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Abstract
To study the clinical and prognostic features of non-B non-C alpha-fetoprotein (AFP)(-)-hepatocellular carcinoma (HCC) 
(NBNC-AFP(-)-HCC) and the relationship between the prognostic features of HCC and hepatitis B virus surface antigen 
(HBsAg) status and AFP. We enrolled 227 patients who underwent hepatic resection for HCC between January 1998 and 
December 2007 at Sun Yat-sen University Cancer Center, all of whom were diagnosed with HCC by pathology. All patients 
were stratified into one of four groups (B-AFP(+)-HCC, B-AFP(-)-HCC, NBNC-AFP(+)-HCC, and NBNC-AFP(-)-HCC) 
according to AFP levels and HBsAg status. The clinicopathologic and survival characteristics of NBNC-AFP(-)-HCC patients 
were compared with those of all other three groups. Out of the 105 NBNC-HCC patients, 43 patients (40.9%) had AFP-
negative HCC. There were some differences in factors between the B-AFP(+) and NBNC-AFP(-) patients, such as age, body 
mass index (BMI), diabetes, and ALT (P < 0.05). On univariate analysis, tumour size, secondary tumour, and portal invasion 
were prognostic factors for overall survival (OS) and disease-free survival (DFS) (P < 0.05). Cox multivariate regression 
analysis suggested that tumour size and tumour number (P < 0.05) were independent predictors. In addition, compared with 
the B-AFP(+)-HCC, B-AFP(-)-HCC, and NBNC-AFP(+)-HCC groups, the NBNC-AFP(-)-HCC patients had the best DFS 
(P < 0.05). Compared with the B-AFP(+)-HCC and NBNC-AFP(+)-HCC groups, the NBNC-AFP(-)-HCC patients had 
better OS (P < 0.05), and survival rates were similar to those of B-AFP(-)-HCC patients. NBNC-AFP(-)-HCC patients had a 
relatively favourable prognosis. It can serve as a useful marker in predicting the risk of tumour recurrence in the early stages.
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FPG	� Fasting plasma glucose
HBV	� Hepatitis B virus
HCC	� Hepatocellular carcinoma
HCV	� Hepatitis C virus
HDL-C	� High-density lipoprotein cholesterol
IR	� Insulin resistance
NAFLD	� Non-alcoholic fatty liver
NASH	� Non-alcoholic steatohepatitis
NBNC-HCC	� Non-B non-C HCC
OS	� Overall survival
S/T	� Aspartate aminotransferase/Alanine 

aminotransferase
TG	� Triglyceride

Background

Hepatocellular carcinoma (referred to as liver cancer or 
HCC) is the third most common cancer worldwide and the 
third leading cause of cancer-related death [1–4]. In China, 
the number and proportion of cases of non-B, non-C hepa-
tocellular carcinoma (NBNC-HCC) have been increasing 
gradually [5]. The characteristics and prognosis of NBNC-
HCC in these patients differ from those in patients with 
chronic hepatitis virus infection. Its related epidemiologi-
cal factors include ageing, sex, alcoholism, diabetes, and 
metabolic syndrome [6, 7]. In addition, diabetes and obesity 
have been suggested as risk factors for NBNC-HCC in large 
cohort and case–control studies both with and without pre-
existing non-alcoholic fatty liver (NAFLD), especially in 
terms of NBNC-HCC [8–11].

To date, the prognostic risk factors for NBNC-HCC have 
not been completely determined yet. Previous studies have 
shown that the prognosis of NBNC-HCC is associated with 
some factors, such as AFP level, liver fibrosis, tumour size, 
and ductal invasion [12, 13]. Therefore, investigating the 
clinical symptoms and prognosis of NBNC-HCC is help-
ful to understand the intrinsic mechanism underlying HCC 
progression. In this study, we selected 105 patients with 
NBNC-HCC and randomly selected 122 patients who were 
hepatitis B surface antigen (HBsAg)-positive and hepatitis 
C virus antibody (HCVAb)-negative (B-HCC). Our current 
study investigated the clinical characteristics and prognosis 
of NBNC-AFP(-)-HCC and explored the association among 
the expression of HBsAg, AFP, and survival prognosis.

Patients and methods

Materials

This study selected cases from 2591 patients who under-
went liver cancer resection at Sun Yat-sen University Cancer 

Center from January 1998 to December 2007. The inclusion 
criteria were that all cases should be patients who underwent 
liver tumour resection and postoperative pathological exami-
nation revealed HCC. All of patients were tested for HBV 
and HCV at admission. A total of 105 NBNC-HCC patients 
were screened, and 122 patients from the remaining 2486 
non-NBNC-HCC patients were randomly selected as controls 
(Fig. 1). According to their expression of AFP and HBsAg, 
we divided the 227 patients into four groups (the negative 
standard was set as AFP ≤ 20 ng/ml), the NBNC-AFP(-)-
HCC group (who were HBsAg-negative, HCVAb-negative, 
and AFP-negative, n = 43), NBNC-AFP(+)-HCC group (who 
were HBsAg-negative, HCVAb-negative, and AFP-positive, 
n = 62), B-AFP(+)-HCC group (who were HBsAg-positive, 
HCVAb-negative, and AFP-positive, n = 93), and B-AFP(-)-
HCC group (who were HBsAg-positive, HCVAb-negative, 
and AFP-negative, n = 29). Postoperative treatment of HCC 
includes transcatheter arterial chemoembolization (TACE), 
secondary surgery, radiofrequency ablation (RFA), portal 
vein chemotherapy (PVC), and radiation therapy.

Definition of clinical pathological characteristics

The patients’ vital signs or assay indexes were recorded 
according to their test results after their admission to the 
hospital and before surgery. Influencing factors included 
age, body mass index (BMI), metabolic syndrome (patho-
glycaemia, abnormal blood pressure, and dyslipidaemia), 
ALT, AST, S/T, size of tumour, secondary tumour, incisal 
edge, portal invasion, and pathological grade.

In this study, the diagnosis of metabolic syndrome was 
based on the 2005 International Diabetes Federation Stand-
ard, and patients who met three of the following five condi-
tions were diagnosed with metabolic syndrome: (1) obe-
sity: waistline > 90 cm (men) or > 80 cm (women) and/or 
BMI > 25 kg/m2; (2) serum triglyceride (TG) ≥ 1.7 mmol/L 
or previously diagnosed with hypertriglyceridemia; (3) high-
density lipoprotein cholesterol (HDL-C) < 1.03 mmol/L 
(men) or < 1.29 mmol/L (women); (4) arterial blood pres-
sure ≥ 130/85 mmHg or previously diagnosed with hyperten-
sion; and (5) fasting plasma glucose (FPG) ≥ 5.6 mmol/L or 
previously diagnosed with type II diabetes.

Follow‑up and statistical analysis

Patients were followed up until January 2012. The inter-
val of tumour recurrence was calculated in months, while 
survival time was calculated in years. The cut-off point for 
disease-free survival (DFS) time was tumour recurrence or 
metastasis confirmed on initial postoperative imaging, such 
as computed tomography (CT), B-ultrasound, or magnetic 
resonance imaging (MRI). Overall survival (OS) was calcu-
lated as the interval between the date of surgery and the date 
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of death or the date of the last follow-up. Survival rates were 
calculated using Kaplan–Meier analysis, and the log-rank 
test was used for univariate analysis. The variables that were 
found to be significant in the univariate analysis were intro-
duced into the Cox model for further multivariate analysis. 
P < 0.05 was considered statistically significant. We used 
SPSS13.0 for the statistical analysis.

Results

Clinical pathological characteristics of NBNC-AFP(-)-HCC 
patients.

As shown in Fig. 1, there were 43 NBNC-AFP(-)-HCC 
patients and 62 NBNC-AFP(+)-HCC patients, which 
accounted for 1.6% (43/2591) and 2.4% (62/2591) of all 
patients, respectively. The Chi-squared test was used to 
compare differences in clinical pathological characteris-
tics between the NBNC-AFP(-)-HCC group and the other 
three groups (Table 1). Consequently, there were statisti-
cally significant differences in age, BMI, diabetes, meta-
bolic syndrome, ALT, AST, tumour size, secondary tumour, 
portal invasion, postoperative treatment and pathological 
grade (P < 0.05) between the first groups (B-AFP(+) vs. 

NBNC-AFP(-)). Age, ALT, portal invasion, and pathologi-
cal grade showed statistically significant differences in the 
third group (B-AFP(-) vs. NBNC-AFP(-)) (P < 0.05). There 
were significant statistical differences in AST, S/T, tumour 
size, secondary tumour, portal invasion, postoperative treat-
ment and pathological grade between NBNC-AFP(-)-HCC 
patients and NBNC-AFP(+)-HCC patients. In addition, the 
number of patients who underwent the postoperative treat-
ment in the different groups is shown in Fig. 2.

DFS of NBNC‑AFP(‑)‑HCC patients

Univariate analysis of all 227 HCC patients in this study 
showed that factors influencing postoperative DFS included 
AST, S/T, size of tumour, secondary tumour, and portal 
invasion (P < 0.05) (Table 2). After introducing these sta-
tistically significant indexes in the univariate analysis to the 
Cox model for multivariate analysis, it was shown that the 
size of primary tumour, secondary tumour, and portal inva-
sion were all independent influencing factors for postopera-
tive DFS (P = 0.008, P < 0.001, and P = 0.006, respectively) 
(Table 3). Univariate analysis of 43 NBNC-AFP(-)-HCC 
patients revealed that the secondary tumour was a factor that 
could influence postoperative DFS (P = 0.016) (Table 4).

AFP≤20ng/ml AFP>20ng/ml AFP≤20ng/ml AFP>20ng/ml

NBNC-AFP(-)-HCC (n=43) NBNC-AFP(+)-HCC (n=62) B-AFP(-)-HCC (n=29) B-AFP(+)-HCC (n=93)

All patients diagnosed with liver cancer underwent preoperative hepatitis B and C virus

testing at Sun Yat-sen University Cancer Center (n=2591).

The number of NBNC-HCC were

105 from 2591 (n=105).

The number of HCV-HCC were 8

from 2591, which is excluded in

our study (n=8).

The number of hepatitis B-related

liver cancer (B-HCC) which were

randomly selected as control is

122 among the remaining 2478

(2591-105-8) cases (n=122).

Fig. 1   Consort diagram of the study selection process. A total of 227 patients were selected from 2591 HCC patients treated at Sun Yat-sen Uni-
versity Cancer Center between January 1998 and December 2007
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The Kaplan–Meier analysis showed that NBNC-AFP(-)- 
HCC patients had longer DFS than the other three groups 
(Fig.  3). With the follow-up time ranging from 1 to 
132 months, the median DFS of the four groups (NBNC-
AFP(+)/(-)-HCC groups and B-AFP(+)/(-)-HCC groups) 

was 15 months, 90 months, 10 months, and 24 months, 
respectively, and their corresponding 1-year DFS was 
50.3%, 84.6%, 47.3%, and 50.1%, while their 2-year DFS 
was 43.1%, 72.9%, 42.3%, and 42.9%. The 3-year DFS rates 
were 38.3%, 68.8%, 35.3%, and 21.5%, respectively; the 

Table 1   Comparison of 
clinicopathological features of 
NBNC-AFP(-)-HCC patients

There were  statistically  significant  differences  in age, BMI, diabetes, metabolic syndrome, ALT, AST, 
tumour size, secondary tumour, portal violation, postoperative treatment and pathological grade between 
NBNC-AFP(-) and B-AFP(+). In addition, the portal invasion and pathological grade were found to be sta-
tistically significant differences in other two groups

Characteristic NBNC-AFP(-) B-AFP(+) P NBNC-
AFP 
(+)

P B-AFP(-) P

Age (years) 0.004 0.155 0.024
 ≥ 50 32 45 53 14
 < 50 11 48 9 15

Drink 0.111 0.695 0.440
 Yes 9 10 15 4
 No 34 83 47 25

BMI 0.015 0.156 0.612
 > 25 kg/m2 11 9 9 9
 ≤ 25 kg/m2 32 84 53 20

Diabetes 0.003 0.097 0.109
 Yes 11 7 8 3
 No 32 86 54 26

Metabolic syndrome 0.019 0.684 0.650
 Yes 6 3 7 3
 No 37 90 55 26

ALT  < 0.001 0.305 0.002
 > 40 U/L 12 62 12 19
 ≤ 40 U/L 31 31 50 10

AST 0.001  < 0.001 0.104
 > 40 U/L 14 60 59 15
 ≤ 40 U/L 29 33 3 14

S/T 0.088  < 0.001 0.396
 > 1 28 46 58 16
 ≤ 1 15 47 4 13

Tumour size (cm) 0.011 0.006 0.664
 < 5 20 23 13 15
 ≥ 5 23 70 49 14

Secondary tumour 0.026 0.015 0.506
 Yes 5 27 20 2
 No 38 66 42 27

Portal violation 0.025  < 0.001  < 0.001
 Yes 0 10 15 8
 No 43 83 47 21

Pathological grade 0.007 0.001 0.022
 I 7 3 0 0
 II–IV 36 90 62 29

Postoperative treatment  < 0.001 0.009 0.370
 No 31 29 29 18
 Yes 12 64 33 11
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5-year DFS rates were 23%, 51%, 29%, and 21.5%; and the 
10-year DFS rates were 0, 40.8%, 9.7%, and 0. Among these 
three groups of case controls, the NBNC-AFP(-)-HCC group 
was found to be significantly different from the B-AFP(+)-
HCC, NBNC-AFP(+)-HCC, and B-AFP(-)-HCC groups 
in terms of patients’ DFS duration (P = 0.001, P = 0.011, 

and P = 0.015, respectively). The above data show that the 
1-year, 2-year, 3-year, 5-year, and 10-year DFS rates of 
NBNC-AFP(-)-HCC patients were 84.6%, 72.9%, 68.8%, 
51%, and 40.8%, respectively, and the patients’ median DFS 
duration was 90 months. After 10 years, 40.8% of NBNC-
AFP(-)-HCC patients had no tumour recurrence, which out-
performed the other three groups in terms of DFS (Table 5).

OS of NBNC‑AFP(‑)‑HCC patients

The univariate analysis showed that some factors were 
associated with OS (P < 0.05), such as the size of the pri-
mary tumour, secondary tumour, and portal vein invasion 
(Table 2), while Cox multivariate analysis indicated that 
the size of the primary tumour (P = 0.042) and secondary 
tumour (P = 0.020) were both independent influencing fac-
tors for postoperative OS (Table 3). In this study, no relevant 
factors affecting postoperative OS in NBNC-AFP(-)-HCC 
patients were found (Table 4).

Kaplan–Meier analysis revealed that NBNC-AFP(-)-HCC 
patients had significantly better OS than NBNC-AFP(+)-
HCC and B-AFP(+)-HCC patients, but there was no sig-
nificant difference compared with that in B-AFP(-)-HCC 
patients. The median survival times of patients in these four 
groups (NBNC-AFP(+)/(-)-HCC groups and B-AFP(+)/(-)-
HCC groups) were 1 year, 10 years, 2 years, and 4 years, and 
their 1-year OS rates were 83.9%, 80.1%, 66.4%, and 82.2%, 
respectively. The 3-year OS was 34.2%, 76.1%, 44.6%, and 
66.5%; the 5-year OS was 28.9%, 65.1%, 40.5%, and 51.5%; 
and the 10-year OS was 25.7%, 52.1%, 29.7%, and 51.5% 
(follow-up ranged from 1 to 11 years). The median survival 
time of NBNC-AFP(-)-HCC patients was 10 years, and 
52.1% of postoperative patients survived for at least 10 years 
(Table 5).

Discussion

The digestive system cancers are the most common malig-
nant tumour and the leading cause of cancer-related deaths 
worldwide [14, 15]. The HBV and HCV are the main causes 

Fig. 2   Comparison of the number of patients who underwent postop-
erative treatment in different groups

Table 2   Univariate analysis of DFS and OS after HCC resection

A total of twelve clinical variables were screened as prognostic fac-
tors to predict OS and DFS using a univariate analysis

Characteristic DFS (P) OS (P)

Age 0.294 0.863
BMI 0.897 0.917
Drink 0.408 0.478
Diabetes 0.925 0.174
Metabolic syndrome 0.156 0.923
ALT 0.708 0.204
AST 0.049 0.216
S/T 0.003 0.216
Tumour size  < 0.001  < 0.001
Secondary tumour  < 0.001  < 0.001
Portal violation 0.011  < 0.001
Pathological grade 0.230 0.193

Table 3   Multivariate analysis 
of disease-free survival rate and 
overall survival rate after HCC 
resection

A total of five clinical variables were screened as prognostic factors to predict OS and DFS using a multi-
variate analysis

Characteristic DFS OS

95.0% CI for Exp(B) P 95.0% CI for Exp(B) P

AST 0.761–1.820 0.464 0.902–2.142 0.136
S/T – – 0.934–2.237 0.099
Tumour size 0.294–0.831 0.008 0.365–0.981 0.042
Secondary tumour 1.712–4.162  < 0.001 1.076–2.398 0.020
Portal violation 1.260–3.821 0.006 0.775–2.020 0.359
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of HCC in China and Japan, respectively [16–18]. With the 
widespread use of the vaccine, the number of children and 
carriers of HBV have significantly declined in recent years 
[19]. Approximately, 5%–20% of HCC patients who are 
negative for both HBsAg and HCVAb, so-called “NBNC-
HCC”, have recently tended to increase [20, 21].

To date, the underlying causes of NBNC-HCC are not 
yet completely understood. Our research identified that 
the aetiology of NBNC-AFP(-)-HCC in patients in China 
was related to obesity, diabetes, metabolic syndrome, and 
NAFLD, which is consistent with existing reports [22]. 
Some factors are associated with non-alcoholic steatohepati-
tis (NASH) and liver fibrosis, such as age, obesity, hyperten-
sion, type II diabetes, ALT, S/T > 1, and decreased platelet 
count [23, 24]. A series of studies confirmed that obesity 
and diabetes were independent risk factors for HCC [25]. 
The aetiological basis of such findings was insulin resist-
ance (IR), which was the shared pathogenic factor for obe-
sity, diabetes, hypertension, and dyslipidaemia for causing 
fatty liver, as well as a factor during the progression of liver 
disease from steatohepatitis, liver fibrosis, and cirrhosis to 
HCC [26]. In addition, this study did not exclude alcoholic 
patients. There was no significant difference between the 
three groups of patients who were included according to the 
standard of excessive drinking [drinking alcohol > 280 g/
week (men) or > 140 g/week (women)], which indicated that 
there may be no strong correlation between NBNC-AFP(-)-
HCC and alcohol consumption.

Meanwhile, no significant difference existed in age, 
BMI, history of drinking, metabolic syndrome, or diabetes 
between NBNC-AFP(-)-HCC and NBNC-AFP(+)-HCC, 
indicating that these two types shared a similar aetiology. 

Table 4   Univariate analysis of postoperative DFS and OS in patients 
with NBNC-AFP(-)-HCC

A total of twelve clinical variables were screened as prognostic fac-
tors to predict OS and DFS using a univariate analysis in NBNC-
AFP(-)-HCC group

Characteristic DFS (P) OS (P)

Age 0.057 0.985
BMI 0.822 0.419
Drink 0.408 0.397
Diabetes 0.118 0.711
Metabolic syndrome 0.467 0.635
ALT 0.668 0.649
AST 0.695 0.292
S/T 0.848 0.249
Tumour size 0.162 0.528
Secondary tumour 0.016 0.959
Portal violation 0.500 0.510
pathological grade 0.165 0.365

Fig. 3   Comparison of clinical outcomes between the NBNC-AFP(-)-HCC patients and other groups
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However, patients with NBNC-AFP(-)-HCC had special 
clinical characteristics, which can be seen in the existence 
of significant differences in size of tumour, pathological 
type, secondary tumour, and portal invasion. The underlying 
pathological mechanism might be that the lack of expres-
sion of AFP in the absence of hepatitis B and C virus infec-
tions could lead to good clinical pathological characteris-
tics. Shian et al. reported that HCC patients who expressed 
high levels of AFP (> 200 ng/ml) had larger tumour diam-
eters (> 5 cm), increased pathological grading (II–IV), and 
increased portal invasion (IIIA–IV HCC) than those who 
expressed low levels of AFP (< 200 ng/ml). The high expres-
sion of AFP would also leads to an increase in the recurrence 
rate in HCC patients [27]. This was consistent with our find-
ings and further confirmed that AFP was an important factor 
affecting survival in HCC [28–30]. Meanwhile, multivariate 
analysis showed that the size of primary tumour, secondary 
tumour, and portal invasion were all independent influenc-
ing factors for DFS, while the size of tumour and second-
ary tumour were independent influencing factors for OS. 
Hence, we believe that the special clinical characteristics 
of NBNC-AFP(-)-HCC patients directly lead to their good 
survival prognosis.

The univariate analysis showed that the secondary tumour 
was the factor that influenced DFS, while no factors were 
found to affect OS. Our research suggests that being AFP- 
and HBsAg-negative at the same time could indicate a low 
recurrence rate and that there was a partial difference in 
terms of the OS. In addition, NBNC-AFP(-)-HCC patients 
had lower recurrence rates and higher OS than NBNC-
AFP(+)-HCC patients. The pathological mechanism of 
the good prognosis for NBNC-AFP(-)-HCC might be the 

negative expression of AFP in the absence of hepatitis B and 
C virus infections. In China, most HCC progresses on the 
basis of chronic hepatic damage, and hepatitis virus can not 
only induce the occurrence of tumours, but also promote the 
recurrence and metastasis of HCC [31, 32]. Meanwhile, the 
high expression of AFP also plays an important role in the 
progression of HCC and could serve as a useful symbol for 
predicting the risk of early HCC recurrence postoperatively.

Some factors have been found to be associated with 
the prognosis of NBNC-HCC, such as MicroRNA-96-5p, 
PNPLA3 and TM6SF2 polymorphisms [33, 34]. AFP val-
ues were generally lower in NBNC-HCC patients than in 
B-HCC patients due to their unaffectedness by hepatitis 
virus. According to some previous studies, HBX can directly 
upregulate the expression of AFP by binding to and activat-
ing the promoter of the AFP gene [35, 36]. In addition, the 
better prognosis of NBNC-HCC patients than HBV-HCC 
patients may be related to age and CD34 [37, 38]. Current 
studies have shown that CD34, a marker factor of vascular 
endothelial cells, is closely related to the angiogenesis of in 
HCC. CD34 has a synergistic effect with vascular endothe-
lial growth factor (VEGF), which together promote the 
angiogenesis and cell proliferation of HCC, and then lead 
to the metastasis of liver cancer and the formation of tumour 
thrombi, thus affecting the prognosis.

Conclusions

In summary, NBNC-AFP(-)-HCC was correlated with age-
ing, obesity, diabetes, and metabolic syndrome, suggesting 
that the aetiology of NBNC-AFP(-)-HCC was related to 
NAFLD. Patients with NBNC-AFP(-)-HCC had the low-
est recurrence rate, which was associated with their special 
clinical characteristics and serological features. However, 
there are some limitations of our study, such as a retrospec-
tive single-centre study and a lack of analysis of hepatitis 
C-related liver cancer patients in the control group.
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Table 5   Comparison between groups in terms of the DFS and OS

NBNC-AFP(-)-HCC patients had significantly better DFS and OS 
than NBNC-AFP(+)-HCC and B-AFP(+)-HCC patients
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NBNC-AFP(-) 84.6 68.8 51 40.8
B-AFP(+) 47.3 35.3 29 9.7
NBNC-AFP(-) 84.6 68.8 51 40.8
NBNC-AFP(+) 50.3 38.3 23 0
NBNC-AFP(-) 84.6 68.8 51 40.8
B-AFP(-) 50.1 21.5 21.5 0
OS(year)
NBNC-AFP(-) 80.1 76.1 65.1 52.1
B-AFP(+) 66.4 44.6 40.5 29.7
NBNC-AFP(-) 80.1 76.1 65.1 52.1
NBNC-AFP(+) 83.9 34.2 28.9 25.7
NBNC-AFP(-) 80.1 76.1 65.1 52.1
B-AFP(-) 82.2 66.5 51.5 51.5



114	 Clinical and Experimental Medicine (2023) 23:107–115

1 3

Availability of data and materials  The data used and/or analysed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Conflict of interest  The authors declare that they have no competing 
interests.

Consent to participate  All study procedures were approved by the Eth-
ics Committee of Jiangxi Provincial People’s Hospital, and patients 
gave written informed consent before being enrolled.

Ethical approval  The study was conducted in compliance with all 
national and international ethical standards for research with humans.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Nie W, Yan L, Lee YH, et al. Advanced mass spectrometry-based 
multi-omics technologies for exploring the pathogenesis of hepa-
tocellular carcinoma. Mass Spectrom Rev. 2016;35(3):331–49.

	 2.	 Jou J, Diehl AM. Epithelial-mesenchymal transitions and hepato-
carcinogenesis. J Clin Investig. 2010;120(4):1031–4.

	 3.	 Hennedige T, Venkatesh SK. Imaging of hepatocellular carci-
noma: diagnosis, staging and treatment monitoring. Cancer Imag-
ing. 2013;12(3):530–47.

	 4.	 Xie J, Wei J, Lv L, et al. Angiopoietin-2 induces angiogenesis 
via exosomes in human hepatocellular carcinoma. Cell Commun 
Signal. 2020;18(1):1–13.

	 5.	 Zhang W, Tan Y, Jiang L, et al. Prognostic nomogram for patients 
with non-B non-C hepatocellular carcinoma after curative liver 
resection. Int J Surg. 2017;44:160–5.

	 6.	 Nishio T, Hatano E, Okuno M, et al. Clinical characteristics of 
patients with non-B non-C hepatocellular carcinoma undergoing 
hepatic resection. J Surg Res. 2014;186(2):632–3.

	 7.	 Ting CF, Huang WH, Feng CL, et al. Clinical factors associated 
with the survival of patients with intrahepatic cholangiocarci-
noma. Adv Dig Med. 2016;3(1):11–7.

	 8.	 Younossi ZM, Otgonsuren M, Henry L, et al. Association of non-
alcoholic fatty liver disease (NAFLD) with hepatocellular carci-
noma (HCC) in the United States from 2004–2009. Hepatology. 
2015;62(6):1723–30.

	 9.	 El-serag HB, Tran T, Everhart JE. Diabetes increases the risk of 
chronic liver disease and hepatocellular carcinoma. Gastroenterol-
ogy. 2004;126(2):460–8.

	10.	 Kawamura Y, Arase Y, Ikeda K, et al. Large-scale long-term fol-
low-up study of Japanese patients with non-alcoholic fatty liver 
disease for the onset of hepatocellular carcinoma. Am J Gastro-
enterol. 2012;107(2):253–61.

	11.	 Patton HM, Yates K, Unalp-Arida A, et  al. Association 
between metabolic syndrome and liver histology among chil-
dren with nonalcoholic fatty liver disease. Am J Gastroenterol. 
2010;105(9):2093–102.

	12.	 Ochiai T, Ogino S, Ishimoto T, et al. Prognostic impact of hepatec-
tomy for patients with non-hepatitis B, non-hepatitis C hepatocel-
lular carcinoma. Anticancer Res. 2014;34(8):4399–410.

	13.	 Iida H, Aihara T, Ikuta S, et  al. Clinicopathological charac-
teristics of hepatitis B surface antigen-negative and hepatitis 
C antibody-negative hepatocellular carcinoma. Oncol Lett. 
2015;10(4):2233–8.

	14.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Can-
cer J Clin. 2019;69(1):7–34.

	15.	 Chen W, Liang JL, Zhou K, et al. Effect of CIP2A and its mecha-
nism of action in the malignant biological behavior of colorectal 
cancer. Cell Commun Signal. 2020;18(1):1–16.

	16.	 Niederau C. Chronic hepatitis B in 2014: great therapeutic 
progress, large diagnostic deficit. World J Gastroenterol WJG. 
2014;20(33):11595–617.

	17.	 Utsunomiya T, Shimada M, Kudo M, et al. Nationwide study 
of 4741 patients with non-B non-C hepatocellular carcinoma 
with special reference to the therapeutic impact. Ann Surg. 
2014;259(2):336–45.

	18.	 Chang MH, Chen CJ, Lai MS, et al. Universal hepatitis B vaccina-
tion in Taiwan and the incidence of hepatocellular carcinoma in 
children. N Engl J Med. 1997;336(26):1855–9.

	19.	 Nishikawa H, Osaki Y. Non-B, non-C hepatocellular carcinoma. 
Int J Oncol. 2013;43(5):1333–42.

	20.	 Utsunomiya T, Shimada M, Kudo M, et al. A comparison of the 
surgical outcomes among patients with HBV-positive, HCV-pos-
itive, and non-B non-C hepatocellular carcinoma: a nationwide 
study of 11,950 patients. Ann Surg. 2015;261(3):513–20.

	21.	 Wu ZF, Xu Z, Li WS, et al. Impact of occult hepatitis B virus 
infection on outcome after resection for non-B non-C hepatocel-
lular carcinoma. J Surg Res. 2015;193(1):153–60.

	22.	 Fan JG, Farrell GC. Epidemiology of non-alcoholic fatty liver 
disease in China. J Hepatol. 2009;50(1):204–10.

	23.	 Shinkawa H, Uenishi T, Takemura S, et al. Risk factors for post-
operative recurrence of non-B non-C hepatocellular carcinoma. J 
Hepatobiliary Pancreat Sci. 2010;17(3):291–5.

	24.	 Farrell GC, Chitturi S, Lau GK, et al. Guidelines for the assess-
ment and management of non-alcoholic fatty liver disease in the 
Asia-Pacific region: executive summary. J Gastroenterol Hepatol. 
2007;22(6):775–7.

	25.	 Morzyglod L, Caüzac M, Popineau L, et al. Growth factor recep-
tor binding protein 14 inhibition triggers insulin-induced mouse 
hepatocyte proliferation and is associated with hepatocellular car-
cinoma. Hepatology. 2017;65(4):1352–68.

	26.	 Farrell G. Insulin resistance, obesity, and liver cancer. Clin Gas-
troenterol Hepatol. 2014;12(1):117–9.

	27.	 Kim SK, Marusawa H, Eso Y, et al. Clinical characteristics of 
non-B non-C hepatocellular carcinoma: a single-center retrospec-
tive study. Digestion. 2011;84:43–9.

	28.	 Vuppalanchi R, Chalasani N. Nonalcoholic fatty liver disease 
and nonalcoholic steatohepatitis: selected practical issues in their 
evaluation and management. Hepatology. 2009;49(1):306–17.

	29.	 Torres DM, Harrison SA. Diagnosis and therapy of nonalcoholic 
steatohepatitis. Gastroenterology. 2008;134(6):1682–98.

	30.	 Dai B, Zhang X, Shang R, et al. Blockade of ARHGAP11A 
reverses malignant progress via inactivating Rac1B in hepatocel-
lular carcinoma. Cell Commun Signal. 2018;16(1):1–15.

	31.	 Amini M, Khedmat H, Taheri S. Hepatitis C virus infection, meta-
bolic disorders and non-alcoholic fatty liver disease: a literature 
review. Br J Med Med Res. 2015;5(11):1396–402.

http://creativecommons.org/licenses/by/4.0/


115Clinical and Experimental Medicine (2023) 23:107–115	

1 3

	32.	 Marchesini G, Marzocchi R, Agostini F, et al. Nonalcoholic fatty 
liver disease and the metabolic syndrome. Curr Opin Lipidol. 
2005;16(4):421–7.

	33.	 Matsui T, Hamada-Tsutsumi S, Naito Y, et al. Identification of 
microRNA-96-5p as a postoperative, prognostic microRNA 
predictor in nonviral hepatocellular carcinoma. Hepatol Res. 
2022;52(1):93–104.

	34.	 Raksayot M, Chuaypen N, Khlaiphuengsin A, et al. Independent 
and additive effects of PNPLA3 and TM6SF2 polymorphisms 
on the development of non-B, non-C hepatocellular carcinoma. J 
Gastroenterol. 2019;54(5):427–36.

	35.	 Li M, Zhu M, Li W, et  al. Alpha-fetoprotein receptor as an 
early indicator of HBx-driven hepatocarcinogenesis and its 
applications in tracing cancer cell metastasis. Cancer Lett. 
2013;330(2):170–80.

	36.	 Zhang C, Chen X, Liu H, et al. Alpha fetoprotein mediates HB x 
induced carcinogenesis in the hepatocyte cytoplasm. Int J Cancer. 
2015;137(8):1818–29.

	37.	 Chan ACY, Poon RTP, Ng KKC, et al. Changing paradigm in 
the management of hepatocellular carcinoma improves the 
survival benefit of early detection by screening. Ann Surg. 
2008;247(4):666–73.

	38.	 Messerini L, Novelli L, Comin CE. Microvessel density and 
clinicopathological characteristics in hepatitis C virus and hepa-
titis B virus related hepatocellular carcinoma. J Clin Pathol. 
2004;57(8):867–71.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Influence of AFP on surgical outcomes in non-B non-C patients with curative resection for hepatocellular carcinoma
	Abstract
	Background
	Patients and methods
	Materials
	Definition of clinical pathological characteristics
	Follow-up and statistical analysis

	Results
	DFS of NBNC-AFP(-)-HCC patients
	OS of NBNC-AFP(-)-HCC patients

	Discussion
	Conclusions
	References




