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SUMMARY

Keywords

Malnutrition, which is often underestimated in patients with hepatocellular carcinoma (HCC), has
a proven adverse effect on survival rates. The purpose of this study was to verify the effectiveness
of the cholesterol-modified prognostic nutritional index (CPNI) in determining the nutritional status
and predicting overall survival (OS) and recurrence-free survival (RFS) in patients with HCC by
comparing it with several other nutritional indicators. This retrospective single-center study enrolled
1450 consecutive HCC patients who underwent curative liver resection from January 2015 to
November 2019. We evaluated the prognostic significance of several nutritional indicators, including
CPNI, the controlling nutritional status (CONUT), the nutritional risk index (NRI), and the prognostic
nutritional index (PNI), by applying time-dependent receiver operating characteristic (ROC) curves,
Kaplan—Meier survival analysis, and Cox proportional hazards regression analysis. Among several
objective nutrition evaluations (including CPNI, CONUT, NRI, and PNI), CPNI demonstrated the
greatest prognostic predictive power for predicting OS. Meanwhile, CPNI demonstrated marginally
higher accuracy in predicting RFS compared to PNI, and significantly outperformed CONUT and NRI.
Univariate and multivariate analyses suggested that CPNI was an independent risk factor for the OS
and RFS of patients with HCC undergoing curative liver resection. In most subgroups, malnutrition
as identified by CPNI demonstrates strong stratification ability in predicting both OS and RFS. CPNI
serves as an accurate and stable instrument for evaluating nutritional status and forecasting survival
outcomes in HCC patients following liver resection, which has the potential to markedly influence
clinical decision-making processes and the management of patient care.

malnutrition, cholesterol-modified prognostic nutritional index, hepatocellular carcinoma

1. Introduction

Malnutrition is a common problem among patients with
cancer, although it is frequently undiagnosed (7). It is
estimated that 32% of the individuals diagnosed with
cancer experience malnutrition (2). Malnutrition can
weaken immunity and treatment tolerance, potentially
affecting cancer therapy outcomes and patient
prognosis (3,4). Hepatocellular carcinoma (HCC) is
the primary type of liver cancer, representing 90% of
such cases, and is the fourth leading cause of cancer-
related deaths worldwide (). Hepatectomy is widely
recognized as a curative therapeutic approach for HCC
(6). Most HCC cases are associated with liver cirrhosis
(7). Malnutrition often affects 20-50% of patients with
liver cirrhosis, representing a significant health burden

(4). Therefore, assessing the nutritional status before
liver resection is essential to ensure positive patient
outcomes.

Despite the development of several screening
instruments to detect malnutrition in cancer patients,
a universally accepted gold standard has yet to be
established. The Controlling Nutritional Status
(CONUT) score, proposed by Ulibarri ef al. in 2005,
is designed to screen the nutritional condition of
patients in a hospital setting, utilizing parameters such
as serum albumin concentration, total cholesterol, and
lymphocyte count (§). The CONUT score has been
demonstrated to serve as a prognostic indicator and
predictor of complications across a variety of cancer
types, including HCC (9-12). The Nutritional Risk
Index (NRI) has become a simple tool for predicting
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nutritional risk and has shown strong prognostic value
in medical and surgical patients (/3,/4). The Prognostic
Nutritional Index (PNI) is an indicator formulated using
serum albumin levels and lymphocyte counts. It offers a
convenient metric to describe the association between a
patient's nutritional health and immunological status and
correlates with the prognosis following liver resection
(15-18). Recently, the Cholesterol-modified Prognostic
Nutritional Index (CPNI), which was proposed as a
new nutritional assessment based on PNI, has shown
greater predictive accuracy for overall survival (OS)
in breast cancer patients than other indices, including
PNI, CONUT, NRI, global leadership initiative on
malnutrition (GLIM), and patient-generated subjective
nutrition assessment (PGSGA) (19).

However, the performance of CPNI in determining
the nutritional status and forecasting survival outcome
among patients with HCC following liver resection
remains unclear. This study explored the relationship
between CPNI and OS and recurrence-free survival (RFS)
in HCC patients and assessed its predictive accuracy
relative to other objective nutritional indicators such as
CONUT, NRI, and PNL

2. Materials and Methods
2.1. Patient election

This retrospective cohort study was approved by the
Ethics Committee of West China Hospital, Sichuan
University and was conducted in accordance with the
Declaration of Helsinki (NO.2024(189)). Between
January 2015 and November 2019, 1,450 consecutive
HCC patients who underwent curative liver resection
were retrospectively enrolled in this study at the West
China Hospital of Sichuan University. Due to the nature
of this retrospective analysis, consent forms were not
required.

The inclusion criteria were patients with HCC who
underwent RO liver resection and had HCC confirmed by
histopathological examination.

The exclusion criteria were: (1) the presence
of other types of primary liver cancer (such as
cholangiocarcinoma or combined hepatocellular-
cholangiocarcinoma) and a history of cancer in
another organ at the same time or in the past; (2) bile
duct invasion; (3) vascular invasion; (4) lymph node
metastases; and (5) invasion of the adjacent organs. (6)
Patients with incomplete clinicopathological information
or follow-up data. The process for selecting patients
is shown in Supplemental Figure S1 (https://www.
biosciencetrends.com/supplementaldata/206).

2.2. Patient characteristics, surgical procedures and
endpoints

Clinicodemographic factors such as sex, age, body

mass index (BMI), the albumin-bilirubin (ALBI) grade,
hepatitis B infection, hepatitis C infection, tumor
stage, comorbidities, preoperative blood test results,
serum a-fetoprotein (AFP) level, type of resection and
pathological findings were collected from electronic
medical records.

Major hepatectomy is defined as the surgical
removal of three or more segments from the liver,
according to Couinaud's classification. In contrast, a
minor hepatectomy involves the excision of less than
three segments. Liver resection is classified either as
anatomical, conforming to the Brisbane 2000 liver
anatomy nomenclature, or as non-anatomical, which
includes limited forms of resection such as wedge
resections. The Edmondson-Steiner classification system
was used to grade tumor differentiation.

Patients underwent necessary imaging modalities
such as enhanced abdominal computed tomography (CT),
chest CT, contrast-enhanced ultrasound, or magnetic
resonance imaging (MRI) for a thorough assessment.
Comprehensive laboratory tests including liver function,
hepatitis B and C screenings, and tumor markers were
also performed. The volume of the remaining liver was
gauged using CT or MRI to ensure post-surgery viability.
Liver function was assessed using the Child-Pugh scores
and ALBI grades. Candidates for liver resection had
adequate liver volumes and potential for complete tumor
removal. The surgical approach was tailored to the tumor
characteristics, with intraoperative ultrasound utilized as
required to guide the procedure.

In the study, the primary endpoint was overall
survival (OS), defined as the time from the date of
surgery until the patient's death or the last follow-up date.
The secondary endpoint was recurrence-free survival
(RFS), which was measured from the date of surgery to
the date of confirmation of recurrence and/or metastasis.
Recurrent HCC is diagnosed through CT and/or MRI
imaging, along with elevated AFP tumor marker levels.
Patients experiencing HCC recurrence would undergo
suitable treatments, preferably radiofrequency ablation
or another liver resection for curative intent. The vital
status of patients discharged alive was monitored through
outpatient visits, telephone calls every two months, or
during hospital admissions. Starting from the third year
after discharge, the follow-up frequency was adjusted
to every three months. We continued to follow-up with
the patients until they died of any cause or were lost to
follow-up.

2.3. Malnutrition assessment

For every patient, BMI = weight (kg)/height’ (m). Then,
all patients were sorted in four categories based on their
BMI: underweight (< 18.5 kg/m®), normal weight (18.5
to 24.0 kg/m®), overweight (24.0 to 28.0 kg/m”), and
obese (>28.0 kg/m) (19,20).

The CONUT score is an assessment tool that
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evaluates an individual's nutritional status by three
biomarkers: serum albumin, total cholesterol, and
lymphocyte count. Scores for albumin, lymphocytes, and
cholesterol are as follows: albumin: >35 g/L = 0 points,
30-34 g/L = 2 points, 25-29 g/L. = 4 points, <25 g/L =6
points; lymphocytes: > 1.6 x 10°/L = 0 points, 1.2-1.59 x
10°/L = 1 points, 0.8-1.19 x 10°/L = 2 points, < 0.8x10°/
L = 3 points; cholesterol: >180 mg/dL = 0 points, 140-
179 mg/dL = 1 points, 100-139 mg/dL = 2 points, <100
mg/dL = 3 points (20). This scoring system ranges
from 0 to 12, with a score > 2 indicating malnutrition
(19). To calculate the NRI: ideal body weight (IBW) =
Height’ (m) x 22; NRI = 1.519 x albumin (g/L) + 41.7
x (current weight/IBW) (79). An NRI of < 100 indicates
malnutrition. The PNI = albumin (g/L) + 5 x lymphocyte
count (x10%) (20). The Cholesterol-modified Prognostic
Nutritional Index (CPNI) = 4.8 x cholesterol (mmol/L) -
1.5 x albumin (g/L) - 7.7 x lymphocyte (x10%) + 126 (19).

2.4. Statistics analysis

Continuous variables are expressed as a median
with interquartile range (25th to 75th percentiles).
The Student's 7-test was used to evaluate distributed
continuous variables, while the Mann—Whitney U test
was used to assess non-normally distributed variables.
Categorical data were reported as percentages and
analyzed using %2 or Fisher's exact tests. The prognostic
effectiveness of several nutritional indices for OS and
RFS was examined using the time-dependent ROC
curves. The relationships between the malnutrition
markers and OS were examined using restricted cubic
spline (RCS) plots. Continuous nutritional indicators
were split into two groups using optimal cut-offs, which
were determined by maximally selected rank statistics.
Kaplan-Meier curves and the log-rank tests were
used for survival comparisons between the groups.
To determine the independent predictive significance
of nutritional markers for OS in HCC, univariate and
multivariate Cox regression analyses were performed.
Four nutritional indicators were evaluated using
separate multivariate models designed to assess the
impact of malnutrition on OS and RFS. Variables with
p-values < 0.05 in the univariate Cox regression were
included in the multivariate Cox regression analysis.
Statistical analysis was considered significant when the
two-tailed P-value was less than 0.05. All statistical
procedures were conducted using R software, version
43.2.

3. Results
3.1. Patents' characteristic
Finally, 1,450 patients with hepatocellular carcinoma

were included in this retrospective study. The cohort
comprised 219 (15.1%) females and 1231 (84.9%)

males, with a median age of 53 years. 1194 (82.3%)
patients had HBV infection, whereas 24 patients had
HCYV infection. The median BMI of the patients was 23
kg/m’, 804 (55.6%) were classified as normal weight,
446 (30.8%) were classified as overweight, 114 (16.4%)
as obese, and 84 (5.79%) as underweight. Patients were
classified according to the BCLC staging system: 146
(10.1%) were in BCLC stage 0, 1132 (78.1%) were in
BCLC stage A, and 172 (11.9%) were in BCLC stage B.
Additionally, we compared the baseline data of male and
female patients; the detailed baseline characteristics of
the patients are shown in Table 1.

3.2. Assessment of malnutrition

There was a nonlinear relationship between nutritional
indices (PNI and CPNI) and OS of HCC patients,
according to RCS analysis using the Cox proportional
hazards model, as depicted in Figure 1. According
to maximally selected log rank statistics, the optimal
cutoffs for PNI and CPNI were 50.25 and 70.48 points,
respectively (Supplemental Figure S2, https://www.
biosciencetrends.com/supplementaldata/206). PNI
< 50.25 points indicates malnutrition, while CPNI >
70.48 points indicates malnutrition. The incidence
of malnutrition in patients with HCC was notably
inconsistent, ranging from 21.2% under the NRI criteria
to 62.8% when assessed with CONUT. Evaluations
using different indicators, CONUT score, NRI, PNI,
and CPNI, diagnosed malnutrition in 911 (62.8%),
308 (21.2%), 721 (49.7%), and 695 (47.9%) patients,
respectively (Table 1). A total of 198 cases were
identified as malnutrition using four nutritional indicators
(CONUT, NRI, PNI, and CPNI), as shown in Figure 2.
The frequency of malnutrition within both sex and BMI
groups was established using each of the nutritional
indices and is shown in Supplemental Figure S3 (https.//
www.biosciencetrends.com/supplementaldata/206).
Under the CONUT diagnostic criteria, females showed
a higher incidence of malnutrition than males. However,
according to the NRI, PNI, and CPNI criteria, no notable
difference was found in the malnutrition rates between
the two groups. When evaluated using the CONUT, NRI,
PNI, and CPNI criteria, the incidence of malnutrition
decreased as the BMI increased.

3.3. Evaluating the prognostic effectiveness of nutritional
indices

The time-dependent ROC analysis assessing the
prognostic predictive power of CONUT, NRI, PNI,
and CPNI in HCC patients showed that CPNI was the
most accurate in predicting OS compared to the other
nutritional indices (Figure 3A). Additionally, CPNI
demonstrated marginally higher accuracy in predicting
RFS compared to PNI, and was clearly superior to both
CONUT and NRI (Figure 3B). Detailed information,
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Table 1. Baseline table of patients' characteristics

Characteristic Overall (n = 1,450) Female (n=219) Male (n=1,231) P value
Age, years, median (IQR) 53.0 [46.0;62.0] 54.0 [45.0;63.0] 53.0 [46.0;62.0] 0.713
Height, cm, median (IQR) 165 [160;170] 156 [152;160] 167 [163;170] <0.001
Weight, kg, median (IQR) 63.0 [56.0;70.0] 56.0 [50.0;61.2] 65.0 [58.0;71.0] <0.001
BMI, kg/m’, median (IQR) 23.0[20.9;25.3] 22.6 [20.7;25.2] 23.1[21.0;25.3] 0.159
BMI group, n (%) 0.216
Normal weight 806 (55.6) 121 (55.3) 685 (55.6)
Obesity 114 (7.86) 18 (8.22) 96 (7.80)
Overweight 446 (30.8) 61(27.9) 385(31.3)
Underweight 84 (5.79) 19 (8.68) 65 (5.28)
HBV, yes, n (%) 1194 (82.3) 183 (83.6) 1011 (82.1) 0.677
HCV, yes, n (%) 24 (1.66) 6(2.74) 18 (1.46) 0.243
AFP, ng/mL, n (%) 0.496
<400 1,224 (84.4) 181 (82.6) 1,043 (84.7)
>400 226 (15.6) 38 (17.4) 188 (15.3)
Hemoglobin, g/L, median (IQR) 144 [132;155] 128 [118;136] 147 [136;157] <0.001
Platelets, 10°/L, median (IQR) 130[93.0;179] 121 [86.0;181] 131 [94.0;179] 0.224
WBC, 10°/L, median (IQR) 5.24 [4.23;6.55] 4.31[3.54;5.68] 5.38 [4.41;6.65] <0.001
NE, 10°/L, median (IQR) 3.08 [2.33;4.05] 2.53[1.99;3.62] 3.14 [2.42;4.13] <0.001
LY, 10°/L, median (IQR) 1.45[1.15;1.85] 1.31[1.06;1.61] 1.49[1.17;1.88] <0.001
ALT, U/L, median (IQR) 35.0 [24.0;52.0] 26.0[19.0;37.0] 37.0 [25.0;53.0] <0.001
AST, U/L, median (IQR) 35.0 [27.0;50.0] 35.0 [26.0;49.0] 36.0 [27.0;50.0] 0.313
Cholesterol, mmol/L, median (IQR) 4.02 [3.50;4.61] 4.04 [3.54;4.56] 4.00 [3.49;4.61] 0.581
Prothrombin time, s, median (IQR) 12.0[11.4;12.7] 12.0[11.4;12.8] 12.0[11.4;12.7] 0.733
Tbil, umol/L, median (IQR) 13.7[10.5;17.9] 13.5[10.1;17.1] 13.7[10.6;18.2] 0.187
Total protein, g/L, median (IQR) 70.4 [66.6;74.1] 71.6 [68.5;75.8] 70.2 [66.4;73.8] <0.001
Albumin, g/L, median (IQR) 42.5[39.9;45.1] 42.6 [39.8;45.5] 42.5[39.9;45.0] 0.663
Triglyceride, mmol/L, median (IQR) 0.94 [0.72;1.28] 0.92[0.69;1.29] 0.94[0.72;1.27] 0.433
HDL, mmol/L, median (IQR) 1.20[0.98;1.47] 1.40 [1.15;1.69] 1.17 [0.96;1.42] <0.001
LDL, mmol/L, median (IQR) 2.30[1.88;2.80] 2.21[1.83;2.60] 2.33[1.89;2.83] 0.006
ALBI grade, n (%) 0.855
1 1,142 (78.8) 174 (79.5) 968 (78.6)
2 308 (21.2) 45 (20.5) 263 (21.4)
Tumor diameter, cm, n (%) 1.000
<5 731 (50.4) 110 (50.2) 621 (50.4)
>5 719 (49.6) 109 (49.8) 610 (49.6)
Number of tumors, 7 (%) 0.411
multiple 229 (15.8) 30 (13.7) 199 (16.2)
single 1,221 (84.2) 189 (86.3) 1,032 (83.8)
BCLC stage, nn (%) 0.067
0 146 (10.1) 17 (7.76) 129 (10.5)
A 1,132 (78.1) 184 (84.0) 948 (77.0)
B 172 (11.9) 18 (8.22) 154 (12.5)
Hypertension, yes, n (%) 231 (15.9) 36 (16.4) 195 (15.8) 0.903
Diabetes, yes, n (%) 122 (8.41) 17 (7.76) 105 (8.53) 0.807
Cardiovascular disease, yes, n (%) 26 (1.79) 5(2.28) 21 (1.71) 0.578
Anatomical resection, yes, n (%) 494 (34.1) 68 (31.1) 426 (34.6) 0.344
Major hepatectomy, yes, n (%) 190 (13.1) 23 (10.5) 167 (13.6) 0.259
Transfusion, yes, 1 (%) 71 (4.90) 12 (5.48) 59 (4.79) 0.792
Differentiation, n (%) 0.455
I-1T 818 (56.4) 118 (53.9) 700 (56.9)
1I-1v 632 (43.6) 101 (46.1) 531 (43.1)
Microsatellites, yes, 7 (%) 106 (7.31) 8(3.65) 98 (7.96) 0.034
Microvascular invasion, yes, n (%) 389 (26.8) 51(23.3) 338 (27.5) 0.230
Cirrhosis, yes, 1 (%) 750 (51.7) 120 (54.8) 630 (51.2) 0.361
CONUT, n (%) 0.004
Malnutrition 911 (62.8) 157 (71.7) 754 (61.3)
No malnutrition 539 (37.2) 62 (28.3) 477 (38.7)
NRI, 7 (%) 0.281
Malnutrition 308 (21.2) 40 (18.3) 268 (21.8)
No malnutrition 1,142 (78.8) 179 (81.7) 963 (78.2)
PNL 7 (%) 0.333
Malnutrition 721 (49.7) 116 (53.0) 605 (49.1)
No malnutrition 729 (50.3) 103 (47.0) 626 (50.9)
CPNI, 1 (%) 0.066
Malnutrition 695 (47.9) 118 (53.9) 577 (46.9)
No malnutrition 755 (52.1) 101 (46.1) 654 (53.1)

BMI, body mass index; HBV, hepatitis B virus; HCV, hepatitis C virus; AFP, a-fetoprotein; WBC, white blood cells; NE, neutrophil; LY,
lymphocyte; ALT, glutamate aminotransferase; AST, aspartate aminotransferase; Tbil, total bilirubin; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; BCLC, Barcelona Clinic Liver Cancer; CONUT, Controlling Nutritional Status score; NRI, Nutritional Risk Index; PNI,
Prognostic Nutritional Index; CPNI, Cholesterol-modified Prognostic Nutritional Index.
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Figure 1. RCS analysis using the Cox proportional hazards model to explore the nonlinear relationship between nutritional indices (CPNI
and PNI) and OS. RCS, restricted cubic spline; CPNI, Cholesterol-modified Prognostic Nutritional Index, PNI, Prognostic Nutritional Index;

0OS, overall survival.

including the 1-year, 3-year, and 5-year area under the
curve (AUC) values for each nutritional indicator for
both OS and RFS, was presented in Table 2.

The Kaplan-Meier method was employed to
explore the relationship between malnutrition, as
determined by various nutritional indices, and OS and
RFS. Meanwhile, all subgroup analyses predicting
OS and RFS based on different nutritional indicators
were respectively presented in Supplementary
Figures S10 and S11 (https://www.biosciencetrends.
com/supplementaldata/206). According to the CPNI
diagnostic criteria, survival curves for OS demonstrated
that malnourished patients had lower survival rates
across the overall cohort and within specific subgroups
such as males and females, and patients classified as
underweight, normal weight, and overweight, as well
as those categorized as BCLC stage A and B (Figure
4). Similarly, survival curves for RFS revealed that
malnourished patients had higher recurrence rates
among the overall patient cohort, males, and patients
of normal weight, overweight, underweight, and those
classified as BCLC stage A and B (Figure 5).

Under the CONUT diagnostic criteria, survival
curve comparisons predicting OS revealed no
significant differences across several groups,
including overall HCC patients, as well as subgroups
such as males and females, patients categorized as
underweight, of normal weight, overweight, or obese,
and those classified in the BCLC stages 0, A, and B
(Supplemental Figure S4, https://www.biosciencetrends.
com/supplementaldata/206). However, survival
curves predicting RFS indicated that malnourished
patients had higher recurrence rates among female
patients (Supplemental Figure S7C, https://www.
biosciencetrends.com/supplementaldata/206).

Under the NRI diagnostic criteria, survival curves
predicting OS showed that malnourished patients had
lower survival rates across several groups, including
the overall patient cohort and specific subgroups such
as males, females, those of normal weight, and patients
classified in BCLC stages A and B (Supplemental

Figure 2. Venn diagram for malnutrition diagnosis criteria:
overlapping patient counts. CONUT, Controlling Nutritional Status
score; CPNI, Cholesterol-modified Prognostic Nutritional Index.
NRI, Nutritional Risk Index; PNI, Prognostic Nutritional Index.

Figure S5, https://www.biosciencetrends.com/
supplementaldata/206). Additionally, survival curves
predicting recurrence-free survival (RFS) revealed that
malnourished patients had higher recurrence rates in
the overall patient cohort, among males, patients of
normal weight, and those classified as BCLC stage A
(Supplemental Figure S8, https://www.biosciencetrends.
com/supplementaldata/206).

Under the PNI diagnostic criteria, survival curves
predicting OS showed that malnourished patients
exhibited lower survival rates in the overall cohort, as
well as within specific subgroups including male and
female patients, those classified as underweight, normal
weight, overweight, and categorized as BCLC stage A
(Supplemental Figure S6, https://www.biosciencetrends.
com/supplementaldata/206). Furthermore, survival
curves predicting RFS revealed that malnourished
patients had higher recurrence rates in the overall
patient cohort, among males, females, patients of
normal weight, overweight, and those classified as
BCLC stages 0 and A (Supplemental Figure S9, https.//
www.biosciencetrends.com/supplementaldata/206).
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Figure 3. The time-dependent ROC of different nutritional indices predicting (A) OS and (B) RFS in patients with HCC. OS, overall survival;
RFS, Recurrence-free survival; CONUT, Controlling Nutritional Status score; CPNI, Cholesterol-modified Prognostic Nutritional Index. NRI,
Nutritional Risk Index; PNI, Prognostic Nutritional Index.

Table 2. The AUCs of nutrition indicators for OS and RFS in patients with HCC

) (N RFS
Indicators
1-year AUC 3-year AUC S-year AUC 1-year AUC 3-year AUC S-year AUC
CONUT 0.524 0.501 0.512 0.511 0.507 0.494
NRI 0.551 0.557 0.563 0.539 0.547 0.537
PNI 0.602 0.579 0.583 0.580 0.571 0.556
CPNI 0.631 0.602 0.612 0.586 0.575 0.573

AUC, area under the curve; OS, overall survival; HCC, hepatocellular carcinoma; RFS, Recurrence-free survival; CONUT, Controlling
Nutritional Status score; NRI, Nutritional Risk Index; PNI, Prognostic Nutritional Index; CPNI, Cholesterol-modified Prognostic Nutritional
Index.
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Figure 4. Kaplan-Meier analysis of OS in HCC patients classified by CPNI criteria into malnourished and non-malnourished groups across
all populations and subgroups.
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Figure 5. Kaplan-Meier analysis of RFS in HCC patients classified by CPNI criteria into malnourished and non-malnourished groups across

all populations and subgroups.

3.4. Association of CPNI with clinicopathological
factors in HCC patients

Among 1,450 HCC patients, 695 (47.9%) were
classified as malnourished and 755 (52.1%) were
not malnourished. The baseline clinicopathological
characteristics of both groups are presented in Table
3. Malnutrition, as identified by the CPNI criteria,
was significantly related to several clinical and
pathological features: increased age, lower BMI,
a higher prevalence of underweight, and reduced
hemoglobin levels. Additional associations include
decreased white blood cell count, neutrophil count,
total bilirubin and triglyceride, as well as increased
aspartate aminotransferase, prolonged prothrombin time,
high-density lipoprotein and low-density lipoprotein.
Malnourished patients also frequently exhibited worse
liver function, larger tumor diameters, higher BCLC
stages, and higher rates of major hepatectomy, and
transfusion requirements. Poor tumor differentiation,
microsatellites, microvascular invasion, and cirrhosis
were also more common in this group.

3.5. Univariate and multivariate cox regression analyses
of nutritional Indices for OS and RFS

Univariate and multivariate analyses with Cox
proportional hazards model showed that CONUT scores
were not significantly correlated with OS or RFS in HCC
patients, as depicted in Table 4. Under the NRI criteria,
univariate analysis showed a significant association
between malnutrition and both OS and RFS; however,
this association was not maintained in the multivariate
analysis. In contrast, both PNI and CPNI were identified
as independent prognostic factors in both univariate

and multivariate analyses. Detailed results from these
analyses for each nutritional indicator are presented
separately in Supplemental Tables S1-S4 (https://www.
biosciencetrends.com/supplementaldata/206).

Multivariable analysis for OS was adjusted by
age, HBsAg, AFP, PLT, WBC, NE, ALT, AST, PT,
HDL, LDL, ALBI Grade, BCLC stage, hypertension,
major hepatectomy, transfusion, Differentiation,
Microsatellites, MVI; Multivariable analysis for
RFS was adjusted by age, HBsAg, AFP, HB, PLT,
WBC, NE, ALT, AST, PT, TP, ALBI Grade, BCLC
stage, hypertension, major hepatectomy, transfusion,
Differentiation, Microsatellites, MVI.

4. Discussion

To our knowledge, this is the first study to explore
the association between CPNI and prognosis of HCC
patients undergoing liver resection. In this study,
we assessed the capability of the CPNI to evaluate
nutritional status and predict survival in HCC patients
undergoing liver resection. Univariate and multivariate
Cox regression analyses revealed that the CPNI was
an independent predictor of both OS and RFS in HCC
patients after liver resection. Under CPNI criteria,
malnutrition was significantly associated with a
range of adverse conditions including underweight,
deteriorated liver function, larger tumor diameters,
advanced BCLC stages, increased occurrences of major
hepatectomy, and higher transfusion requirements.
Additionally, malnourished patients exhibited poor
tumor differentiation, the presence of microsatellites,
microvascular invasion, and cirrhosis. Time-dependent
ROC curves used to assess predictive accuracy over time
showed that CPNI had superior prognostic performance
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Table 3. Comparison of clinicopathological factors between malnourished and non-malnourished patients stratified by

CPNI
L No malnutrition Malnutrition

Characteristics n =755 1= 695 P value
Sex, male, n (%) 654 (86.6) 577 (83.0) 0.066
Age, years, median (IQR) 52.0[45.0;61.0] 55.0[47.0,64.0] <0.001
BMI, kg/m’, median (IQR) 23.4(21.3;25.7] 22.6 [20.7;24.8] <0.001
BMI group, n (%) 0.002

Normal weight 390 (51.7) 416 (59.9)

Obesity 73 (9.67) 41 (5.90)

Overweight 252 (33.4) 194 (27.9)

Underweight 40 (5.30) 44 (6.33)
HBsAg, positive, 1 (%) 617 (81.7) 577 (83.0) 0.562
HCYV, positive, n (%) 15 (1.99) 9(1.29) 0.409
AFP, > 400ng/mL, n (%) 109 (14.4) 117 (16.8) 0.236
Hemoglobin, g/L, median (IQR) 148 [137;158] 139 [128;151] <0.001
Platelets, 10°/L, median (IQR) 1321[99.0;174] 129 [89.0;184] 0.442
WBC, 10°/L, median (IQR) 5.57 [4.60;6.82] 4.89 [3.97;6.10] <0.001
NE, 10°/L, median (IQR) 3.19[2.43;4.10] 2.91[2.22;3.95] 0.001
LY, 10°/L, median (IQR) 1.67[1.31;2.10] 1.29[1.00;1.59] <0.001
Cholesterol, mmol/L, median (IQR) 3.85[3.40;4.36] 4.22 [3.64;4.83] <0.001
Albumin, g/L, median (IQR) 44.7 [42.7;46.8] 40.0 [37.7;42.1] <0.001
ALT, U/L, median (IQR) 34.0 [24.0;50.0] 35.0[24.0;53.0] 0.410
AST, U/L, median (IQR) 33.0 [26.0;43.0] 40.0 [28.0;56.0] <0.001
Prothrombin time, s, median (IQR) 11.9[11.3;12.6] 12.2[11.5;12.9] <0.001
Tbil, umol/L, median (IQR) 14.0[10.8;18.0] 13.3[10.1;17.9] 0.035
Total protein, g/L, median (IQR) 72.1[68.8;75.8] 68.2 [64.8;71.7] <0.001
Triglyceride, mmol/L, median (IQR) 0.97[0.74;1.33] 0.91[0.70;1.21] 0.007
HDL, mmol/L, median (IQR) 1.18[0.96;1.42] 1.22[1.00;1.52] 0.011
LDL, mmol/L, median (IQR) 2.21[1.82;2.66] 2.40 [2.00;2.99] <0.001
ALBI grade, 2, n (%) 26 (3.44) 282 (40.6) <0.001
Tumor diameter, > Scm, 7 (%) 307 (40.7) 412 (59.3) <0.001
Number of tumors, multiple, 7 (%) 110 (14.6) 119 (17.1) 0.208
BCLC stage, n (%) <0.001

0 96 (12.7) 50 (7.19)

A 585 (77.5) 547 (78.7)

B 74 (9.80) 98 (14.1)
Hypertension, yes, 1 (%) 140 (18.5) 91 (13.1) 0.006
Diabetes, yes, n (%) 66 (8.74) 56 (8.06) 0.708
Cardiovascular disease, yes, 1 (%) 16 (2.12) 10 (1.44) 0.437
Anatomical resection, yes, 1 (%) 247 (32.7) 247 (35.5) 0.281
Major hepatectomy, yes, 1 (%) 79 (10.5) 111 (16.0) 0.002
Transfusion, yes, 7 (%) 22 (2.91) 49 (7.05) <0.001
Differentiation, III-1V, n (%) 310 (41.1) 322 (46.3) 0.049
Microsatellites, yes, n (%) 45 (5.96) 61 (8.78) 0.050
Microvascular invasion, yes, 7 (%) 182 (24.1) 207 (29.8) 0.017
Cirrhosis, yes, n (%) 370 (49.0) 380 (54.7) 0.035

CPNI, Cholesterol-modified Prognostic Nutritional Index.

Table 4. Univariate and multivariate analyses with Cox proportional hazards in the entire population

(O RES

Univariable analysis Multivariable analysis Univariable analysis Multivariable analysis

HR (95% CI) p HR (95% CI) ) HR (95% CI) p HR (95% CI) p
CONUT 1.06 (0.88-1.27) 0522 1.15(0.93-1.43) 0202 1.02(0.88-1.17) 0756  1.00 (0.86-1.19) 0913
NRI 174 (1.44-2.11)  <0.001  1.12(0.88-1.43) 0345  1.50(1.27-1.76)  <0.001  1.08 (0.88-1.32) 0.481
PNI 1.81(1.51-2.16)  <0.001  1.48(1.19-1.83)  <0.001  1.54(1.34-1.78)  <0.001 143 (1.19-1.71)  <0.001
CPNI 2.08(1.73-249)  <0.001  1.77(1.43-2.18)  <0.001  1.60(1.38-1.84)  <0.001  1.50 (1.26-1.77)  <0.001

OS, overall survival; RFS, Recurrence-free survival; CONUT, Controlling Nutritional Status score; NRI, Nutritional Risk Index; PNI, Prognostic
Nutritional Index; CPNI, Cholesterol-modified Prognostic Nutritional Index.

for OS compared to other nutritional indices such as PNI and significantly outperformed both CONUT and
CONUT, NRI, and PNI. Additionally, CPNI showed NRI. Subgroup analyses indicated that malnutrition, as
marginally higher accuracy in predicting RFS than identified by CPNI criteria, was associated with a lower
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OS rate across various groups. This included males and
females, and those categorized as underweight, normal
weight, and overweight, as well as patients classified in
BCLC stages A and B. Similarly, the analyses showed
a higher recurrence rate associated with malnutrition
in similar groups, including males, those classified as
underweight, normal weight, or overweight, and patients
categorized in BCLC stages A and B.

Malnutrition was prevalent in HCC patients who
underwent liver resection, with rates ranging from
21.2% to 62.8% according to four different nutritional
assessment tools. Consistent with previous studies,
malnutrition represents a significant burden that is
frequently underdiagnosed in patients with HCC
undergoing liver resection (4). BMI is a widely used,
clinically available objective variable for assessing
malnutrition (27,22). However, BMI has become less
universally applicable as newer nutritional assessment
indices, which identify malnutrition more effectively,
provide a more comprehensive evaluation of health (23-
25). As BMI increases, the incidence of malnutrition
decreases. Consistent with previous studies, this study
also found a high proportion of malnutrition among
overweight and obese patients(26-28). Malnourished
patients who are overweight, normal weight and
underweight faced poorer OS and RFS. Nevertheless, no
significant differences in survival rates and recurrence
rates were observed among the obese subgroups.

CPNI, as a newly proposed tool for malnutrition
assessment, has shown more accurate and stable
capabilities in assessing the nutritional status of patients
than several objective malnutrition assessment indices.
Owing to its objectivity calculated from regular blood
test indicators and non-invasiveness, CPNI has shown
greater potential to assess the nutritional status of
preoperative HCC patients and predict their prognosis.
The predictive value of CPNI for patient prognosis may
be explained by the incorporation of key factors such
as serum cholesterol, lymphocyte counts, and serum
albumin. High cholesterol levels may increase cancer
risk, intensify tumor aggressiveness, and worsen patient
outcomes (29-32). Albumin is the most thoroughly
investigated protein in the context of malnutrition
diagnosis (33). Furthermore, albumin serves as an
important predictor for HCC outcomes and is shown to
inhibit HCC cell proliferation (34,35). Lower lymphocyte
levels are associated with poor prognosis in solid tumors,
highlighting the vital role of the immune response in
HCC outcomes (36).

However, this study has some limitations. First, it
was a retrospective single-center study, and the findings
need to be confirmed through randomized controlled
trials or large-cohort studies. Second, the predominance
of hepatitis B in the patient sample may not represent
regions such as Europe or the United States. Third,
additional studies are essential to clarify the influence of
CPNI in particularly smaller patient subgroups, such as

those with BCLC stage 0 and those who are obese.

In conclusion, this study suggests that CPNI is a
precise and stable instrument for evaluating nutritional
status and forecasting survival in HCC patients who
underwent liver resection, potentially offering advantages
over other indicators such as CONUT, NRI, and PNI,
and thus could improve clinical decision-making.
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