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Summary

Purpose: The prognostic factors related to survival of pri-
mary hepatocellular carcinoma (HCC) after radical resec-
tion were analyzed in order to establish a new prognostic 
model for HCC patients and to shed light on personalized 
treatments.

Methods: 141 patients pathologically diagnosed as HCC 
were enrolled. The independent prognostic factors affecting 
overall survival were identified, and a prognostic mathemati-
cal model was established. Independent samples of 21 cases 
were used to validate the model’s ability to predict prognosis 
of HCC patients.

Results: The median survival time was 34 months, and the 
1-, 3-, and 5-year overall survival rates were 93.2%, 80%, and 
68.9%, respectively. Univariate analysis showed that alpha 
fetoprotein (AFP) serum level, tumor size, tumor capsule, 
liver cirrhosis, neutrophil-to-lymphocyte ratio (NLR), and 
total bilirubin (TBIL) were significantly correlated with over-
all survival (p<0.05). Cox multivariate analysis indicated 
that the independent prognostic factors were AFP serum 
level, liver cirrhosis, tumor size, tumor capsule, and NLR. 
The prognostic mathematical model was: Prognostic Index 

(PI)=1.725 * liver cirrhosis + 0.783 * NLR + 1.046 * AFP + 
0.595 * tumor size - 0.811 * tumor capsule. Based on the 
PI quartiles, 3.933 (25%), 4.716 (50%), and 5.195 (75%), 
the patients were divided into 4 groups: low risk (PI<3.933), 
moderate-risk (3.933 ≤ PI < 4.716), high-risk (4.761 ≤ PI < 
5.195), and very high-risk (PI ≥ 5.195) group. The median 
survival times were 60, 34, 32, and 20 months, respectively. 
The 1-, 2-, 3-, and 5-year cumulative survival rates were 
100%, 96%, 96%, 86%; 89%, 75%, 68%, 68%; 77%, 68%, 
57%, 44%; 50%, 34%, 29%, 29%, separately. The predictions 
of the prognostic model demonstrated good consistency with 
the actual results. The total accuracy rate was 80.9%, and the 
Kappa consistency coefficient was 0.571 (p=0.009).

Conclusions: The higher the PI, the lower the postopera-
tive cumulative survival rate and the worse the prognosis. 
This model can be used as an effective method to assess the 
prognosis of HCC patients after resection.

Key words: hepatocellular carcinoma (HCC), radical liver 
resection, survival analysis, Cox regression analysis, prog-
nostic model

Introduction

 Hepatocellular carcinoma (HCC) is a serious 
threat to human life. It is the fifth most common 
malignant tumor and the third cancer-related cause 
of death worldwide. More than 600,000 people die 

every year of HCC [1,2], and its incidence is increas-
ing rapidly [3]. At present, there are many available 
treatment methods for HCC, among which surgi-
cal resection is preferred [4,5]. However, recurrence 
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and distant metastasis often occur after surgery 
and reduce the overall survival of patients, affect-
ing the long-term prognosis of surgical treatment 
[6]. For clinicians, appropriate clinical decision-
making is more urgent than the specific treatment 
regimen. Therefore, a standard for prognosis evalu-
ation is needed. Nowadays, the CLIP, BCLC, and 
JIS staging systems are used for the prognosis 
evaluation of HCC patients [7, 8]. However, these 
systems cannot be widely used due to different 
population and statistical methods, and/or differ-
ent inclusion and exclusion criteria. In the present 
study, a comprehensive model for the prediction of 
prognosis of HCC patients after radical resection, 
based on 27 clinical indicators including clinical 
imaging, serological parameters, and pathological 
characteristics was developed. The proposed prog-
nosis model can provide a reference for choosing 
the proper operation, clinical comprehensive treat-
ment, and prognosis of HCC patients, which will 
contribute to increasing the overall survival of HCC
patients.

Methods 

Patients 

 In total, 141 HCC patients pathologically diagnosed 
and treated in the First Affiliated Hospital of Dalian 
Medical University from January 2001 to March 2010, 
were enrolled in this retrospective study. Postoperative 
follow-up data was collected using the Dalian Centers 
for Disease Control query, telephone follow-up, and all 
medical record systems of big Dalian hospitals. The 
endpoint was defined as death due to liver cancer, the 
censored data as death due to other diseases, and those 
surviving during follow-up or lost to follow-up. The 
survival time was calculated on a monthly basis, and 
was defined as the period from operation to death or to 
the deadline of March 2015. This study was approved 
by the Ethics Committee of the First Affiliated Hospital 
of Dalian Medical University. Signed written informed 
consents were obtained from all participants before the 
study entry.

Clinical data 

 On the basis of literature review, a total of 27 indi-
cators were summarized and selected including gender, 

No Variables Value assignments

X1 Sex Male (1) Female (2)
X2 Age <40 (1) 40-60 (2) >60 (3)
X3 Blood type O (0) A (1) B (2) AB (3)
X4 Smoking history Yes (1) No (2)
X5 History of diabetes Yes (1) No (2)
X6 HBsAg Positive (1) Negative (0)
X7 ALT ≤50 (1) >50 (2)
X8 AST ≤40 (1) >40 (2)
X9 ALB ≤40 (1) >40 (2)
X10 γ-GT ≤60 (1) >60 (2)
X11 ALP ≤125 (1) >125 (2)
X12 TBIL ≤19 (1) >19 (2)
X13 PT ≤13 (1) >13 (2)
X14 INR ≤1.08 (1) >1.08 (2)
X15 PLT ≤133 (1) >133 (2)
X16 NLR ≤2.8 (1) >2.8 (2)
X17 CEA ≤5 (1) >5 (2)
X18 AFP ≤20 (1) >20 (2)
X19 Tumor size (cm) ≤3 (1) 3-10 (2) >10 (3)
X20 Tumor capsule Yes (1) No (0)
X21 Tumor location Left lobe (1) Right lobe (2)
X22 Number of tumors Single shot (1) Multiple shots (2)
X23 Child-Pugh classification A (1) B (2) C (3)
X24 TNM stage I (1) II (2) III (3)
X25 Intraoperative blood transfusion Yes (1) No (0)
X26 Cirrhosis Yes (1) No (0)
X27 Portal vein thrombus Yes (1) No (0)
Y Survival result Dead (1) Survived, lost, dead of other diseases (0)

Table 1. Clinicopathological variables
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age, blood type, smoking history, diabetes mellitus his-
tory, HBsAg, AST, ALT, ALB, γ-GT, alkaline phosphatase 
(ALP), total bilirubin (TBIL), prothrombin time (PT), 
international normalized ratio (INR), alpha fetoprotein 
(AFP), carcinoembryonic antigen (CEA), platelet count 
(PLTx109 /L), neutrophil-to-lymphocyte ratio (NLR), 
tumor size, number of tumors, tumor location, tumor 
capsule, TNM stage, Child-Pugh classification, liver cir-
rhosis, portal vein tumor thrombus, and intraoperative 
blood transfusion. The data of 120 patients from January 
2001 to March 2009 were used for the establishment 
of the model, while the data of 21 patients from March 
2009 to March 2010 were used in the validation of the 
model. Statistical analysis was performed using the 
SPSS statistical package version 19.0, and p<0.05 was 
considered statistically significant. A total of 27 clinico-
pathological variables were recorded (Table 1). 

Prognostic model establishment

 Univariate analysis and multivariate analysis were 
used to identify the independent prognostic factors of 
HCC patients after radical resection. Survival curves 
were generated using Kaplan-Meier method and the log 
rank test was used to assess the significance of differ-
ences in the classification of the factors, and build a Cox 
regression model and a prognostic index model. 
 For the prognostic index (PI) classification, the PI 
of each patient was calculated, and the patients were di-
vided into 4 groups (low risk group, medium risk group, 
high risk group, and very high risk group). Then, the 
median survival time and the 1-, 3-, and 5-year overall 
survival were evaluated by Kaplan-Meier analysis. 
 Receiver operating characteristic curve (ROC) curve 
analysis was used to evaluate the prognostic model, 

where the PI was considered as the test variable, the 3-, 
and 5-year survival outcomes (survival or death) as the 
state variable, and the calculated area under the ROC 
curve (AUC) was used to evaluate the ability of the model 
to predict the 3-, and 5-year survival outcomes.
 For the validation of the model, the ROC curve was 
used to obtain the optimal risk value, which was used as 
a PI cut-off value, where PI < cut-off indicated survival, 
and PI > cut-off indicated death. In addition, Kappa-con-
sistency analysis, specificity, sensitivity, and accuracy 
were used to evaluate the ability of the model to predict 
outcomes.

Results

General information 

 The data of 120 HCC patients were used for the 
establishment of the model. There were 94 males 
and 26 females with a mean age of 53.7 ± 9.9 years 
(range, 31-79). The median survival time of all pa-
tients was 34 months and the 1-, 3-, and 5-year 
overall survival rates were 93.2%, 80%, and 68.9%, 
respectively. 

Prognostic mathematical model

 A total of 27 clinicopathological variables were 
recorded and assigned a value (Table 1). Univari-
ate analysis revealed that AFP, tumor size, tumor 
capsule, cirrhosis, NLR, and TBIL had a significant 
impact on the prognosis of HCC (p<0.05) (Table 2). 
On the other hand, sex, age, blood type, smoking 

Variables Number of cases (%) x2 p

AFP (IU/ml) 5.800 0.016

≤20 42 (35.0)

>20 78 (65.0)

Cirrhosis 11.414 0.001

With 91 (75.8)

Without 29 (24.2)

Total bilirubin (μmol/L) 4.190 0.041

≤19 68 (56.7)

>19 52 (43.3)

Tumor size (cm) 9.556 0.008

≤3 48 (40.0)

3<Tumor size ≤10 64 (53.3)

>10 8 (6.7)

Tumor capsule 9.007 0.003

Envelope 94 (78.3)

Without envelope 26 (21.7)

Neutrophil lymphocyte ratio 4.903 0.027

≤2.8 70 (58.3)

>2.8 50 (41.7)

Table 2. Univariate analysis of HCC risk factors
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history, history of diabetes, HBsAg-positive or not, 
AST, ALT, ALB, r-GT, ALP, PT, INR, CEA, PLT, num-
ber of tumors, tumor location, TNM stage, portal 
vein tumor thrombus, with or without intraopera-
tive blood transfusion, liver function, and Child-
Pugh classification had not impact on the prognosis 
of liver cancer (p>0.05).
 Cox multivariate analysis shows that AFP, 
tumor size, tumor capsule, cirrhosis, NLR were 
independent prognostic factors in HCC after cura-
tive resection (p<0.05) (Table 3). The Cox regression 
model was: h (t,x) = h0 (t) exp (1.725 × cirrhosis + 
0.783 × NLR + 1.046 × AFP + 0.595 ×tumor size + 
(-0.811) × tumor capsule). The x2 test was used for 
the hypothesis testing, and the overall model was 
statistically significant (p<0.01). The mathematical 
model for HCC prognosis after radical resection was 
PI=1.725 × cirrhosis + 0.783 × NLR + 1.046 × AFP 
+ 0.595 × tumor size + (-0.811) × tumor capsule.

Survival reference table 

 Each patient’s prognostic index was calculated, 
and according to the PI quartiles, the patients were 
divided into 4 groups, which were the low-risk (PI 
< 3.933), the medium-risk (3.933 ≤ PI < 4.716), the 
high-risk (4.716 ≤ PI < 5.195), and the very high-
risk group (PI ≥ 5.195). The 1-, 2-, 3-, and 5-year 
cumulative survival rates of patients in the differ-
ent groups can be seen in Table 4.

Most dangerous PI values (cut-off) 

 The cut-off value for predicting the risk of 
5-year survival outcome was calculated using the 
ROC curve and was found to be 4.093 (with sen-
sitivity 75%, specificity 64.3%, Youden index (YI) 
= 0.393) (Table 5), meaning that if PI ≤ 4.093, the 
model predicts survival after 5 years, while if PI > 
4.093, it predicts death after 5 years.

Comparison between model predictions and actual 
results

 Between March 2009 and March 2010, 21 
cases (19 males and 2 females; 7 deaths, 14 sur-

Selected variable Regression
Coefficient (B)

Standard 
error (SE)

Wald
x2

Standard 
deviation

p value Relative risk Relative risk CI 95.0%

Lower Upper

AFP 1.046 .388 7. 281 1 0.007 2.845 1.331 6.081

Tumor size 0.595 .251 5.605 1 0.018 1.813 1.108 2.967

Tumor capsule -0.811 .340 5.686 1 0.017 0.444 0.228 0.866

Cirrhosis 1.725 .531 10.548 1 0.001 5.615 1.982 15.907

NLR 0.783 .314 6.194 1 0.013 2.187 1.181 4.050

Table 3. Cox multivariate analysis results

Prognostic index. Cumulative survival rate (%)

1-year 2- year 3- year 5- year

Low-risk group 60 (PI<3.933) 100 96 96 86

Medium-risk group 34 (3.93 3 ≤ PI < 4.716) 89 75 68 68

High-risk group 32 (4.716 ≤ PI < 5.195) 77 68 57 44

Very high-risk group 20 (PI ≥ 5.195)  50 34 29 29

Table 4. Cumulative survival rate of different PI levels (%)

Prognostic index Sensitivity Specificity

0.61300 1.000 1.000

3.86750 0.848 0.464

3.98500 0.783 0.429

4.05100 0.772 0.393

4.09300 0.750 0.357

4.13500 0.696 0.321

4.26650 0.685 0.321

4.50800 0.609 0.250

6.23950 0.065 0.000

7.57300 0.000 0.000

Table 5. Determination of most dangerous PI values

Model prediction Actual result

Death Survival Total

Death 5 2 7

Survive 2 12 14

Total 7 14 21

Table 6. Predictions and actual situations of 21 validation 
samples
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vived) were set apart to be used as the independ-
ent sample (Table 6). The 5-year survival outcomes 
of the model predictions were compared with the 
actual results based on the 5-year follow-up. The 
total prediction accuracy was 80.9% and the Kap-
pa=0.571 (p=0.009). The results revealed that the 
model prediction and the consistency with the ac-
tual outcomes were statistically significant with 
good consistency.

Discussion

 Both outcome quality and time length, which 
can be called survival data, should be considered 
when assessing the effect of treatment or progno-
sis, and this statistical method is called survival 
analysis. Univariate analysis results have a signifi-
cant impact on the prognosis. However, this type of 
analysis cannot fully reflect the complexity of the 
disease, due to the interaction of a single factor, 
and thus the prognosis is prone to bias. As medi-
cal statistics develop, multivariate analysis has 
become a hot topic, and is carried out through the 
establishment of prognostic models. Consequent-
ly, logistic regression and Cox regression analysis 
should be applicable. Logistic regression is mainly 
used for binary or multiple data classification. In 
this study, the Cox regression model, which was 
developed by Dr. Cox, a British statistical expert, in 
1972, is a commonly used semi-parametric regres-
sion model. There are no special requirements for 
survival distribution, and compared to other anal-
ysis methods, it has a unique ability to evaluate 
the prognosis. This more flexible model can suc-
cessfully integrate a number of factors, effectively 
control confounding factors affecting the strength 
and direction of observation indicators, and fully 
utilize the “censored data”. Therefore, the prog-
nostic model outcomes are more consistent with 
the objective results. Both CLIP and CUPI staging 
systems are established based on Cox models. In 
addition, in the present study the model prognostic 
index was applied in order to obtain a ROC curve 
for preliminary evaluation. ROC curve evaluation 
is more accurate, effective, and comprehensive in 
diagnostic tests. An AUC between 0.5-0.7 indicates 
a low diagnostic value, while between 0.7-0.9 in-
dicates a moderate diagnostic value. When AUC is 
>0.9, a diagnostic test is considered of high accu-
racy [9]. However, the ROC curve is less sensitive in 
individual prediction evaluation. Therefore, further 
validation is necessary, and this can be achieved 
with Kappa consistency test. The Kappa value is 
an important indicator of the reliability of clini-
cal diagnostic evaluation. The larger the k-factor, 
the higher the matching degree. In practice, k ≥ 

0.7 represents strong goodness of fit, 0.4 ≤ k < 0.7 
general goodness of fit, and k < 0.4 weak goodness 
of fit. 
 In general, HCC is associated with both high 
incidence and mortality rates, and poor prognosis 
with short overall survival. Its prognosis includes 
many factors which are extensive at home and 
abroad. Widely recognized factors include tumor, 
non-tumor, and surgical procedure factors. Follow-
ing univariate analysis of 27 clinical indicators af-
fecting HCC prognosis after radical resection, it 
was found that serum AFP level, tumor size, tu-
mor capsule, cirrhosis, NLR, and TBIL were sig-
nificantly correlated with the prognosis of HCC 
(p<0.05). However, in multivariate analysis, TBIL 
was excluded, indicating that it has poor prognostic 
sensitivity. Tumor size, tumor capsule, NLR, AFP, 
and cirrhosis were independent survival prognos-
tic factors of HCC after hepatectomy. Compared to 
previous results of several large studies, the sig-
nificant prognostic indicators were basically the 
same. In northeast China, the HCC prognosis model 
following radical resection provides a comprehen-
sive plan for treatment.
 It remains controversial if AFP can be used as 
an independent prognostic factor. Some authors 
believe that AFP is an independent prognostic fac-
tor affecting the long-term survival of HCC patients 
[10-13]. In a prospective study of 189 HBV-HCC 
cases, Blank et al. [10] stratified the different AFP 
levels, and found that as the AFP level increased, 
the postoperative cumulative survival rate dropped. 
While AFP is taken into account in the CLIP [7], 
CUPI [14], BALAD [15], and CIS staging systems 
[16], Gomaa et al. [8] suggested that AFP should 
be also added to the BCLC staging system, in order 
to increase the selectivity of HCC patients. On the 
other hand, there is the opposite view that pre-
operative serum AFP levels have no effect on the 
prognosis of liver cancer [17,18]. Shim et al. [19] 
divided the patients after surgical resection into 
two groups: one with AFP≥20 ng/mL and the oth-
er with AFP<20 ng/mL. No significant difference 
(p>0.05) in the recurrence rates was found, indicat-
ing that the preoperative AFP level has no effect 
on overall survival. In this study, it was found that 
the AFP-positive group had a significantly worse 
prognosis than the AFP-negative group (p=0.016), 
and the 1, 3, and 5-year survival rates of the AFP-
negative group were 90%, 76%, and 71%, respec-
tively, while those of the AFP-positive group were 
72%, 56%, and 49%, respectively. Higher AFP levels 
indicate poorer liver function, higher operative risk 
and difficulty, more blood loss, and need for more 
blood transfusion [20]. Moreover, we believe that 
high AFP levels increase the grade of malignancy, 
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which facilitates vascular invasion and promotes 
tumor invasion and metastasis, leading to a poor 
prognosis. 
 Many studies have shown that the different 
degrees of liver fibrosis and cirrhosis are important 
factors affecting postoperative long-term survival 
and recurrence of HCC [21,22]. Nanashima et al. 
[13] found that liver cirrhosis is an independent 
risk factor for long-term survival of patients with 
HBV-HCC. Yamashita et al. [23] indicated that liver 
cirrhosis is worse than useless for the long-term 
prognosis of HCC patients. Bilimoria et al. [24] 
studied 145 HCC patients whose survival time was 
longer than 5 years. They found that, compared 
to patients with cirrhosis and high degree of liver 
fibrosis, those with mild hepatic fibrosis had longer 
survival times. Furthermore, they found that liver 
fibrosis has a major impact on postoperative long-
term survival, and suggested that liver fibrosis/
cirrhosis should be included in TNM staging. In 
the present study, patients were divided into two 
groups: a cirrhosis group and a non-cirrhosis group. 
For the cirrhosis group, the 1-, 3- and 5-year cumu-
lative survival rates after surgery were 73%, 53%, 
and 45%, respectively, while for the non-cirrhosis 
group were 97%, 89%, and 84%, respectively. This 
result was consistent with results reported by most 
researchers. 
 Tumor size reflects the degree of tumor load, 
and is also the biological indicator of tumor growth. 
Several reports have concluded that tumor size is 
a risk factor for survival and prognosis of HCC pa-
tients after hepatectomy [25,26]. Zhou et al. [27] di-
vided 396 HCC cases into two groups: a group with 
survival time ≥20 years and another with survival 
time <20 years. The comparative study demonstrat-
ed that in the ≥ 20 years group, the proportion of 
patients with tumor diameter ≤5 cm was higher 
than that in the <20 years group (p<0.000). The 
patients with tumor diameter >5cm had a lower 
cumulative survival rate. In other studies, it was 
suggested that tumor size is not associated with 
the prognosis of HCC patients [28,29]. In this paper, 
it was concluded that tumor size is an independent 
prognostic factor of liver cancer (p=0.008), where 
the larger the tumor diameter, the lower the post-
operative cumulative survival. This can be attrib-
uted to the following reasons: (1) the larger the 
tumor diameter, the higher the possibility of liver 
metastasis and vascular invasion, distant metasta-
sis, and thus the survival rate decreases and leads 
to worse prognosis; (2) the larger the tumor diam-
eter, the more important vascular system can be 
compressed, which increases the operative risk; (3) 
most liver cancer patients have liver cirrhosis, and 
their liver function reserve is poor, thus a larger 

diameter leads to a larger affected area, which in-
creases the possibility of postoperative tumor re-
siduals. Moreover, it easily causes liver metastasis 
and recurrence, which affects patient survival. 
 More and more studies have focused on the re-
lationship between tumor capsule and prognosis of 
liver cancer. In most cases, it is believed that tumor 
capsule is the interaction between tumor and host, 
which inhibits tumor invasion and growth [30,31]. 
It has been reported, from the pathological stand-
point, that the presence of tumor capsule seems to 
decrease vascular invasion and prevent potential 
violations [32]. Lee et al. [33] found that the postop-
erative median survival time was 50 months and 34 
months for envelope and no envelope, respectively, 
and suggested that no envelope is a risk factor. On 
the other hand, Abdel-Wahab et al. [34] suggested 
that the capsule had no effect on the long-term 
survival of patients, while another study suggested 
that the total survival rate of HCC patients after 
surgery with capsule was worse than those without 
capsule (p=0.0022), with a lower grade of tumor 
differentiation and higher vascular invasion [35]. 
The results of the present study showed that the 1-, 
3-, and 5-year cumulative survival rates of patients 
with HCC were 84%, 70%, and 62% (envelope), re-
spectively, and 60%, 40%, and 40% (no envelope), 
respectively (p=0.003). In conclusion, we believe 
that tumor envelope is highly differentiated, which 
reflects the ability of tumor metastasis and poten-
tial recurrence, and limits tumor development. Fur-
thermore, it is a barrier to tumor cell proliferation 
and invasion. The difference of surgical effect and 
prognosis was caused by tumor’s biological behav-
ior. A large part of liver cancer without capsule 
indicates tumor invasive growth, unclear boundary, 
and thus it restricts to some degree the scope of 
surgical resection. It is not surprising that there 
are residual lesions after liver resection, which can 
lead to recurrence. 
 In recent years, the relationship between tu-
mor progression and inflammatory response is a 
hot and difficult research topic. NLR is one of the 
evaluation indexes of systemic inflammatory re-
sponse and immune system. Zhou et al. [36] found 
that in malignant solid tumors, the inflammatory 
reaction usually occurs before the malignant tis-
sue. Recent studies have shown that elevated pre-
operative NLR is a risk factor in the prognosis of a 
variety of malignant tumors of the digestive sys-
tem such as gastric, esophageal, pancreatic, and 
colon cancer [37-40]. The prognosis of liver cancer 
has been also reported [41-43]. After studying 318 
HCC cases, Oh et al. (2013) found that NLR is an in-
dependent risk factor for HCC prognosis [44]. In the 
present study, it was also found that the survival 
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rate of patients with NLR ≥ 2.8 was significantly 
lower than NLR < 2.8 (p=0.027). Thus, NLR ≥ 2.8 
was considered as prognostic risk factor. Elevated 
NLR means that either neutrophils increase or lym-
phocytes decrease. On the one hand, the increase 
of neutrophils provides a good microenvironment 
for tumor development. VEGF is recognized as a 
major factor in promoting tumor angiogenesis and 
increasing vascular permeability. Tumor cells ac-
quire sufficient nutrition, proliferate rapidly, and 
can enter the blood through vascular endothelial 
cells, in order to develop a distant metastasis. On 
the other hand, relative reduction of lymphocytes 
is mediated by cytotoxic cell death and inhibits 
tumor proliferation, decreases immune function, 
and increases tumor malignancy. Both conditions 
can lead to shorter survival, higher mortality, and 
poorer prognosis. 
 In this paper, 27 indexes that may affect HCC 
prognosis were collected, Cox’s multivariate re-
gression analysis was performed, HCC independ-
ent factors associated with postoperative progno-
sis were screened, and a prognostic mathematical 
model was established. The preliminary assess-
ment showed that the ROC curve model provides 
better evaluation and stronger verification. Mean-
while, the indexes of the model were simple and 
easy to calculate. This study was conducted mainly 
in Liaoning province of China, and has a certain ref-
erence value for prognosis prediction in northeast 
China. Therefore, it can be used in determining sur-
vival prognosis, which can help clinicians choose 
and develop comprehensive treatment plans, and 
provide scientific assistance for the screening of 
surgical cases, surgical treatment preliminary 
judgment, and even a basis for adjuvant therapy. It 
has clinical value for prediction of prognosis and 
personalized treatments of HCC patients.

 In addition, the present research has also 
several limitations. Firstly, it was a retrospective 
study. Limited data and subjective factors, such as 
tumor size and patient’s disease state, may lead to 
conflicting judgments, which decrease the accuracy 
of staging. Secondly, it was a single-center study. 
The small sample size, censored data, same sam-
ple source, and other factors may have caused bias 
in the results. In recent years, with the develop-
ment of molecular detection methods, an increas-
ing number of studies are focusing on molecular 
markers of prognosis, expanding into genomics 
[45,46] and proteomics [47,48]. It becomes more 
significant in prognostic indicators for HCC postop-
erative prognosis, and further expands the sample 
size. Additionally, it provides more effective and 
reliable prognostic models through multi-center 
prospective studies, and is promising for future 
clinical applications 

Conclusions

 The prognosis of HCC patients after radical 
liver resection depends on many factors. A math-
ematical model for prognosis based on liver cirrho-
sis degree, AFP serum level, NLR, tumor size, and 
tumor capsule (PI=1.725 * liver cirrhosis + 0.783 
* NLR + 1.046 * AFP + 0.595 * tumor size - 0.811 
* tumor capsule) was developed. The higher the 
PI, the lower the postoperative cumulative sur-
vival rate and the worse the prognosis. The devel-
oped model can be used as an effective method 
to assess the prognosis of HCC patients after liver
resection.
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