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Background: The aim of our study was to validate the value of combined preoperative 
prognostic nutritional index and body mass index in predicting overall survival (OS) and 
progression-free survival (PFS) in patients who underwent treatment of transarterial 
chemoembolization.
Methods: A single-centered retrospective study of 285 unresectable HCC patients who 
received treatment of transarterial chemoembolization from January 2013 to June 2015 was 
conducted. In our retrospective analysis, preoperative PNI and BMI data of patients were 
calculated and analyzed. The data of patient demographic, clinical, pathological and hema-
tological characteristics were also systematically acquired and analyzed.
Results: Low PNI was correlated with cirrhosis, AFP ≥ 200 mg/L, Child-Pugh class B, ALT and 
AST ≥ 40 IU/L, TBIL≥21μmol/L, vascular invasion, tumor size ≥5 cm BCLC A/B and TNM III– 
IV stages (all p < 0.05). Likewise, low BMI was related to AFP ≥ 200 mg/L, Child-Pugh class B, 
AST ≥ 40IU/L, tumor size ≥5 cm, vascular invasion, BCLC C and TNM III–IV stages (all p < 
0.05). In our multivariate analysis, AFP levels, tumor size, PNI and BMI were identified as 
independent predictive factors for OS and PFS of patients (all p < 0.05). Prominently, low PNI 
combined with low BMI adversely affected the overall survival and disease-free survival and the 
combination of PNI-BMI scores was proved to be the superior distinguished capacity compared 
with PNI or BMI alone because of higher area under the curve.
Conclusion: Preoperative PNI and BMI are independent predictors for prognosis in inter-
mediate or advanced hepatocellular carcinoma patients after transarterial chemoembolization 
treatment. The PNI and BMI combination can promote the accuracy of prognostic prediction 
for patients with HCC compared with single score.
Keywords: prognostic nutritional index, body mass index, hepatocellular carcinoma, 
transarterial chemoembolization, prognosis

Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors and 
the third leading cause of cancer-related death worldwide.1,2 Currently, more than 
half of global HCC cases and mortality occurs in China.3 Unlike other malignan-
cies, the high incidence of HCC in China may be attributed to hepatitis B virus 
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(HBV) infection and ethanol consumption.4 

Approximately 70% of HCC patients treated with curative 
treatment including hepatectomy, transplantation and abla-
tion suffer from malignant recurrence and metastasis 
within 5 years after therapeutic regimens.5 A majority 
(about 60%) of patients have progressed to an advanced 
phase or hepatic decompensation at first diagnosis so that 
curative therapies are inadaptable.6 The treatment of trans-
arterial chemoembolization (TACE) is recommended as 
the standard first-line therapy in unresectable intermediate 
and advanced HCC.7 Some evidence showed that the 
treatment of TACE for prolonging overall survival period 
was effective for unresectable HCC.8 However, studies 
demonstrated that there was considerable variation in the 
clinical benefit patients derive from this treatment.9,10 

Hence, it is crucial to determine prognostic factors for 
patients with HCC, leading to easier personalized thera-
peutic regimens and better long-term outcomes.

Recently, numerous clinical factors have been investi-
gated and proved to possess predictive values for patient 
prognosis, such as tumor size, pathological differentiation, 
tumor invasion and several kinds of molecular histopatho-
logical biomarkers.11–14 Nevertheless, no acknowledged 
consensus on the standard criteria for prognostic predic-
tion in HCC patients exists until now. Recent evidence 
demonstrates that immune-nutritional status is intimately 
correlated with prognosis in patients with many malignan-
cies and inflammatory response which can promote tumor 
growth, invasion, angiogenesis and metastasis.15–17 

Moreover, the presence of systematic inflammatory 
responses is regarded as an important independent risk 
factor in the occurrence of tumor-related malnutrition, 
leading to unsatisfactory performance status (PS) scores 
and higher mortality.18–20

Investigators have showed keen interest in the value of 
tumor-related inflammatory responses as an indicator of 
the long-term prognosis in patients with malignances. 
Apart from objective biomarkers of systemic inflamma-
tion, various combinations of immune-nutritional indices 
related to tumor immune-inflammatory responses have 
extensively researched. Prognostic nutritional index 
(PNI), which is based on albumin concentration and total 
lymphocyte count in the peripheral blood, has been proved 
as a simple and practical indicator of systemic inflamma-
tory response to assess the immune-nutritional status. 
Recently, emerging evidence suggests that PNI maintains 
close ties with tumor genesis and progression in hepato-
cellular carcinoma.20–22 However, the practical value of 

PNI predicting the post-TACE prognosis in HCC remains 
unclear, potentially due to differences in inclusion criteria 
and sample sizes.21,23 On the other hand, body mass index 
(BMI), as an immune-nutrition-related index depending on 
individual height and weight, was generally accepted as 
a benchmark to assess body weight status and nutritional 
condition.24 Based on the World Health Organization 
(WHO) criterion, BMI<18.5kg/m2 is defined as under-
weight. Theoretically, low-level BMI is proved to be asso-
ciated with perioperative malnutrition and metabolic 
disorder, which further affects systemic inflammation 
responses and immune-nutritional status in patients with 
HCC.25,26 Recent study showed that PNI combined with 
BMI could have potential prognostic value for patients 
undergoing hepatectomy in early stage.27 However, few 
researchers investigated the prognostic abilities of PNI and 
BMI to forecast the effects after treatment for unresectable 
HCC, especially in a prediction model based on combina-
tive use of these two indices.

Hence, the objective of our study was to probe into the 
prognostic value of PNI and BMI in unresectable HCC 
and investigate whether preoperative PNI combined with 
BMI would be an effective and practical predictor for 
prognosis in the TACE-treated patients with HCC.

Patients and Methods
Patient Baseline Characteristics
A total of 285 patients diagnosed as intermediate or 
advanced hepatocellular carcinoma receiving TACE as an 
initial therapy at the Department of Interventional and 
Vascular Surgery, Zhong-Da Hospital, Southeast 
University (Nanjing, China) between January 2013 and 
June 2015 were brought into our study (Figure 1). This 
study was approved by the Institutional Review Board 
(IRB) of the Zhong-Da Hospital, Southeast University. 
The diagnosis of all the HCC patients included was 

Figure 1 The flow chart of patient selection.
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based on the clinical diagnostic criteria recommended by 
the American Association for the Study of the Liver.5 

Within 7 days before the first TACE treatment, a clinical 
routine examination was conducted, comprising routine 
physical, hematological and radiological examination.

In our study, all of the patient hematological, clinical and 
pathological data were collected and analyzed, including 
hematological parameters; albumin (ALB), total bilirubin 
(TBIL), alpha-fetoprotein (AFP), alanine aminotransferase 
(ALT), and aspartate aminotransferase (AST) levels; tumor 
staging information (including number of focal lesions and 
maximum diameter of contrast-enhancing lesions); Child– 
Turcotte –Pugh class and liver cirrhosis; portal vein throm-
bosis, Barcelona Clinic Liver Cancer (BCLC) stage and 
tumor-node-metastasis (TNM) stage.

Besides, preoperative PNI and BMI from all individual 
participants included were calculated according to the for-
mulas. PNI was calculated using the following formula: 10 
× serum albumin (g/dl) + 0.005 × total lymphocyte count 
(per mm3).20 Specifically, serum albumin and lymphocyte 
count was obtained from peripheral blood samples within 
7 preoperative days. On account of the WHO definition, 
the score of BMI was operated as below: weight (kg) 
divided by height (m) squared.24 And it is acknowledged 
that BMI<18.5 kg/m2 is classified as low BMI. In our 
study, all patients included were assigned into two groups 
based on BMI scores: low-BMI group (<18.5 kg/m2) or 
high-BMI group (≥18.5 kg/m2).

The inclusion criteria were as follows: (1) receiving 
TACE as initial treatment; (2) Child–Pugh class A or 
B and BCLC stages A-C; (3) follow-up time ≥1 month 
and definite feedback during follow-up; (4) no other severe 
complications such as serious systemic infection and (5) 
HCC was deemed to be unresectable by HCC multidisci-
plinary consultation based on clinical guidelines or by 
patient’s refusal to surgical operation. Conversely, patients 
were strictly excluded if they accepted other curative 
therapies for HCC during the period of follow-up or they 
lost to follow up after TACE.

Treatment and Follow-Up
A unified treatment protocol was implemented to every 
patient included. After routine preoperative examination, 
conventional TACE was operated through the femoral artery 
using the Seldinger technique under local anesthesia. Then, 
through the arteriography of the celiac trunk and superior 
mesenteric artery to visualize arterial vascularization of the 
liver, emulsion of ethiodized oil (Lipiodol Ultra-Fluide; 

Andre Guerbet Laboratories, France) and doxorubicin 
(Adriamycin; Shenzhen Main Luck Pharmaceuticals Inc, 
Shenzhen, China) were injected to treat intrahepatic lesions. 
And the dosage of doxorubicin depended on total bilirubin 
level and the volume of ethiodized oil was adjusted on the 
size, location and haemodynamics of tumor. Subsequently, 
300–500 μm Gelfoam embolization particles (Hangzhou 
ALICON Pharm SCI&TEC CO., LTD, Hangzhou, China) 
were injected selectively into the intrahepatic segmental 
artery at the targeting lesions.

After TACE-treatment, all participants were designedly 
brought into follow-up lists and periodical outpatient reex-
amination or interview on telephone continuously pro-
ceeded until June 2020. The follow-up evaluation 
included two parts: performance status, biochemistry ana-
lysis, tumor markers test per 3 months; radiological exam-
ination per 2 months, mainly enhanced CT or MRI scan.

Statistical Analysis
Statistical analysis was performed using the SPSS v 20.0 
software (Chicago, IL, USA). The analysis of receiver oper-
ating characteristic (ROC) curves based on the patients’ OS 
status was performed to determine the cut-off values of PNI. 
The Youden index was calculated to select the optimal cut- 
off value of PNI, in accordance with the maximal sensitivity 
and specificity for predicting 3-year OS status in patients. 
Comparison of continuous normally distributed variables 
was evaluated by Student t-test and statistical significance 
of categorical variables was analyzed by chi-square test. 
Progression-free survival (PFS) time was defined from the 
date of first TACE treatment to the date of HCC recurrence, 
and overall survival (OS) time was from the date of first 
TACE treatment to the date of tumor-related death or end-
point of follow-up. The Kaplan–Meier curves analysis was 
conducted to compare the differences of the survival in 
different groups, and the statistical difference in the survival 
curves was assessed by Log rank test. Univariate and multi-
variate survival analysis was performed through the Cox 
proportional hazards regression model. In our statistics, p < 
0.05 was identified as statistical significance.

Results
Baseline Characteristics
All eligible cases were 232 men (81.4%) and 53 women 
(18.6%) with a median age of 59 years (range 31–80 
years). The median follow-up duration was 15.9 months 
(range 1.0–88.5 months). During follow-up, 259 patients 
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(90.9%) died. In all patients included, 92 (32.3%) were 
defined as low BMI (<18.5kg/m2), 174 (61.1%) presented 
hepatitis B surface antigen (HBsAg) positive, 125 (43.9%) 
suffered from liver cirrhosis and 201 (70.5%) had elevated 
AFP levels (≥200 mg/L). Mostly, 181 (63.5%) patients 
still had preserved liver function (Child-Pugh class A). 
On the grounds of clinical and imaging evidence, 209 
patients (73.3%) had tumors with the maximum diameter 
≥5cm and 229 (80.4%) had multiple tumor masses. 
Besides, vascular invasion occurred in 63 patients 
(22.1%). The BCLC stages were A/B in 201 (70.5%) and 
C in 84 (29.5%) cases. Similarly, the TNM stages were I– 
II in 90 (31.6%) and III–IV in 195 (68.4%) patients. 
Overall, the basic data of hematological parameters, 
including absolute lymphocyte count, albumin (ALB), 
total bilirubin (TBIL), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), prothrombin time (PT) 
and prognostic nutritional index (PNI), are shown in 
Table 1.

Cut-Off Value of PNI
A ROC analysis depending on survival time was carried 
out to select the cut-off value of PNI. With the maximum 
Youden index 0.503, the optimal cut-off value was 45 
(44.975, accurately). Consistently, 45 represents maximal 
sensitivity and specificity of the PNI for predicting 3-year 
overall survival in ROC curve analysis (Figure 2). 
Subsequently, all patients were divided into two groups: 
PNI-high (PNI>45) group and PNI-low (PNI≤45) group.

Correlation Between PNI or BMI and 
Clinicopathologic Characteristics of 
Patients
In our study, 14 clinicopathological characteristics of HCC 
patients were analyzed to explore the correlation between 
PNI or BMI and these patient characteristics. 
Theoretically, high PNI (>45) was more frequent in 
patients with Child-Pugh class A (p<0.001), ALT and 
AST<40 IU/L (p=0.001 and p<0.001, respectively), 
TBIL<21μmol/L (p=0.012), no vascular invasion 
(p<0.001), BCLC A/B stage (p < 0.001). On the contrary, 
low PNI (≤45) was more easily to be observed in patients 
with cirrhosis (p<0.001), AFP ≥ 200 mg/L (p<0.001), 
tumor size ≥5 cm (p=0.019) and TNM III–IV stages 
(p<0.001). Similarly, low BMI (<18.5kg/m2) was posi-
tively related to AFP ≥ 200 mg/L (p = 0.001), Child- 
Pugh class B (p < 0.001), AST ≥ 40IU/L (p = 0.006), 

tumor size ≥5 cm (p=0.031) and TNM III–IV stage (p < 
0.001). Oppositely, high BMI (≥18.5kg/m2) frequently 
occurred in patients with BCLC A/B stages (p < 0.001) 
and no vascular invasion (p < 0.001) (Table 2). Besides, 
there was a close correlation between PNI and BMI (p < 
0.001) (Table 3).

Univariate and Multivariate Analysis of 
Prognostic Factors
In order to identify the prognostic risk factors affecting 
postoperative OS and PFS, we conducted univariate 
and multivariate analysis on PNI, BMI and a number 
of possible factors in clinic. Univariate analysis 
revealed that AFP levels (p<0.001), Cirrhosis 
(p=0.023<0.05), Child-Pugh class (p<0.001), AST 
levels (p<0.001), TBIL (p=0.032<0.05), tumor size 
and number, vascular invasion, BCLC and TNM stage 
(all p<0.001) were significant associated with OS in 
HCC patients after TACE. Also, OS was found to 
associate with PNI and BMI (both p<0.001). 
Meanwhile, the analysis identified AFP levels 
(p<0.001), Cirrhosis (p=0.044<0.05), Child-Pugh class 

Table 1 Clinicopathological Characteristics of 285 Patients

Variables Cases

Age (≥60/<60) 137 (48.1%)/148 (51.9%)
Gender (Male/Female) 232 (81.4%)/53(18.6%)

BMI (≥18.5/<18.5) 193 (67.7%)/92 (32.3%)

HBsAg (positive/ 
negative)

174 (61.1%)/111 (38.9%)

Cirrhosis (yes no) 125 (43.9%)/160 (56.1%)

AFP (≥200/<200) 201 (70.5%)/84 (29.5%)
Child-Pugh class (A/B) 181 (63.5%)/104 (36.5%)

Tumor size (≥5cm/<5cm) 209 (73.3%)/76 (26.7%)
Tumor number (single/ 

multiple)

56 (19.6%)/229 (80.4%)

Vascular invasion (yes/no) 63 (22.1%)/222 (77.9%)

Blood Parameters M ± SD Minimum Maximum

Absolute lymphocyte 

count (×103/mm3)

1.3 ± 0.6 0.29 3.13

ALB (g/L) 36.2 ± 5.6 16 49
TBIL (μmol/L) 17.7 ± 12.5 4 116

ALT (IU/L) 42.5 ± 42.6 7 442

AST (IU/L) 48.1 ± 44.0 11 301
PT (s) 11.7 ± 12.0 8.7 30.7

PNI 42.8 ± 7.0 17.65 61.45

Abbreviations: BMI, body mass index; AFP, alpha-fetoprotein; ALB, albumin; TBIL, 
total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PT, 
prothrombin time; PNI, prognostic nutritional index.
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(p<0.001), AST levels (p=0.001), tumor size and num-
ber, vascular invasion, BCLC stage, TNM stage (all 
p<0.001), PNI (p=0.001) and BMI (p<0.001) as signif-
icant prognostic factors for PFS (Table 4).

Through the multivariate Cox proportional hazards 
regression model, four parameters including AFP levels, 
tumor size, PNI and BMI, were independently predictive 
factors for both OS and PFS. Specifically, multivariate 
analysis indicated that patient HbsAg (HR=1.353; 95% 
CI: 1.020–1.793; p = 0.036), AFP levels (HR=0.574; 
95% CI: 0.421–0.782; p = 0.000), tumor size 
(HR=0.537; 95% CI: 0.330–0.873; p = 0.012), BCLC 
stage (HR=2.427; 95% CI: 1.429–4.123; p = 0.001), PNI 
(HR=0.963; 95% CI: 0.942–0.985; p=0.001) and BMI 
(HR=2.671; 95% CI: 1.967–3.628; p <0.001) were inde-
pendent prognostic factors for OS. By contrast, AFP levels 
(HR=0.599; 95% CI: 0.447–0.802; p =0.001), cirrhosis 
(HR=1.442; 95% CI: 1.003–2.073; p =0.048), Child- 
Pugh class (HR=1.985; 95% CI: 1.220–3.232; p =0.036), 
tumor size (HR=0.560; 95% CI: 0.348–0.901; p =0.017), 
tumor number (HR=1.641; 95% CI: 1.112–2.421; 
p =0.013), vascular invasion (HR=0.354; 95% CI: 0.193–-
0.648; p =0.001), PNI (HR=0.962; 95% CI: 0.942–0.983; 
p<0.001) and BMI (HR=2.251; 95% CI: 1.676–3.024; 
p <0.001) were considered as prognostic factors for PFS 
(Table 5).

Survival Analysis Based on PNI or BMI 
Alone
The PNI-high group (PNI>45) in contrast to the PNI-low 
group (PNI ≤ 45) showed observably higher 1-year, 
3-year, 5-year OS rates (86.8%, 55.3%, 24.6% vs 42.1%, 
12.3%, 4.7%, respectively, p<0.001) (Figure 3A) and 
1-year, 3-year, 5-year PFS rates (67.5%, 38.6%, 10.5% 
vs 24.0%, 7.0%, 2.3%, respectively, p<0.001) (Figure 
3B). Obviously, results of survival analysis demonstrated 
a strong correlation between lower PNI scores and worse 
survival and progression-free period in HCC patients 
undergoing TACE treatment.

Similarly, compared with BMI-low group (BMI<18.5), 
the BMI-high group (BMI≥18.5) had better 1-year, 3-year, 
5-year OS rates (72.0%, 40.9%, 18.7% vs 34.8%, 5.4%, 
0.0%, respectively, p<0.001) (Figure 3C) and 1-year, 
3-year, 5-year PFS rates (56.0%, 26.9%, 7.8% vs 10.9%, 
4.3%, 1.1%, respectively, p<0.001) (Figure 3D). 
Therefore, it is suggested that low BMI was correlated 
with poor OS and PFS in patients with HCC.

Survival Analysis Based on the PNI-BMI 
Combination
To explore the prognostic value of PNI and BMI combina-
tion in patients undergoing TACE therapy, all patients 
were assigned into 4 groups on the basis of different PNI- 
BMI combination: Group 1, PNI-high and BMI-high; 
Group 2, PNI-high and BMI-low; Group 3, PNI-low and 
BMI-high; Group 4, PNI-low and BMI-low. Among all 
285 patients included, 90 (31.6%), 24 (8.4%), 103 (36.1%) 
and 68 (23.9%) patients were allocated to Group 1, 2, 3 
and 4, respectively. Overall, Group 1 overwhelmingly 
occupied the first place and Group 4 had the fourth of 
best OS and PFS rates (Table 6).

The median survival time for all cases was 15.9 months 
(range, 1.1–89.4 months). After overall survival analysis, 
patients in Group 1 (compared with Group 2) had the most 
favorable outcomes, with higher 1-, 3-, and 5-year OS 
rates (91.1%, 66.7%, 31.1%, vs 70.8%, 12.5%, 0%, 
p<0.001) and PFS rates (78.9%, 45.6%, 12.2% vs 25.0%, 
12.5%, 4.2%, p<0.001). Likewise, Group 1 (compared 
with Group 3) showed better 1-, 3-, and 5-year OS rates 
(91.1%, 66.7%, 31.1%, vs 55.3%, 18.4%, 7.8%, p< 0.001) 
and PFS rates (78.9%, 45.6%, 12.2% vs 35.9%, 10.7%, 
3.9%, p<0.001). Also, OS and PFS rates were dramatically 
superior in Group 1 in contrast with Group 4 (1-, 3-, and 
5-year OS: 91.1%, 66.7%, 31.1%, vs 22.1%, 2.9%, 0%; 1-, 

Figure 2 The optimal cut-off value of PNI on the receiver operating characteristic 
(ROC) curve to predict the overall survival.
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Table 2 Correlation Between PNI or BMI and Clinicopathologic Variables

Variables Cases PNI p BMI p

>45 ≤45 ≥18.5 <18.5

Age (yrs)

≥60 137 50 (36.5%) 87 (63.5%) 0.245 92 (67.2%) 45 (32.8%) 0.844

<60 148 64 (43.2%) 84 (56.8%) 101 (68.2%) 47 (31.8%)

Gender

Male 232 95 (40.9%) 137 (59.1%) 0.494 159 (68.5%) 73 (31.5%) 0.538

Female 53 19 (35.8%) 34 (64.2%) 34 (64.2%) 19 (35.8%)

HbsAg

Positive 174 65 (37.4%) 109 (62.6%) 0.254 117 (67.2%) 57 (32.8%) 0.829

Negative 111 49 (44.1%) 62 (55.9%) 76 (68.5%) 35 (31.5%)

Cirrhosis

Yes 125 35 (28.0%) 90 (72.0%) 0.000 82 (65.6%) 43 (34.4%) 0.499

No 160 79 (49.4%) 81 (50.6%) 111 (69.4%) 49 (30.6%)

Child-Pugh class

A 181 97 (53.6%) 84 (46.4%) 0.000 136 (75.1%) 45 (24.9%) 0.000

B 104 17 (16.3%) 87 (83.7%) 57 (54.8%) 47 (45.2%)

ALT(U/L)

≥40 101 27 (26.7%) 74 (73.3%) 0.001 64 (63.4%) 37 (36.6%) 0.244

<40 184 87 (47.3%) 97 (52.7%) 129 (70.1%) 55 (29.9%)

AST(U/L)

≥40 113 29 (25.7%) 84 (74.3%) 0.000 66 (58.4%) 47 (41.6%) 0.006

<40 172 85 (49.4%) 87 (50.6%) 127 (73.8%) 45 (26.2%)

AFP (μg/L)

≥200 201 62 (30.8%) 139 (69.2%) 0.000 124 (61.7%) 77 (38.3%) 0.001

<200 84 52 (61.9%) 32 (38.1%) 69 (82.1%) 15 (17.9%)

TBIL (μmol/L)

≥21 67 18 (26.9%) 49 (73.1%) 0.012 41 (61.2%) 26 (38.8%) 0.191

<21 218 96 (44.0%) 122 (56.0%) 152 (69.7%) 66 (30.3%)

Tumor size

≥5cm 209 75 (35.9%) 134 (64.1%) 0.019 134 (64.1%) 75 (35.9%) 0.031

<5cm 76 39 (51.3%) 37 (48.7%) 59 (77.6%) 17 (22.4%)

Tumor number

Single 56 27 (48.2%) 29 (51.8%) 0.162 41 (73.2%) 15 (26.8%) 0.327

Multiple 229 87 (38.0%) 142 (62.0%) 152 (66.4%) 77 (33.6%)

Vascular invasion

Present 63 9 (14.3%) 54 (85.7%) 0.000 32 (50.8%) 31 (49.2%) 0.001

Absent 222 105 (47.3%) 117 (52.7%) 161 (72.5%) 61 (27.5%)

BCLC

A/B 201 99 (49.3%) 102 (50.7%) 0.000 151 (75.1%) 50 (24.9%) 0.000

C 84 15 (17.9%) 69 (82.1%) 42 (50.0%) 42 (50.0%)

(Continued)
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3-, and 5-year PFS: 78.9%, 45.6%, 12.2% vs 5.9%, 1.5%, 
0%, both p<0.001) (Table 6) (Figure 4).

Moreover, Group 4 took the lowest position in 1-, 3-, 
and 5-year OS rates (22.1%, 2.9%, 0%, respectively) and 
PFS rates (5.9%, 1.5%, 0%, respectively) among all 
groups (all p<0.001). However, OS and PFS rates in 
Group 2 and Group 3 had no significant difference 
(p>0.05). Collectively, it is suggested that the high PNI- 
BMI combination score is of greater possibility to have 
a better overall and progression-free survival (Figure 4).

Comparison of the Areas Under the ROC Curves
In order to confirm the predictive power of two indices 
combination, we calculated the areas under the ROC 
curves (AUC) of survival status at 1-year, 3-year and 
5-year follow-up period. As shown in Table 7, the PNI- 
BMI combination had higher area under the curves of 
1-year, 3-year and 5-year overall survival rates than PNI 
or BMI alone. Compared with PNI (0.742, 0.768,0.737) 
and BMI (0.670,0.687,0.685), PNI-BMI combination had 
higher AUC (0.790, 0.834, 0.820, respectively, all 
p<0.001). Undoubtedly, all AUC were greater than 0.5, 
which means effectiveness. Consistently, PNI-BMI 
visually had a splendid distinguished capacity in compar-
ison with PNI or BMI alone (Figure 5).

Discussion
According to the clinical practice guidelines, TACE serves 
as the first choice for patients diagnosed as BCLC-B stage 

HCC.6,7 Nevertheless, in most practical cases, some 
BCLC-C patients with preserved liver function also take 
TACE therapy to delay the advancement of tumor and 
remit some symptoms.7 Population suffering from unre-
sectable HCC is composed of a large heterogeneous clas-
sification including different tumor staging systems and 
a large scale of immune-nutritional states and disease 
burdens, and undoubtedly exhibits variable outcomes as 
well. Hence, we convinced that novel and more precise 
prognostic indices are urgently essential to improve the 
prognostic prediction in patients suffering from unresect-
able HCC after TACE treatment.

Though TACE is the mainstay of palliative modalities 
for patients with unresectable HCC, a series of postopera-
tive changes in metabolism and immunity are inevitable 
possibly leading to complications and tumor progression. 
In addition, malnutrition is also a prognostic factor in 
patients with HCC on account of concomitant hypohepatia 
or cirrhosis. Theoretically, immunological and malnutri-
tion status are regarded as indicators for prognosis after 
TACE.25,28–31

As an immune-nutritional-related score, PNI was ori-
ginally proposed to assess the perioperative status and 
surgical risks in patients undergoing gastro-intestinal 
surgery.16,32 Recently, PNI has been used to evaluate the 
immune-nutritional states of patients with a variety of 
malignancies, including HCC.16,20,32–34 Pinato et al20 

who first proposed the PNI score, reported that a lower 
PNI score is a novel, independent and externally validated 
predictor of poor OS in HCC. Meanwhile, Chan et al34 

demonstrated that PNI was a significant prognostic pre-
dictor of both OS and PFS in patients diagnosed as very 
early/early stage receiving curative therapy. However, He 
et al18 indicated that PNI were less valuable predicting 
system for TACE-treated patients. Similarly, Kinoshita et -
al35 suggested that there was no correlation between PNI 
and outcomes of patients with HCC.

Table 2 (Continued). 

Variables Cases PNI p BMI p

>45 ≤45 ≥18.5 <18.5

TNM stage

I–II 90 50 (55.6%) 40 (44.4%) 0.000 74 (82.2%) 16 (17.8%) 0.000

III–IV 195 64 (32.8%) 131 (67.2%) 119 (61.0%) 76 (39.0%)

Abbreviations: ALT, alanine transaminase; AST, aspartate aminotransferase; TBIL, total bilirubin; AFP, alpha-fetoprotein; HBsAg, hepatitis B surface antigen; PNI, prognostic 
nutritional index; BMI, body mass index.

Table 3 Correlation Between PNI and BMI in HCC Patients

BMI PNI Cases P value

>45 ≤45

≥18.5 90 103 193 0.001

<18.5 24 68 92

Abbreviations: PNI, prognostic nutritional index; BMI, body mass index.
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Table 4 Prognostic Factors for OS and PFS by Univariate Analysis

Variables Cases OS p PFS p

1-Year 3-Year 5-Year 1-Year 3-Year 5-Year

Age (yrs)

≥60 137 62.0% 27.0% 12.4% 0.495 42.3% 16.1% 5.8% 0.558

<60 148 58.1% 31.8% 12.8% 40.5% 23.0% 5.4%

Gender

Male 232 56.9% 27.6% 12.5% 0.466 40.1% 18.5% 5.6% 0.377

Female 53 73.6% 37.7% 13.2% 47.2% 24.5% 5.7%

HbsAg

Positive 174 59.8% 29.9% 13.2% 0.377 39.7% 21.3% 6.3% 0.617

Negative 111 60.4% 28.8% 11.7% 44.1% 17.1% 4.5%

AFP (mg/L)

≥200 201 50.7% 19.9% 7.5% 0.000 29.9% 13.4% 3.0% 0.000

<200 84 82.1% 52.4% 25.0% 69.0% 34.5% 11.9%

Cirrhosis

Yes 125 53.6% 23.2% 8.8% 0.023 33.6% 13.6% 4.0% 0.044

No 160 65.0% 34.4% 15.6% 47.5% 24.4% 6.9%

Child-Pugh class

A 181 71.8% 39.8% 17.7% 0.000 52.5% 27.1% 8.3% 0.000

B 104 39.4% 11.5% 3.8% 22.1% 6.7% 1.0%

ALT (U/L)

≥40 101 50.5% 22.8% 9.9% 0.055 31.7% 14.9% 5.0% 0.063

<40 184 65.2% 33.2% 14.1% 46.7% 22.3% 6.0%

AST (U/L)

≥40 113 50.4% 18.6% 7.1% 0.000 28.3% 9.7% 3.5% 0.001

<40 172 66.3% 36.6% 16.3% 50.0% 26.2% 7.0%

TBIL (mmol/L)

≥21 67 47.8% 20.9% 7.5% 0.032 31.3% 13.4% 3.0% 0.058

<21 218 63.8% 32.1% 14.2% 44.5% 21.6% 6.4%

Tumor size

≥5cm 209 52.2% 23.9% 5.7% 0.000 34.4% 14.8% 1.9% 0.000

<5cm 76 81.6% 44.7% 31.6% 60.5% 32.9% 15.8%

Tumor number

Single 56 76.8% 53.6% 19.6% 0.000 66.1% 39.3% 8.9% 0.000

Multiple 229 55.9% 23.6% 10.9% 35.4% 14.8% 4.8%

Vascular invasion

Present 63 17.5% 0% 0% 0.000 3.2% 0% 0% 0.000

Absent 222 72.1% 37.8% 16.2% 52.3% 25.2% 7.2%

BCLC

A/B 201 76.6% 40.3% 17.9% 0.000 55.7% 26.9% 7.5% 0.000

C 84 20.2% 3.6% 0% 7.1% 2.4% 1.2%

(Continued)
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Likewise, BMI is another immune-nutritional-related 
index, which suggests state of nutrition and immunologic 
function greatly affecting outcomes of patients. In other 
words, low BMI does not only suggest poor nutrition 
status but also frequently couples with decreased lympho-
cyte count levels on behalf of immunosuppression. 
Furthermore, concomitant underlying liver function lesion 
might reduce anti-tumor and anti-metastasis function of 
immune system. For example, Okamura et al26 confirmed 
that low BMI had a higher risk of postoperative complica-
tions and mortality in patients after hepatic resection for 

HCC. However, although malnutrition is proved to possess 
predictive power, Schutte et al25 believed that BMI was 
not sensitive enough to independently predict the out-
comes of HCC patients. In general, the evidences collected 
so far cannot convincingly support BMI as an independent 
predictive factor of patient outcomes and tumor prognosis.

As the predictive value of these two indices are rela-
tively weak and in need of strengthening, we explored 
whether a combination of these clinical scores could 
increase the accuracy of prognostic predictions and opti-
mize the selection of patients who would benefit most 

Table 4 (Continued). 

Variables Cases OS p PFS p

1-Year 3-Year 5-Year 1-Year 3-Year 5-Year

TNM stage

I–II 90 85.6% 53.3% 28.9% 0.000 67.8% 37.8% 12.2% 0.000

III–IV 195 48.2% 18.5% 5.1% 29.2% 11.3% 2.6%

PNI

>45 114 86.8% 55.3% 24.6% 0.000 67.5% 38.6% 10.5% 0.001

≤45 171 42.1% 12.3% 4.7% 24.0% 7.0% 2.3%

BMI

≥18.5 193 72.0% 40.9% 18.7% 0.000 56.0% 26.9% 7.8% 0.000

<18.5 92 34.8% 5.4% 0% 10.9% 4.3% 1.1%

Abbreviations: OS, overall survival; PFS, progression-free survival; ALT, alanine transaminase; AST, aspartate aminotransferase; TBIL, total bilirubin; AFP, alpha-fetoprotein; 
HBsAg, hepatitis B surface antigen; PNI, prognostic nutritional index; BMI, body mass index.

Table 5 Prognostic Factors for OS and PFS by Multivariate Analysis on Cox Proportional Hazards Regression Model

Variables OS PFS

HR 95% CI p HR 95% CI p

HbsAg 1.353 1.020–1.793 0.036

AFP 0.574 0.421–0.782 0.000 0.599 0.447–0.802 0.001

Cirrhosis 1.442 1.003–2.073 0.048

Child-Pugh class 1.985 1.220–3.232 0.036

Tumor size 0.537 0.330–0.873 0.012 0.560 0.348–0.901 0.017

Tumor number 1.641 1.112–2.421 0.013

Vascular invasion 0.354 0.193–0.648 0.001

BCLC stage 2.427 1.429–4.123 0.001

PNI 0.963 0.942–0.985 0.001 0.962 0.942–0.983 0.000

BMI 2.671 1.967–3.628 0.000 2.251 1.676–3.024 0.000

Abbreviations: OS, overall survival; PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; HBsAg, hepatitis B surface antigen; AFP, alpha-fetoprotein; 
PNI, prognostic nutritional index; BMI, body mass index.
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from TACE. In addition, Ji et al27 believed that PNI 
combined with BMI could have potential prognostic 
value in early HCC patients after hepatectomy.

In our study, the cut-off value of the PNI was 45, with 
the peaked Youden index. In addition, both of PNI and BMI 
were found to be negatively correlated with AFP, Child- 
Pugh class, AST, tumor size, vascular invasion, TNM and 
BCLC stage. Further, PNI was also proved to be relevant to 

ALT and TBIL. Univariate analysis identified that AFP, 
cirrhosis, Child-Pugh class, AST, tumor size and number, 
vascular invasion, TNM and BCLC stage, PNI and BMI 
were significant prognostic factors for both OS and PFS. 
Nevertheless, multivariate analysis identified AFP levels, 
tumor size, PNI and BMI as independent prognostic factors 
in TACE-treated patients. After 285 patients were divided 
into four groups based on PNI-BMI combination, it is 

Figure 3 Kaplan-Meier survival curves analysis based on PNI or BMI alone for OS and DFS in 285 HCC patients receiving TACE treatment. (A, B) Patients with PNI>45 
compared with patients with PNI ≤ 45 had longer overall survival and disease-free survival (both p<0.001, Log rank test). (C, D) Patients with BMI≥18.5 compared with 
patients with BMI<18.5 had longer overall survival and disease-free survival (both p<0.001, Log rank test).

Table 6 Comparison of OS and PFS in Different PNI-BMI Combination Groups

Group PNI BMI Cases OS p PFS p

1-Yrs 3-Yrs 5-Yrs 1-Yrs 3-Yrs 5-Yrs

1 >45 ≥18.5 90 91.1% 66.7% 31.1% 0.000 78.9% 45.6% 12.2% 0.000

2 >45 <18.5 24 70.8% 12.5% 0% 25.0% 12.5% 4.2%

3 ≤45 ≥18.5 103 55.3% 18.4% 7.8% 35.9% 10.7% 3.9%
4 ≤45 <18.5 68 22.1% 2.9% 0% 5.9% 1.5% 0%

Abbreviations: OS, overall survival; PFS, progression-free survival; PNI, prognostic nutritional index; BMI, body mass index.
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obvious that group with higher united PNI-BMI scores has 
progressively better prognosis in comparison with lower 
combination groups, and the differences were largely sig-
nificant. Moreover, compared with PNI or BMI alone, 
combination of two scores could better reflect the systemic 
inflammatory response and immune-nutritional status for 

patients receiving TACE. As the AUC analysis show, the 
performances of PNI and BMI alone were overtaken by the 
effectivity of integrated PNI and BMI for predicting the OS. 
These data strongly support that combination of PNI and 
BMI can effectively enhance the accuracy of prognosis 
prediction.

Through our efforts, the issue that PNI or BMI alone was 
less accurate as a predictive factor was effectively solved by 
the combination of two scores. To our knowledge, our study is 
the first to assess the prognostic predictive capacity of com-
bined PNI and BMI score in patients with intermediate or 
advanced HCC undergoing TACE. Simultaneously, it was 
demonstrated that low PNI-BMI combination was more fre-
quently observed in patients with poor prognosis. On the 
contrary, higher PNI-BMI combination often indicates longer 
survival and slower tumor progression. We found that preo-
perative PNI and BMI had great potential to predict the out-
comes of patients after TACE and combination of them can 
increase the predictive values. In the future, the simple and 
inexpensive preoperative assessment based on the PNI-BMI 
combination could be used to evaluate before surgery and 
ensure patients to receive the most appropriate therapy.

The limitation of our study should be taken into account. 
First, our study was retrospective and single-centered. And the 
sample size was relatively small which might affect the 

Table 7 Comparison of the AUC Values Between the 
Inflammation-Based Index and Score

Period AUC 95% CI p

1-year

PNI 0.742 0.684–0.799 0.000
BMI 0.670 0.604–0.736 0.000

PNI-BMI 0.790 0.736–0.843 0.000

3-year

PNI 0.768 0.709–0.828 0.000
BMI 0.687 0.625–0.749 0.000

PNI-BMI 0.834 0.784–0.883 0.000

5-year

PNI 0.737 0.655–0.819 0.000
BMI 0.685 0.612–0.757 0.000

PNI-BMI 0.820 0.761–0.879 0.000

Abbreviations: AUC, area under the curve; CI, confidence interval; PNI, prog-
nostic nutritional index; BMI, body mass index.

Figure 4 Kaplan-Meier survival curves for overall and disease-free survival in different patient groups of PNI-BMI combination. Group 1, 2, 3 and 4, respectively, correspond 
to PNI-high and BMI-high, PNI-high and BMI-low, PNI-low and BMI-high, PNI-low and BMI-low. Patients with high PNI-BMI combination had best overall and disease-free 
survival (p< 0.001, Log rank test) while patients with low-PNI and low-BMI showed worst outcomes among all groups (p< 0.001, Log rank test). (A) Overall survival time. 
(B) Disease-free survival time.
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accuracy of our assessment. Second, a very tiny proportion of 
patients received some systemic treatment such as targeted 
immunotherapy, chemotherapy and traditional Chinese medi-
cine after TACE. It was likely to produce minimal bias on 
results though we avoided and balanced bias as far as possible. 
TACE-treated patients were enrolled and the number and 
frequency of TACE treatment for patients were diverse, possi-
bly causing bias. As our study is retrospective, we cannot deny 
the intrinsic limitations of our current study and further pro-
spective study is needed. Third, numerous other biomarkers, 
including C-reactive protein, modified Glasgow Prognostic 
Score (mGPS), neutrophil-lymphocyte ratio (NLR) and plate-
let-to-lymphocyte ratio (PLR), were not included in our study. 
Further researches are essential to determine which marker or 
different combination of markers could show the top perfor-
mance to improve the prognostic ability.

Conclusion
Conclusively, the PNI-BMI combination can greatly 
improve the accuracy and efficiency of predicting prog-
nosis in patients. Moreover, a higher PNI-BMI combina-
tion predicted a better outcome of patients while a lower 
PNI-BMI was more likely to indicate poor prognosis. As 
shown in our study, the PNI-BMI combination could serve 
as a novel, available and inexpensive immune-nutritional- 
based index to predict prognosis of unresectable HCC 
patients undergoing TACE in routine clinical practice.

Abbreviation
HCC, hepatocellular carcinoma; PNI, prognostic nutri-
tional index; BMI, body mass index; TACE, transarterial 
chemoembolization.
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