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Original Article

Serum alpha-fetoprotein as a predictive biomarker for tissue 
alpha-fetoprotein status and prognosis in patients with 
hepatocellular carcinoma 

Zhewen Wei1, Yizhou Zhang2, Haizhen Lu3, Jianming Ying3, Hong Zhao1, Jianqiang Cai1

1Department of Hepatobiliary Surgery, National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy 

of Medical Sciences and Peking Union Medical College, Beijing, China; 2Eight-Year Program of Clinical Medicine, Peking Union Medical College 

Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China; 3Department of Pathology, National Cancer 

Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, 

Beijing, China

Contributions: (I) Conception and design: J Cai, H Zhao; (II) Administrative support: J Cai, H Zhao; (III) Provision of study materials or patients: H 

Lu, J Ying; (IV) Collection and assembly of data: Z Wei, Y Zhang; (V) Data analysis and interpretation: Z Wei, Y Zhang; (VI) Manuscript writing: All 

authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Hong Zhao, MD; Jianqiang Cai, MD. Department of Hepatobiliary Surgery, National Cancer Center/National Clinical Research 

Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, No. 17 Nanli, Panjiayuan, Chaoyang 

District, Beijing, China. Email: zhaohong@cicams.ac.cn; caijianqiang188@sina.com. 

Background: Alpha-fetoprotein (AFP) expression is closely related to hepatocarcinogenesis, and it is an 
important prognostic factor for hepatocellular carcinoma (HCC). We aimed to investigate the relationship 
between serum AFP concentration and tissue AFP status and identify the prognostic value of serum and 
tissue AFP for HCC.
Methods: This is a retrospective review of 248 patients with HCC from January 2012 to December 2018. 
Receiver operating characteristic (ROC) curves were plotted to investigate the predictive value of serum AFP 
for tissue AFP status. Overall survival (OS) was analyzed using the Kaplan-Meier method and log-rank tests 
were used for comparison between two groups. Multivariate Cox proportional hazards regression analysis 
was performed for various risk factors.
Results: The serum AFP level in patients with tissue AFP-positive HCC was higher than those with tissue 
AFP-negative HCC (506.7 vs. 7.7 ng/mL, P<0.0001). Youden’s index yielded an optimal cut-off value of 
serum AFP for tissue AFP status of 92.33 ng/mL with a sensitivity and specificity of 0.84 (95% CI: 0.74–0.90) 
and 0.88 (95% CI: 0.82–0.92), respectively. Moreover, high serum AFP concentrations (≥92.33 ng/mL) were 
significantly correlated with positive hepatitis B virus (HBV, P=0.012), tumor size (P=0.025) and histological 
grade (P=0.001); tissue AFP-positive status was associated with positive HBV (P=0.006), tumor number 
(P=0.033) and histological grade (P<0.001). Further, serum AFP level ≥92.33 ng/mL and tissue AFP-positive 
status were associated with poorer OS, and positive HBV (Positive: HR 3.496; 95% CI: 1.349–9.064; P=0.010) 
and larger tumor size (≥5; HR 2.617; 95% CI: 1.372–4.992; P=0.003) were independent factors of OS.
Conclusions: This study showed that serum AFP level could be a highly predictive biomarker for tissue 
AFP status in patients with HCC. Furthermore, serum AFP levels ≥92.33 ng/mL and tissue AFP-positive 
status were associated with poorer OS but were not independent factors of OS.
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Introduction

Liver cancers are estimated to rank the sixth among newly 
diagnosed cancers and the fourth cause of cancer-related 
death in the world with over 8.4 million new cases and 
7.8 million deaths annually (1). Hepatocellular carcinoma 
(HCC) accounts for the most common type of primary 
liver cancers which is most caused by hepatitis B or C 
virus (HBV or HCV) infection or alcohol abuse, with poor 
prognosis due to the lack of specific symptoms at the early 
stage (2). Therefore, Asian-Pacific Association for the 
Study of the Liver (APASL) guidelines recommended using 
ultrasonography (US) and serum alpha-fetoprotein (AFP) 
tests for early diagnosis of individuals with the above liver 
diseases (3).

AFP is the most widely used biomarker for HCC, even 
though it has been reported that up to 20% of HCC patients’ 
tumor cells do not secrete AFP proteins (4). A previous 
study reported that a cutoff value of AFP of 90.0 ng/mL had 
a sensitivity of 0.609, and specificity of 0.818 for diagnosing 
HCC in 121 enrolled patients, and the receiver operating 
characteristic (ROC) curve of AFP for diagnosis of HCC 
was 0.746 (95% CI: 0.674–0.818) (5). Serum AFP level can 
indirectly reflect the ability of tumor cells to synthesize and 
process AFP protein. Combined with imaging techniques, 
variation tendency of serum AFP plays a critical role in 
surveillance of individuals with HCC risks and diagnosis of 
HCC. More importantly, AFP has been widely accepted as 
a prognostic predictor for HCC in recent researches. 

A retrospective study reported that preoperative serum 
AFP level greater than 100 ng/mL was associated with a 
higher rate of recurrence of HCC after hepatectomy (6). 
According to the results of the above study, preoperative 
serum AFP level can help surgeon to make a comprehensive 
treatment schedule based on surgery. Moreover, tissue AFP 
staining status of specimens obtained by liver biopsy is useful 
in the histologic early diagnosis of HCC (7). The expression 
level of AFP protein in tumor tissue was significantly 
higher than that in normal tissue, but the expression 
level of AFP in carcinoma and para-carcinoma tissue 
showed no significant difference in the same patients (8).  
AFP protein expression rate in HCC is 25% to 50%, and 
the positive AFP status is negatively correlated with tumor 
histological grade (9,10). However, serum AFP level is 
negative in 20% HCC patients clinically, but those patients’ 
tissue AFP status may be positive or negative. Therefore, 
the clinical association among serum AFP level and tissue 
AFP status is not clear. 

Here, we conducted a retrospective study of patients with 
HCC to investigate the relationship between preoperative 
serum AFP concentration and tissue AFP status and to 
identify the prognostic value of serum and tissue AFP. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-21-2334/rc).

Methods

Patient cohort

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study was 
approved by Ethics Committee of National Cancer Center/
Cancer Hospital, Chinese Academy of Medical Sciences 
and Peking Union Medical College (No. 19-010/1795), 
and written informed consents were obtained from all the 
patients during the hospital stay. Patients with primary 
HCC who had been treated with surgical resection by 
the same single-surgeon team at our institution between 
January 2012 and December 2018 were identified. Inclusion 
criteria were: (I) patients who underwent hepatectomy; 
(II) pathological diagnosis was HCC; (III) postoperative 
survival more than 1 month. Exclusion criteria were: (I) a 
history of prior cancer surgery; (II) combined with other 
local therapy during surgery; (III) extrahepatic metastases 
detected during surgery; (IV) had missing data that made it 
impossible to evaluated. Clinical data collected from eligible 
patients included the following: age, sex, HBV, HCV, tumor 
number, tumor size, Barcelona clinic liver cancer (BCLC) 
stage, histological grade, preoperative serum AFP level and 
postoperative tissue AFP status. Overall survival (OS) was 
defined as the time from the end of surgery to the death 
of any cause. The rules of follow-up were described in 
our previous report in detail (11) and the treatment after 
recurrence including surgery, radiofrequency ablation, 
transhepatic arterial chemotherapy and embolization 
(TACE), radiation and systemic therapy.

Serum and tissue AFP assay

Preoperative serum AFP concentrations were measured 
by electrochemiluminescence immunoassay (ECLI) 
with a normal range of 0–7 ng/mL (the reference range 
of ECLI kits) and AFP value could be collected from 
preoperative laboratory results. Postoperative tissue AFP 
status was measured by immunohistochemistry (IHC) 

https://tcr.amegroups.com/article/view/10.21037/tcr-21-2334/rc
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that was performed using an indirect peroxidase method. 
The sections (5 μm) of cancer tissues were deparaffinized 
with xylene and rehydrated in citrate buffer. Next, the 
sections were incubated at 4 ℃ overnight with primary 
AFP antibodies (1:50 dilution; ZSGB-Bio, Beijing, China) 
raised in rabbit. After incubating with a secondary antibody, 
diaminobenzidine was used to develop the antigen‐antibody 
reactions. AFP protein is cytoplasmic staining and were 
scored 0–3 according to tumor specimens with AFP IHC 
staining intensity. The staining intensity of 2+ or more were 
judged as AFP-positive status, others were AFP-negative 
status. The IHC process was conducted at the Department 
of Pathology, Cancer Hospital, Chinese Academy of 
Medical Sciences. Tissue AFP expression was reviewed by 
experienced pathologists.

Statistical analysis

Continuous data are presented as median and interquartile 
range (IQR), and categorical data are presented as 
frequency and percentage. OS was analyzed using the 
Kaplan-Meier method and log-rank tests were used for 
comparisons between two groups. ROC curves were 
plotted to investigate the predictive value of serum AFP for 
tissue AFP status. Youden’s index (sensitivity + specificity 
−1) was used to determine the optimal cut-off value of 
serum AFP from the ROC plot. The correlations between 
serum or tissue AFP and clinicopathological variables 
were investigated using Chi-square test. Univariate Cox 
proportional hazards regression analysis was performed 
for various risk factors. Variables shown to be statistically 
different (P<0.1) through univariate Cox regression analysis 
were included in multivariate Cox regression analysis to 
identify the independent prognostic factors and estimate 
the hazard ratio (HR) and 95% confidence interval (CI) 
of covariates. P<0.05 was considered to indicate statistical 
significance. Statistical analyses were performed using SPSS 
(version 22, Armonk, NY, USA).

Results

Patient characteristics

A total of 248 patients with HCC were enrolled in the study 
and 204 (82.3%) were male. The median age was 57.3 years 
(IQR: 49.5–63.9 years). One hundred seventy-eight (71.8%) 
patients were HBV positive and 16 (6.5%) patients were 
HCV positive. More than 90% patients had single tumor, 

and patients with tumor <5 cm accounted for 70.6%. One 
hundred seventy-four (70.2%) patients were with tissue 
AFP-negative status and 74 (29.8%) patients were tissue 
AFP positive. Eighty-one (32.7%) patients were with AFP 
<7 ng/mL and 167 (67.3%) were with AFP ≥7 ng/mL.  
The median serum AFP level was 15.9 ng/mL (IQR:  
4.8–239.3 ng/mL). The details were showed in Table 1.

Association between serum AFP level and tissue AFP status 

The median serum AFP level in tissue AFP-positive and 
AFP-negative patients were 506.7 ng/mL (IQR: 181.7–
3,296.3 ng/mL) and 7.7 ng/mL (IQR: 3.2–33.3 ng/mL), 
respectively. The serum AFP level in patients with tissue 
AFP-positive HCC was higher than those with tissue AFP-
negative HCC (P<0.0001, Figure 1A). To identify the 
optimal cut-off value of serum AFP for tissue AFP status, 
the ROC plot showed an area under curve value of 0.92 
(95% CI: 0.88–0.95, P<0.0001, Figure 1B). Youden’s index 
yielded an optimal cut-off value of 92.33 ng/mL, with a 
sensitivity and specificity of 0.84 (95% CI: 0.74–0.90) and 
0.88 (95% CI: 0.82–0.92), respectively.

Correlations between serum or tissue AFP and 
clinicopathological variables

We divided the enrolled patients into high-and low serum 
AFP groups based on the cut-off value of 92.33 ng/mL.  
High serum AFP concentrations were significantly 
correlated with positive HBV (P=0.012), tumor size 
(P=0.025), histological grade (P=0.001). Similarly, patients 
were divided into positive and negative tissue AFP groups. 
Tissue AFP-positive status was associated with positive 
HBV (P=0.006), tumor number (P=0.033), histological 
grade (P<0.001, Table 2).

Prognostic factors of HCC patients

The Kaplan-Meier curve was used to compare survival of 
patients with two types of AFP measurement separately. 
According to Youden’s index in the ROC plot, the optimal 
cut-off value of serum AFP for tissue AFP status was 
92.33 ng/mL, patients with serum AFP <92.33 ng/mL had 
significantly longer survival compared with patients with 
serum AFP ≥92.33 ng/mL (P=0.004, Figure 2A). Further, 
HCC patients with tissue AFP-negative had longer survival 
than tissue AFP-positive patients (P=0.016, Figure 2B).

After a median follow-up time of 42 months (IQR: 
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Table 1 Patient characteristics

Variables All (N=248) Percent (%)

Age (years)

Median (IQR) 57.3 (49.5–63.9) –

<60 158 63.7

≥60 90 36.3

Sex

Male 204 82.3

Female 44 17.7

HBV

Positive 178 71.8

Negative 70 28.2

HCV

Positive 16 6.5

Negative 232 93.5

Tumor number

Single 232 93.5

Multiple 16 6.5

Tumor size (cm)

<5 175 70.6

≥5 73 29.4

BCLC stage

0 35 14.1

A 138 55.6

B 75 30.2

Histological grade

I 32 12.9

II 143 57.7

III 73 29.4

Tissue AFP status (IHC)

Negative 174 70.2

Positive 74 29.8

Serum AFP (ng/mL)

AFP <7 81 32.7

AFP ≥7 167 67.3

Serum AFP (ng/mL)

Median (IQR) 15.9 (4.8–239.3) –

Table 1 (continued)

Table 1 (continued)

Variables All (N=248) Percent (%)

Overall survival (months)

Median (IQR) 42 (31–60) –

IQR, interquartile range; HBV, hepatitis B virus; HCV, hepatitis 
C virus; BCLC, Barcelona clinic liver cancer; AFP, alpha-
fetoprotein; IHC, immunohistochemistry.

31–60 months), we tried to investigate the effect of 
clinicopathological variables including serum AFP level and 
tissue AFP status on survival. Univariate and multivariate 
Cox regression analysis demonstrated that HBV and tumor 
size were significantly correlated with OS. Positive HBV 
(Positive; HR 3.496; 95% CI: 1.349–9.064; P=0.010) and 
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Figure 1 Association between serum AFP level and tissue AFP 
status. (A) The serum AFP concentration in patients with tissue 
AFP-positive and AFP-negative HCC; (B) ROC curve of serum 
AFP level for tissue AFP status. AFP, alpha-fetoprotein; ROC, 
receiver operating characteristic; HCC, hepatocellular carcinoma. 
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Table 2 Correlations between serum or tissue AFP and clinicopathological variables

Variables

Serum AFP concentration (ng/mL)

P

Tissue AFP expression (IHC)

PAFP <92.33, N=165 
(66.5%)

AFP ≥92.33, N=83 
(33.55%)

AFP negative, N=174 
(70.2%)

AFP positive, N=74 
(29.8%)

Age (years), n (%)

<60 99 (60.0) 59 (71.1) 0.087 105 (60.3) 53 (71.6) 0.091

≥60 66 (40.0) 24 (28.9) 69 (39.7) 21 (28.4)

Sex, n (%)

Male 141 (85.5) 63 (75.9) 0.063 147 (84.5) 57 (77.0) 0.160

Female 24 (14.5) 20 (24.1) 27 (15.5) 17 (23.0)

HBV, n (%)

Positive 110 (66.7) 68 (81.9) 0.012 116 (66.7) 69 (93.2) 0.006

Negative 55 (33.3) 15 (18.1) 58 (33.3) 21 (6.8)

HCV, n (%)

Positive 11 (6.7) 5 (6.1) 0.846 13 (7.5) 3 (4.1) 0.316

Negative 154 (93.3) 78 (93.9) 161 (92.5) 71 (95.9)

Tumor number, n (%)

Single 154 (93.3) 78 (93.9) 0.846 159 (91.4) 73 (98.6) 0.033

Multiple 11 (6.7) 5 (6.1) 15 (8.6) 1 (1.4)

Tumor size (cm), n (%)

<5 124 (75.2) 51 (61.4) 0.025 122 (70.1) 53 (71.6) 0.812

≥5 41 (24.8) 32 (38.6) 52 (29.9) 21 (28.4)

BCLC stage, n (%)

0 26 (15.8) 9 (10.8) 0.062 23 (13.2) 12 (16.2) 0.700

A 97 (58.8) 41 (49.4) 96 (55.2) 42 (56.8)

B 42 (25.4) 33 (39.8) 55 (31.6) 20 (27.0)

Histological grade, n (%)

I 29 (17.6) 3 (3.6) 0.001 31 (17.8) 1 (1.4) <0.001

II 97 (58.8) 46 (55.4) 101 (58.0) 42 (56.8)

III 39 (23.6) 34 (41.0) 42 (24.2) 31 (41.8)

AFP, alpha-fetoprotein; IHC, immunohistochemistry; HBV, hepatitis B virus; HCV, hepatitis C virus; BCLC, Barcelona clinic liver cancer.

larger tumor size (≥5; HR 2.617; 95% CI: 1.372–4.992; 
P=0.003) were independent factors of OS. Age, sex, HCV, 
tumor number, BCLC stage, histological grade, tissue AFP 
status and serum AFP level did not affect OS independently 
(Table 3). 

Discussion

The current study was important because it specifically 
focused on serum and tissue AFP. This is the first study, to 
the best of our knowledge, to test the predictive value of 
serum AFP concentration for tissue AFP status of HCC. 
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Previous study reported that AFP protein could be detected 
in tumor tissues in patients with high serum AFP levels, 
but not in adjacent normal liver tissues or tumor tissues 
in patients with low serum AFP levels (12). Our results 
demonstrated that AFP protein positive expression rate in 
is 29.8%, and patients with AFP-positive status had higher 
serum AFP concentration than patients with AFP-negative 
status, and the optimal cut-off value of serum AFP is  
92.33 ng/mL for tissue AFP status, and the ROC plot 
proved to be a sensitivity and specificity of 0.84 and 0.88, 
respectively. There was a significant association between 
serum AFP levels and tissue AFP status.

Additionally, the present study concluded that HCC 
patients with serum AFP ≥92.33 ng/mL had poorer 
OS. Investigators have reported that serum AFP level 
was associated with HCC patients’ prognosis. Among  
852 patients, patients with high AFP (>10 ng/mL) levels 
had worse 3-year post-recurrence survival compared 
with individuals with low AFP (<10 ng/mL) levels. After 
adjusting for competing risk factors, patients with AFP 
>10 ng/mL at the time of recurrence were independently 
associated with almost twofold higher hazards of death in 
the post-recurrence setting (13). 

Apart from serum AFP, there are some biomarkers 
reported trustworthily in recent studies, but they are still 
associated with AFP. Park et al. (14) demonstrated that yes-
associated protein (YAP) and transcriptional co-activator 
with PDZ-binding motif (TAZ) were both expressed in 
13.4% and 4.3% HCCs respectively. More importantly, 
YAP/TAZ-positive HCCs were significantly associated with 
higher serum AFP levels (P=0.024). Similarly, Li et al. (15)  
found that methyltransferase-like 18 (METTL18) is 
overexpressed in HCC and higher expression of METTL18 
in HCC is positively related to AFP >400 ng/mL (P<0.05), 
and higher expression of METTL18 was significantly 

associated with poor prognosis of patients with HCC. 
This study showed that serum AFP concentration and 
tissue AFP status were correlated with clinicopathological 
variables including HBV, tumor number and size, and 
histological grade, but not with HCV. The two types of 
AFP measurements have different relationship of clinical 
covariates. We found that serum and tissue AFP were both 
associated with tumor stage, but serum AFP was associated 
with tumor size and tissue AFP was associated with tumor 
number. With the increase of tumor size, serum AFP value 
was elevated. One literature showed that positive serum 
AFP was associated with less differentiated tumors, more 
advanced TNM stage, larger tumor sizes, and inferior 
survival compared with negative serum AFP (16). These 
studies remind us that the AFP levels in HCC patients’ sera 
might be associated with the intrinsic heterogeneities of 
the HCC tumors. Other reports demonstrated that higher 
serum AFP (≥10 ng/mL) was associated with higher HCC 
risk for HCV cure patients and higher post-treatment 
serum AFP also had a high risk of HCC recurrence for 
HCV patients (17,18). The different results may be due to 
the cut-off value of serum AFP.

Furthermore, our study showed that tissue AFP-positive 
status was associated with poorer OS. Zhu et al. reported 
that the expression of Oct4, Klf4, Sox2 and c-Myc was 
significantly higher in AFP-positive tissues compared to 
AFP-negative tissues due to these markers were closely 
related to hepatocarcinogenesis (19). Moreover, the 
expression levels of tissue AFP in metastatic HCCs were 
lower than that in those HCCs without metastases, but 
the expression level of tissue AFP showed no significant 
influence on survival time (8). Our results demonstrated 
that serum and tissue AFP were not independent factors of 
OS, but AFP play an important role in HCC progression. 
The variation trend of serum AFP can be used as an index 
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Table 3 Prognostic factors of enrolled 248 HCC patients

Variables
Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Age (years)

<60 1 0.484–1.749 0.800 – – –

≥60 0.921 –

Sex

Male 1 0.786–1.643 0.497 – – –

Female 1.136 –

HBV

Negative 1 1.281–8.299 0.013 1 1.349–9.064 0.010

Positive 3.260 3.496

HCV

Negative 1 0.139–2.394 0.449 – – –

Positive 0.578 –

Tumor number

Single 1 0.375–3.942 0.745 – – –

Multiple 1.215 –

Tumor size (cm)

<5 1 1.188–4.006 0.012 1 1.372–4.992 0.003

≥5 2.182 2.617

BCLC stage

0 1 – – – – –

A 1.840 0.550–6.157 0.323 – – –

B 2.938 0.861–10.032 0.085 – – –

Histological grade

I 1 – – 1 – –

II 8.302 1.130–60.963 0.037 5.604 0.749–41.955 0.093

III 6.030 0.777–46.790 0.086 3.165 0.397–25.223 0.277

Tissue AFP status (IHC)

Negative 1 1.299–4.361 0.005 1 0.892–4.576 0.092

Positive 2.380 2.020

Serum AFP (ng/mL)

<92.33 1 1.129–3.796 0.019 1 0.426–2.235 0.955

≥92.33 2.070 0.976

HCC, hepatobiliary carcinoma; HR, hazard ratio; CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; BCLC, Barcelona 
clinic liver cancer; AFP, alpha-fetoprotein; IHC, immunohistochemistry.
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to evaluate the efficacy for HCC after receiving treatment 
in previous studies. Serum and tissue AFP for prognosis 
was affected by other factors, more studies are needed. In 
a vitro experiment, overexpression of AFP could enhance 
proliferation, invasion, and migration of HCC cells. Both 
qPCR and western blot results demonstrated that the 
expressions of PD-L1, B7-H4, and P65 were significantly 
higher in the AFP transfection group compared to the 
controls (20). Further, high levels of acetylated AFP in 
HCC tissues were associated with HBV infection and 
correlated with poor prognosis and decreased patient 
survival, AFP acetylation plays an important role in HCC 
progression (21).

There are some limitations in the current studies. Firstly, 
the grouping process were exposed to selection bias due to 
retrospective study. Secondly, the cut-off value of serum 
AFP was influenced by different assay kit. Thirdly, a small 
number of patients were included because of the single-
surgeon team, and further lager sample research is needed 
to clarify the diagnostic value of AFP.

In conclusion, this study showed that serum AFP level 
could be a highly predictive biomarker for tissue AFP status 
in patients with HCC. Furthermore, serum AFP levels 
≥92.33 ng/mL and tissue AFP-positive status were associated 
with poorer OS but were not independent factors of OS.
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