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Abstract

Introduction: nutritional status and platelet-to-lymphocyte ratio (PLR) have been found to be associated with prognosis in patients with hepa-
tocellular carcinoma (HCC) undergoing transcatheter arterial chemoembolization (TACE).

Objectives: to evaluate the association between nutritional status and PLR in patients with HCC undergoing TACE.

Methods: a total of 152 HCC patients received TACE were enrolled. The nutritional status was evaluated by Patient-Generated Subjective Global
Assessment (PG-SGA). Patients with PG-SGA A and PG-SGA (B or C) were classified as the well-nourished and malnourished groups.

Keywords: Results: according to the PG-SGA, 130 (85.5 %) patients were malnourished. The median PLR was significantly different between well-nourished
and malnourished groups (p = 0.008). A positive correlation was found between PLR and PG-SGA score (r = -0.265, p = 0.001). The optimal
Hepatocellular carcinoma.  PLR cutoff value was 102.165 to predict malnutrition, with a sensitivity of 65.4 %, specificity of 72.7 %, and an area under the curve (AUC) of

Transcatheter arterial 0.677 (95 % confidence interval (Cl): 0.550-0.804; p = 0.008). A logistic stepwise regression model showed that the PLR was associated with
chemoembolization. nutritional status in Model 1 without adjustment, as well as if adjusted by age, sex, type of TACE (c-TACE/DEB-TACE) and Child—Pugh stage (odds
hutrtional tafus. Pltelet- —atio, 0.190; 95 % Cl: 0.062-0.582; p=0.004)

to-lymphocyte ratio. e ’ o : ! : '

Inflammation. Conclusions: nutritional status measured by PG-SGA was significantly associated with PLR in patients with HCC undergoing TACE.
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Resumen

Introduccion: se ha encontrado que el estado nutricional y el indice plaquetas-linfocitos (PLR) se asocian con el prondstico en pacientes con
carcinoma hepatocelular (CHC) sometidos a quimioembolizacion transarterial (TACE).

Obijetivos: evaluar la asociacion entre el estado nutricional y la PLR en pacientes con CHC sometidos a TACE.

Métodos: se evaluaron 152 pacientes con CHC que recibieron TACE. El estado nutricional fue evaluado por Evaluacion Global Subjetiva Generada
por el Paciente (PG-SGA). Los pacientes con PG-SGA Ay PG-SGA (B o C) se clasificaron como los grupos bien nutridos y desnutridos.

Resultados: segun la PG-SGA, 130 (85,5 %) pacientes estaban desnutridos. La mediana de PLR fue significativamente diferente entre los grupos
bien nutridos y desnutridos (p = 0,008). Se encontrd una correlacion positiva entre PLR y la puntuacion PG-SGA (r = -0,265, p = 0,001). El
valor de corte 6ptimo de PLR fue de 102,165 para predecir la malnutricion, con una sensibilidad del 65,4 %, una especificidad del 72,7 % y un
area bajo la curva (AUC) de 0,677 (intervalo de confianza [IC] del 95 %: 0,550-0,804; p = 0,008). Un modelo de regresion logistica escalonada
mostro que el PLR se asoci6 con el estado nutricional en el Modelo 1 sin ajuste, asi como cuando se ajusté por edad, sexo, tipo de TACE (c-TACE/

plaquetas-linfocitos.
Inflamacion.

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common
cancers worldwide, and the leading cause of mortality in can-
cer patients (1-3). About 30 % of HCC patients are detected in
the early stage, which can be benefit from surgical resection (4).
However, for patients with unresectable intermediate and ad-
vanced HCC, transcatheter arterial chemoembolization (TACE) is
considered a widely used treatment (3).

Currently, malnutrition is more common in patients with HCC un-
dergoing TACE, resulting in a negative impact on quality of life, in-
creased rate of complications, postoperative recurrence, and short-
ened survival (5-7). Therefore, early assessment of nutritional status
is necessary to diagnose and prevent malnutrition and further im-
prove clinical outcomes (8). The Patient-Generated Subjective Global
Assessment (PG-SGA) was recommended to assess nutritional sta-
tus in patients with cancer (8,9). In addition, we found that PG-SGA
has been proven to be reliable for assessing the nutritional status
in HCC patients, but few studies have used it to assess nutritional
status in these patients undergoing TACE (10,11).

Inflammatory factors (the platelet-to-lymphocyte ratio (PLR), the
neutrophil-to-lymphocyte ratio (NLR), the Glasgow Prognostic Score
(GPS), the modified GPS, the systemic immune-inflammation in-
dex, etc.) has shown to be a pathogenic in the cancer-associated
malnutrition, which can be used to predict poor clinical outcomes in
patients with HCC (12-15). Among them, the PLR is a more effective
prognostic marker than other inflammatory factors in patients with
HCC (15-17). Previous studies found that nutritional status and in-
flammation scores can predict clinical outcomes, whereas no studies
examine the associations between nutritional status and inflamma-
tion scores (PLR) in patients undergoing TACE (5,6,14).

Therefore, the aims of the present study were to evaluate the prev-
alence of malnutrition and to investigate the relationship between
PLR and nutritional status in patients with HCC undergoing TACE.

MATERIALS AND METHODS

STUDY DESIGN AND SUBJECTS

This prospective study was conducted at our institution, which
recruited 235 patients with HCC undergoing TACE from January

DEB-TACE) y etapa Child-Pugh (odds ratio, 0,190; IC 95 %: 0,062-0,582; p = 0,004).
Conclusiones: el estado nutricional medido por PG-SGA se asocio significativamente con PLR en pacientes con CHC sometidos a TACE.

2022 to August 2022. HCC was diagnosed based on the Euro-
pean Society for Medical Oncology (ESMO) guideline [18]. The
inclusion criteria were as follows: 1) HCC patients treated with
TACE; 2) liver function categorized as Child-Pugh class A or B;
3) complete PG-SGA questionnaire independently, and 4) Pro-
vision of informed consent. Patients were with extrahepatic
metastases (n = 45), with liver function categorized as Child—
Pugh class C (n = 26), and with incomplete critical baseline data
(n = 12) were excluded from the study. In total, 152 patients
were included in this study (Fig. 1).

CLINICAL AND LABORATORY DATA

Sociodemographic (sex, age), type of TACE, Child—Pugh clas-
sification (Child-Pugh A and B), hypertension, diabetes, and lab-
oratory data (red blood cell (RBC), hemoglobin, albumin, white
blood cell (WBC), neutrophil count, lymphocyte count, platelets
count, alanine aminotransferase (ALT), aspartate aminotransfer-
ase (AST), and albumin) were collected. Chemoembolization type
included the conventional TACE (c-TACE) and drug-eluting bead
TACE (DEB-TACE).

ASSESSMENT OF ANTHROPOMETRY AND
NUTRITIONAL STATUS

Body weight and height were measured by standing in light
clothes and without shoes. The body mass index (BMI) was cal-
culated as the weight (kilograms) divided by the height square
(meters). Furthermore, the BMI results were stratified into
underweight (< 18.5 kg/m?), normal weight (> 18.5 kg/m?,
< 25.0 kg/m?), overweight (> 25.0 kg/m?, < 30.0 kg/m? and
obese (> 30.0 kg/m?).

The PG-SGA is recommended as the nutrition assessment
tool by several oncology practice societies and its validity and
reliability have been demonstrated in cancer patients (8,19). The
PG-SGA nutrition assessment includes two parts. The first part
consists of weight history, food intake, symptoms, and functional
status, which were completed by the patients. The second part
was assessed by medical staff and includes nutrition-related
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disease status, metabolic status, and physical examination re-
sults (20). The sum of scores was categorized as 0-1 (PG-SGA
A, well-nourished), 2-8 (PG-SGA B, suspected or moderately
malnourished) and > 9 (PG-SGA C, severely malnourished). Pa-
tients with PG-SGA A were classified as well-nourished group,
and patients with PG-SGA B or C were classified as malnourished
group (21).

ASSESSMENT OF PLR

The PLR was calculated as platelet count (10%L) divided by
lymphocyte count (10%L). The Spearman correlation was used to
examine the association of PLR and PG-SGA score. The receiver
operating characteristic (ROC) curve were generated and to iden-
tify cut-off values of the PLR.

ETHICAL STATEMENT

The present study was approved by the Research Ethics Com-
mittee of our hospital (JNU20220310IRB23), and all participants
voluntarily gave written informed consent.

STATISTICAL ANALYSIS

All continuous variables are described as the means = stan-
dard deviations or medians (quartiles), and were compared be-
tween the well-nourished and malnutrition groups by using the
independent samples t-tests or Mann-Whitney U-test. Categor-
ical variables are described as the number and the percentages
of cases, and were compared between these two groups using
the Chi-squared test or Fisher’s exact test. The Spearman rank

correlation coefficient was used to assess the association be-
tween PLR and nutritional parameters. The PLR cut-off value was
calculated using a receiver operating characteristic (ROC) curve.
Binary logistic regression analyses were done to assess the as-
sociation between nutritional status and PLR. We used the Model
1 without adjustment and Model 2 adjusted by age, sex, type
of TACE (c-TACE/DEB-TACE) and Child-Pugh stage. Al statistical
analysis was performed with SPSS version 24.0 (IBM, Chicago,
IL, United States). A p-value of less than 0.05 was considered a
significant difference.

RESULTS

DEMOGRAPHIC AND CLINICAL
CHARACTERISTICS

A total of 152 patients were included in this study. The demo-
graphic and clinical characteristics of the enrolled patients were
summarized in table I. The male accounts for 84.2 %, and mean
age was 62.55 + 9.71 years. Regarding the liver function classi-
fication, 86 (56.6 %) patients were classified as Child-Pugh class
A and 66 (43.3 %) patients were Child-Pugh class B. The c-TACE
treatment was performed in 99 patients (65.1 %). According to
the PG-SGA, 85.5 % of the patients were malnourished (46.7 %
PG-SGA B, 38.8 % PG-SGA C) and the median PG-SGA score was
7.00 (range: 3.25-10.00). The median body weight was 60.00 kg
(range: 54.00-70.00 kg), and the median BMI was 21.88 kg/m?
(range: 19.58-24.58 kg/m?). In addition, 22 patients (12.5 %) were
underweight (BMI < 18.50 kg/m?). The median PLR was 138.00
(range: 76.25-233.53), and the median levels for serum liver
markers such as AST, ALT, and bilirubin were 46.50 U/L (range:
28.00-68.75 U/L), 47.00 U/L (range: 25.00-74.50 U/L), and
23.05 g/dL (range: 15.03-35.38 g/dL), respectively.

No. of patients met the inclusion criteria (n = 235)

2

\]

)
3)
4)
5

Inclusion criteria:

1) With hepatocellular carcinoma

Child-Pugh class A or B

Treatment with TACE

Complete the PG-SGA questionaire independently
Provision of invormed consent

No. of patients excluded (n = 83)

Y

Exclusion criteria:

1) Extahepatic metastases (n = 45)

2) Child-Pugh class C (n = 26)

3) Incomplete critial baseline data (n = 12)

No. of patients were included (n = 152)

Figure 1.
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PATIENT CHARACTERISTICS BY NUTRITIONAL
STATUS

The differences between PG-SGA A (well-nourished) and PG-SGA
B + C (malnourished) group are shown in table Il and table il Among
patients undergoing TACE, the prevalence of malnutrition was higher
for patients with higher age than those well-nourished patients (o
< 0.001). Patients in the PG-SGA A group had higher height, body
weight, and BMI than those of PG-SG B + C group, but there is no
significant difference among the groups (without significant differ-
ence, p = 0.759, p = 0.356, p = 0.630, respectively). Well-nour-
ished patients have significantly higher levels of hemoglobin than
that of malnourished patients (o = 0.018). There was a significant
difference in PLR between PG-SGA A and PG-SGA B + C groups (p
= 0.008). Patients with higher levels of bilirubin, AST and ALT had
a higher rate of malnutrition than those with lower levels of bilirubin,
AST and ALT, but the difference did not have statistical significance (o
=0.722, p=0.540, p= 0.518, respectively) (Table Il).

As shown in table Ill, a significant difference was observed
between PG-SGA A and PG-SGA B + C groups in liver function
Child-Pugh classification (p = 0.011), except for sex, hyperten-
sion, diabetes, and type of TACE (p > 0.050).

ASSOCIATION BETWEEN
PLATELET-TO-LYMPHOCYTE RATIO (PLR)
AND NUTRITIONAL PARAMETERS

Spearman’s correlation revealed that the PLR was positive-
ly correlated with PG-SGA score (r = 0.208, p = 0.010), while
negatively correlated with the hemoglobin level (r = -0.265,
p=0.001) (Table V).

CALCULATION OF OPTIMAL CUTOFF VALUE
FOR THE PLR

As is shown in figure 2, a PLR > 102.165 was the optimal
cutoff value using malnutrition as an endpoint in the ROC curve.
The area under the curve (AUC), sensitivity, and specificity were
0.677 (95 % confidence interval (Cl): 0.550-0.804; p = 0.008),
65.4 % and 72.7 %, respectively.

LOGISTIC BINARY REGRESSION
WITH NUTRITIONAL STATUS
AS A DEPENDENT VARIABLE

Table V shows the logistic regression analysis for the nutrition-
al status (PG-SGA A vs. B + C) in HCC patients undergoing TACE.
Age, sex, PLR > 102.165 (categorical variable), type of TACE and
Child-Pugh stage were enrolled in the regression model, which
demonstrated that nutritional status was associated with the PLR
in the Model 1 without adjustment (OR, 0.199; 95 % Cl, 0.073-
0.543; p=0.002) and Model 2 adjusted for age, sex, type of TACE
(c-TACE/DEB-TACE) and Child-Pugh stage (OR, 0.190; 95 % Cl,
0.062-0.582; p=0.004).

H. Duan et al.

Table I. Demographic and clinical
characteristics of the patients

Total (n = 152)
Variable
n (%) Mean (SD)

Sex

Male 128 (84.2)

Female 24 (15.8)
Age (years) 62.55 (9.71)
Hypertension (yes, %) 60 (39.5)
Diabetes (yes, %) 31 (20.4)
Chila—Pugh stage (%)

A 86 (56.6)

B 66 (43.4)
Type of TACE

c-TACE 99 (65.1)

DEB-TACE 53(34.9)
Classification of PG-SGA

SGA-A 22 (14.5)

SGA-B 71 (46.7)

SGA-C 59 (38.8)
Classification of BMI

Underweight (18.5) 19 (12.5)

Normal weight (> 18.5,+25) | 99 (65.1)

Overweight (= 25,+30) 25 (16.4)

Obesity (= 30) 9(5.9
Height (cm) 168.00 (162.00-172.00)
Body weight (kg) 60.00 (54.00-70.00)
BMI (kg/m?) 21.88 (19.58-24.58)
PG-SGA score 7.00 (3.25-10.00)
RBC (x 10%L) 3.73(0.61)
Hemoglobin (g/dL) 117.00 (107.00-129.00)
Albumin (g/L) 33.55 (4.43)
WBC (x 10%L) 5.50 (4.20-7.98)
Neutrophil count (mm?) 4.20 (2.60-6.40)
Lymphocyte count (mm?) 0.80 (0.60-1.20)
Platelets (x 10%/uL) 113.50 (76.50-166.00)
PLR 138.00 (76.25-233.53)
AST (UL 46.50 (28.00-68.75)
ALT (UL 47.00 (25.00-74.50)
Bilirubin (g/dL) 23.05 (15.03-35.38)

Data are expressed as mean + stanaard deviation, median (interquartile
range). PG-SGA: Patient-Generated Subjective Global Assessment; TACE:
transcatheter arterial chemoembolization; c-TACE: conventional TACE, DEB-
TACE: drug-eluting beads TACE; BMI: body mass index; RBC: red blood cells;
WBC: white blood cells; PLR: platelet-to-lymphocyte ratio; AST: aspartate
aminotransferase, ALT: alanine aminotransferase.

[Nutr Hosp 2023;40(5):1009-1016]
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Variable PG-SGA A PG-SGA (B + C) povalue
n=22 n =130

Age (years)t 55.68 (6.99) 63.71 (9.65) <0.001*
Height (cm)? 167.55 (5.52) 167.05 (7.26) 0.759
Body weight (kg) 64.60 (10.80) 62.66 (12.23) 0.356
BMI (kg/m?) 23.20 (4.42) 22.40 (3.73) 0.630
RBC (x 109/L) 3.96 (0.67) 3.69 (0.60) 0.055
Hemoglobin (g/dL)t 126.68 (24.23) 115.63 (19.20) 0.018*
Albumin (g/L) 34.74 (4.19) 33.35 (4.45) 0.270
WBC (x 109L) 6.57 (4.02) 6.48 (3.60) 0.668
Neutrophil count (mm3) 5.00(3.99) 5.02 (3.36) 0.547
Lymphocyte count (mm?) 1.04 (0.42) 1.00 (0.76) 0.106
Platelets (x 10%/uL) 108.05 (73.69) 130.88 (67.03) 0.022*
PLR 120.89 (97.51) 180.19 (141.98) 0.008*
AST (UL 61.73 (562.10) 80.94 (144.32) 0.540
ALT (UL 69.32 (59.98) 72.61(109.12) 0.518
Bilirubin 25.43 (12.29) 30.30 (25.80) 0.722

PG-SGA: Patient-Generated Subjective Global Assessment; BMI: body mass index; RBC: red blood cells; WBC: white blood cells; PLR: platelet-to-lymphocyte ratio; AST:
aspartate aminotransferase; ALT: alanine aminotransferase. *Differences between groups for these variables were compared using the independent samples t-tests,

while the other variables were compared using the Mann-Whitney U-test. *p < 0.05.

Table lll. Differences in clinical characteristics between the PG-SGA A
and PG-SGA B + C groups

PG-SGA A PG-SGAB + C
Variable p-value
n=22 n =130
Sex
Female 3(13.6) 21(16.2) 1.000
Male 19 (86.4) 109 (83.8)
Hypertension (yes, %) 8 (36.4) 52 (40.0) 0.747
Diabetes (yes, %)" 4(18.2) 27 (20.8) 1.000
Type of TACE
c-TACE 16 (72.7) 83 (63.8) 0.419
DEB-TACE 6 (27.3) 47 (36.2)
Child-Pugh stage (%)
A 7(31.8) 79 (60.8) 0.011*
B 15 (68.2) 51(39.2)

PG-SGA: Patient-Generated Subjective Global Assessment; TACE: transcatheter arterial chemoembolization; ¢-TACE: conventional TACE,; DEB-TACE: drug-eluting beads
TACE. "Differences between groups for these variables were compared using Fisher’s exact test, while the other variables were compared using the chi-squared test.

0 < 0.05,

[Nutr Hosp 2023;40(5):1009-1016]
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Table IV. Correlation between
platelet-to-lymphocyte ratio (PLR)
and nutritional parameters

PLR
Variables Correlation
coefficient PED
PG-SGA score 0.208 0.010*
Body weight (k) -0.135 0.096
BMI (kg/m?) -0.139 0.087
RBC (x 10%L) -0.130 0111
Hemoglobin (g/dL) -0.265 0.001*
Albumin (g/L) -0.126 0.121

PLR: platelet-to-lymphocyte ratio; PG-SGA: Patient-Generated Subjective
Global Assessment; BMI: body mass index; RBC: red blood cells. *p < 0.05.

ROC Curve
10
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2 08
=
=
‘»
=4
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Specificity: 72.7%
AUC: 0.677
00
00 0.2 04 06 08 10
1 - Specificity
Figure 2.

Performance of PLR levels in prediction of nutritional status in HCC patients under-
going TACE (ROC: receiver operating characteristic; PLR: platelet-to-lymphocyte
ratio; AUC: area under the curve).

Table V. Logistic regression estimates
of the association between nutritional
status (PG-SGA A vs. B + C)
and platelet-to-lymphocyte ratio (PLR)

Variables | OR | 95 % CI | p-value

PLR x PG-SGA (A vs. B + C)

Model 1# 0.199 0.073-0.543 0.002*

Model 24 0.190 0.062-0.582 0.004*

Note: nutritional status was entered as a dependent variable (PG-SGA A vs. B +
C), and PLR > 102.165 was entered as an independent variable. aNot adjusted.
bAdjusted for age, sex, type of TACE (c-TACE/DEB-TACE), Child-Pugh stage. OR:
odds ratio; Cl: confidence interval; PLR: platelet-to-lymphocyte ratio; PG-SGA:
Patient-Generated Subjective Global Assessment; TACE: transcatheter arterial
chemoembolization; c-TACE: conventional TACE, DEB-TACE: drug-eluting beads
TACE. < 0.05.

H. Duan et al.

DISCUSSION

The present study shown the higher prevalence of malnutrition
according to the PG-SGA score in patients with HCC undergoing
TACE. Additionally, there was a positive correlation between the
PLR and nutritional status, which can be used as an indicator to
evaluate nutritional status. Moreover, PLR was an independent
predict variable of nutritional status, and its cutoff value above
the 102.165 reveals the poor nutritional status in patients with
HCC undergoing TACE.

In our study, 85.5 % of the HCC patients receiving TACE were
malnourished, which was consistent with a previous study,
which found similar prevalence rate of malnutrition (81 %) in
surgical patients with cancer (22). The high prevalence of mal-
nutrition may be explained by the fact that poor liver function
(23) or the occurrence of postembolization syndrome (PES) (in-
cluding fever, abdominal pain, vomiting, and nausea) (24). An-
other study also showed that HCC patients receiving TACE have
poor nutritional status, which predicts shorter overall survival
(0S) (5,6). Thus, high prevalence of malnutrition may occur
among patients after TACE.

There were different inflammation-related factors among var-
ious type of cancer patients, such as lymphocyte-to-monocyte
ratio (LMR), NLR, and PLR (25-27). PLR was a reliable inflamma-
tory marker in patients with HCC (16,17). Platelets is essential
for growth and metastasis in HCC via angiogenesis and protect
tumor cells from lysis by natural killer cells (28). However, lym-
phocytes play a role in anti-tumoral immune response, and their
reduction indicated the worse prognosis of HCC (29,30). Previous
study has been shown that the PLR was a more powerful predic-
tive factor than other inflammation-based scores in patients with
HCC undergoing TACE (15). Additionally, two systematic reviews
indicated that high PLR is a promising prognostic biomarker for
patients with HCC (16,17). Thus, the PLR may be a useful in-
flammatory marker used in patients with HCC treated with TACE.

In addition, to our knowledge, there are no studies in investi-
gating the association between nutritional status and PLR in HCC
patients undergoing TAGE. Previously, studies have investigated
the association between NLR and nutritional status in geriatric
patients, hospitalized cirrhosis, COVID-19 and hospitalized, un-
selected cancer patients (31-34). In this study, we found that the
PLR significantly higher in malnourished patients than nourished
patients, indicating that inflammatory response was associated
with nutritional status, which was in line with previous studies in
identifying the relationship between inflammation and nutritional
status (31-34). In a previous study, Siqueira et al reported that
high NLR values show an increase in nutritional risk in hospi-
talized, unselected cancer patients, suggesting that systemic
inflammation was associated with nutritional risk, which was
consistent with our study (34). Therefore, systemic inflammatory
was associated with nutritional status, and the PLR can be used
as an indicator in evaluating the nutritional status of HCC patients
undergoing TACE. This study can be used as a screening test or a
test to verify nutritional status, which may be useful for therapeu-
tic care plans and improving clinical outcomes (33,35).

[Nutr Hosp 2023;40(5):1009-1016]
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LIMITATION

There were some limitations in this study. Firstly, it was a
cross-sectional design study, so no causal relationship between
nutritional status and PLR could be established. Secondly, the
single study setting may result in a lack of generalizability of re-
search findings to other populations in different medical institu-
tions. Lastly, the correlation between the PLR and post-chemo-
embolization complications or the outcome of chemoembolization
was not evaluated, which should be confirmed in our further
study.

CONCLUSIONS

The present study demonstrates that the prevalence of mal-
nutrition was significantly higher in patients with HCC undergo-
ing TAGE. In addition, a higher PLR was associated with worse
nutritional status, thus those with higher PLR might need to be
performed nutritional assessment and management. Moreover,
the PLR was a predictor in assessing nutritional status in patients
with HCC undergoing TACE.
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