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Abstract: Background: The relationship between the prognostic nutritional index (PNI) and the
prognosis of malignancy has been increasingly mentioned in recent research. This study aimed to
construct nomograms based on the PNI to predict tumor progression and survival in patients with
unresectable hepatocellular carcinoma (HCC) undergoing transcatheter arterial chemoembolization
(TACE). Materials and Methods: The development set included 785 patients who underwent their
first TACE between 2012 and 2016, and the validation set included 336 patients who underwent
their first TACE between 2017 and 2018. The clinical outcomes included the time to progression
(TTP) and overall survival (OS). Cox regression was applied to screen for independent risk factors
of TTP and OS in the development set, and PNI-based nomograms were constructed for TTP and
OS. The predictive performance of nomograms was conducted through the C-index, calibration
curves, and decision analysis curves in the development set and validation set. Results: After
multivariate analysis, the prognostic predictors of both TTP and OS included portal vessel invasion,
extrahepatic metastasis, tumor number, alpha-fetoprotein (AFP) level, longest tumor diameter, and
PNI. Furthermore, the Child–Pugh classification and platelets (PLTs) were independent risk factors
for OS only. Nomograms for predicting TTP and OS were constructed using TTP and OS prognostic
factors. In the development set and the validation set, the C-index of the TTP nomograms was 0.699
(95% confidence interval (CI): 0.680–0.718) and 0.670 (95%CI: 0.638–0.702), and the C-index of the OS
nomograms was 0.730 (95%CI: 0.712–0.748) and 0.700 (95%CI: 0.665–0.723), respectively. Conclusion:
Nomograms based on the PNI can effectively predict tumor progression and survival in patients with
unresectable HCC undergoing TACE.

Keywords: hepatocellular carcinoma (HCC); nomogram; prognostic nutritional index (PNI); survival;
transcatheter arterial chemoembolization (TACE); tumor progression

1. Introduction

Although the survival rate of cancer patients has increased, liver cancer is still a
major problem. Liver cancer is the sixth most common cancer worldwide and is the
second most common cause of cancer death. HCC accounts for a proportion of 75–85% of
liver cancer [1,2]. Liver transplantation and radical resection are preferred treatments for
early HCC. For HCC patients in relatively advanced stages, interventional embolization
therapy, targeted therapy, and immunotherapy are more appropriate treatments [3–5]. For
unresectable HCC patients with portal vein invasion and extrahepatic metastases, as an
effective local treatment modality, TACE can control tumor growth and has a significant
efficacy [6]. However, some patients show short-term tumor progression after receiving
TACE. Therefore, to receive greater benefits from the TACE treatment modalities, it is
important to solve the problem of how to better select appropriate TACE patients.
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At present, the BCLC stage, a commonly used stage for HCC patients, can effectively
judge the prognosis of patients [7]. However, only a small number of factors are considered
for the BCLC stage, and some other factors related to the prognosis of HCC patients,
including AFP level, longest tumor diameter, presence of cirrhosis, and platelet count, are
ignored [8–10].

A growing number of studies have described the immune and nutritional status of
cancer patients as an important prognostic factor. As an index associated with the albumin
level and the total lymphocyte count, the prognostic nutritional index (PNI) was first
mentioned in 1984 [11]. The PNI reflects the immune and nutritional status of patients
with malignancy and was proven to be closely associated with the poor prognosis of multi-
ple malignancies, including gastric cancer, intrahepatic cholangiocarcinoma, esophageal
squamous cell carcinoma, and nasopharyngeal carcinoma [12–15]. Meanwhile, the PNI
was also shown to be associated with the prognosis of HCC patients [16–18]. However,
the prognostic role of the PNI in unresectable HCC patients undergoing TACE was not
mentioned in these related studies. The purpose of this study was to investigate the role of
the PNI in predicting the prognosis of patients with unresectable HCC undergoing TACE,
and constructing nomograms by basing the PNI on other independent risk factors to predict
tumor progression and long-term survival of unresectable HCC patients.

2. Materials and Methods
2.1. Patients

This study included 1121 patients who were diagnosed with HCC by histology or
imaging and underwent their first TACE between January 2012 and December 2018. The
development set included 785 patients who underwent their first TACE between 2012 and
2016, and validation set included 336 patients who underwent their first TACE between
2017 and 2018. All patients met the following inclusion criteria: (1) Barcelona Clinic Liver
Cancer (BCLC) stage B or C; (2) preoperative liver function in addition to Child–Pugh
class A or B; (3) no other malignancies or other serious underlying diseases; (4) Eastern
Cooperative Oncology Group score (ECOG) ≤ 2; (5) regular follow-up; and (6) complete
clinical baseline data. Ethics approval was obtained from the ethics committee for this
retrospective study. Before receiving any treatment, all patients were informed of the risk,
and written informed consent was obtained from patients. The study protocol conforms to
the ethical guidelines of the 1975 Declaration of Helsinki (6th revision, 2008) as reflected in
the a priori approval from the institution’s human research committee.

2.2. Data Collection and Follow-Up

The clinical baseline data of patients included age, sex, stage of BCLC, Child–Pugh
classification, portal vessel invasion, extrahepatic metastasis, tumor number, AFP level,
longest tumor diameter, alanine aminotransferase (ALT), aspartate transferase (AST), total
bilirubin (TBIL), albumin (ALB), hemoglobin (HB), PLT, prothrombin time (PT), and PNI.
PNI = serum albumin level (g/L) + 0.005 × total lymphocyte count (per mm3). Three
to four weeks after the procedure, contrast-enhanced computed tomography (CT) or
magnetic resonance imaging (MRI) was used to assess whether patients had residual viable
lesions. A re-TACE procedure was carried out if patients still had residual viable lesions.
The Response Evaluation Criteria in Solid Tumors (RECIST) was used to classify tumor
response. Progressive disease (PD) was defined as tumor progression after the first TACE.
Clinical outcomes included TTP and OS. Follow-up by telephone, outpatient visit, and
inpatient medical records was provided for all patients after initial treatment. The deadline
for follow-up was June 2022. The time between the first TACE and tumor progression, or
the time between the first TACE and the follow-up deadline if tumor progression did not
occur, was defined as TTP. The time between the first TACE and death, or the time between
the first TACE and the follow-up deadline if death did not occur, was defined as OS.
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2.3. Transcatheter Arterial Chemoembolization Procedure

The Seldinger technique was used to puncture the right femoral artery. After the
puncture, a short guide wire was inserted into the 5 Fr micropuncture catheter sheath.
Then, under X-ray fluoroscopy, a 5 Fr angiography catheter was inserted into the abdom-
inal trunk and common hepatic artery so that the distribution of tumor vessels could be
visualized by angiography. Through the use of a micro-guide wire, a 2.7 Fr angiographic
microcatheter was selectively inserted into the tumor nutrient artery and was used to
inject a chemotherapeutic agent. The protocol included pirarubicin (20 mg) and iodized oil
(5–20 mL). After embolization with iodized oil emulsion, the microsphere diameter was
selected based on the size of the tumor and the supply of blood. Five minutes after drug
injection, DSA (digital subtraction angiography) was used to confirm that the arterial flow,
which provides nutrients to the tumor, was stagnant.

2.4. Statistical Analysis

Continuous numerical variables that had a normal distribution were described with
the mean value (standard deviation (SD)). Continuous numerical variables that did not
have a normal distribution were described with the median (interquartile (IQR)). Counts
and percentages were used to summarize categorical variables. Between the development
set and validation set, continuous numerical variables were compared by using either the
independent samples t-test or the Mann–Whitney U test, and categorical variables were
compared with the chi-square test. Univariate and multivariate cox regression analyses
were applied to screen for independent risk factors of TTP and OS, and nomogram plots
were constructed to predict TTP and OS. The calculation of the C-index was used to assess
the predictive power of the models. The difference between the predicted survival rate of
the models and the actual survival rate was observed by generating calibration curves of
3-month, 6-month, and 1-year TTP and 1-, 3-, and 5-year OS. The decision curve analysis
(DCA) was performed to compare the net benefit and clinical utility of the predictive
model and the stage of BCLC. The threshold for the model-predicted probability was
used as the x-axis of the analysis curve, and the clinical net benefit was based on the
threshold that served as the y-axis of the analysis curve. All statistical analyses were
performed by using SPSS 26.0 software (IBM, Chicago, IL, USA) and R software version
4.2.1 (http://www.r-project.org/, accessed on 25 September 2022). p ≤ 0.05 was considered
statistically significant during the statistical analysis.

3. Results
3.1. Patient Characteristics

The development set included 785 patients, and the validation set included 336 pa-
tients. The baseline data for patients in the development set and validation set are presented
in Table 1. There were no significant differences between the development and validation
sets in most comparisons of baseline data, including for sex, stage of BCLC, Child–Pugh
classification, portal vessel invasion, extrahepatic metastasis, tumor number, AFP level,
AST, TBIL, ALB, HB, PLT, and PNI. For age (p-value = 0.006), longest tumor diameter
(p-value = 0.040), ALT (p-value = 0.001), and PT (p-value = 0.008), there were significant
differences between the development set and validation set. The PNI in the development
set and the validation set was 44.25 (8.83) and 44.05 (8.29), respectively.

Table 1. General characteristics of development set and validation set.

Variables Development
Set (n = 785)

Validation Set
(n = 336) p-Value

Age (years)
Mean (SD) 53.54 (11.21) 55.52 (10.94) 0.006

Sex
Male 701 (89.3%) 295 (87.8%)

0.464Female 84 (10.7%) 41 (12.2%)

http://www.r-project.org/
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Table 1. Cont.

Variables Development
Set (n = 785)

Validation Set
(n = 336) p-Value

Stage of BCLC B 483 (61.5%) 214 (63.7%)
0.494C 302 (38.5%) 122 (36.3%)

Background
Liver disease

Hepatitis B 612 (78.0%) 272 (81.0%)
0.532Hepatitis C 87 (11.1%) 32 (9.5%)

Other 86 (11.0%) 32 (9.5%)
Child–Pugh
classification

A 654 (83.3%) 273 (81.3%)
0.403B 131 (16.7%) 63 (18.2%)

Portal vessel
invasion

No 531 (67.6%) 224 (66.7%)
0.749Yes 254 (32.4%) 112 (33.3%)

Extrahepatic
metastasis

No 733 (93.4%) 322 (95.8%)
0.109Yes 52 (6.6%) 14 (4.2%)

Tumor number
Single 143 (18.2%) 53 (15.8%)

0.324Multiple 642 (81.8%) 283 (84.2%)

AFP level
<400 ng/ml 486 (61.9%) 221 (65.8%)

0.220≥400 ng/ml 299 (38.1%) 115 (34.2%)
Longest tumor diameter (mm)

median (IQR) 48 (52) 41 (52) 0.040

ALT (U/L)
median (IQR) 41 (39) 37 (29) 0.001

AST (U/L)
median (IQR) 48 (42) 46 (39) 0.168

TBIL (umol/L)
median (IQR) 15.9 (11.0) 15.8 (11.8) 0.857

ALB (g/L)
mean (SD) 38.4 (5.6) 37.7 (5.5) 0.051

HB (g/L)
mean (SD) 132 (21) 131 (22) 0.542

PLT (109/L)
median (IQR)

111 (95) 105 (99) 0.344

PT (S)
median (IQR) 14.3 (1.7) 14.4 (1.8) 0.008

PNI
median (IQR) 44.25 (8.83) 44.05 (8.29) 0.720

Progression No 15 (1.9%) 3 (0.7%)
0.214Yes 770 (98.1%) 333 (99.3%)

TTP (months)
median (IQR) 5.0 (9.0) 7.9 (13.2) <0.001

Status
Survival 114 (14.5%) 47 (14.0%)

0.815Death 671 (85.5%) 289 (86.0%)
OS (months)

median (IQR) 18.4 (33.9) 24.1 (32.7) 0.010

BCLC—Barcelona Clinic Liver Cancer; AFP—alpha-fetoprotein; ALT—alanine aminotransferase; AST—aspartate
transferase; TBIL—total bilirubin; ALB—albumin; HB—hemoglobin; PLT—platelet; PT—prothrombin time;
PNI—prognostic nutritional index; TTP—time to progression; OS—overall survival; SD—standard deviation;
IQR—interquartile range.

3.2. Construction of Predictive Models

Independent risk factors for TTP and OS were screened out by using univariate and
multivariate Cox regression analyses on the development set (Tables 2 and 3). ALB and
the stage of BCLC were not included in the multivariate analysis due to multicollinearity.
After the multivariate Cox regression analysis, six variables were found to be associ-
ated with TTP (p-value ≤ 0.05), and eight variables were found to be associated with
OS (p-value ≤ 0.05). The independent prognostic factors associated with TTP were por-
tal vessel invasion (HR = 1.592; 95%CI: 1.304, 1.942; p < 0.001), extrahepatic metastasis
(HR = 2.268; 95%CI: 1.678, 3.066; p < 0.001), tumor number (HR = 1.332; 95%CI: 1.074, 1.653;
p = 0.009), AFP level (HR = 1.246; 95%CI: 1.067,1.456; p = 0.006), longest tumor diameter
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(HR = 1.010; 95%CI: 1.007, 1.013; p < 0.001), and PNI (HR = 0.976; 95%CI: 0.962, 0.990;
p = 0.001). The independent prognostic factors associated with OS were Child–Pugh clas-
sification (HR = 1.268; 95%CI: 1.001,1.604; p = 0.049), portal vessel invasion (HR = 1.913;
95%CI: 1.561,2.333; p < 0.001), extrahepatic metastasis (HR = 1.720; 95%CI: 1.268, 2.333;
p < 0.001), tumor number (HR = 1.341; 95%CI: 1.071, 1.679; p = 0.01), AFP level (HR = 1.268;
95%CI: 1.074,1.498; p = 0.005), longest tumor diameter (HR = 1.011; 95%CI: 1.008, 1.013;
p < 0.001), PLT (HR = 1.001; 95%CI: 1.000, 1.002; p = 0.03), and PNI (HR = 0.969; 95%CI:
0.955,0.984; p < 0.001). The 3-month, 6-month, and 1-year nomograms, which were con-
structed with six independent risk factors associated with TTP to predict TTP, are shown
in Figure 1, and the 1-year, 3-year, and 5-year nomograms, which were constructed with
independent risk factors associated with OS to predict OS, are shown in Figure 2.

Table 2. Univariate and multivariate analyses of TTP in the development set.

Variables
Univariate Analysis Multivariate Analysis

HR (95%CI) p-Value HR (95%CI) p-Value

Age (years) 1.000
(0.993, 1.006) 0.922

Sex (female) 1.120
(0.891, 1.407) 0.332

Stage of BCLC (C) 2.219
(1.911, 2.576) <0.001

Child–Pugh classification (B) 1.428
(1.180, 1.728) <0.001 1.195

(0.946, 1.509) 0.135

Portal vessel invasion
(yes)

2.213
(1.894, 2.586) <0.001 1.592

(1.304, 1.942) <0.001

Extrahepatic metastasis
(yes)

3.218
(2.415, 4.286) <0.001 2.268

(1.678, 3.066) <0.001

Tumor number
(multiple)

0.650
(0.540, 0.781) <0.001 1.332

(1.074, 1.653) 0.009

AFP (≥400 ng/mL) 1.584
(1.368, 1.834) <0.001 1.246

(1.067, 1.456) 0.006

Longest tumor diameter
(mm)

1.013
(1.011, 1.015) <0.001 1.010

(1.007, 1.013) <0.001

ALT (U/L) 1.001
(1.000, 1.002) 0.171

AST (U/L) 1.002
(1.001, 1.002) <0.001 1.000

(0.999, 1.001) 0.859

TBIL (umol/L) 1.000
(0.997, 1.003) 0.875

ALB (g/L) 0.964
(0.952, 0.976) <0.001

HB (g/L) 0.995
(0.991, 0.998) 0.002 0.996

(0.992, 1.000) 0.079

PLT (109/L)
1.002

(1.001, 1.003) <0.001 1.000
(0.999, 1.001) 0.584

PT (S) 1.008
(0.970, 1.047) 0.703

PNI 0.966
(0.956, 0.977) <0.001 0.976

(0.962, 0.990) 0.001

TTP—time to progression; HR—hazard ratio; CI—confidence interval; BCLC—Barcelona Clinic Liver Cancer;
AFP—alpha-fetoprotein; ALT—alanine aminotransferase; AST—aspartate transferase; TBIL—total bilirubin;
ALB—albumin; HB—hemoglobin; PLT—platelet; PT—prothrombin time; PNI—prognostic nutritional index.

3.3. Predictive Ability of Models

The C-index of the TTP nomogram that was constructed for the development set was
0.699 (95%CI: 0.680–0.718), and the C-index of the OS nomogram for the development
set was 0.730 (95%CI: 0.712–0.748). In the validation set, the C-index obtained from the
constructed TTP nomogram and the OS nomogram was 0.670 (95%CI: 0.638–0.702) and
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0.700 (95%CI: 0.665–0.723), respectively. The C-index of the TTP and the OS nomograms
proved that the models possessed good accuracy for the prediction of TTP and OS.

The 3-month, 6-month, and 1-year calibration curves of the TTP nomogram for the
development set (Figure 3A–C) and validation set (Figure 3D–F) confirmed the best agree-
ment between the prediction of tumor progression and the actual tumor progression. The
1-year, 3-year, and 5-year calibration curves of the OS nomogram for the development
set (Figure 4A–C) and validation set (Figure 4D–F) showed that the predicted survival
probability was close to the actual survival probability.

Table 3. Univariate and multivariate analyses of OS in the development set.

Variables
Univariate Analysis Multivariate Analysis

HR (95%CI) p-Value HR (95%CI) p-Value

Age (years) 0.995
(0.989, 1.002) 0.192

Sex (female) 1.071
(0.834, 1.375) 0.590

Stage of BCLC (C) 2.822
(2.410, 3.303) <0.001

Child–Pugh classification (B) 1.458
(1.193, 1.782) <0.001 1.268

(1.001, 1.604) 0.049

Portal vessel invasion
(yes)

2.750
(2.337, 3.237) <0.001 1.913

(1.561, 2.345) <0.001

Extrahepatic metastasis
(yes)

2.965
(2.213, 3.974) <0.001 1.720

(1.268, 2.333) <0.001

Tumor number
(multiple)

0.562
(0.464, 0.680) <0.001 1.341

(1.071, 1.679) 0.010

AFP (≥400 ng/mL) 1.681
(1.440, 1.963) <0.001 1.268

(1.074, 1.498) 0.005

Longest tumor diameter
(mm)

1.015
(1.013, 1.017) <0.001 1.011

(1.008, 1.013) <0.001

ALT (U/L) 1.001
(1.000, 1.002) 0.154

AST (U/L) 1.002
(1.001, 1.002) <0.001 1.000

(0.999, 1.001) 0.418

TBIL (umol/L) 1.001
(0.998, 1.005) 0.396

ALB (g/L) 0.957
(0.944, 0.970) <0.001

HB (g/L) 0.994
(0.990, 0.998) 0.001 0.998

(0.993, 1.002) 0.282

PLT (109/L)
1.003

(1.002, 1.004) <0.001 1.001
(1.000, 1.002) 0.030

PT (S) 1.012
(0.972, 1.054) 0.548

PNI 0.962
(0.951, 0.973) <0.001 0.969

(0.955, 0.984) <0.001

OS—overall survival; HR—hazard ratio; CI—confidence interval; BCLC—Barcelona Clinic Liver Cancer;
AFP—alpha-fetoprotein; ALT—alanine aminotransferase; AST—aspartate transferase; TBIL—total bilirubin;
ALB—albumin; HB—hemoglobin; PLT—platelet; PT—prothrombin time; PNI—prognostic nutritional index.

To assess the potential clinical utility of nomograms for predicting TTP and OS, the
DCA was performed to compare the net benefit and clinical utility of the predictive model
and the stage of BCLC. For the development set (Figure 5A–C) and the validation set
(Figure 5D–F), the 3-month, 6-month, and 1-year DCA showed that the TTP model had
a greater area than the stage of BCLC. Meanwhile, the 1-year, 3-year, and 5-year DCA of
the OS model for the development set (Figure 6A–C) and the validation set (Figure 6D–F)
indicated that the TTP model and OS model can obtain a greater clinical net benefit
compared to the stage of BCLC.
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4. Discussion

TACE is a better option for patients with advanced HCC [19]. However, how to select
patients suitable for TACE treatment is an important problem for clinicians. This study
aimed to explore the significance of the PNI for the prognosis of unresectable HCC patients
after receiving TACE treatment and construct PNI-based nomograms to predict tumor
progression or survival.
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The PNI is based on measurements of serum albumin and the total lymphocyte
count [20]. As a component of the PNI, serum albumin is produced by the liver parenchyma.
Serum albumin can reflect reserves of the liver function, and it has important physiologic
functions such as antioxidant effects, endothelial stabilization, immunomodulation, and
other molecule effects [21]. Most HCC patients have a background of hepatitis [22], and
the presence of an inflammatory response can reduce serum albumin levels. Meanwhile,
the level of serum albumin in HCC is also closely related to the parameters of tumor
number, tumor size, and portal vein invasion [23]. Therefore, low serum albumin might
indicate a poor prognosis in HCC patients. As another component of the PNI, lymphocytes
are also indispensable components of the immune system. Lymphocytes mainly include
T-lymphocytes (T-cells) and B-lymphocytes (B-cells). B-cells control tumors by secreting
cytokines and T-cells are transformed into cytotoxic T-cells (CTL) to eradicate the tumor
cells. Thus, a reduction in lymphocytes implies a decreased ability of the immune system
to achieve tumor control and shows the tumor’s invasive ability [24,25]. Some studies
proved that a reduced preoperative lymphatic count might predict a poor prognosis in
HCC patients [26,27]. Based on serum albumin and total lymphocyte counts, the PNI
represents the state of immunity and nutrition. A low PNI means that patients have a
poor immune and nutritional status, which may be related to the poor prognosis of tumor
patients [12–15,28]. Meanwhile, the PNI has also been confirmed to be associated with
the development and progression of multiple chronic diseases [29–31]. Several studies
confirmed that the PNI is also closely related to the prognosis of HCC patients [32,33].

This study constructed prognostic models based on the PNI and combined them with
clinical data from HCC patients. Independent risk factors for TTP and OS were screened
by using a Cox regression analysis. The stage of BCLC and serum albumin levels were
excluded from this study during the multivariable Cox regression analysis. As two of the
factors considered in the stage of BCLC, extrahepatic metastasis and portal vessel invasion
showed multicollinearity with the stage of BCLC in the multivariate regression analysis.
Serum albumin also had multicollinearity with the PNI. Independent risk factors for both
TTP and OS included portal vessel invasion, extrahepatic metastasis, tumor number, AFP
level, longest tumor diameter, and PNI. On the other hand, the independent risk factors for
OS included Child–Pugh classification and PLT. Based on previous studies, the cutoff value
of the AFP level was set to 400 ng/mL [34]. As a specific marker of HCC, AFP was closely
linked with tumor progression and survival of HCC patients [35,36]. Other studies also
found that the variables such as tumor number, tumor size, and vascular invasion were
independent risk factors for the poor prognosis of HCC patients [37,38]. Nomograms for
predicting TTP and OS were constructed by using these independent risk factors to predict
tumor progression and survival of unresectable HCC patients after receiving TACE.

This study has the following advantages: firstly, this study was the first time that PNI-
based nomograms were established to predict the prognosis of patients with unresectable
HCC after receiving TACE. The nomograms in this study were also combined with clinical
baseline data, which were easily accessible. The data did not affect the predictive power of
the model. Secondly, this study constructed nomograms for TTP and OS to predict tumor
progression and survival, respectively. The C-index, calibration curves, and decision analy-
sis curves demonstrated that nomograms of TTP and OS had good predictive power. Unlike
other grading systems, the constructed nomograms clearly showed the predicted 3-month,
6-month, and 1-year TTP and the 1-year, 3-year, and 5-year OS of unresectable HCC patients
undergoing TACE. Thirdly, by using the decision analysis curves, the constructed models
could be visually compared with the stage of BCLC. Through this comparison, it was seen
that the constructed nomograms could achieve a greater net clinical benefit.

Some limitations still exist in this study. Firstly, this was a single-center, retrospective
study, and the proposed nomogram needs to be externally validated through multicenter
studies. Secondly, this study had a small sample size; thus, a large sample size and
prospective studies are still needed for validation. Moreover, the tumor microenvironment
could affect the function of T-lymphocytes, which might affect the results of this study [39].
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Finally, the constructed nomograms in this study were only applied to cases of unresectable
HCC patients who underwent TACE, and it is unclear whether they are applicable to
predict the prognosis of other HCC patients.

5. Conclusions

In this study, nomograms were constructed based on the PNI. These nomograms were
visually effective and practical for predicting tumor progression and survival in patients
with unresectable HCC undergoing TACE.
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