological con-
firmation of gastric cancer diagnosis (n=484).
(4) Availability of complete medical records
(n=408).

Exclusion criteria: (1) Patients who underwent
emergency surgery due to gastric perforation
or bleeding (n=381). (2) Presence of distant
metastasis or lesions infiltrating neighboring
organs as revealed by imaging or intraoperative
exploration (n=365). (3) Patients who received
preoperative radiation therapy, chemotherapy,
or long-term use of immunosuppressants or
nonsteroidal anti-inflammatory drugs (n=318).
(4) Necessity for intraoperative combined re-
section of other organs, such as the tail of the
pancreas or spleen, or if only palliative resec-
tion was performed (n=300). (5) Presence of
other postoperative infectious complications
(n=294). (6) Patients undergoing postoperative
peritoneal heat infusion chemotherapy (n=
281). (7) Development of an anastomotic leak
on the first postoperative day (n=275).

Definition of anastomotic leak

The International Society for Gastric Cancer
defines anastomotic leakage as a full-thickness
defect occurring at the site of esophagojejunal,
gastrojejunal, or jejunojejunal anastomoses.
Confirmed typically within one week postopera-
tively, this definition includes physical breaches
and peri-anastomotic abscesses, and catego-
rizes duodenal and gastric stump leaks as
anastomotic leaks. This broad categorization is
made independent of clinical manifestations,
differential diagnoses, prognostic outcomes, or
treatment methodologies [16].

Sample information acquisition

Data for this study was sourced from the hospi-
tal's medical research big data platform and

Am J Transl Res 2024;16(7):3081-3089



Prognostic nutritional index and CRP-Albumin in anastomotic leakage prediction

Retrospective analysis of gastric cancer patients admitted to our hospital between
September 2019 and October 2022

vy

Inclusion criteria: (1) Diagnosis of gastric cancer confirmed through preoperative pat
hological examination of digestive endoscopic biopsy samples (n=624). (2) Underwe
nt radical gastric cancer surgery with D2 lymph node dissection (n=545). (3) Postope
rative pathological examination confirming gastric cancer diagnosis (n=484). (4) Avail
ability of complete medical records (n=408).

Exclusion criteria:

(1) Emergency surgery for gastric perforation or bleeding (n=381).

(2) Distant metastasis or organ infiltration confirmed by imaging or during surgery
(n=365).

(3) Preoperative radiation, chemotherapy, or prolonged use of inmunosuppressants
or NSAIDs (n=318).

(4) Intraoperative resection of additional organs, such as the pancreas tail or spleen,
or only palliative resection (n=300).

(5) Other postoperative infectious complications (n=294).

(6) Postoperative peritoneal heat infusion chemotherapy (n=281).

(7) Anastomotic leak on the first postoperative day (n=275).

\ 4

Definition of anastomotic leak

Anastomotic leakage, as defined by the International Gastric Cancer Association,
refers to a full-length

defect of the esophagojejunostomy, gastrojejunostomy, and jejunojejunostomy.

Outcome Measures

Differences in patient clinical data and laboratory indicators were compared. Logistic
s regression was used to screen the clinical combined laboratory indicator model (RI
SK1) as well as the separate laboratory indicator model (RISK2). ROC curves were us
ed to compare differences in clinical combined laboratory indicators as well as separ
ate laboratory indicator models.

Figure 1. Study flowchart. NSAIDs, Nonsteroidal anti-inflammatory drugs.

(CAR), Carcinoembryonic anti-
gen (CEA), and Carbohydrate
antigen 242 (CA242). The PNI
calculation was ALB (g/L) + 5
x LYM (x 10°L); CAR was
determined as CRP/ALB. ALB
was analyzed using an auto-
mated biochemistry analyzer
(Beckman Coulter, AU5800),
CRP was measured by a
protein-specific immunoass-
ay analyzer (Myeri, CRP-
M100), LYM by a fully auto-
mated blood cell analyzer
(Myeri, BC-6800), and CEA
and CA242 by double-anti-
body enzyme-linked immuno-
sorbent assay (ELISA Bio
ml038471, ml057568).

Outcome measures

Differences in clinical data
and laboratory indicators be-
tween groups were analyzed.
Logistic regression was utili-
zed to develop the combin-
ed clinical-laboratory indica-
tor model (RISK1) and the
separate laboratory indicator
model (RISK2). Receiver Ope-
rating Characteristic (ROC)
curves compared the effec-
tiveness of these models.

Statistical analysis

Data were visualized and
analyzed using GraphPad

the hospital information management system.
A total of 275 cases were analyzed, including
31 patients with anastomotic leakage and 244
without. Collected clinical data included age,
gender, body mass index, history of hyperten-
sion, diabetes, cardiac and pulmonary insuffi-
ciency, pyloric obstruction, tumor diameter, sur-
gical approach, gastrectomy extent, anastomo-
sis approach, combined organ resection, and
Tumor, Node, Metastasis (TNM) staging [17].
Operative time and intraoperative bleeding
were also recorded. Laboratory parameters
measured on the first postoperative day in-
cluded Albumin (ALB), Lymphocytes (LYM),
C-reactive protein (CRP), Prognostic Nutritional
Index (PNI), C-reactive protein/Albumin Ratio
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Prism 9. Continuous data were expressed as
mean + standard deviation and compared
using the ttest for normally distributed
data, expressed as t. Non-normally distributed
data were assessed using the rank-sum
test, expressed as Z. Categorical data were
expressed as percentages (%) and analyzed
using the chi-square test, expressed as X2
The clinical utility was evaluated using the
ROC curve, and differences in the area
under the ROC curve were analyzed using the
Delong test. Logistic regression was em-
ployed to identify predictors of anastomotic
leakage following radical gastric cancer sur-
gery. A p-value <0.05 was considered statisti-
cally significant.
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Results
Comparison of baseline information

Anastomotic leakage occurred in 31 patients,
representing an incidence of 11.27%. Patients
with anastomotic leakage had a significantly
higher prevalence of advanced TNM stages
compared to those without leakage (P=0.006).
Additionally, the operation time (P=0.049) and
intraoperative bleeding (P=0.027) were signifi-
cantly greater in the leakage group compared
to the non-leakage group (Table 1).

Comparison of tumor markers and nutrition-
related indicators

A comparison of tumor markers and nutrition-
related indicators between the two groups
revealed significantly lower levels of ALB and
PNI (both P<0.001) in the anastomotic leakage
group compared to the non-leakage group.
Conversely, CRP (P<0.001) and CAR (both
P<0.001) were significantly higher in the anas-
tomotic leakage group, indicating statistically
significant differences (Table 2).

Screening of characterization factors to predict
anastomotic leakage

Logistic regression was employed to construct
models for predicting anastomotic leakage in
patients. Initial steps included assigning values
to meaningful characterization factors (Table
3). Two prediction models were developed, one
based on meaningful laboratory indicators
combined with clinical data and another based
solely on laboratory indicators. Multifactorial
analysis with combined clinical data identifi-
ed ALB (P=0.012), CAR (P<0.001), operative
time (P=0.014), and intraoperative bleeding
(P=0.011) as independent predictors of anas-
tomotic leakage (Table 4). A separate analysis
using only laboratory indices found ALB (P=
0.005), CRP (P<0.001), and PNI (P=0.015) as
independent predictors (Table 5).

Construction and comparison of anastomotic
leakage models

Two prediction models were constructed using

the beta coefficients and constants from the
regression analyses. The risk formula for RISK1
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is: ALB * -2.003 + CAR * 3.145 + operative
time * 1.499 + intraoperative bleeding * 1.734
+ constant * -3.581. RISK2 = ALB * -1.968 *
CRP * 2.707 * PNI * -2.073 * constant * -1.19.
Comparison of patient scores revealed that
those in the anastomotic leakage group scored
higher on both models than those in the non-
leakage group (Figure 2A, P<0.001). ROC
curves plotted for both models showed the
area under the curve for RISK1 at 0.937, and
for RISK2 at 0.911 (Figure 2B; Table 6). The
Delong test indicated no statistical difference
in the performance between RISK1 and RISK2
(Z=1.164, P=0.245).

Discussion

Gastric cancer, globally recognized as one of
the most common malignant tumors, remains a
leading cause of cancer-related mortality [18].
Surgical interventions such as total gastrecto-
my, proximal gastrectomy, and distal gastrec-
tomy with lymph node dissection are crucial for
the radical treatment of this disease [19]. How-
ever, anastomotic leakage, a significant posto-
perative complication, negatively impacts pa-
tient outcomes and is a key prognostic indica-
tor of poor prognosis [20]. These leaks typically
manifest between 5 to 7 days post-operation
and are challenging to predict early due to sub-
tle initial symptoms, complicating early diagno-
sis and effective management of anastomotic
leaks [10].

In the realm of risk prediction for anastomotic
leakage following gastric cancer surgery, con-
temporary models combine extensive clinical
data and laboratory metrics for a comprehen-
sive risk assessment. Maejima et al. identified
advanced age, male gender, diabetes mellitus,
and blood loss 21,100 g as independent risk
factors for esophagojejunal anastomotic leak-
age [7]. Shi et al. developed a prediction scor-
ing system (AScore-POD3) with an AUC of 0.83
at three days postoperatively, demonstrating
predictive accuracy [20]. However, these mod-
els, requiring the collection and analysis of mul-
tiple variables, can complicate clinical work-
flows and lengthen data processing times, lim-
iting their practical utility in urgent scenarios
[24]. Conversely, models using a single indica-
tor or a limited set of indicators offer a simpler
and more rapid predictive approach, particu-
larly valuable in resource-limited settings [22].
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Table 1. Comparison of clinical data

Anastomotic leakage No anastomotic leakage

Maker group (n=31) group (n=244) X?/t/Z value P-value

Age
>65 years 18 161 0.759 0.384
<65 years 13 83

Distinguishing between the sexes
Male 19 127 0.943 0.331
Women 12 117

Body mass index
>25 kg/m? 8 78 0.486 0.486
<25 kg/m? 23 166

History of hypertension
Yes 7 68 0.388 0.533
No 24 176

History of diabetes
Yes 8 49 0.549 0.459
No 23 195

Cardiac insufficiency
Yes 2 24 0.368 0.544
No 29 220

Pulmonary insufficiency
Yes 4 44 0.502 0.478
No 27 200

Pyloric obstruction
Yes 2 7 1.115 0.291
No 29 237

Tumor diameter
>3 cm 17 166 2.151 0.142
<3cm 14 78

Surgical Procedures
Open the abdomen 11 110 1.028 0.311
Laparoscopy 20 134

Extent of Gastrectomy
Distal resection 21 142 1.038 0.308
Else 10 102

Anastomosis
Billroth-l anastomosis 6 45 0.02 0.990
Billroth-Il anastomosis 12 94
Roux-en-Y match 13 105

Combined organ removal
Yes 4 20 0.765 0.382
No 27 224

Degree of tumor differentiation
Low polarization 18 110 1.863 0.172
Medium + High differentiation 13 134

TNM staging
| 5 77 10.253 0.006
Il 5 75
I 21 92

Surgical time (min) 287.00 [249.50, 336.00] 262.50 [226.00, 307.25] 1.968 0.049

Intraoperative Bleeding (mL) 428.06+54.52 404.39+47.04 2.311 0.027

Note: TNM, Tumor, Node, Metastasis.
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Table 2. Tumor markers and nutritional indicators

Anastomotic leakage group

No anastomotic leakage group

Maker (n=31) (n=244) X%/t/Z value P-value
ALB (g/L) 27.56+3.63 33.59+3.91 -8.637 <0.001
LYM (10*9/L) 1.54+0.36 1.60+0.36 -0.967 0.340
CRP (pg/L) 58.07 [37.75, 68.56] 33.72[20.36, 46.72] 4.452 <0.001
PNI 35.24+3.98 41.60+4.21 -8.323 <0.001
CAR 2.00[1.22, 2.47] 1.03[0.60, 1.39] 5.474 <0.001
CEA (ng/mL) 18.72+5.39 18.69+4.99 0.023 0.982
CA242 (kU/L) 18.98+2.23 19.35+3.49 -0.826 0.412

Note: ALB, Albumin; LYM, Lymphocyte; CRP, C-reactive protein; PNI, Prognostic Nutritional Index; CAR, C-reactive protein/Albu-
min Ratio; CEA, Carcinoembryonic antigen; CA242, Carbohydrate antigen 242.

Table 3. Assignment table

We developed two predictive mod-

Considerations

Assign a value to something

els using logistic regression to

Surgical time (min)
Intraoperative Bleeding (mL)

evaluate the effectiveness of indi-
cator-based approaches in fore-
casting anastomotic leakage after

>311.500=1, <311.500=0
>404.500=1, <404.500=0

> = =
ALB (/L) 230.140=1, <30.140=0 gastric cancer surgery. Both mod-
CRP (ug/L) 255.665=1, <55.665=0 els, RISK1 and RISK2, demon-
PNI 239.285=1, <39.285=0 strated areas under the curve
CAR 21.967=1, <1.967=0 (AUC) exceeding 0.9, affirming
TNM staging I=0, lI=1, 1I=2 their high clinical relevance.

Anastomotic leakage

Yes =1, No =0

Notably, ALB was a common vari-

Note: ALB, Albumin; LYM, Lymphocyte; CRP, C-reactive protein; PNI, Prognostic
Nutritional Index; CAR, C-reactive protein/Albumin Ratio; TNM, Tumor, Node,
Metastasis; cut-off and all the above cut-offs were determined using ROC

curves.

In our study, expressions of CEA and CA242 in
patients with anastomotic leakage did not sig-
nificantly differ from those without, contrasting
with findings by Zhao et al., who reported ele-
vated levels in patients with leakage [23]. This
discrepancy may be due to our study’s small
sample size. Nonetheless, both studies ob-
served a decrease in PNI in patients with leak-
age, suggesting that PNI - a measure of nutri-
tional status and systemic resistance - might
be a more stable and reliable indicator of risk
for postoperative complications, including ana-
stomotic leakage. Additionally, Su et al. found
a decrease in postoperative LYM in patients
with anastomotic leakage in esophageal can-
cer [24], whereas our study did not observe
significant differences in LYM levels between
groups. These variations could stem from dif-
ferences in sample sizes, patient demograph-
ics, disease stages, severity, and differences
in postoperative management and treatment
protocols.
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able in both models, emphasizing
its significance as a biomarker.
ALB, a principal blood protein, is
crucial for assessing nutritional
status [25] and is particularly
important following gastric cancer surgery
where patients are vulnerable to malnutrition,
thereby highlighting that a decline in ALB levels
is a critical indicator [26]. Additionally, ALB
serves as an indirect measure of inflammation;
during inflammatory states, such as post-sur-
gery, ALB synthesis may decrease, reflecting
both compromised nutritional status and the
inflammatory response [27]. This is supported
by findings from Liu et al., who identified ALB as
an independent risk factor for anastomotic
leakage after laparoscopic intersphincteric
resection for low rectal cancer [28]. Fur-
thermore, Telem et al. reported that preopera-
tive albumin levels below 3.5 g/dL are associ-
ated with an increased risk of anastomotic fis-
tula following colorectal surgery [29].

Our study revealed that while the RISK scores
in the anastomotic leak group were higher than
those in the non-leak group for both models,
there was no statistically significant difference

Am J Transl Res 2024;16(7):3081-3089
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Table 4. Analysis of risk factors for anastomotic leakage with clinical data and laboratory indicators

ity i 95% Cl

Maker B StZ?rdo?rd Fin\:rav:g?k(,cll\lt{)rl\:\]/ay) Pvalue — OR value Lower limit Limit

ALB -2.003 0.801 6.249 0.012 0.135 0.028 0.649
CRP 1.408 1.039 1.836 0.175 4.089 0.533 31.360
PNI -1.448  0.862 2.825 0.093 0.235 0.043 1.272
CAR 3.145 0.711 19.543 <0.001 23.216 5.758 93.610
Surgical time 1.499  0.609 6.066 0.014 4.479 1.358 14.769
Intraoperative Bleeding 1.734  0.680 6.506 0.011 5.661 1.494 21.452
TNM staging 0.558  0.352 2.510 0.113 1.747 0.876 3.482

Note: ALB, Albumin; LYM, Lymphocyte; CRP, C-reactive protein; PNI, Prognostic Nutritional Index; CAR, C-reactive protein/Albu-
min Ratio; TNM, Tumor, Node, Metastasis.

Table 5. Analysis of risk factors for anastomotic leakage by laboratory indicators

ity i 95% Cl
Maker B Stae?r(i?rd Fin\rﬁwrg?k(,cll\lt();rlaay) P-value OR value Lower limit Limit
ALB -1.968 0.707 7.750 0.005 0.140 0.035 0.558
CRP 2.707 0.570 22.554 <0.001 14.992 4.904 45.826
PNI -2.073 0.853 5.903 0.015 0.126 0.024 0.670
CAR 0.996 1.034 0.929 0.335 2.709 0.357 20.539

Note: ALB, Albumin; LYM, Lymphocyte; CRP, C-reactive protein; PNI, Prognostic Nutritional Index; CAR, C-reactive protein/Albu-
min Ratio.
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Figure 2. Comparison of the predictive efficacy of the two models. A. Comparison of the scores of patients with and
without anastomotic leakage in the two models. B. ROC curves of the two models in predicting patients with anasto-
motic leakage. Note: RISK1 is the ROC curve of clinical data combined with laboratory indicators, and RISK2 is the
ROC curve of laboratory indicators-subjects’ ROC. RISK1, a combined clinical-laboratory index; RISK2, a separate
laboratory index; ROC, receiver operating characteristic.

in their AUCs, indicating that both models are
equally effective. RISK2, which solely relies on

laboratory indicators, is particularly valuable in
resource-limited settings due to its simplicity
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Table 6. ROC curve parameters

Maker ~ |1€areaunder 95%Cl  Cutoffvalue “®1O0 qooiificity Accuracy ~°rdon index
the curve sensitivity (math.)

RISK1 0.937 0.900-0.975  -2.2165 86.89%  87.10%  86.91%  73.98%

RISK2 0.911 0.849-0.973  -1.857 83.61%  90.32%  84.36%  73.93%

Note: RISK1, a combined clinical-laboratory index; RISK2, a separate laboratory index; ROC, receiver operating characteristic.

and efficiency, enabling rapid risk assess-
ment and minimizing subjective interpretation
through objective laboratory data. The poten-
tial for automation of RISK2 allows for real-time
risk alerts that can be integrated into electronic
health record systems, facilitating immediate
clinical decision-making and long-term patient
monitoring and management.

Despite its strengths, this study has some limi-
tations. The relatively small sample size might
affect the generalizability of the results and the
stability of statistical significance. Also, as a
retrospective analysis, there may have been
selection and information biases. Additionally,
being a single-center study may limit the broad
applicability of the findings. Future studies
should aim for a larger, multicenter, prospec-
tive design with external validation to enhance
the accuracy and reliability of the results.

In summary, this study underscores the crucial
role of ALB in predicting the risk of anastomotic
leakage after gastric cancer surgery and pro-
vides an effective clinical risk assessment tool,
highlighting the importance of utilizing labora-
tory indicators in postoperative management.
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