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Abstract
Objective: transarterial chemoembolization (TACE) is one of the common treatments for hepatocellular carcinoma (HCC). Predicting prognosis for 
HCC patients who received TACE is challenging because of huge differences in outcome. At present, the Nutritional Risk Screening 2002 (NRS-
2002) is widely used to screen nutritional risk in hospitalized patients, which has been confirmed to be related to prognosis. Here, the objective 
of this research is to construct a prognostic nomogram using the NRS-2002 score for HCC patients receiving TACE.

Methods: we enrolled 359 HCC patients who received TACE at the Xingtai People’s Hospital between January 2015 and December 2020. 
According to the preoperative NRS-2002 score, patients were divided into an NRS ≥ 3 group (n = 190; 52.9 %) and an NRS < 3 group (n = 167, 
47.1 %). Meanwhile, variables associated with survival were analyzed by univariate and multivariate Cox regression. Beyond that, a nomogram 
incorporating independent variables was established. The concordance index (C-index) and calibration curves were used to assess the prediction 
performance of the nomogram.

Results: the median survival of the NRS ≥ 3 group was significantly lower than that of the NRS < 3 group. As shown by multivariate analysis, in 
the Barcelona Clinic Liver Cancer stage an NRS-2002 score ≥ 3, γ-glutamyl transpeptidase, and alpha-fetoprotein were significantly associated 
with survival in HCC patients after TACE. In addition, the C-index was 0.708 (95 % confidence interval: 0.672-0.743), and the calibration curves 
showed a good consistency between the observed and predicted survivals at 1, 2, and 3 years, respectively.

Conclusions: NRS-2002 ≥ 3 could identify high-risk patients with HCC who received TACE. The NRS-2002-based nomogram model had good 
prognostic prediction accuracy.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common 
malignant tumors worldwide, and the second leading cause of 
malignant tumor-related death in men and developing coun-
tries  (1). However, most HCC patients cannot undergo surgical 
resection or liver transplantation because of advanced disease 
at diagnosis  (2).  Transarterial chemoembolization (TACE), the 
first-line treatment for advanced HCC, has been widely used in 
clinical practice in recent years (3,4). However, patients treated 
with TACE can have very different prognoses (2,4). Therefore, it 
is critical to be able to identify those patients who have a better 
prognosis after TACE.

HCC patients often have pre-existing liver disease, especially 
decompensated cirrhosis, leading to different degrees of abnor-
mal digestion and metabolism. It significantly increases their risk 
of malnutrition (4,5). Multiple studies have confirmed that there is 
a significant correlation between the preoperative nutritional sta-
tus of cancer patients and their prognosis (6-8). The Nutritional 
Risk Screening 2002 (NRS-2002) was proposed by the European 
Society of Parenteral and Enteral Nutrition (ESPEN) (9). It is cur-
rently widely used to screen the nutritional risks of hospitalized 
patients, including patients with liver cirrhosis and liver cancer 
(10-14). The NRS-2002 is associated with recurrence and prog-
nosis in HCC patients after resection (15). However, to the best 
of our knowledge, no studies have examined the correlation be-
tween the NRS-2002 score and the prognosis of HCC patients 
treated with TACE.

As one of the statistical prediction models, the nomogram in-
cludes various variables, from which the probability of a specific 
event in a patient can be obtained directly (16,17). A nomogram 
has the advantages of visually displaying various independent 
risk factors and a personalized prediction of patient survival 
(18,19). In recent years, with the increasing demand for individ-
ualized prognosis prediction for patients with malignant tumors 
or various chronic diseases, this model has been widely used 
(16-19). However, there is currently no nomogram model based 

on preoperative nutritional assessment to predict the prognosis 
of HCC patients receiving TACE. This study aimed to determine 
the correlation between nutritional status and prognosis, and 
construct a nomogram model to predict the overall survival of 
HCC patients after TACE.

METHODS

STUDY DESIGN AND PATIENTS

HCC patients who received conventional TACE as first-line 
therapy at the Xingtai People’s Hospital from January 2015  to 
December  2020 were eligible for this retrospective study. The 
inclusion criteria were as follows: age > 18 years, meeting the 
diagnostic criteria for HCC, and no previous antitumor treat-
ments. The exclusion criteria were as follows: other malignant 
tumors, NRS-2002 evaluation not performed before TACE, and 
severe heart, lung, kidney, or brain dysfunction. Finally, 359 HCC 
patients who received TACE were enrolled. All patients signed 
the relevant informed consent form before the start of the study, 
and the study was approved by the ethics committee of Xingtai 
People’s Hospital.

ASSESSMENT OF NUTRITIONAL STATUS

The nutritional status assessment of all patients was com-
pleted within  24  hours after admission using the NRS-2002 
assessment  (7). The NRS-2002 assessment comprises a nu-
tritional status-related score (0-3 points), a disease severity 
score (0-3 points), and an age score (≥ 70 years old, 1 point), 
with a total score of 0-7 points. A score ≥ 3 is considered to 
indicate nutritional risk. A score of < 3 is considered to indicate 
no nutritional risk. Patients were divided into a NRS ≥ 3 group 
and a NRS < 3 group based on their pretreatment NRS-2002 
score.

Resumen
Objetivo: la quimioembolización transarterial (TACE) es uno de los tratamientos comúnmente utilizados para el carcinoma hepatocelular (CHC). 
La predicción pronóstica en pacientes con CHC sometidos a TACE es un desafío debido a la gran variabilidad del resultado. La “Detección del 
riesgo nutricional 2002” (NRS-2002) se utiliza ampliamente en la actualidad para evaluar el riesgo nutricional de los pacientes hospitalizados y 
se ha demostrado que está relacionada con el pronóstico. Aquí, nuestro objetivo fue construir un nomograma pronóstico, utilizando la puntuación 
NRS-2002, para pacientes con HCC que reciben TACE.

Métodos: reclutamos a 359 pacientes con CHC tratados con TACE en el Hospital Popular de Xingtai desde enero de 2015 hasta diciembre 
de 2020. Los pacientes se dividieron en un grupo NRS ≥ 3 (n = 190; 52,9 %) y un grupo NRS < 3 (n = 167, 47,1 %) según la puntuación 
NRS-2002 preoperatoria. Las variables asociadas con la supervivencia se analizaron mediante la regresión de Cox univariante y multivariante. 
Se estableció un nomograma que incorpora variables independientes. El rendimiento predictivo del nomograma se evaluó mediante el índice de 
concordancia (índice C) y la curva de calibración.

Resultados: la mediana de supervivencia del grupo NRS ≥ 3 fue significativamente menor que la del grupo NRS < 3. El análisis multivariante 
mostró que el estadio del grupo de Clínica de Cáncer de Hígado de Barcelona, una puntuación NRS-2002 ≥ 3, la γ-glutamil transpeptidasa 
y la alfa-fetoproteína se asociaron significativamente con la supervivencia de los pacientes con CHC después de la TACE. El índice C fue 
de 0,708 (intervalo de confianza del 95 %: 0,672-0,743) y las curvas de calibración mostraron una buena concordancia entre las supervivencias 
observadas y las predichas a 1, 2 y 3 años.

Conclusiones: la puntuación NRS-2002 ≥ 3 podría identificar a los pacientes con HCC de alto riesgo sometidos a TACE. El modelo de nomograma 
basado en la NRS-2002 tuvo una buena precisión de predicción pronóstica.
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TACE TREATMENT

All TACE procedures were carried out with the same group of 
interventional radiologists (with at least 10 years of experience) 
(20,21). First, the Seldinger method was used to puncture the 
femoral artery, and a superselective catheter was placed at the 
target vessel under digital subtraction angiography. After suc-
cessful catheter placement, diagnostic hepatic angiography was 
performed to determine the location, size, and number of blood 
vessels supplying the liver tumor. The microguide wire catheter 
method was used to selectively intubate the nourishing blood 
vessel of the tumor. Under fluoroscopy monitoring, a slow bolus 
injection of chemotherapy drugs and iodized oil emulsion was 
administered for embolization. Chemotherapy drugs included 
epirubicin, oxaliplatin, and mitomycin. Finally, the proximal end 
of the tumor supply artery was embolized with gelatin sponge 
until the arterial blood flow was significantly reduced based on 
fluoroscopy. We adjusted drug doses according to tumor volume 
and blood supply, and used complete staining of the tumor as the 
standard to terminate embolism.

DATA COLLECTION AND FOLLOW-UP

The following clinical data were collected: age, gender, body 
mass index (BMI), comorbidities (hypertension, diabetes, and 
hepatitis B surface antigen [HBsAg] status), laboratory indicators 
(red blood cell count [RBC], hemoglobin [HGB], international nor-
malized ratio [INR], glutamate aminotransferase [ALT], aspartate 
aminotransferase [AST], total bilirubin, albumin [ALB], alkaline 
phosphatase [ALP], γ-glutamyl transpeptidase [GGT], and creati-
nine [CREA)]), Child-Pugh classification of liver function (22), and 
tumor-related indicators (maximum tumor diameter, number of 
tumors, alpha-fetoprotein [AFP], and Barcelona Clinic Liver Can-
cer [BCLC] stage [2]).

All HCC patients were followed up by telephone every 3-6 
months, and any prognosis-related information was recorded. 
The primary endpoint was overall survival  (OS), which was de-
fined as the time from treatment onset to death from any cause. 
The deadline for the follow-up was April 15, 2021.

STATISTICAL ANALYSIS

Categorical data are expressed as number of cases (percent-
age), and were compared using the chi-square test or Fisher’s 
exact probability method. Quantitative variables are expressed 
as median (interquartile range), and were compared using the 
unpaired two-tailed Student’s t-test or the kruskal-Wallis test, as 
appropriate. Propensity score matching (PSM) was performed to 
minimize bias between the NRS ≥ 3 and NRS < 3 groups. The 
nearest neighbor matching method was selected, and the caliper 
value was set to 0.2. The two groups were matched at a 1:1 ratio. 
The kaplan-Meier method was used to draw survival curves, and 
the log-rank test was used to compare survival between groups. 

Univariate and multivariate Cox proportional hazard regression 
analyses were used to identify independent prognostic factors. 
Hazard ratios (HRs) were calculated, and the nomogram model 
was created accordingly. Prediction performances of the nomo-
gram were assessed by the concordance index (C-index) and cali-
bration curves. All data were processed using R software (version 
4.1.0) and R packages such as “survival,” “matchIt,” and “rms.” 
A p-value < 0.05 indicated a statistically significant difference.

RESULTS

BASELINE CHARACTERISTICS

Of the 359 enrolled patients,  275  (76.6 %) were men, and 
their median age was 62  (55-68) years. According to the pre-
treatment NRS-2002 score, patients were divided into a NRS ≥ 3 
group (n = 190, 52.9 %) and a NRS < 3 group (n = 169, 47.1 %) 
(Fig. 1). Age, BMI, HBsAg status, RBC, HGB, INR, AST, ALB, GGT, 
Child-Pugh classification, BCLC stage, number of tumors, and 
maximum tumor diameter were significantly different between 
the NRS ≥ 3 group and the NRS < 3 group. There was no signif-
icant difference between the two groups in sex, diabetes, hyper-
tension, ALT, bilirubin, ALP, CREA, AFP status, or other indicators 
(Table I). After PSM, there was no significant difference in base-
line data between the two groups (Table I).

SURVIVAL ANALYSIS

The mortality rate of HCC patients in the NRS ≥ 3 group was 
significantly higher than that of patients in the NRS < 3 group 
(63.2 % vs. 43.8 %; p < 0.001) (Table II). Accordingly, the median 
OS of the NRS ≥ 3 group was significantly lower than that of the 
NRS < 3 group (12.0 months vs. 39 months; p < 0.001) (Table II). 

Figure 1. 

Flow chart of the study population (HCC: hepatocellular carcinoma; NRS: nutrition 
risk screening; TACE: transarterial chemoembolization).

NRs < 3 group
n = 169

Patients with hepatocelular carcinoma who underwent 
a first session of conventional tACE from 2016-2020

n = 547

Excluded patients:
-  With other malignant tumors (n = 32)
-  NRs-2002 evaluation not performed 

before tACE (n = 54)
-  With severe comorbidity diseases (n = 12)
-  Missing data on important prognostic 

variables (n = 90)

Elegible HCC patients
n = 359

NRs ≥ 3 group
n = 190
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Table I. Comparisons of characteristics between the NRS ≥ 3 and NRS < 3 groups  
before and after propensity score matching (PSM)

Characteristics

Before PSM After PSM

Total 
(n = 359)

NRS ≥ 3 
(n = 190)

NRS < 3 
(n = 169)

p-value
Total 

(n = 108)
NRS ≥ 3 
(n = 59)

NRS < 3 
(n = 59)

p-value

Age, years* 62 (55-68) 65 (58-71) 59 (53-64) < 0.001 61.6 ± 9.0 62.7 ± 10.9 60.4 ± 6.6 0.157

Male sex 275 (76.6) 147 (77.4) 128 (75.7) 0.803 92 (78.0) 48 (81.4) 44 (74.6) 0.506

BMI*
23.5 

(21.1-26)
22.6 

(20-24.8)
24.2 

(22.3-27)
< 0.001

23.8 
(21.5-25.6)

24 
(20.4-26)

23.6 
(22-25.5)

0.931

Hypertension 74 (20.6) 40 (21.1) 34 (20.1) 0.896 21 (17.8) 13 (22) 8 (13.6) 0.336

Diabetes 44 (12.3) 20 (10.5) 24 (14.2) 0.334 12 (10.2) 7 (11.9) 5 (8.5) 0.762

Hypertension 74 (20.6) 40 (21.1) 34 (20.1) 0.896 21 (17.8) 13 (22) 8 (13.6) 0.336

HbsAg-positive 257 (71.6) 138 (72.6) 119 (70.4) 0.725 89 (75.4) 45 (76.3) 44 (74.6) 0.998

Multiple tumors, ≥ 3 110 (30.6) 82 (43.2) 28 (16.6) < 0.001 33 (28) 15 (25.4) 18 (30.5) 0.256

Maximum tumor size, cm* 60 (36-72) 60 (40-75) 50 (33-69) 0.010 60 (34-72) 60 (31-72) 58 (40-71) 0.785

Child-Pugh grade, A/B
278/81 

(77.4/22.6)
120/70 

(63.2/36.8)
158/11 

(93.5/6.5)
< 0.001

108/10 
(91.5/8.5)

54/5 
(91.5/8.5)

54/5 
(91.5/8.5)

0.999

BCLC stage 0.004 0.610

A 69 (19.2) 26 (13.7) 43 (25.4) 32 (27.1) 18 (30.5) 14 (23.7)

B 251 (69.9) 137 (72.1) 114 (67.5) 72 (61.0) 33 (55.9) 39 (66.1)

C 39 (10.9) 27 (14.2) 12 (7.1) 14 (11.9) 8 (13.6) 6 (10.2)

RBC, 1012/L* 4.0 (3.7-4.4) 3.9 (3.5-4.2) 4.2 (3.8-4.5) < 0.001 4.0 (3.7-4.3) 4.0 (3.7-4.3) 4.0 (3.7-4.3) 0.832

Hemoglobin, g/L 128 (116-140) 122 (110-134) 134 (123-144) < 0.001 129 (119-141) 128 (117-140) 130 (122-140) 0.657

INR* 1.1 (1-1.2) 1.1 (1.1-1.2) 1.1 (1-1.1) < 0.001 1.1 (1-1.2) 1.1 (1-1.2) 1.1 (1-1.2) 0.407

ALT, U/L*
29 

(19.9-43.6)
30 

(20.2-43.7)
28 

(19-42)
0.470

30 
(20.8-41.8)

33 
(22.4-44.2)

25.1 
(17.6-38.6)

0.181

AST, U/L*
35 

(25-53.5)
37.9 

(27.4-59.3)
31.2 

(23.7-48)
0.003

34.7 
(25-46.5)

34 
(26.8-43.3)

34.8 
(21.6-53.9)

0.786

Albumin, g/L* 37.6 ± 6.6 34.2 ± 6.6 41.4 ± 4.0 < 0.001 39.5 ± 5.1 39.1 ± 6.3 39.9 ± 3.5 0.389

Bilirubin, μmol/L*
19.2 

(14-26)
19.4 

(13.7-26.2)
19.1 

(15-25)
0.928

19.1 
(14-24.1)

19.3 
(13.6-24.3)

19 
(14.3-23.3)

0.916

ALP, U/L*
111.6 

(83.4-145.9)
115.8 

(84-153.5)
105.5 

(83.3-134)
0.091

101.8 
(81.2-141)

98 
(80.5-138.5)

108 
(81.5-141)

0.906

GGT
60.1 

(31.0-112.8)
69.3 

(37.0-118.6)
51.0 

(28.0-106.0)
0.022

57.0 
(32.7-114.6)

58.0 
(36.8-118.1)

57 
(28.6-114.0)

0.552

Creatinine, μmol/L*
62 

(53.6-73)
61 

(52.8-73)
63 

(54-73)
0.594

65.4 
(56.2-75.7)

65 
(57.5-77)

65.9 
(55.5-73.8)

0.446

AFP, IU/ml* 4.9 (2.5-31.4) 4.9 (2.4-72.2) 4.9 (2.5-16.9) 0.251 8 (2.6-68.9) 5.8 (2.9-95.2) 8.3 (2.5-47.1) 0.551

*Values are mean ± standard deviation or median (interquartile range). AFP: alpha-fetoprotein; ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST: 
aspartate transaminase; BMI: body mass index; GGT: γ-glutamyl transpeptidase; HbsAg: hepatitis B surface antigen; NRS: nutrition risk screening; INR: international 
normalized ratio; RBC: red blood cell.
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The 1-, 2-, and 3-year survival rates of the NRS ≥ 3 group were 
50.7 %, 34.2 %, and 24.5 %, respectively, which were signifi-
cantly lower than those of the NRS < 3 group (77.8 %, 62.1 %, 
and 52.9 %, respectively; p < 0.001) (Table II). After PSM, the 
prognosis of patients in the NRS ≥ 3 group remained significantly 
worse than that of patients in the NRS < 3 group, and the results 
were similar to those before PSM (Table II). Figure 2  shows a 
comparison of the survival curves of the two groups.

UNIVARIATE AND MULTIVARIATE COX ANALYSIS

Using  p  < 0.1 as cutoff value, the univariate Cox analysis 
showed that BCLC stage, NRS-2002 score, BMI, ALB, ALP, GGT, 
RBC, HGB, INR, and AFP were variables significantly related to 

survival in HCC patients after TACE (Table III). We incorporated 
those significant indicators into the multivariate Cox regression 
analysis, and the results showed that BCLC stage (HR = 2.219, 
95 % confidence interval [CI]: 1.669-2.951), NRS-2002 score 
(HR = 1.880, 95 % CI: 1.334-2.648), GGT (HR = 1.001, 95 % 
CI: 1.000-1.002), and AFP (HR = 1.001, 95 % CI: 1.000-1.001) 
were independent risk factors for OS (p < 0.05) (Table III).

NOMOGRAM FOR PREDICTING OS

According to the results of the multivariate Cox regression 
analysis, BCLC stage, NRS-2002 score, GGT, and AFP were in-
corporated into the nomogram models of 1-, 2-, and 3-year OS 
(Fig. 3). With all enrolled patients as the internal validation co-

Table II. Comparisons of long-term oncologic outcomes between the NRS ≥ 3  
and NRS < 3 groups before and after propensity score matching (PSM)

Before PSM After PSM

n (%)
Total 

(n = 359)
NRS ≥ 3 
(n = 190)

NRS < 3 
(n = 169)

p-value
Total 

(n = 108)
NRS ≥ 3 
(n = 59)

NRS < 3 
(n = 59)

p-value

Survival time, months* 14 (6-30) 10 (5-19) 24 (12-40) < 0.001 18 (8-34) 12 (6-25) 24 (12-37) 0.001

Death during follow-up 194 (54.0) 120 (63.2) 74 (43.8) < 0.001 60 (50.8) 34 (57.6) 26 (44.1) 0.197

OS, months† 24 (18-30) 13 (12-18) 39 (34-44) < 0.001 28 (19-37) 24 (13-38) 37 (28-39) 0.01

 1-year OS rate, % 63.9 50.7 77.8 72.0 62.6 80.8

 2-year OS rate, % 48.1 34.2 62.1 55.6 45.5 64.7

 3-year OS rate, % 39.1 24.5 52.9 42.3 32.6 51.0

*Values are median (interquartile range); †Values are median and 95 % confidence interval. NRS: nutrition risk screening; OS: overall survival.

Figure 2. kaplan-Meier curves of overall survival before (A) and after (B) propensity score matching for comparisons between the NRS ≥ 3 and NRS < 3 groups (NRS: 
nutrition risk screening; TACE: transarterial chemoembolization).

A B
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hort, the C-index of the nomogram model was 0.708 (95 % CI: 
0.672-0.743). Figure 4 shows the calibration curves of OS in the 
nomogram model at 1, 2, and 3 years, indicating that the nomo-
gram-predicted survival had a high consistency with the observed 
survival.

DISCUSSION

The results of this study indicate that the NRS-2002 score is 
an independent prognostic factor for OS in HCC patients treated 
with TACE. We established a prognostic nomogram model based 
on independent risk factors, including the NRS-2002 score and 
BCLC stage, to predict OS at 1, 2, and 3 years in HCC patients 
undergoing TACE. This model can help to accurately determine 
the prognosis of patients, which will allow us to screen high-risk 
patients before TACE.

Figure 3. Nomogram for predicting 1-, 2-, and 3-year overall survival (AFP: 
alpha-fetoprotein; BCLC: Barcelona clinical liver cancer; GGT: γ-glutamyl trans-
peptidase; NRS: nutrition risk screening).

Table III. Univariate and multivariate Cox regression analyses in predicting overall survival

Characteristics UV HR (95 % CI) UV p-value MV HR (95 % CI) MV p-value*

Age, > 60 years 1.003 (0.987-1.019) 0.746

Male sex 0.918 (0.665-1.267) 0.603

BMI 0.958 (0.921-0.996) 0.031 NS 0.486

Diabetes 0.967 (0.626-1.495) 0.881

Hypertension 1.280 (0.914-1.792) 0.151

HbsAg-positive 0.831 (0.615-1.123) 0.228

BCLC stage 2.557 (1.965-3.326) < 0.001 2.118 (1.586-2.828) < 0.001

NRS3 2.497 (1.860-3.353) < 0.001 1.869 (1.325-2.637) < 0.001

ALT 1.000 (0.998-1.002) 0.973

AST 1.000 (0.999-1.001) 0.856

Albumin 0.941 (0.920-0.961) < 0.001 NS 0.110

Bilirubin 0.996 (0.986-1.005) 0.386

ALP 1.003 (1.001-1.005) 0.003 NS 0.691

GGT 1.002 (1.001-1.002) < 0.001 1.001 (1.000-1.002) 0.042

Creatinine 1.000 (0.997-1.004) 0.816

RBC 0.825 (0.668-1.019) 0.074 NS 0.853

Hemoglobin 0.993 (0.987-1.000) 0.038 NS 0.791

INR 1.771 (0.913-3.435) 0.091 NS 0.632

AFP 1.001 (1.001-1.002) < 0.001 1.001 (1.000-1.001) 0.047

*Variables found to be significant at p < 0.1 in the univariate analysis were entered into the multivariate Cox regression analysis. AFP: alpha-fetoprotein; ALP: alkaline 
phosphatase; ALT: alanine aminotransferase; AST: aspartate transaminase; BMI: body mass index; CI: confidence interval; GGT: γ-glutamyl transpeptidase; HbsAg: 
hepatitis B surface antigen; HR: hazard ratio; NRS: nutrition risk screening; INR: international normalized ratio; MV: multivariable; NS: not significant; RBC: red blood 
cell; UV: univariate.
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Increased clinical evidence shows that preoperative malnu-
trition is one of the determinants of poor prognosis for many 
cancers, including liver cancer (6-8). The ESPEN guidelines rec-
ommend nutritional assessment for all cancer patients (23,24). 
Clinically, BMI is often selected as an indicator to screen patients 
for risk of malnutrition. However, for patients with liver cancer de-
veloping from cirrhosis and patients with advanced liver cancer, it 
might be difficult to determine the true nutritional status using BMI 
alone (25). Since these patients often suffered from ascites and 
BMI can be impacted by sodium and water retention. The study 
by Schute et al. also showed that BMI was not an independent 
screening method for the evaluation of malnutrition in patients 
with liver cancer (25-27). The NRS-2002 score has the advantag-
es of simplicity, ease of use, non-invasiveness, and high patient 
acceptance. ESPEN suggested the NRS-2002 score as an effec-
tive nutritional assessment tool for hospitalized patients (9). Our 
study used the NRS-2002 screening strategy and found that 
52.9 % of patients had nutritional risk before surgery. This may be 
related to the fact that most HCC patients have liver fibrosis and 
cirrhosis, which may lead to a higher prevalence of malnutrition.

Many studies have confirmed that the NRS-2002 score is re-
lated to prognosis in cancer patients (14,15,28). A recent study 
showed that cancer patients infected with severe acute res-
piratory syndrome coronavirus 2 with an NRS-2002 score ≥ 3 
may have a higher risk of death  (28). Thomas and colleagues 
enrolled 203 patients undergoing elective hepatectomy for ma-
lignant tumors (14), and their study confirmed that an NRS-2002 
score ≥ 4 was a predictor of 90-day mortality after elective hepa-
tectomy. Our study confirmed that an NRS-2002 score ≥ 3 was 
an independent prognostic risk factor for patients receiving TACE 
for HCC.

This study also confirmed that BCLC stage, GGT, and AFP were 
independent risk factors for death in HCC patients. The BCLC 
staging system is a clinical staging system for liver cancer that 
specifically includes assessment of tumor burden, liver function, 
and patient physical status  (2).  Multiple clinical studies have 
confirmed that BCLC stage has a strong ability to classify and 
predict the prognosis of liver cancer patients (29,30). However, 

BCLC stage does not incorporate the following indicators, such 
as nutritional status, short-term liver function, or tumor markers. 
Multiple studies have shown that GGT and AFP play an impor-
tant role in predicting the prognosis of HCC patients (31-34). In 
this study, we constructed a nomogram based on the NSR-2002 
score, BCLC stage, AFP status, and GGT, which performed well in 
predicting the OS of HCC patients undergoing TACE.

However, this study had some limitations: First, this study is 
a single-center study and lacks an external cohort to verify the 
accuracy of the model. Second, this study did not collect infor-
mation on other antitumor treatments during follow-up and only 
analyzed the relationship between various indicators before the 
first treatment and the final prognosis, which may have affected 
the results of this study. Finally, prospective studies are needed 
to further verify the role of the NRS-2002 score in the prognosis 
of HCC patients and whether timely preoperative nutritional inter-
vention can bring survival benefits.

In conclusion, we constructed a nomogram based on the NRS-
2002 score that could effectively predict the survival of HCC pa-
tients after TACE. Our nomogram showed good predictive perfor-
mance, so it can be used to predict the prognosis of HCC patients 
and to screen high-risk patients.

REFERENCES

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global can-
cer statistics, 2012. CA Cancer J Clin 2015;65:87-108. DOI: 10.3322/
caac.21262

2. EASL Clinical Practice Guidelines: Management of hepatocellular carcinoma. 
J Hepatol 2018;69:182-236. DOI: 10.1016/j.jhep.2018.03.019

3. Lencioni R, de Baere T, Soulen MC, Rilling WS, Geschwind JF. Lipiodol transar-
terial chemoembolization for hepatocellular carcinoma: A systematic review 
of efficacy and safety data. Hepatology 2016;64:106-16. DOI: 10.1002/
hep.28453

4. Villanueva A. Hepatocellular Carcinoma. N Engl J Med 2019;380:1450-62. 
DOI: 10.1056/NEJMra1713263

5. Tsochatzis EAP, Bosch JP, Burroughs AkP. Liver cirrhosis. The Lancet (British 
edition) 2014;383:1749-61. DOI: 10.1016/S0140-6736(14)60121-5

6. Cao J, Xu H, Li W, Guo Z, Lin Y, Shi Y, et al. Nutritional assessment and risk fac-
tors associated to malnutrition in patients with esophageal cancer. Curr Probl 
Cancer 2021;45:100638. DOI: 10.1016/j.currproblcancer.2020.100638

Figure 4. Calibration curves for 1- (A), 2- (B), and 3-year (C) overall survival (OS: overall survival).

A B C



842 X.   Chen

[Nutr Hosp 2022;39(4):835-842]

7. Zhang Z, Wan Z, Zhu Y, Zhang L, Zhang L, Wan H. Prevalence of malnutrition 
comparing NRS2002, MUST, and PG-SGA with the GLIM criteria in adults with 
cancer: A multi-center study. Nutrition 2021;83:111072. DOI: 10.1016/j.
nut.2020.111072

8. Zhang X, Tang M, Zhang Q, Zhang k, Guo Z, Xu H, et al. The GLIM crite-
ria as an effective tool for nutrition assessment and survival prediction in 
older adult cancer patients. Clin Nutr 2021;40:1224-32. DOI: 10.1016/j.
clnu.2020.08.004

9. kondrup J. Nutritional risk screening (NRS 2002): a new method based on an 
analysis of controlled clinical trials. Clin Nutr 2003;22:321-36. DOI: 10.1016/
S0261-5614(02)00214-5

10. Wu Y, Zhu Y, Feng Y, Wang R, Yao N, Zhang M, et al. Royal Free Hospital-Nu-
tritional Prioritizing Tool improves the prediction of malnutrition risk outcomes 
in liver cirrhosis patients compared with Nutritional Risk Screening 2002. Br J 
Nutr 2020;124:1293-302. DOI: 10.1017/S0007114520002366

11. kollar D, Benedek-Toth Z, Drozgyik A, Molnar FT, Olah A. Perioperative nutri-
tional state as a surgical risk in oncologic patients. Orv Hetil 2021;162:504-13.

12. knudsen AW, Naver A, Bisgaard k, Nordgaard-Lassen I, Becker U, krag A, 
et al. Nutrition impact symptoms, handgrip strength and nutritional risk in 
hospitalized patients with gastroenterological and liver diseases. Scand J 
Gastroenterol 2015;50:1191-8. DOI: 10.3109/00365521.2015.1028994

13. Wang Z, Xu J, Song G, Pang M, Guo B, Xu X, et al. Nutritional status and 
screening tools to detect nutritional risk in hospitalized patients with hepatic 
echinococcosis. Parasite 2020;27:74. DOI: 10.1051/parasite/2020071

14. Zacharias T, Ferreira N. Nutritional risk screening 2002 and ASA score 
predict mortality after elective liver resection for malignancy. Arch Med Sci 
2017;13:361-9. DOI: 10.5114/aoms.2017.65273

15. Chua DW, koh YX, Liew YX, Chan CY, Lee SY, Cheow PC, et al. Pre‐operative 
predictors of early recurrence/mortality including the role of inflammatory 
indices in patients undergoing partial hepatectomy for spontaneously rup-
tured hepatocellular carcinoma. J Surg Oncol 2018;118:1227-36. DOI: 
10.1002/jso.25281

16. Iasonos A, Schrag D, Raj GV, Panageas kS. How To Build and Interpret a 
Nomogram for Cancer Prognosis. J Clin Oncol 2008;26:1364-1370. DOI: 
10.1200/JCO.2007.12.9791

17. Wang J, Li Z, Liao Y, Li J, Dong H, Peng H, et al. Prediction of Survival and 
Analysis of Prognostic Factors for Patients With Combined Hepatocellular 
Carcinoma and Cholangiocarcinoma: A Population-Based Study. Front Oncol 
2021;11:686972. DOI: 10.3389/fonc.2021.686972

18. El SM, Ahmed T, Varey A, Elias SG, Witkamp AJ, Sigurdsson V, et al. Devel-
opment and Validation of Nomograms to Predict Local, Regional, and 
Distant Recurrence in Patients With Thin (T1) Melanomas. J Clin Oncol 
2021;39:1243-52. DOI: 10.1200/JCO.20.02446

19. Ding ZY, Li GX, Chen L, Shu C, Song J, Wang W, et al. Association of liver 
abnormalities with in-hospital mortality in patients with COVID-19. J Hepatol 
2021;74:1295-302. DOI: 10.1016/j.jhep.2020.12.012

20. Gaba RC, Lewandowski RJ, Hickey R, Baerlocher MO, Cohen EI, Dariushnia 
SR, et al. Transcatheter Therapy for Hepatic Malignancy: Standardization of 
Terminology and Reporting Criteria. J Vasc Interv Radiol 2016;27:457-73. 
DOI: 10.1016/j.jvir.2015.12.752

21. Gaba RC, Lokken RP, Hickey RM, Lipnik AJ, Lewandowski RJ, Salem R, et 
al. Quality Improvement Guidelines for Transarterial Chemoembolization and 
Embolization of Hepatic Malignancy. J Vasc Interv Radiol 2017;28:1210-23. 
DOI: 10.1016/j.jvir.2017.04.025

22. Child CG, Turcotte JG. Surgery and portal hypertension. Major Probl Clin 
Surg 1964;1:1-85.

23. Cederholm T, Bosaeus I, Barazzoni R, Bauer J, Van Gossum A, klek S, et al. 
Diagnostic criteria for malnutrition – An ESPEN Consensus Statement. Clin 
Nutr 2015;34:335-40. DOI: 10.1016/j.clnu.2015.03.001

24. Arends J, Baracos V, Bertz H, Bozzetti F, Calder PC, Deutz N, et al. ESPEN 
expert group recommendations for action against cancer-related malnutrition. 
Clin Nutr 2017;36:1187-96. DOI: 10.1016/j.clnu.2017.06.017

25. Schutte k, Tippelt B, Schulz C, Rohl FW, Feneberg A, Seidensticker R, et al. 
Malnutrition is a prognostic factor in patients with hepatocellular carcinoma 
(HCC). Clin Nutr 2015;34:1122-7. DOI: 10.1016/j.clnu.2014.11.007

26. Chen ZY, Gao C, Ye T, Zuo XZ, Wang GH, Xu XS, et al. Association between 
nutritional risk and routine clinical laboratory measurements and adverse out-
comes: a prospective study in hospitalized patients of Wuhan Tongji Hospital. 
Eur J Clin Nutr 2015;69:552-7. DOI: 10.1038/ejcn.2014.239

27. Efthymiou A, Hersberger L, Reber E, Schonenberger kA, kagi-Braun N, Tri-
bolet P, et al. Nutritional risk is a predictor for long-term mortality: 5-Year 
follow-up of the EFFORT trial. Clin Nutr 2021;40:1546-54. DOI: 10.1016/j.
clnu.2021.02.032

28. Liang J, Jin G, Liu T, Wen J, Li G, Chen L, et al. Clinical characteristics 
and risk factors for mortality in cancer patients with COVID-19. Front Med 
2021;15:264-74. DOI: 10.1007/s11684-021-0845-6

29. Tournoux-Facon C, Paoletti X, Barbare JC, Bouche O, Rougier P, Dahan L, et 
al. Development and validation of a new prognostic score of death for patients 
with hepatocellular carcinoma in palliative setting. J Hepatol 2011;54:108-
14. DOI: 10.1016/j.jhep.2010.06.015

30. Guglielmi A, Ruzzenente A, Pachera S, Valdegamberi A, Sandri M, D’On-
ofrio M, et al. Comparison of Seven Staging Systems in Cirrhotic Patients 
With Hepatocellular Carcinoma in a Cohort of Patients Who Underwent 
Radiofrequency Ablation With Complete Response. The American Jour-
nal of Gastroenterology 2008;103:597-604. DOI: 10.1111/j.1572-
0241.2007.01604.x

31. Xue J, Cao Z, Cheng Y, Wang J, Liu Y, Yang R, et al. Acetylation of alpha-fe-
toprotein promotes hepatocellular carcinoma progression. Cancer Lett 
2020;471:12-26. DOI: 10.1016/j.canlet.2019.11.043

32. Zhong CQ, Zhang XP, Ma N, Zhang EB, Li JJ, Jiang YB, et al. FABP4 suppress-
es proliferation and invasion of hepatocellular carcinoma cells and predicts a 
poor prognosis for hepatocellular carcinoma. Cancer Med 2018;7:2629-40. 
DOI: 10.1002/cam4.1511

33. Audureau E, Carrat F, Layese R, Cagnot C, Asselah T, Guyader D, et al. Person-
alized surveillance for hepatocellular carcinoma in cirrhosis - using machine 
learning adapted to HCV status. J Hepatol 2020;73:1434-45. DOI: 10.1016/j.
jhep.2020.05.052

34. Wang X, Mao M, He Z, Zhang L, Li H, Lin J, et al. Development and Validation 
of a Prognostic Nomogram in AFP-negative hepatocellular carcinoma. Int J 
Biol Sci 2019;15:221-8. DOI: 10.7150/ijbs.28720




