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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common 
primary malignancy of the liver and the third most 
common cause of cancer-related death worldwide [1]. 
Whereas effective treatment modalities exist to cure 
early-stage HCC, including surgical resection, radiofre-
quency ablation, and alcohol injection, late-stage HCC 
has few therapeutic options [2]. Furthermore, difficulty 

in early detection of HCC is related to poor prognosis, 
and more than two-thirds of patients are diagnosed at 
advanced stages [3].

In 1963, an antigen specific to human HCC was first 
reported by Yuri S. Tatarinov, and in 1970, it was giv-
en the name “α-fetoprotein” (AFP) [4]. This antigen has 
long been recognized as the first oncodevelopmental 
biomarker and has been used as a screening and diag-
nostic tool for HCC [4-6]. However, with the widespread 
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Background/Aims: The aim of this study was to evaluate the feasibility of α-feto-
protein (AFP) as a diagnostic tool for hepatocellular carcinoma (HCC) in Korean 
patients.
Methods: We retrospectively reviewed the medical records of HCC and cirrhosis 
patients at three hospitals. For each HCC patient, a cirrhosis patient matched for 
age, sex, etiology, and Child-Pugh classification was selected by simple random 
sampling. The performance of AFP in the diagnosis of HCC was determined us-
ing receiver operating characteristic curve analysis.
Results: A total of 732 patients with HCC or cirrhosis were selected for each case 
and the control groups. The mean age was 54 years, and 72.4% of patients were 
male. The mean serum AFP levels in the HCC group and cirrhosis group were 
3,315.6 and 117.2 ng/mL, respectively (p < 0.001). The area under the receiver oper-
ating characteristic curve for all HCC patients was 0.757. The sensitivity, specific-
ity, and positive predictive value of AFP was 50.55%, 87.70%, and 80.43%, respec-
tively, at a cut-off of 20 ng/mL; 37.70%, 95.90%, and 90.20%, respectively, at a cut-
off of 100 ng/mL, and 30.05%, 97.27%, and 91.67%, respectively, at a cut-off of 200 
ng/mL. A cut-off of 100 ng/mL was more sensitive than one of 200 ng/mL with 
equivalent specificity and positive predictive value.
Conclusions: The cut-off AFP value for early-stage HCC was 17.4 ng/mL. Our 
study cautiously suggests that AFP has a role in the diagnosis of HCC, and that 
the appropriate value of AFP for the diagnosis of HCC may be 100 ng/mL rather 
than 200 ng/mL.
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use of advanced imaging techniques, the usefulness of 
the AFP assay in the diagnosis of HCC has decreased 
[7,8]. The sensitivity and specificity of AFP vary widely 
based on study design and patient characteristics [7,9-
11]; recent guidelines do not recommend the use of AFP 
as a diagnostic test [8,12], focusing instead on the typi-
cal contrast enhancement imaging patterns of arterial 
hypervascularity with washout in the portal venous or 
delayed phases.

However, some debate still exists about the utility of 
AFP in the early diagnosis of HCC [13], and the role of 
AFP among different etiologic and ethnic groups re-
mains to be established [14,15]. Moreover, other studies 
still highlight the diagnostic value of AFP [13,16].

As no well-designed studies in Koreans are available, 
the usefulness of AFP for HCC diagnosis in the Kore-
an population remains unclear. We hypothesized that 
AFP may still have a role as a diagnostic test for HCC 
in the Korean population. Thus, we aimed to evaluate 
the feasibility of using AFP as a diagnostic tool for HCC 
and to determine the best cut-off value of serum AFP for 
discriminating HCC and cirrhosis.

METHODS

Patients 
Between January 2005 and September 2012, we identi-
fied consecutive cases of newly diagnosed HCC at three 
university-affiliated hospitals (the Samsung Medical 
Center, Seoul St. Mary’s Hospital, and Chung-Ang Uni-
versity Hospital) in Seoul, Republic of Korea. For each 
HCC patient, we selected a cirrhosis control patient 
matched for age, sex, etiology, and Child-Pugh classifi-
cation (CPC) by simple random sampling. The ages were 
stratified by decade. Controls were selected during the 
same time period as the cases at these centers. The fol-
lowing available data were collected from all cases: past 
medical history, demographic information, underlying 
etiologies of HCC or cirrhosis, serum AFP, CPC, severity 
and complication of liver cirrhosis, radiologic findings, 
and performance status at the time of diagnosis.

Diagnosis and definitions
We established the diagnosis of HCC by histological 
examination, and staging was determined using the 

Barcelona Clinic Liver Cancer (BCLC) staging system [5]. 
BCLC stage A (early HCC) is defined by a single lesion 
between 2 and 5 cm in size, or by ≤ 3 lesions each < 3 cm 
in size, without portal vein thrombosis or extrahepatic 
metastasis. BCLC stage 0 (very early HCC) is defined as 
a single lesion < 2 cm without vascular involvement or 
metastasis. “Early-stage” HCC included BCLC stage A 
and BCLC stage 0. “Late-stage” HCC is defined as the 
combination of intermediate (BCLC stage B) and ad-
vanced (BCLC stage C) HCC [5]. Those with end-stage or 
significant medical comorbidities, in which survival was 
predicted to be less than 1 year, were excluded.

The presence of cirrhosis was defined by histology or 
by evidence of unequivocal clinical and laboratory evi-
dence of cirrhosis, such as ultrasound (US) and/or com-
puted tomography (CT) findings indicating cirrhosis (an 
irregular liver surface, splenomegaly, etc.) and the detec-
tion of signs/symptoms consistent with decompensated 
cirrhosis (jaundice, varices due to portal hypertension, 
ascites, or hepatic coma) [17].

Ascites was diagnosed by abdominal CT or US. The 
underlying etiology of HCC was related to hepatitis B 
virus (HBV) infection if serological detection of the hep-
atitis B surface antigen was positive. Hepatitis C virus 
(HCV) infection was diagnosed if patients were sero-
positive for the antibody against HCV (anti-HCV) by a 
second-generation enzyme immunoassay. Alcoholism 
was diagnosed in subjects with a documented history of 
alcohol excess of at least 40 g of alcohol daily for 5 years 
or more. The etiology of liver disease was based on the 
judgment of the attending physician.

The Child-Pugh classification was evaluated based 
on serum levels of albumin and bilirubin, prothrom-
bin time prolongation, and the severity of ascites and 
encephalopathy. All patients were treatment-naïve, and 
none had received specific anticancer treatments at the 
time of diagnosis.

Statistical methods
Statistical significance was assessed using the chi-square 
test or the Fisher exact test for categorical variables and 
the Student t test or the Mann-Whitney U test for contin-
uous variables. Our study was designed to compare the 
optimal cut-off values of AFP by maximizing the sum of 
sensitivity and specificity. For the analysis of the accura-
cy of AFP, a receiver operating characteristic (ROC) curve 
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was plotted for AFP. The area under the curve (AUC) for 
the ROC curve (AUROC) of each group was calculated. 
For all comparisons, a p < 0.05 was considered statisti-
cally significant, and all analyses were performed using 
SAS version 9.13 (SAS, Cary, NC, USA).

Ethics statement
This study conformed to the standards of the Declara-
tion of Helsinki and current ethical guidelines and was 
approved by the Institutional Review Board at Chung-
Ang University Hospital (C2012174[869]).

RESULTS

Patients
A total of 732 patients with HCC and cirrhosis were se-
lected for each of the case and control groups. Among 
all HCC patients, 268 were classified with early-stage 
HCC (n = 36 very early, n = 232 early) and 98 were classi-

fied as having late-stage HCC. Baseline characteristics 
of these patients are shown in Table 1. The mean age 
was 55.5 years, and 72.4% of the patients were male. The 
most common etiology of chronic liver disease was HBV 
(65.9%), followed by HCV (12.8%), and alcoholism (13.1%).

AFP level 
The mean and median serum AFP levels in the HCC 
and cirrhosis groups are shown in Table 2. The mean 
serum AFP levels in the HCC and cirrhosis groups were 
3,315.6 and 117.2 ng/mL, respectively (p < 0.001). In the 
HCC group, late-stage HCC patients showed a signifi-
cantly higher mean AFP level than early-stage HCC pa-
tients (7,994.7 ng/mL vs. 1,604.6 ng/mL, p < 0.001).

AUC of AFP
When all patients with HCC were evaluated, the AUROC 
for total AFP was 0.757, and the AUROC of early-stage 
and late-stage HCC were 0.737 and 0.807, respectively 
(Fig. 1). When maximizing the sum of sensitivity and 

Table 1. Baseline patient characteristics

Characteristic HCC cases (n = 366) Cirrhosis controls (n = 366) Total (n = 732)

Age, yr, 55.64 ± 10.93 55.39 ± 11.23 55.52 ± 11.08

Sex

Male 265 (72.40) 265 (72.40) 530 (72.40)

Female 101 (27.60) 101 (27.60) 202 (27.60)

Etiology

Alcohol 48 (13.11) 48 (13.11) 96 (13.11)

HBV 241 (65.85) 241 (65.85) 482 (65.85)

HCV 47 (12.84) 47 (12.84) 94 (12.84)

NBNC 30 (8.20) 30 (8.20) 60 (8.20)

Child-Pugh class

A 302 (82.51) 302 (82.51) 604 (82.51)

B 54 (14.75) 54 (14.75) 108 (14.75)

C 10 (2.73) 10 (2.73) 20 (2.73)

BCLC stage 

0 36 (9.84) 36 (9.84)

A 232 (63.39) 232 (63.39)

B 35 (9.56) 35 (9.56)

C 63 (17.21) 63 (17.21)

Values are presented as mean±SD or number (%).
HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus; NBNC, non-B non-C; BCLC, Barcelona Clinic 
Liver Cancer.
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specificity for the AUROC curves, the optimal value 
of AFP was 10.8 ng/mL in all HCC groups (sensitivi-
ty 61.48%, 95% confidence interval [CI], 56.49 to 66.46; 
specificity 79.23%, 95% CI, 75.08 to 83.39), 17.4 ng/mL in 
the early-stage HCC group (sensitivity 52.24%, 95% CI, 
46.26 to 58.22; specificity 86.89%, 95% CI, 83.43 to 90.34), 
and 11.0 ng/mL (sensitivity 66.33%, 95% CI, 56.97 to 75.68; 
specificity 79.23%, 95% CI, 75.08 to 83.39) in the late-stage 
HCC group (Table 3). In the early-stage HCC group, the 
optimal value of AFP was higher for amviral etiology 
than nonviral etiologies (18.0 ng/mL vs. 5.1 ng/mL, p < 
0.001).

Sensitivity, specificity, and positive predictive value 
of AFP
The sensitivity, specificity, and positive predictive val-

ue (PPV) for the various AFP cut-off values in each HCC 
group are presented in Table 4. In all patients, a cut-off 
value of 20 ng/mL showed a sensitivity of 50.55% (95% 
CI, 45.42 to 55.67), a specificity of 87.70% (95% CI, 84.34 to 
91.07), and a PPV of 80.43% (95% CI, 75.31 to 85.56). More-
over, a cut-off value of 100 ng/mL showed a sensitivity 
of 37.70% (95% CI, 32.74 to 42.67), a specificity of 95.90% 
(95% CI, 93.87 to 97.93), and a PPV of 90.20% (95% CI, 
85.47 to 94.91), while a cut-off value of 200 ng/mL showed 
a sensitivity of 30.05% (95% CI, 25.36 to 34.75), a specificity 
of 97.27% (95% CI, 95.60 to 98.94), and a PPV of 91.67% 
(95% CI, 86.72 to 96.61). In the early-stage, late-stage, 
and overall HCC groups, a cut-off value of 100 ng/mL 
showed higher sensitivity than one of 200 ng/mL, with-
out compromising specificity or PPV.

Table 2. Mean and median values of AFP in the HCC and cirrhosis groups

Variable
HCC group

Cirrhosis group Overall
Early stage Late stage All

Number 268 98 366 366 732

AFP, ng/mL

Mean 1,604.6 7,994.7 3,315.6 117.2 1,716.4

SD 7,730.1 25,309 14,899 1,787.4 10,723

Median 19.05 34.07 20.45 3.95 6.86

Min 1.00 1.02 1.00 0.57 0.57

Max 10,221 200,000 200,000 34,150 200,000

AFP, α-fetoprotein; HCC, hepatocellular carcinoma; SD, standard deviation.
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Figure 1. Receiver operating characteristic (ROC) curves showing the sensitivity and specificity of serum α-fetoprotein values 
in the diagnosis of hepatocellular carcinoma (HCC) in (A) all HCC cases (n = 366), (B) early-stage HCC cases (n = 268), and (C) 
late-stage HCC cases (n = 98). AUC, area under the curve.
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DISCUSSION

We studied the role of AFP as a diagnostic tool for HCC 
in a Korean population with different HCC prevalence 
and risk factors compared to other ethnicities [18,19]. 

Previous reports have demonstrated a relationship be-
tween ethnicity and the level of AFP elevation in HCC 
patients. In Middle Eastern individuals, 20% of HCC 
patients had a normal serum AFP level [14], while 38% 

of HCC cases in Caucasian individuals did not show 
AFP elevation [20]. In HCC-related HCC patients, 43% of 
African-American and 18% of a mixed group of Asians, 
Hispanics, and Caucasians exhibited a normal AFP lev-
el [15]. In our cohort of Korean HCC patients, 28% had 
normal serum AFP levels. Biological and environmen-
tal factors may influence the differences in AFP levels 
among diverse ethnic groups.

In our study, the mean and median serum AFP levels 

Table 4. Sensitivity, specificity, and PPV of AFP in early-stage, late-stage, and all HCC groups

Group
Marker AFP, ng/mL

Cut-off Sensitivity, % (95% CI) Specificity, % (95% CI) PPV, % (95% CI)

All HCC (n = 366) 5 75.14 (70.71–79.56) 60.38 (55.37–65.39) 65.48 (60.93–70.02)

10 61.48 (56.49–66.46) 76.78 (72.45–81.10) 72.58 (67.61–77.55)

20 50.55 (45.42–55.67) 87.70 (84.34–91.07) 80.43 (75.31–85.56)

100 37.70 (32.74–42.67) 95.90 (93.87–97.93) 90.20 (85.48–94.91)

200 30.05 (25.36–34.75) 97.27 (95.60–98.94) 91.67 (86.72–96.61)

400 24.04 (19.67–28.42) 98.36 (97.06–99.66) 93.62 (88.68–98.56)

Early-stage HCC  (n = 268) 5 72.76 (67.43–78.09) 60.38 (55.37–65.39) 57.35 (52.10–62.61)

10 59.70 (53.83–65.57) 76.78 (72.45–81.10) 65.31 (59.35–71.27)

20 49.25 (43.27–55.24) 87.70 (84.34–91.07) 74.58 (68.16–80.99)

100 34.70 (29.00–40.40) 95.90 (93.87–97.93) 86.11 (79.59–92.63)

200 27.24 (21.91–32.57) 97.27 (95.60–98.94) 87.95 (80.95–94.95)

400 20.52 (15.69–25.36) 98.36 (97.06–99.66) 90.16 (82.69–97.64)

Late-stage HCC (n = 98) 5 81.63 (73.97–89.30) 60.38 (55.37–65.39) 35.56 (29.30–41.81)

10 66.33 (56.97–75.68) 76.78 (72.45–81.10) 43.33 (35.40–51.26)

20 54.08 (44.22–63.95) 87.70 (84.34–91.07) 54.08 (44.22–63.95)

100 45.92 (36.05–55.78) 95.90 (93.87–97.93) 75.00 (64.04–85.96)

200 37.76 (28.16–47.35) 97.27 (95.60–98.94) 78.72 (67.02–90.42)

400 33.67 (24.32–43.03) 98.36 (97.06–99.66) 84.62 (73.29–95.94)

PPV, positive predictive value; AFP, α -fetoprotein; HCC, hepatocellular carcinoma; CI, confidence interval.

Table 3. Cut-off values of AFP at the maximal sensitivity and specificity in the receiver operating characteristics

Variable
AFP, ng/mL

Cut-off Sensitivity, % (95% CI) Specificity, % (95% CI)

All HCC (n = 366) 10.8 61.48 (56.49–66.46) 79.23 (75.08–83.39)

Early-stage HCC (n = 268) 17.4 52.24 (46.26–58.22) 86.89 (83.43–90.34)

Late-stage HCC (n=98) 11.0 66.33 (56.97–75.68) 79.23 (75.08–83.39)

Viral etiology and early stage (n = 216) 18.0 56.48 (49.87–63.09) 86.89 (83.43–90.34)

Non-viral etiology and early stage (n = 52) 5.1 67.31 (54.56–80.06) 61.20 (56.21–66.19)

AFP, α-fetoprotein; CI, confidence interval; HCC, hepatocellular carcinoma.
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in the HCC group, 3,315.6 and 20.45 ng/mL, respective-
ly, were significantly higher than those in the cirrhosis 
group, 117.2 ng/mL and 3.95 ng/mL, respectively. In a 
Middle Eastern study, median AFP levels were signifi-
cantly higher in the HCC group (median, 35.4 ng/mL 
[range, 0.5 to 805,795]) than the cirrhotic group (median, 
6.4 ng/mL [range, 1 to 1,105]; p < 0.0001) [14]. Moreover, 
the median AFP levels in each cirrhosis group were 
within the laboratory upper limit of normal. In the ear-
ly-stage group, the mean AFP level was higher than that 
in a previous study [21]. This is partially due to sever-
al early-stage HCC patients with very high AFP levels; 
thus, the median AFP value may be more appropriate 
for comparison.

For the optimal AFP cut-off level of early-stage HCC, 
nonviral etiology showed higher sensitivity (67.31% vs. 
56.48%) but lower specificity (61.20% vs. 86.89%) com-
pared with viral etiology. In one Italian study, a cut-off 
value of 20 ng/mL showed a sensitivity of 30.4% and a 
specificity of 100.0% [20]; the sensitivity was lower but 
the specificity was higher for nonviral etiologies com-
pared with viral etiologies. The majority of nonviral 
HCC in these two studies were related to alcoholic liver 
disease, and the difference could be explained in part 
by ethnicity, environmental factors, and tumor staging. 
In contrast, a Middle Eastern study in which alcohol-
ic liver disease did not serve as an etiologic factor of 
nonviral-related HCC, demonstrated that nonviral-re-
lated HCC showed the lowest sensitivity (60%), speci-
ficity (29%), and PPV (16%) compared with HCV- and 
HBV-infected groups [14]. 

The optimal cut-off point of AFP was 10.8 ng/mL (sen-
sitivity 61.48% and specificity 79.23%) for the diagnosis 
of all HCC cases and 17.4 ng/mL (sensitivity 52.24% and 
specificity 86.89%) for diagnosis of early-stage HCC. 
Previous studies from the United States and Europe 
have identified a range of 20 to 30 ng/mL as the cut-off 
above which investigations for HCC are needed [7,15,20]. 
However, studies investigating Chinese and Middle East-
ern populations found a range from 10 to 12 ng/mL as 
the best cut-off [13,14]. These latter results are more con-
sistent with those of the current study; the difference 
may be due to ethnicity, distribution of risk factors, and 
environmental factors.

In a Chinese study, the optimal cut-off point of AFP 
for the diagnosis of HCC was 10 ng/mL, with a sensi-

tivity of 82.6% and a specificity of 70.4%, and a level of 
200 ng/mL was suggested to be a relevant cut-off for 
HCC diagnosis (sensitivity 47.7%, specificity 97.1%, and 
PPV 97.5%) [13]. In our study, an AFP value of 100 ng/mL 
showed higher sensitivity than one of 200 ng/mL, with-
out compromising specificity or PPV. A cut-off of 20 ng/
mL increased sensitivity at the expense of specificity and 
PPV, and that of 400 ng/mL had low sensitivity, limiting 
its clinical application.

Sanai et al. [14] conducted a multicenter, case-control 
study involving 206 HCC and 199 cirrhosis cases. The 
best cut-off point of AFP for the diagnosis of HCC was 
11.7 ng/mL, with a sensitivity of 68.4% and a specificity of 
75.4%. They compared AFP cut-off levels of 102, 200, and 
400 ng/mL and concluded that an AFP level greater than 
100 ng/mL had a high degree of specificity and could be 
used as a confirmatory test. The diagnosis of HCC was 
established on the basis of the published guideline [5] 
and included the presence of hepatic lesions with typi-
cal arterial hypervascularization and washout in the ear-
ly or delayed venous phase as detected by liver CT and/
or magnetic resonance imaging. They did not use AFP 
as one of the diagnostic criteria to exclude incorporation 
bias. However, in clinical practice, it is not uncommon 
to encounter suspicious malignant cases without typical 
imaging features. Therefore, in the current study, we in-
cluded only tissue-confirmed patients to avoid diagnos-
tic uncertainty and false positivity; this feature enabled 
the assessment of the performance of AFP in the diag-
nosis of HCC. The results of the two aforementioned 
studies that targeted Asian populations were similar to 
ours. This may reflect the distinct secretory function of 
AFP among racial groups.

The present study has several limitations. First, this 
was a retrospective study that may have been affected by 
selection bias. The authors tried to minimize this prob-
lem by matching underlying clinical characteristics of 
case and control patients. As previously reported, HCC 
patients were older and had a male predominance [14]; 
we matched age and sex as well as etiology and CPC by 
simple random sampling. Second, the correlation of 
AFP levels with contrast enhanced dynamic imaging 
could not be investigated, as radiologic information was 
not available in many subjects. However, we diagnosed 
HCC by histological evidence, which is objective and 
does not create bias by the attending physician. Third, 
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although tumor size is a known independent factor of 
elevated AFP levels [22], we could not analyze the per-
formance of AFP according to tumor size. Instead, we 
presented tumor staging, which included rough infor-
mation about tumor size.

In conclusion, our study showed that the cut-off AFP 
value for early-stage HCC was 17.4 ng/mL. As a diagnos-
tic tool for HCC, a cut-off value of 100 ng/mL is more 
sensitive than one of 200 ng/mL, with similar specificity 
and PPV. We cautiously suggest that AFP still has a role 
in the diagnosis of HCC, with an appropriate AFP value 
of 100 ng/mL rather than 200 ng/mL. This is the first 
large multicenter case-control study of Korean HCC pa-
tients. However, larger well-designed prospective stud-
ies are warranted to validate the optimal AFP value pre-
sented in the current study.
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