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This article aimed to investigate the value of α-fetoprotein (AFP) for the diagnosis of hepatocellular carcinoma (HCC)
and to evaluate the relationship between AFP and various clinical variables of HCC comprehensively.
A retrospective study of postoperative patients diagnosed with liver neoplasm from two Chinese centers was enrolled in
our study.
A total of 3050 patients were included. The best cut-oﬀ point of AFP for the diagnosis of HCC was 20ng/ml with ideal
sensitivity (69.74%), speciﬁcity (91.18%), LR (4.12) and YI (0.61). Non-HBV infection patients showed the highest speciﬁcity
(94.44%) but lowest sensitivity (60.13%). In HBV infection Patients, HBsAg, HBeAb, and HBcAb positive patients had the
highest sensitivity (79.55%) and speciﬁcity (58.49%). AFP levels increased signiﬁcantly in symptomatic patients (p=0.011).
Those patients with tumor sizes ≥10cm had much higher serum AFP level compared with smaller tumors ones (p=0.014).
AFP levels increased remarkably in patients with vascular invasion (p=0.015). Stepwise logistic regression showed tumor size
(≥10cm) was an independent predictor of elevated AFP (OR=2.743, 95%CI: 1.167-6.447, P=0.021).
The best discriminating AFP value for the diagnosis of HCC is 20ng/ml; HBsAg, HBeAb and HBcAb positive patients
have the optimal sensitivity and speciﬁcity; tumor size≥10cm is an independent predictor of elevated AFP.
Key words: hepatocellular carcinoma, alpha-fetoprotein, diagnosis, hepatitis virus B

Hepatocellular carcinoma (HCC) with an estimated
600,000 deaths per year is the seventh most common malignant cancer and the third leading cause of cancer-related
deaths worldwide [1]. The most common risk factors of HCC
are chronic hepatitis B virus (HBV) or hepatitis C virus (HCV)
infection. Nearly half of new cases of HCC are occurred in
china, mainly due to more than one hundred million chronic
hepatitis B (CHB) patients living in China [2, 3].
In 1980, Harada and his colleagues [4] suggested that
those patients with elevated AFP values might be at greater
risk for the development of HCC. However, high serum AFP
levels have also been found in many other diseases including cirrhosis, biliary cancer, teratocarcinoma of the testis
and metastatic hepatic carcinoma [5]. Since then, the value
of AFP for the diagnosis of HCC has become a hot issue
due to unstable sensitivity and speciﬁcity. Some previous
studies reported that the sensitivity of 20ng/mL was low
in detection of early stage HCC [6, 7]; and the Italian and

the American Association for the Study of Liver Diseases
guidelines considered a level≥200ng/mL as the cut-oﬀ point
for diagnosis[6, 8]. However, these reports were limited by
a small sample size and focused on patients with chronic
liver disease (CLD). In recent years, more and more patients
with early HCC have been detected due to follow-up of highrisk groups. Therefore, some researchers began to doubt the
value of AFP in the diagnosis of early HCC and many new
diagnostic biomarkers had been proposed to complement
AFP, such as AFP mRNA, fucosylation index (FI) of AFP,
DDK1, Des- r-carboxy prothrombin (DCP), Lens culinaris
agglutinin reactive AFP (AFP-L3), Glypican-3 (GPC3),
Chromogranin-A(CgA) and so on[9-14]. Nevertheless,
they are not widely used due to ﬁnancial and technological
limits; AFP still is the golden standard of diagnostic serum
markers for HCC.
The relationship between serum AFP level and clinicopathological features remains controversial. Although some
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Table 1. The serum level of AFP in the whole population
Group

AFP (n, %)
<20µg/L

748(24.52%)
HCC
Other liver lesions
530(17.38%)
Total
1278
AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma

Total (%)

20-200µg/L

200-400 µg/L

>400 µg/L

449(14.72%)
35(1.15%)
484

497(16.30%)
10(0.33%)
507

778(13.11%)
3(0.10%)
781

clinical trials [15-17] had suggested that the elevation of
serum AFP levels were positively correlated with tumor
sizes, tumor number and vascular invasion, some studies
[18] hold opposite opinions. Moreover, these studies were
often limited by a small sample size and failed to analyze
the relationship between AFP and clinical features comprehensively.
With above confusions in mind, we conducted this research.
The ﬁrst purpose of this article was to identify the best cut-oﬀ
value of serum AFP level for the diagnosis of HCC; then to
evaluate the diagnostic value of AFP (≥20ng/mL) according
to the virological status; the ﬁnal purpose was to investigate
the relationship between serum AFP level and clinical features
comprehensively.
Patients and methods
Data collection. A retrospective analysis was conducted
on all surgical patients who received a initial diagnosis of
liver neoplasms in Zhongshan Hospital, Fudan University,
Shanghai, China, from December, 1995, to June, 2005. We
also analyzed all surgical patients from Huai’an First People’s
Hospital, Nanjing Medical University, China, from January,
2005, to June, 2010. A total of 2000 patients from Zhongshan Hospital and 1050 patients from Huai’an First People’s
Hospital were included in this study. Clinicopathologic data
including sex, age, symptom, AFP value, HBV infection,
HCV infection, liver function and pathological type and so
on were extracted.
Critical of inclusion and exclusion. Inclusion criteria for
patients were as follows: 1) All eligible patients were treated
by surgery and had postoperative pathological results; 2)
All patients suspicious of HCC had complete preoperative
clinical data including symptom, tumor size, tumor number,
serum AFP, HBV and HCV status and so on. Patients with
the following situations were excluded: 1) Those patients were
treated with other treatments including ethanol injection(PEI),
percutaneous microwave coagulation therapy (PMCT), radiofrequency ablation (RFA) rather than surgery; 2) Those
patients with missing data.
AFP classify and clinical variables. The vast majority of
patients had ultrasound and AFP examination in a week before
surgery. Serum samples were taken upon when limosis before
initial treatment, and AFP level was measured by conventional
assays (ECLIA). Detection of serum AFP values ranged from

2472(81.05%)
578(18.95%)
3050

0 to 400ng/ml, and all of the serum AFP values more than
400ng/ml were recorded as 400ng/ml in our study. The value of
20ng/mL was upper limit of normal AFP. We divided serum AFP
values into four groups: < 20ng/mL, 20-200ng/mL, 200ng/mL
and 400ng/mL. The value of 200ng/mL and 400ng/mL were
considered as conﬁrmatory tests for HCC diagnosis [19, 20].
The cut-oﬀ for normal AFP levels (<20ng/mL) was selected on
the bases of the EASL guidelines [21] and previous studies on
this topic [22].
Tumor size was based on the longest axis and estimated
comprehensively with pathology, ultrasound, CT or MRI.
When multiple tumors of HCC were present, the diameter of
the largest one was measured and taken as the representative
HCC diameter. Vascular invasion was deﬁned as the macro
and/or microvascular invasion.
Statistical analysis. Values were expressed as the mean
± SD or median. Spearman’s rank correlation was used to
analyze the correlations between markers values. The univariate analysis on association between marker values and
clinical variables was analyzed by the Wilcoxon rank-sum
test and Kruskal-Wallis H test. A stepwise logistic regression
was applied in multiple variables analysis.
The best cut-oﬀ was chosen as the value that maximized
the Youden index (YI) (sensitivity + speciﬁcity - 1) or likelihood ratio (LR) ((probability of true positive + probability of
true negative) / (probability of false positive + probability of
false negative)) [23]. The positive likelihood ratio (PLR) and
the negative likelihood ratio (NLR) were calculated by the
following formula: PLR, probability of true positive/ probability of false positive; NLR, false negative probability/ true
negative probability. Since positive (PPV) and negative (NPV)
predictive values depend on the prevalence of the disease,
these variables were also assessed considering a prevalence of
HCC of 5%, 10%, 20% and 30% , which was closer to a clinical
setting[24-26].
P value < 0.05 was considered statistically signiﬁcant. All
statistical analysis was undertaken using the Stata software
(version11: StataCorp, Texas, USA).
Results
Clinical features of patients. A total of 3050 patients
(2472 HCC cases and 578 other liver neoplasms cases) were
enrolled in this study. Of the 3050 patients, 2414 patients
(79.15%) were men and 636 patients (20.84%) were women
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(male-to-female ratio 3.8:1). AFP levels in patients with
HCC were signiﬁcantly higher than in patients with other
liver neoplasm (p<0.001).The mean serum level of AFP was
184.98±174.13ng/mL. The mean age was 51.52±12.86 years
old. 71.87% (2192/3050) patients were infected with HBV
including 95.12% (2085/2192) in the HCC group and 4.05%
(107/2192) in other liver neoplasm group. Only 52 patients
(1.7%) were infected with HCV.
AFP and clinical variables of patients with HCC. In
HCC patients, sex did not aﬀect the levels of serum AFP
(p=0.76). However, AFP levels increased signiﬁcantly in
patients with symptom than in asymptomatic patients
(p=0.011). AFP level in patients with tumor size ≥10cm
was the signiﬁcantly higher than in patients with tumor size
5-10 cm and with tumor size ≤5cm (P = 0.007). The AFP
levels were signiﬁcantly higher in patients with vascular
invasion (p=0.015). No diﬀerences regarding tumor number

Table 2. AFP and clinical variables in HCC group
Variables

N (%)

AFP#(µg/L)

P

Sex
2128(86.09%) 189.36 ±175.23
Male
Female
344(13.91%) 174.05 ±175.37
0.76
HBV infection
2085(84.35%) 173.61 ±155.64
Yes
No
387(15.66%) 187.45 ±173.48 0.566
HBV infection (Yes)
HBsAg, HBeAg and HBcAb
positive
549(22.21%) 199.50 ±189.84
HBsAg, HBeAb, and HBcAb
positive
1053(42.60%) 195.52 ±165.12
Others*
870(35.19%) 170.09 ±176.01 0.673
Symptom
695(28.11%) 122.74 ±155.64
Yes
No
1777(71.89%) 209.77 ±176.43 0.011
Tumor size
≤5cm
1120(45.31%) 149.21 ±166.86
5-10cm
869(35.15%) 218.21 ±176.04
≥10cm
483(19.54%) 238.23 ±180.44 0.007
Tumor number
1
2144(86.73%) 176.23 ±173.60
2
193(7.81%) 264.91 ±178.71
≥3
135(5.46%) 253.18 ±179.55 0.252
Vascular invasion
174(7.04%) 175.40 ±171.95
Yes
No
2298(92.96%) 316.03 ±166.63 0.015
Child-pugh class
A
1971(79.73%) 180.39 ±172.24
B
487(19.70%) 243.09 ±202.57
C
14(0.57%) 264.75 ±103.49 0.338
AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; HBV, Hepatitis
B Virus; *, those patients are infected with HBV and neither HBsAg, HBeAg,
and HBcAb test positive nor HBsAg, HBeAb, and HBcAb test positive; #,
mean ± SD

(p=0.252) and Child-Pugh class (p=0.338) were founded
between groups (Table 2).
Logistic regression analysis of clinical variables and AFP
levels. In the stepwise logistic regression models, all clinical
variables were included including sex, age, symptom, glutamicpyruvic transaminase (ALT), glutamic oxalacetic transaminase
(AST), serum total bilirubin (TBIL), HBV infection, tumour
number, tumour size, vascular invasion and child-pugh class.
In this model, only tumor size (≥10cm) was independent
predictor of elevated AFP concentrations (OR=2.743, 95%
CI: 1.167-6.447, P=0.021).
AFP levels for the diagnosis of HCC. Table 1 depicts AFP
levels in the whole population. Serum AFP level was signiﬁcantly higher in HCC than control patients (P<0.001). Of the
AFP level <20ng/ml, 24.52% cases with HCC and 17.28% cases
with other liver neoplasma; the serum AFP levels in HCC
group and the control group at 21-200, 200-400 and above
400ng/mL were 14.72% vs 1.27%, 16.30% vs 0.39% and 13.11%
vs 0.39%, respectively.
Table 3 shows the pathology of all liver lesions in the
population under study. In HCC group, 455 patients (18.41%)
had elevated alanine aminotransferase (ALT) and 2299
patients (93%) with cirrhosis. Of the 578 cases with other
liver neoplasma, 48 patients had elevated serum AFP level
(>20ng/mL), including metastatic hepatic carcinoma (n=14),
hepatic cavernous haemangioma (n=11), cholangiocellular
carcinoma or hepatoid adenocarcinoma (n=10), micronodular cirrhosis (n=8), widespread necrosis (n=3) and dysplastic
nodule (n=2).
Table 4 describes the diﬀerent levels of serum AFP for the
diagnosis of HCC. The discriminating values for HCC diagnosis
were divided into three groups: 20, 200 and 400ng/ml. When
the cut-oﬀ value of 20ng/ml was considered, we had the highest
sensitivity (69.74%), but with the lowest speciﬁcity (91.18%).
Moreover, this cut-oﬀ showed lower PLR (8.48) and NLR (0.33)
Table 3. Pathology of all liver lesions in the population under study
Pathology

Cases

Percentage
(%)

AFP# (µg/L)

2472
81.05
185.30 ±174.71
HCC
Metastatic hepatic carcinoma
201
6.59
19.40 ±51.35
Cholangiocellular carcinoma
67
2.20
36.01 ±86.00
Micronodular cirrhosis
20
0.66
44.90 ±75.79
Inﬂammatory granuloma
9
0.30
7.52 ±5.67
Inﬂammatory pseudotumor
2
0.07
4.70±0.75
Hepatic adenomas
2
0.07
19.6 ±22.95
Hepatic cavernous haemangioma
225
7.38
13.15 ±48.40
Dysplastic nodule
33
1.08
17.91 ±54.28
Cryptococcosis
2
0.07
9.57 ±5.18
6
0.20
3.88 ±1.86
Tuberculosis of the liver
Lymphangioma
1
0.03
5.67
Others*
10
0.33
51.20 ±106.60
HCC, hepatocellular carcinoma; *, inconclusive results or widespread necrosis;
#
, mean ± SD

ALPHA-FETOPROTEIN, CLINICAL CHARACTERISTICS, DIAGNOSIS
Table 4. Diﬀerent serum levels of AFP for the diagnosis of HCC in the
population under study
Method
AFP
20
200
400

Sensitivity Speciﬁcity
(%)
(%)
69.74
51.58
31.47

91.18
97.75
99.13

PLR

NLR

LR

YI

8.48
22.93
36.17

0.33
0.50
0.69

4.12
2.95
1.88

0.61
0.49
0.30

AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; PLR, positive likelihood ratio; NLR, negative likelihood ratio; LR, likelihood ratio; YI, youden
index

but higher LR (4.12) and YI (0.61) than other two cut-oﬀs.
Therefore, the best cut-oﬀ for the analyses was 20ng/ml.
Table 5 reports the PPV and NPV of the AFP cut-oﬀs in
diﬀerent HCC prevalence. PPV of 20ng/ml was77.21% but
decreased to 29.39% at 5% tumor prevalence. NPV was 87.55%
and rose to 98.28% at 5% prevalence. All cut-oﬀs value attained to a good NPV (90%) when a HCC prevalence of 10%
was considered.
AFP and HBV infection. A total of 2192 (71.87%) patients
were infected with HBV, and these patients had signiﬁcantly
higher AFP level compared with non-HBV infection ones
(P=0.001). However, in HCC group, HBV infection did not
aﬀect the probability of showing an elevated AFP (p=0.566);
and there was no signiﬁcant diﬀerence among patients with
diﬀerent virological status (p=0.673).
Table 6 shows the sensitivity and speciﬁcity of serum AFP
level of ≥20ng/ml according to the virological status. In HBV
infection patients, HBsAg, HBeAg, and HBcAb test positive
patients showed the highest sensitivity and speciﬁcity. Those
patients with non-HBV infection showed the highest speciﬁcity in the whole population.

Table 5. PPV and NPV for the diagnosis of HCC in diﬀerent HCC
prevalence
AFP
20

HCC prevalence (%)

PPV (%)

NPV (%)

5
29.39
98.28
10
46.77
96.44
20
66.41
92.34
30
77.21
87.55
200
5
54.69
97.46
10
71.81
94.78
20
85.14
88.98
30
90.76
82.49
400
5
65.56
96.49
10
80.08
92.49
20
90.04
85.26
30
93.94
77.14
AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; PPV, positive predict
value; NPV, negative predict value;

221
Table 6. The sensitivity and speciﬁcity of AFP of >20ng/ml according to
the virological status
Virological status

Sensitivity (%)

Speciﬁcity (%)

60.13%
94.44%
HBVHBV+
71.42%
57.01%
HBsAg, HBeAg, and HBcAb positive
66.67%
-†
HBsAg, HBeAb, and HBcAb positive
79.55%
58.49%
HBV/others*
63.88%
52.00%
AFP, alpha-fetoprotein; HBV, Hepatitis B Virus; *, those patients are infected
with HBV and they are neither HBsAg, HBeAg, and HBcAb test positive nor
HBsAg, HBeAb, and HBcAb test positive; †, too few patients to calculate

Discussion
The diagnostic role of AFP in patients with HCC has been
discussed for over 40 years and this debate is still open. This
article is not an original one but, is the most comprehensive
report with the largest sample size and the correlation between
AFP levels and clinical variables.
The diagnosis of HCC is the fundamental way to improve
long-term survival rates [27]. In our population, the best cutoﬀ of AFP for the diagnosis of HCC is 20ng/ml. Firstly; this
cut-oﬀ value (20ng/ml) had a higher sensitivity but a little
lower speciﬁcity comparing to the other two cut-oﬀs (200ng/
ml and 400ng/ml). It meant that 449 (18.16%) patients were
diagnosed with HCC but 38(6.57%) patients misdiagnosed
with HCC. However, when we rechecked these patients
who were misdiagnosed with HCC, we found nearly half of
patients were malignant tumor including metastatic hepatic
carcinoma (n=10) and cholangiocellular carcinoma (n=6).
Moreover, surgery was a suitable treatment for them. Secondly,
we calculated the likelihood ratio which was not inﬂuenced by
the prevalence of the disease to assess the authenticity of this
cut-oﬀ. The cut-oﬀ of 20ng/ml showed a rather good NLR but
a low PLR which mainly due to the number of patients in HCC
group was obviously larger than other liver neoplasm group.
Lastly, this cut-oﬀ demonstrated signiﬁcant advantages in LR
and YI. From above we can draw a conclusion that the level of
20ng/ml is the best cut-oﬀ for the diagnosis of HCC.
Besides the sensitivity and speciﬁcity of AFP value, we paid
attention to PPV and NPV in this diagnostic test. In our results,
with the HCC prevalence of 5%, the NPV of AFP (20ng/ml)
became very high (98.28%) indicating that most patients
with a normal serum AFP were free from HCC. However,
in the HCC prevalence of 5%, this cut-oﬀ (20ng/ml) showed
a poor PPV (29.39%) comparing to the cut-oﬀ of 200ng/ml
(54.69%) and 400ng/ml (65.56%). The main reason of this phenomenon was that HCC patients with the AFP level between
20 to 200ng/ml accounted for a small proportion (14.72%).
However, it was unwise to ignore these HCC patients simply
because they were in a small proportion. This conclusion was
not consistent with some previous studies [6, 22, 28], which
obtained that the usage of AFP as a screening test for HCC in
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CLD patients should be abandoned. This diﬀerence may be
mainly due to the diﬀerent research objects enrolled in these
studies (chronic liver disease patients in the previous studies
VS liver lesion patients in our studies). In the report from
Farinati [6], the main purpose was not to investigate the role
of AFP in HCC screening or in identifying patients at risk.
Moreover, the detail results of the sensitivity and speciﬁcity
of AFP were not provided. In the other two reports [22, 28]
AFP monitoring missed many HCC patients.
We also analyzed the clinical diagnosis value of AFP according to virological status. In HBV infection patients, we analyzed
several common virological status including HBsAg, HBeAg
and HBcAb positive, HBsAg, HBeAb, and HBcAb positive and
others. In patients with HCV infection, only 52 cases were enrolled, who was not included them in this study. We found that
AFP value had the lowest sensitivity but the highest speciﬁcity
in patients without viral infection at the cut-oﬀ of 20ng/ml.
This conclusion seems result largely from the very low proportion of secretory cell in HCC patients without viral infection,
which is in accord with seronegative non-Caucasian patients
[29, 30] and Italian alcoholic patients [31]. Moreover, traditional view suggests that the appearance of HBeAg is a sign
of viral replication and HBeAb positive prompts inhibition of
viral replication. However, in our conclusion, the sensitivity
and speciﬁcity of AFP reached the best value in patients with
HBsAg, HBeAb and HBcAb test positive who accounted for
nearly half of total HBV-HCC patients. The reasons of this
conclusion are as follows: (1) Currently, there are two major
HBV-speciﬁc mechanisms that contribute to the development
of HCC [32]. The ﬁrst is the integration of the viral genome into
the host chromosome leading to the tumor-promoting genes
activating, and/or tumor suppressor genes inactivating. The
second mechanism is to alter host gene expression by aﬀecting
the intracellular signal transduction pathways. However, Fung
and co-workers [33] reported that liver cirrhosis patients had
a signiﬁcantly higher medium serum HBV DNA level than
those HCC patients and this conclusion was further conﬁrmed
by a report from China [34]. The main reason for this conclusion was that the integration of the HBV DNA into the host
chromosome was more frequently in HCC patients than in
liver cirrhosis patients. Similarly, HCC patients with HBeAg
positive had a signiﬁcantly higher medium serum HBV DNA
level than HBeAg negative patients. So, we can speculate that
the reduction of serum HBV DNA in HBeAg negative patients
results from integration of the HBV DNA into the host chromosome. (2) The basal core promoter (BCP) of HBV controls
the transcription of precore RNA which was responsible for
the secretion of HBeAg. Jardi [35] reported that there was
signiﬁcantly diﬀerence in the prevalence of mutations of BCP
between HBeAg positive and HBeAg negative patients. Therefore, the high proportion of HBeAg negative patients might
partially due to the suppression of the secreted e antigen by
the mutation of BCP in HBeAg positive patients [36].
In our study, no correlation was found between HBV infection and elevated serum AFP levels, which was consistent with
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some previous studies [37, 38]. However, some reports [39,
40] held that high AFP levels were more frequently observed
in patients with HBV infection. One possible reason for this
diﬀerence may be that the percentage of HBV infection in HCC
patients was diﬀerent among the studies. Our study showed that
the elevated serum AFP level was associated with tumor size.
This conclusion was consistent with some previous studies [17,
41], while some studies hold opposite opinions [18, 42]. This
debate may mainly owe to the tumor size in other studies was
smaller than in our study. In our study, patients were divided
into three groups according to tumor size: ≤5cm, 5-10cm and
≥10cm, however in previous studies, patients were divided into
ﬁve groups: ≤ 1, 1.1-2, 2.1-3, 3.1-5 and >5 cm. Vascular invasion
is an established adverse prognostic factor in HCC patients [43],
and previous studies [16, 44-46] had reported that tumor size
and the serum AFP level were associated with vascular invasion. Our study also suggested a positive correlation between
elevated AFP level and the presence of vascular invasion and
tumor size increased signiﬁcantly in patients with vascular
invasion (Kruskal -Wallis test: P=0.01, data not shown). AFP
levels increased signiﬁcantly in patients with symptom than in
asymptomatic patients, which was not mentioned in previous
studies. One possible reason was that symptomatic patients
were relatively late compared with asymptomatic patients.
We are aware of the limitation of this study. Firstly, patients
in this article have heterogenous due to a retrospective analysis;
secondly, the number of patients in the control group was signiﬁcantly fewer than it in the HCC group. However, we believe
that these limitations do not greatly inﬂuence the conclusion of
the study due to the large sample size and marked diﬀerences
between the groups.
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