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Abstract

Background Various studies have shown that the controlling nutritional status (CONUT) score contributes to assess-
ing the prognosis of cancer patients. This study aimed to establish a nomogram based on the CONUT score and sev-
eral other important parameters based on patient age and tumor characteristics to accurately forecast the overall
survival (OS) of patients with resectable gastric cancer (GC).

Methods This study retrospectively recruited 404 individuals who received a potentially curative radical gastrectomy
performed by the same group of surgeons at our medical center from January 2019 to December 2021. We used Cox
regression analysis to identify independent prognostic factors influencing patients' OS. We establish a nomogram
based on the outcomes of the multivariate analysis to forecast the 1, 2, and 3-year OS of GC patients.

Results Univariate Cox regression analysis revealed that the age, body mass index (BMI), hemoglobin (HGB), serum
albumin (ALB), Serum carcinoembryonic antigen (CEA), CONUT score, tumor size, pT stage, pN stage, nerve invasion,
vascular invasion, tumor differentiation, and postoperative chemotherapy were prognostic indicators of postopera-
tive OS in GC patients (all P<0.05). Multivariate Cox regression analysis indicated that the age (P=0.015), CONUT score
(P=0.002), pT stage (T3 vs T1: P=0.011,T4 vs T1: P=0.026), pN stage (N2 vs NO: P=0.002, N3 vs NO: P<0.001), nerve
invasion (P=0.021) were the independent risk factors. The nomogram based on the CONUT score, with a C-index

of 0.792, enhanced the predictive ability of the TNM staging system alone, which had a C-index of 0.718 for OS.

Conclusion The CONUT score can independently predict the OS for individuals with GC following surgery. The nom-
ogram based on the CONUT score is a reliable tool for forecasting the postoperative survival of individuals with GC
and may identify those patients wholesale benefit from a more aggressive treatment protocol.
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Introduction

Gastric cancer (GC) has become a substantial public
health problem due to its high incidence and mortal-
ity rates globally. In 2020, there were over a million new
cases of GC and roughly 769000 deaths from GC [1].
Patients with resectable GC are currently treated mainly
through surgery. The prognosis of GC patients varies,
even after radical resection, for various reasons, includ-
ing age, malnutrition, tumor stage, lymph node metasta-
ses, and postoperative complications [2].

Currently, clinicians primarily use the 8th version of
the American Joint Committee on Cancer tumor node
metastasis (AJCC-TNM) staging system to estimate the
prognosis for GC patients. The numerous factors that
impact the prediction of GC result in considerable indi-
vidual variability across individuals, and the TNM stage
alone may have limited predictive utility. Consequently,
looking into a more thorough, precise, and reliable
assessment approach is crucial to predict the postopera-
tive outcome of GC patients.

Numerous clinical studies have shown that host-spe-
cific factors, including preoperative nutritional status,
systemic inflammation, and other tumor-related factors,
impact GC patients’ prognosis [3, 4]. The Controlling
Nutritional Status (CONUT) score incorporates serum
ALB, cholesterol levels, and lymphocyte count to indicate
the patients’ preoperative nutritional and immunological
statuses. Several clinical studies have acknowledged its
value as a validated and practical nutritional status evalu-
ation for predicting short- and long-term prognosis fol-
lowing radical gastrectomy since its initial report in 2005
[5-9]. Although several studies report a statistical con-
nection between the CONUT score and prognosis, the
predictive power of the CONUT score for prognosis has
yet to be numerically validated.

In this study, we established a nomogram model based
on age, CONUT score, and tumor-associated character-
istics to predict the individual survival of GC patients.
We then compared it with the conventional AJCC-TNM
stage to see if the nomogram could offer patients and
their physicians more accurate prognostic assessments.

Methods

General data

The study’s participants included 404 GC patients who
received radical gastrectomy for GC by the same group of
surgeons at our institution from January 2019 to Decem-
ber 2021. The criteria for inclusion were as follows: (1)
GC Patients were verified by preoperative gastroscopic
biopsy. (2) Radical gastrectomy performed. (3) Age over
18 years. (4) Patients having comprehensive clinical
and pathological data. The following were the exclusion
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requirements: (1) Neoadjuvant chemotherapy before sur-
gery; (2) Only R1/2 resection; (3) Gastric stump cancer;
(4) Tumor with distant metastasis; (5) Palliative surgery.
The current study has received the approval of our hospi-
tal’s Ethics Committee.

Data acquisition

Clinical and pathological information on the participants
in this study was gathered and recorded from medical
records. The data mainly included the following: age, sex,
hypertension, diabetes mellitus (DM), chronic obstruc-
tive pulmonary disease (COPD), previous abdominal sur-
gery, smoking, drinking, body mass index (BMI), tumor
location, tumor size, Borrmann classification, pTNM
stage, tumor differentiation which included signet cell
cancer, nerve invasion, vascular invasion, preoperative
total lymphocyte count (TLC), total cholesterol (TC),
serum albumin (ALB), hemoglobin (HGB), preoperative
carcinoembryonic antigen (CEA), carbohydrate anti-
gen 199 (CA199), carbohydrate antigen 125 (CA125).
CONUT scores were calculated according to the criteria
for each indicator in Table 1.

Follow-ups

Telephone follow-up and outpatient reviews served to
monitor the enrolled patients until March 2023. Patients
were followed every three months for the first two years
following surgery. Patients were then followed every six
months after that. Patients were evaluated with labora-
tory tests, physical examinations, and imaging. OS was
outlined as the period from the operation date to the final
follow-up visit or death for any reason.

Statistical analysis

Statistical analyses were performed using X-tile (3.6.1),
SPSS (26.0), and R (4.3.0). Standard clinical variables
such as BMI, HGB, ALB, CEA, CA125, and CA199 are
assigned cut-off values that are evaluated using estab-
lished criteria. Additionally, cut-off values for age

Table 1 Calculation of CONUT score

Variables Malnutrition status

Normal Light Moderate Severe
ALB (g/dl) >35 3.0<ALB<35 25<ALB<3.0 <25
Score 0 2 4 6
TC (mg/dl) >180 140<TC< 180 100<TC< 140 <100
Score 0 1 2 3
TLC (mg/ml)  >1600 1200<TLC< 1600 800<ALB<1200 <800
Score 0 1 2 3
Total score 0-1 2-4 5-8 9-12
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Table 2 Patient’s clinical characteristics Table 2 (continued)
Clinical characteristics All (n=404) Clinical characteristics All (n=404)
Age (median, IQR) 68(63-74) Type of gastrectomy
Sex (male/female, n) 294/110 Subtotal 140(34.7)
Smoking Total 264(65.3)
No 336(83.2) CONUT score
Yes 68(16.8) <3 337(83.4)
Drinking >3 67(16.6)
No 340(84.2)
Yes 64(15.8)
Hypertension
No 275(68.1) (60 years), CONUT score (3), and tumor size (4 cm) were
Yes 129(31.9) delineated using X-tile software [10]. The chi-square test
DM was applied to analyzing categorical variables. Cox pro-
No 364(90.1) portional hazards regression models were utilized for
Yes 40(9.9) the multivariate analysis. The Kaplan—Meier method
Tumor location was used to generate survival curves, and the log-rank
Upper 183(45.3) test was employed to assess the disparities between the
Middle 89(22.0) survival curves. The nomogram was constructed using
Lower 132(32.7) the outcomes of the multivariate analysis. The calibra-
Tumor size (cm) tion plot approach was applied to assess the nomogram’s
<4 204(50.5) conformity. The receiver operating characteristic (ROC)
>4 200(49.5) curve and Harrell's concordance index (C-index) were
Tumor differentiation utilized to evaluate the nomogram model’s predictive
Well 42(104) performance. The utility was evaluated using decision
Moderate 69(17.1) curve analysis. P values less than 0.05 were regarded as
Poor or No 293(72.5) statistically significant.
Nerve invasion
No 214(53.0) Results
Yes 190(47.0) Patient characteristics
Vascular invasion In this study, 404 gastric cancer patients who received
No 220(54.5) a radical gastrectomy participated. 110 (27.2%) were
Yes 184(45.5) female, and 294 (72.8%) were male. The patients’ ages
Postoperative chemotherapy varied from 39 to 88, with a median of 68. The interquar-
No 63(15.6) tile range of the follow-up period was 18 to 38 months,
Yes 341(84.4) with 28.0 being the median. At 1, 2, and 3 years, the over-
pTNM stage all survival rates were 86.8, 76.0, and 68.2%, respectively.
[ 108(26.7) Stages I, II, and III of pTNM existed in 108 (26.7%), 103
I 103(25.5) (25.5%), and 193 (47.8%) individuals, respectively. Forty-
Il 193(47.8) two patients (10.4%) had high differentiation, 69 patients
Serum CEA (ng/mL) (17.1%) had moderate differentiation, and 293 patients
<5 307(76.0) (72.5%) had poor or no differentiation. Table 2 lists all of
>5 94(233) the patient’s specific clinical features.
Serum CA125 (U/mL)
<35 392(97.0) Correlation between preoperative CONUT scores
>35 9(2.2) and clinical characteristics
Serum CA199 (U/mL) According to the cut-off value of the CONUT score, 337
<37 346(85.6) patients who scored less than or equal to 3 were allocated
>37 55(13.6) to the low CONUT score group, whereas 67 patients who

scored more than three were placed in the high CONUT
score group. Table 3 displays the connections between
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Table 3 Correlation between preoperative CONUT score and clinical features of GC patients

Characteristics All (n=404) CONUT score
<3 (n=337) >3(n=67) X p

Age(years) 10452 0.001
<60 83(20.5) 79(234) 4(6.0)
>60 321(79.5) 258(76.6) 63(94.0)

Sex 0.949 0.330
Male 294(72.8) 242(71.8) 52(77.6)
Female 110(27.2) 95(28.2) 15(22.4)

Smoking 0.010 0.921
No 336(83.2) 280(83.1) 56(83.6)
Yes 68(16.8) 57(16.9) 11(16.4)

Drinking 0.258 0612
No 340(84.2) 285(84.6) 55(82.1)
Yes 64(15.8) 52(154) 12(17.9)

Hypertension 1.071 0.301
No 275(68.1) 233(69.1) 42(62.7)
Yes 129(31.9) 104(30.9) 25(37.3)

DM 0.081 0.777
No 364(90.1) 303(89.9) 61(91.0)
Yes 40(9.9) 34(10.1) 6(9.0)

COPD 9.387 0.002
No 385(95.3) 326(96.7) 59(88.1)
Yes 19(4.7) 11(3.3) 8(11.9)

Previous abdominal surgery 0.109 0.741
No 343(84.9) 287(85.2) 56(83.6)
Yes 61(15.1) 50(14.8) 11(16.4)

BMI (kg/m?) 4137 0.126
<185 55(13.6) 43(12.8) 12(17.9)
18.5-23.9 245(60.6) 201(59.6) 44(65.7)
>24.0 104(25.7) 93(27.6) 11(16.4)

HGB (g/L) 48670 <0.001
<110/120 165(40.8) 112(33.2) 53(79.1)
>110/120 239(59.2) 225(66.8) 14(20.9)

ALB (g/L) 162.661 <0.001
<35 44(10.9) 7(2.1) 37(55.2)
>35 360(89.1) 330(97.9) 30(44.8)

Tumor location 1.615 0446
Upper 183(45.3) 154(45.7) 29(43.3)
Middle 89(22.0) 77(22.8) 12(17.9)
Lower 132(32.7) 106(31.5) 26(38.8)

Tumor size(cm) 6.917 0.009
<4 204(50.5) 180(53.4) 24(35.8)
>4 200(49.5) 157(46.6) 43(64.2)

Nerve invasion 5177 0.023
No 214(53.0) 187(55.5) 27(40.3)
Yes 190(47.0) 150(44.5) 40(59.7)

Vascular invasion 4.042 0.044
No 220(54.5) 191(56.7) 29(43.3)

Yes 184(45.5) 146(43.3) 38(56.7)
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Table 3 (continued)
Characteristics All (n=404) CONUT score
<3(n=337) >3(n=67) X p
Tumor differentiation 1816 0403
Well 42(104) 38(11.3) 4(6.0)
Moderate 69(17.1) 56(16.6) 13(19.4)
Poor or no 293(72.5) 243(72.1) 50(74.6)
Serum CEA (ng/mL) 0.028 0.867
<5 307(76.8) 257(76.7) 50(75.8)
>5 94(23.4) 78(23.3) 16(24.2)
Serum CA125 (U/mL) 1.907 0.167
<35 392(97.8) 329(98.2) 63(95.5)
>35 9(2.2) 6(1.8) 3(4.5)
Serum CA199 (U/mL) 1332 0.249
<37 346(86.3) 292(87.2) 54(81.8)
>37 55(13.7) 43(12.8) 12(18.2)
0S 18.525 <0.001
Alive 277(68.6) 246(73.0) 31(46.3)
Death 127(31.4) 91(27.0) 36(53.7)

404 patients’ clinical traits and CONUT scores. Age,
COPD, HGB, ALB, tumor size, nerve invasion, vascular
invasion, and OS were all associated with the CONUT
score (P<0.05 for all). Sex, BMI, drinking, smoking,
hypertension, DM, previous abdominal surgery, tumor
location, tumor differentiation, serum CEA, CA125, and
CA199 were all unrelated to the CONUT score.

Analysis of prognostic risk factors for GC patients

after surgery

Age, BMI, HGB, Serum ALB, Serum CEA, CONUT
score, tumor size, pT stage, pN stage, nerve invasion,
vascular invasion, tumor differentiation, and postopera-
tive chemotherapy were the factors that influenced the
prognosis of GC, according to the Cox’s univariate anal-
ysis (P<0.05 for all). The variables that independently
predicted OS for GC patients were the age (P=0.015),
CONUT score (P=0.002), pT stage (T3 vs T1: P=0.011,
T4 vs T1: P=0.026), pN stage (N2 vs NO: P=0.002, N3
vs NO: P<0.001), nerve invasion (P=0.021) (Table 4). The
Kaplan—Meier analysis demonstrated a significant asso-
ciation between a high CONUT score and a shorter OS
(P<0.001, Fig. 1A). In order to undertake a more detailed
examination of the performance of the CONUT score
in patients with varying pTNM stages, we carried out a
subgroup analysis. When stratified according to pTNM
stage, there was no statistically significant disparity in OS
between the high CONUT score group and low CONUT
score group of patients with stage II GC (P=0.151;

Fig. 1C). Nevertheless, the predictive significance of the
CONUT score remained significant for stage I (P=0.001;
Fig. 1B) and stage III (P <0.001; Fig. 1D).

Development and assessment of the nomogram

Based on the outcomes of multivariate Cox regression anal-
ysis, a nomogram containing age, CONUT score, pT stage,
pN stage and nerve invasion was created for predicting
the prognosis of GC patients (Fig. 2). From the weighted
total score derived for each variable, the nomogram could
determine the corresponding 1-, 2-, and 3-year OS. A lower
overall score improves the clinical prognosis. Prediction
made by Nomogram most closely resembled the actual
results, as seen by the calibration curve of postoperative
1-year, 2-year, and 3-year survival. (Fig. 3A, B, C).

Performances of the nomogram

The AUC and C-index were employed to measure the
predictive ability and discrimination of the nomogram
model. The 1-, 2-, and 3-year AUCs for OS predicted by
the nomogram containing the CONUT score were 0.827,
0.823, and 0.865, respectively, whereas the AUCs for OS
predicted by using the pTNM stage alone were 0.726,
0.738, and 0.744, respectively (Fig. 4A, B, C). The C-index
for the nomogram model and pTNM stage to predict
OS was 0.792 (95% CI: 0.755-0.829) and 0.718 (95%
CI: 0.683-0.753), respectively. The clinical utility of the
nomogram and pTNM stage was assessed using decision
curve analysis. The decision curve analysis demonstrates
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Table 4 Cox regression analysis of the factors influencing GC patients’ prognoses

Variables Univariate analysis Multivariate analysis
HR Cl p HR Cl p
Age (> 60 vs <60 years) 1.704 1.022-2.841 0.041 1974 1.143-3.409 0.015
Sex (male vs female) 1433 0.942-2.181 0.093
Smoking (yes vs no) 1.355 0.874-2.101 0174
Drinking (yes vs no) 0.783 0456-1.344 0.375
Hypertension (yes vs no) 1.199 0.830-1.733 0.333
Diabetes (yes vs no) 1.484 0.864-2.549 0.153
COPD (yes vs no) 1.652 0.838-3.258 0.147
Previous abdominal surgery (yes vs no) 0.832 0.499-1.387 0481
BMI 0.071 0.346
18.5-239vs>240 kg/m2 1443 0915-2.277 0.115 1.143 0.708-1.844 0.585
<18.5vs>24.0 kg/m2 1.964 1.101-3.504 0.022 1.554 0.838-2.882 0.162
HGB (< 110/120 vs > 110/120 g/L) 1616 1.141-2.289 0.007 0.878 0.578-1.335 0.543
ALB (<35vs>35g/L) 1.738 1.088-2.777 0.021 0.734 0.373-1.447 0.372
CONUT score 1213 1.120-1.313 <0.001 1.227 1.075-1.400 0.002
Serum CEA (>5 vs<5ng/mL) 1.664 1.143-2.423 0.008 1.064 0.710-1.596 0.763
Serum CA125 (>35vs<35U/ml) 0914 0.291-2.877 0.879
Serum CA199 (>39 vs<39 U/mL) 1.349 0.844-2.157 0.211
Laparoscopy-assisted (yes vs no) 1.380 0.973-1.956 0.071
Tumor location 0.345
Middle vs Upper 0.942 0.607-1.463 0.791
Lower vs Upper 0.738 0.488-1.116 0.150
Type of reconstruction 0.463
Billroth | vs Roux-en-Y 0318 0.044-2.279 0.254
Billroth Il vs Roux-en-Y 0.836 0.424-1.649 0.606
Combined resection (yes vs no) 1.127 0.676-1.880 0.646
Tumor size (>4 vs<4 cm) 2475 1.701-3.602 <0.001 0.838 0.548-1.279 0412
p T stage <0.001 0.006
T2vsT1 0.849 0.155-4.634 0.850 1.720 0.197-15.024 0.624
T3vsT1 11.719 4.214-32.595 <0.001 16.485 1.886-144.121 0.011
T4vsTI 11.718 4.282-32.066 <0.001 11.794 1.342-103.655 0.026
p N stage <0.001 <0.001
N1 vs NO 1415 0.686-2.919 0.347 0.981 0455-2.116 0.962
N2 vs NO 4.394 2.582-7.477 <0.001 2.689 1.458-4.959 0.002
N3 vs NO 7422 4523-12.178 <0.001 4715 2.561-8.680 <0.001
Nerve invasion (yes vs no) 3.573 2424-5.268 <0.001 1.735 1.088-2.768 0.021
Vascular invasion (yes vs no) 2.731 1.893-3.939 <0.001 0676 0424-1.077 0.100
Borrmann type 0.189
lhvs| 1.195 0.578-2.470 0.630
s | 1.460 0.612-3.487 0.394
Vvsl 2.021 0.878-4.653 0.098
Tumor differentiation 0.005 0.534
Moderate vs well 11.555 1.537-86.863 0.017 3.589 0.383-33.593 0.263
Poor vs well 17.871 2495-128.024 0.004 3.370 0.366-31.039 0.284

Postoperative chemotherapy (yes vs no) 6.775 2.502-18.343 <0.001 0.199 0.023-1.752 0.146
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Fig. 1 Kaplan—Meier analysis of OS at each pTNM stage according to CONUT score

that the nomogram exhibited a positive net benefit
throughout a broad spectrum of decision threshold prob-
abilities (Fig. 5A, B, C).

Discussion

One of the most prevalent malignant tumors of the
digestive system, GC, has a high incidence and fatal-
ity rate globally [1]. The prognosis for GC has yet to be
much enhanced despite the tremendous advancements in
treatment approaches involving surgical techniques and
adjuvant chemotherapy [11]. To maximize postoperative
individualized care, it is crucial to establish independ-
ent prognostic markers. A nomogram is a helpful tool

that, by using easily accessible clinical data and advanced
statistical analysis, gives oncologists and patients
straightforward, understandable prognostic informa-
tion. Numerous studies have shown that the nomogram
model, which combines multiple influencing elements,
outperforms the TNM stage in forecasting the individual
survival of GC patients [4, 12—14].

This study’s multivariate analysis suggested that age,
CONUT score, pT stage, pN stage, and nerve invasion
were independent predictor variables of prognosis in
individuals having a radical resection for GC. A nomo-
gram model was subsequently created utilizing the
risk factors described above, and the nomogram model
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Fig. 3 The calibration curves for predicting 1-year (A), 2-year (B), and 3-year (C) OS

containing the CONUT score enhanced the ability to
predict OS in GC patients using the pTNM stage alone.
As far as we know, this work initially offers a nomogram
model based on the CONUT score and clinical param-
eters to predict the prognosis for resectable GC patients.

Because it enables the prediction of therapy tolerance
and cancer development, the nutritional condition of the
GC patient is an essential component [15]. tumor inva-
sion is associated with poor nutritional status, which
may reflect metabolic increase brought on by the disease,

immunological compromise brought on by tumor devel-
opment, and sensitivity to cancer therapy [16, 17]. Addi-
tionally, it has been reported that the immune state of
cancer patients influences their prognosis. Blood counts
for neutrophils, lymphocytes, monocytes, and plate-
lets have been shown to reflect both local and systemic
inflammation connected to the progression and progno-
sis of cancer [18-20].

To improve the postoperative prognosis of GC
patients, it is essential to identify and concentrate on



Ma et al. BMC Gastroenterology (2025) 25:180

Page 9 of 11

sensitivity
sensitivity

Nomogram (AUC=0.827)
PTNM stage (AUC=0.726)

1-specificity

1-specificity

sensitivity

Nomogram (AUC=0.823)
PTNM stage (AUC=0.738)

Nomogram (AUC=0.865)
PTNM stage (AUC=0.744)

050 X3 100 0.00 025 0.50 075 1.00

1-specificity

Fig. 4 The ROC curves of nomogram and pTNM stage for predicting1-year (A), 2-year (B), and 3-year (C) OS

AU.Z B 0.3 C 0.4
Nomogram \\ Nomogram \\ Nomogram
\ == pTNM stage 0.2 A == pTNM stage ‘{‘ == pTNM stage
\ = Al W\ - Al M = Al
AR AR
“‘ None \ S None AR None
0.1 W\ W 0.2 N
= \\“‘ = \
2 kS & LN g \
H LR S 01 \ 2 \
@ \ ) 3
3 \ @ \ [} \
z \ 3 \ 3 \
\ z \ z \
\ | \
\ . | \
00 % : 00 \ 0.0 \
\ \
\ \ \
\ \ \
\ \ \
\ \ \
\ \ \
\ -0.1 \ \
0.0 02 04 06 0.8 0.00 025 0.50 0.75 0.00 025 0.50 0.75 1.00

Risk Threshold

Risk Threshold

Risk Threshold

Fig. 5 The decision curve analysis of nomogram and pTNM stage for predicting 1-year (A), 2-year (B), and 3-year (C) OS

modifiable risk factors and address them accordingly
[21]. The patient’s nutritional state is one of many factors
influencing the prognosis of patients with tumors that
can be modified, in contrast to non-modifiable factors
like age, comorbidities, and tumor stage. It is necessary to
conduct a comprehensive nutritional evaluation to detect
and provide treatment for individuals experiencing
malnutrition or those at high risk of malnutrition. The
CONUT score is an objective evaluation tool that can
be determined preoperatively and relies solely on labora-
tory measurements to mirror protein reserves, immune
system functions, and lipid metabolism. ALB is related
to the patient’s nutritional status, tumor cells’ generation
of inflammatory cytokines, and liver function reserve
[22]. Lymphocytes are crucial biological elements of the
immune system in humans that help to stop the spread,
assault, and migration of cancer cells [23]. Total choles-
terol, an essential part of cell membranes, participates in

several signalling pathways connected to tumor patho-
genesis and development [24]. A multivariate study
by Qian Y et al. demonstrated that the preoperative
CONUT score was a risk factor that may independently
predict postoperative complications [6]. Kuroda D et al.
discovered from univariate and multivariate studies that
patients with CONUT-high GC had significantly lower
OS than patients with CONUT-low GC [7]. According
to Liu’s study’s findings, which involved 697 consecutive
patients who underwent curative surgery for Stage II-III
GC, the 5-year cancer-specific survival rate was signifi-
cantly lower in the high CONUT group compared with
the low CONUT group [25]. Our findings further sup-
port the independent predictive utility of patients with
high CONUT scores for GC patients. Therefore, the
CONUT score offers a comprehensive, rapid, and effi-
cient nutritional assessment approach for determining a
cancer patient’s prognosis.
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The nomogram plays an essential part in the person-
alization of oncological therapy by combining several
predictive variables to calculate the likelihood of clinical
outcomes [26]. In the current study, we created a nomo-
gram incorporating the age, CONUT score, pT stage, pN
stage, and nerve invasion to improve postoperative out-
come prediction in GC patients. Interestingly, for postop-
erative OS in patients with gastric cancer, the nomogram
model containing the CONUT score improved the
predictive ability of the traditional pTNM stage alone.
Moreover, the nomogram model containing the CONUT
score showed a more extensive net benefit at 1, 2, and
3 years. Consequently, in clinical practice, GC patients
with high preoperative CONUT scores should undergo
an attempt at nutritional resuscitation and reduced post-
operative follow-up intervals for the assessment of their
nutritional status. Moreover, individuals with high post-
operative scores may gain from postoperative nutritional
treatment, considering the beneficial effects of targeted
nutritional intervention[27, 28]. However, as of now, the
optimal nutritional strategy to improve cancer-related
malnutrition has yet to be identified. Given this, it is
necessary to further evaluate the effectiveness of preop-
erative and postoperative nutritional support based on
the CONUT score using a prospective randomized con-
trolled study.

Although this study obtained some excellent results,
there are still several restrictions. Firstly, in contrast
to a multi-center survey, this study is a retrospective
review of a single center, and therefore, we could not
avoid potential biases. Secondly, due to the absence
of external validation in the present research, the pre-
dictive utility of the CONUT score in GC patients
needs to be validated in additional population studies.
Finally, we needed more information on postoperative
complications and various nutritional supplements;
more research is necessary. Therefore, multi-center
investigations and more extensive population studies
are needed to corroborate our findings. Despite these
drawbacks, our model helped predict the OS of GC
patients and may be utilized to direct patients’ individ-
ual treatment regimens.

Conclusion

In conclusion, this study concluded that the prognos-
tic nomogram constructed based on the CONUT score
enhanced the predictive ability of the conventional TNM
staging system alone for OS in patients with resectable GC.
The prognostic nomogram based on the CONUT score is
an objective and reliable tool for identifying patients with
high prognostic risk and assisting the development of per-
sonalized strategies for resectable GC patients.

Page 10 of 11

Acknowledgements
We thank all the participants who contributed valuable contributions to our
project.

Authors’ contributions

1) XHM and CSW contributed substantially to the conception and design of
this study and drafted the manuscript; 2) XHM, XYJ, HG, JJW, TTW, JHY, SL, XML,
CXW, and CSW collected, analyzed, and interpreted data for the manuscript;

3) XYJ, HG, JJW, TTW, JHY, SL, XML, CXW, and CSW to critically revise key intel-
lectual aspects of the manuscript; And 4) All authors reviewed and given their
approval for the work.

Funding
This work was supported by the Research Foundation of Anhui Medical
University (2020xkj230).

Data availability
The corresponding author will provide the datasets used and analyzed during
the current work upon reasonable request.

Declarations

Ethics approval and consent to participate

This research was carried out in line with the Helsinki Declaration.

The Ethics Committee of the Lu‘an Hospital, Anhui Medical University, gave
its clearance for the conduct of this study. The subjects’ written, fully informed
consent was acquired.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Clinical Nutrition, Lu‘an Hospital, Anhui Medical University,
NO. 21 of Wanxi West Road, Jin‘an District, Lu'an 237005, China. 2Department
of Nutrition, School of Public Health, Anhui Medical University, NO. 81 of
Meishan Road, Shushan District, Hefei 230032, China. >Department of General
Surgery, Lu‘an Hospital, Anhui Medical University, NO. 21 of Wanxi West Road,
Jinan District, Lu'an 237005, China.

Received: 25 June 2023 Accepted: 6 March 2025
Published online: 17 March 2025

References

1. SungH, Ferlay J, Siegel RL, et al. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185
Countries. CA Cancer J Clin. 2021;71(3):209-49.

2. Tonello AS, Capelli G, Bao QR, et al. A nomogram to predict overall
survival and disease-free survival after curative-intent gastrectomy for
gastric cancer. Updates Surg. 2021;73(5):1879-90.

3. Shen D, Zhou G, Zhao J, et al. A novel nomogram based on the prognos-
tic nutritional index for predicting postoperative outcomes in patients
with stage I-Ill gastric cancer undergoing robotic radical gastrectomy.
Front Surg. 2022;9: 928659.

4. Wang PX, Wang HJ, Liu JH, et al. A nomogram combining plasma
fibrinogen and systemic immune-inflammation index predicts survival in
patients with resectable gastric cancer. Sci Rep. 2021;11(1):10301.

5. Ignacio de Ulibarri J, Gonzalez-Madrono A, de Villar NG, et al. CONUT: a
tool for controlling nutritional status. First validation in a hospital popula-
tion. Nutr Hosp. 2005;20(1):38-45.

6. Qian, Liu H, Pan J, et al. Preoperative Controlling Nutritional Status
(CONUT) score predicts short-term outcomes of patients with gastric
cancer after laparoscopy-assisted radical gastrectomy. World J Surg
Oncol. 2021;19(1):25.



Ma et al. BMC Gastroenterology (2025) 25:180

20.

21.

22.

23.

24.

25.

26.

27.

28.

Kuroda D, Sawayama H, Kurashige J, et al. Controlling Nutritional Status
(CONUT) score is a prognostic marker for gastric cancer patients after
curative resection. Gastric Cancer. 2018;21(2):204-12.

Zhu X, Zhao'Y, Ma F, et al. Controlling Nutritional Status score predict the
individualized survival of patients with gastric cancer. Asia Pac J Clin Nutr.
2021;30(1):51-9.

Suzuki S, Kanaji S, Yamamoto M, et al. Controlling Nutritional Status
(CONUT) Score Predicts Outcomes of Curative Resection for Gastric
Cancer in the Elderly. World J Surg. 2019;43(4):1076-84.

Camp RL, Dolled-Filhart M, Rimm DL. X-tile: a new bio-informatics tool for
biomarker assessment and outcome-based cut-point optimization. Clin
Cancer Res. 2004;10(21):7252-9.

. Kurokawa'Y, Doki Y, Mizusawa J, et al. Bursectomy versus omentectomy

alone for resectable gastric cancer (JCOG1001): a phase 3, open-label, ran-
domised controlled trial. Lancet Gastroenterol Hepatol. 2018;3(7):460-8.
Wang X, Mao M, Zhu S, et al. A Novel Nomogram Integrated with
Inflammation-Based Factors to Predict the Prognosis of Gastric Cancer
Patients. Adv Ther. 2020;37(6):2902-15.

Shi H, Wang H, Pan J, et al. Comparing prognostic value of preopera-
tive platelet indexes in patients with resectable gastric cancer. Sci Rep.
2022;12(1):6480.

Mu GC, Huang Y, Liu ZM, et al. Application value of nomogram and
prognostic factors of gastric cancer patients who underwent D2 radical
lymphadenectomy. BMC Gastroenterol. 2019;19(1):188.

Sakurai K, Ohira M, Tamura T, et al. Predictive Potential of Preoperative
Nutritional Status in Long-Term Outcome Projections for Patients with
Gastric Cancer. Ann Surg Oncol. 2016;23(2):525-33.

Klute KA, Brouwer J, Jhawer M, et al. Chemotherapy dose intensity pre-
dicted by baseline nutrition assessment in gastrointestinal malignancies:
A multicentre analysis. Eur J Cancer. 2016;63:189-200.

Wang SH, Zhai ST, Lin H. Role of Prognostic Nutritional Index in patients
with gastric cancer: a meta-analysis. Minerva Med. 2016;107(5):322-7.
Wang SC, Chou JF, Strong VE, et al. Pretreatment Neutrophil to Lympho-
cyte Ratio Independently Predicts Disease-specific Survival in Resectable
Gastroesophageal Junction and Gastric Adenocarcinoma. Ann Surg.
2016,263(2):292-7.

Hsu JT, Wang CC, Le PH, et al. Lymphocyte-to-monocyte ratios predict
gastric cancer surgical outcomes. J Surg Res. 2016;202(2):284-90.

Lian L, Xia YY, Zhou C, et al. Application of platelet/lymphocyte and
neutrophil/lymphocyte ratios in early diagnosis and prognostic
prediction in patients with resectable gastric cancer. Cancer Biomark.
2015;15(6):899-907.

Lee B, Han HS. Tackling Surgical Morbidity and Mortality through Modifi-
able Risk Factors in Cancer Patients. Nutrients. 2022;14(15):3107.

Liu J, DaiY, Zhou F, et al. The prognostic role of preoperative serum
albumin/globulin ratio in patients with bladder urothelial carcinoma
undergoing radical cystectomy. Urol Oncol. 2016;34(11):484 e1- e8.
Hargadon KM. Tumor microenvironmental influences on dendritic cell
and T cell function: A focus on clinically relevant immunologic and meta-
bolic checkpoints. Clin Transl Med. 2020;10(1):374-411.

Haghikia A, Landmesser U. High-Density Lipoproteins: Effects on
Vascular Function and Role in the Immune Response. Cardiol Clin.
2018,36(2):317-27.

Liu X, Zhang D, Lin E, et al. Preoperative controlling nutritional status
(CONUT) score as a predictor of long-term outcome after curative resec-
tion followed by adjuvant chemotherapy in stage Il-ll gastric Cancer.
BMC Cancer. 2018;18(1):699.

Kattan MW. Nomograms. Introduction Semin Urol Oncol.
2002;20(2):79-81.

Nikniaz Z, Somi MH, Nagashi S, et al. Impact of Early Enteral Nutrition

on Nutritional and Immunological Outcomes of Gastric Cancer Patients
Undergoing Gastrostomy: A Systematic Review and Meta-Analysis. Nutr
Cancer. 2017;69(5):693-701.

Mudarra Garcia N, Naranjo Pena I, Olivares Pizarro SP, et al. Pre-Surgical
Nutrition Support Reduces the Incidence of Surgical Wound Complica-
tions in Oncological Patients. Nutr Cancer. 2020;72(5):801-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11



	Using a nomogram based on the controlling nutritional status score to predict prognosis after surgery in patients with resectable gastric cancer
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	General data
	Data acquisition
	Follow-ups
	Statistical analysis

	Results
	Patient characteristics
	Correlation between preoperative CONUT scores and clinical characteristics
	Analysis of prognostic risk factors for GC patients after surgery
	Development and assessment of the nomogram
	Performances of the nomogram

	Discussion
	Conclusion
	Acknowledgements
	References


