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INTRODUCTION 

Hepatocellular carcinoma (HCC) is the fifth most common can-

cer and the third leading cause of cancer mortality in the world.1 

HCC mainly occurs in patients with high risk factors including 

hepatitis B virus (HBV) infection, hepatitis C virus (HCV) infection, 

and liver cirrhosis (LC).2  In Korea, where about 5–6% of general 

population has HBV infection, HCC is one of top three cancers, 

imposing a significant health problem nationwide.3
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Elevated serum alpha-fetoprotein (AFP) and typical enhance-

ment pattern during dynamic imaging provide critical clues for the 

diagnosis of HCC.4,5 Although sensitivity and specificity of serum 

AFP as a tumor marker is being challenged, high level or steady-

increasing level of serum AFP strongly suggest development of 

HCC.6 Arterial hyperattenuation and washout in the portal or de-

layed phase at contrast-enhanced computed tomography (CT) or 

dynamic magnetic resonance imaging (MRI) have been accepted 

as typical enhancement patterns of HCC.7,8

Clinical diagnosis of HCC without biopsy is a routine clinical 

practice,9 since guidelines by the European Association for the 

Study of the Liver (EASL)10 and the American Association for the 

Study of Liver Diseases (AASLD)11 have proposed clinical diagnosis 

of HCC based on a typical enhancement pattern during dynamic 

imaging and/or elevated serum AFP level in high-risk groups. 

Usefulness of the clinical diagnostic criteria by Western guide-

lines has not been fully evaluated in HBV endemic area like Korea 

except one latest report about validation of AASLD guideline in 

HBV endemic area.12 In addition to EASL and AASLD guidelines, 

the National Comprehensive Cancer Network (NCCN) guidelines13 

and the Korean Liver Cancer Study Group and the National Cancer 

Center (KLCSG/NCC) guideline14 are also used for management of 

HCC in Korea. These four clinical diagnostic criteria differ in details 

of risk factors, cut-off value of serum AFP level, and definition of 

typical image pattern according to their population of interest. 

However, there is little data comparing the accuracy of various 

non-invasive diagnostic criteria for HCC. 

Herein, we compared the accuracy and usefulness of these clini-

cal diagnostic criteria in a HBV endemic area.

SUBJECTS AND METHODS

Subjects

Patient who had undergone liver resection or biopsy at Sam-

sung Medical Center, Seoul, Korea, from January 2008 to Decem-

ber 2009, and who had fulfilled all required examinations for clini-

cal diagnosis of HCC including viral markers, serum AFP, and liver 

imaging (dynamic CT, gadoxetic acid-enhanced liver MRI, or both) 

were included in this study and reviewed retrospectively. Patients 

who had recurrent tumors or multiple tumors were excluded. 

Clinical diagnostic criteria

A total of 355 patients were enrolled in this study. We reviewed 

their clinical history, risk factors including HBV infection, HCV 

infection, and LC, serum AFP level, tumor size, enhancement 

patterns during dynamic imaging modalities, and final histologic 

diagnosis. LC was diagnosed based on the histologic findings from 

liver resection or biopsy. It was evaluated whether patients met 

the clinical diagnostic criteria by EASL,10 AASLD,11 NCCN,13 and 

KLCSG/NCC guidelines.14 Difference in criteria for non-invasive 

diagnosis among the four guidelines was summarized in Table 1. 

Dynamic imaging and liver biopsy

Triple-phase helical CT examinations were performed using 

multidetector CT scanners (Lightspeed QX/I, Lightspeed Ultra 8, 

Lightspeed VCT; GE Healthcare, Buckinghamshire, UK) at 5 mm 

slice thickness and 2.5 mm interval. Images were obtained in the 

Table 1. Summary of the four types of clinical diagnostic criteria

Risk group Size Serum AFP level and typical image findings

EASL LC ≥2 cm Typical findings on single image if AFP ≥400 ng/mL

Typical findings on two images if AFP <400 ng/mL

AASLD LC 1-2 cm Typical findings on two images

≥2 cm Typical findings on single image or AFP ≥200 ng/mL

KLCSG/NCC HBV, HCV, LC <2 cm Typical findings on single image if AFP ≥200 ng/mL

Typical findings on two images if AFP <200 ng/mL

≥2 cm Typical findings on single image

NCCN AFP ≥4,000 ng/mL if HBV (+)

AFP ≥400 ng/mL if HBV (-)

EASL, European Association for the Study of the Liver; AASLD, the American Association for the Study of Liver Diseases; KLCSG/NCC, the Korean Liver Cancer 
Study Group and the National Cancer Center; NCCN, National Comprehensive Cancer Network; LC, liver cirrhosis; HBV, hepatitis B virus; HCV, hepatitis C 
virus; AFP, alpha fetoprotein.
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craniocaudal direction. Hepatic arterial phase scanning began 

30-35 seconds after injection of 120 mL of a nonionic iodinated 

contrast material (iopamidol, Iopamiro 300; Bracco, Milan, Italy) 

at a rate of 3-4 mL/s using a bolus triggered technique. The portal 

and equilibrium phases of scanning began 70 seconds and 180 

seconds after injection of the contrast material, respectively.15

MRI was performed with a 1.5 T and 3.0 T whole-body MRI 

(Intera Achieva; Philips Medical Systems, Bothell, Netherlands). 

Gadoxetic acid disodium (Primovist®; Bayer Schering Pharma, Ber-

lin, Germany) were used as superparamagnetic iron oxide agents. 

The dose of gadoxetic acid disodium was infused (0.1 mL/kg) in 

patients. The contrast agent was manually administered intrave-

nously through an in-line 5-μm specific filter with a rapid bolus in 

1 second, immediately followed by a 10-mL saline solution flush. 

The entire procedure was performed in approximately 5 seconds. 

MRI was initiated 10 minutes after the injection of the contrast 

agent.15,16

Percutaneous biopsy of nodule in the liver was done under the 

guidance of real-time sonography with the freehand technique. 

The tru-cut biopsy needles (Gunbiopsy Needle, M.I.Tech & ACE-

CUT biopsy needle, TSK) were used. These needles are spring-

loaded and fully automated. The outer diameters of the tru-cut 

needles were 18-gauge.16,17 Specimens of percutaneous liver biop-

sy and surgical specimens were reviewed by experienced hepatic 

pathologists. 

Statistical analysis

Accuracy of the non-invasive criteria including sensitivity, speci-

ficity, and positive predictive value (PPV) was compared among 

the four guidelines in 355 included patients. In addition, accuracy 

of each diagnostic criteria was analyzed according to presence of 

HBV infection, accompanying LC, and tumor size. Finally, sensitivi-

ty and specificity of the diagnostic criteria was compared in HBsAg 

(+) or (-) subgroups with or without LC. EASL criteria were not ap-

plicable in those without LC. In addition, EASL and AASLD criteria 

were not applicable in patients with tumor <2 cm, either. Hence, 

accuracy of the criteria was not assessed in those subgroups. Fi-

nally, usefulness of each clinical diagnostic criteria was compared 

based on sensitivity and false positive rate. Sensitivity represents 

the proportion of patients with HCC in whom invasive diagnosis 

can be avoided with application of clinical diagnostic criteria. 

False positive rate (FPR) indicates the proportion of patients who 

was misdiagnosed as HCC with application of clinical diagnostic 

criteria. FPR <5% was considered to be acceptable. Since all these 

four clinical criteria recommend biopsy or close follow up for sus-

picious lesions which do not meet the criteria, specificity is not so 

critical concern in assessment of their usefulness.

We used the Generalized Estimating Equations model for 

comparing sensitivity, specificity, and PPV of the four guidelines. 

Fisher’s exact test with Bonferroni’s correction was performed for 

analysis of accuracy of each criteria according to HBV infection 

status, presence of LC, and tumor size. These statistical analyses 

were performed using PASW version 18.0 (SPSS, Chicago, IL, 

USA.) and R version 2.11.1. A P-value <0.05 was considered as 

significant. 

RESULTS

Baseline characteristics of patients

The median age of the 355 patients was 54.7 (range 18-80) 

years and the gender ratio (M:F) was 3.3:1 (Table 2). Of these, 

253 patients (71.3%) had HBsAg, 19 (5.4%) had HCV infection. 

One hundred and eighty patients (50.7%) showed LC. Serum AFP 

Table 2. Baseline characteristics of 355 patients

Number of patients (%)

Age (yr, median) 54.7 (range, 18-80)

Gender (M:F) 272:83 (3.3:1)

Risk factors

   HBV  253 (71.3%)

   HCV  19 (5.4%)

   LC  180 (50.7%)

Serum AFP (ng/mL)

   <200  274 (77.1%)

   200-400  19 (5.4%)

   >400  62 (17.5%)

Size of tumor

   <2 cm  62 (17.5%)

   ≥2 cm  293 (82.5%)

Method of histologic diagnosis

   Hepatic resection  264 (74.4%)

   Liver transplantation  4 (1.1%)

   Liver biopsy  72 (20.3%)

   Hepatic resection + liver biopsy  15 (4.2%)

HBV, hepatitis B virus; HCV, hepatitis C virus; LC, liver cirrhosis; AFP, alpha 
fetoprotein.
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level was below 200 ng/mL in 274 patients (77.1%). Assessing the 

tumor size by the largest diameter on imaging studies, 62 patients 

(17.5%) revealed tumor size <2 cm and 293 (82.5%) had tumor 

size ≥2 cm. Two hundred and sixty-four patients (74.4%) received 

hepatic resection, four (1.1%) underwent liver transplantation, 72 

(20.3%) went through liver biopsy, and 15 (4.2%) received both 

liver biopsy and hepatic resection. As for histologic diagnosis, HCC 

was found in 284 patients (80.0%), followed by cholangiocarci-

noma (CC) in 23 (6.5%), HCC-CC in 13 (3.7%), and focal nodular 

hyperplasia in 10 (2.8%) (Table 3).  

Comparison of accuracy among clinical diag-
nostic criteria in total patients

In a total of 355 patients, sensitivity was highest in KLCSG/NCC 

criteria (79.8%), followed by AASLD criteria (51.5%), EASL criteria 

(38.4%), NCCN criteria (10.1%) (Fig. 1). The difference of sensitivi-

ties among the criteria were statistically significant (P<0.001). 

Specificity was not significantly different among the four criteria 

(96.6%, 89.7%, 84.5%, and 98.3%, for EASL, AASLD, KLSCG-

NCC, and NCCN criteria, respectively, P=0.05) (Fig. 2). PPV was 

also similar among the four non-invasive criteria (Fig. 3). 

Accuracy of clinical diagnostic criteria in HBsAg 
positive and negative patients 

Histologically, HCC was confirmed in 234 (92.5%) of 253 HBsAg 

positive patients (HBsAg (+) group) and in 63 (61.8%) of 102 HB-

sAg (-) patients (HBsAg (-) group) (P<0.001). While the sensitivity 

of EASL, AASLD, and KLCSG/NCC criteria in the HBsAg (+) group 

was significantly higher than in the HBsAg (-) group (42.7% vs. 

22.2%, P=0.03 for EASL; 59.0% vs. 23.8%, P<0.001 for AASLD, 

91.0% vs. 38.1%, P<0.001 for KLCSG/NCC criteria), the sensitiv-

ity of the NCCN criteria was similar between the two groups. 

Specificity of KLCSG/NCC in HBsAg (+) group was significantly 

lower than in the HBsAg (-) group (63.2% vs. 94.9%, P=0.03). 

Table 3. Final histologic diagnosis of the patients

Final histologic diagnosis

HCC  284 (80.0%)

CC  23 (6.5%)

HCC-CC  13 (3.7%)

Focal nodular hyperplasia  10 (2.8%)

Eosinophilic abscess  5 (1.4%)

Abscess  3 (0.8%)

Regenerating nodule  2 (0.6%)

Others  15 (4.2%)

HCC, hepatocellularcarcinoma; CC, cholangiocarcinoma; Others includes 
neuroendocrine tumor, myofibroblastic tumor, chronic inflammation, and 
necrotic nodule.

Figure 1. Comparison of sensitivity among clinical diagnostic criteria 
for hepatocellular carcinoma. The sensitivity was the highest using 
the KLCSG/NCC criteria (79.8%), followed by the AASLD (51.5%), EASL 
(38.4%), and NCCN (10.1%) criteria. The sensitivity differed significantly 
between the patient groups (P<0.001).

Figure 2. Comparison of specificity among the clinical diagnostic 
criteria for hepatocellular carcinoma. The specificity was 96.6% for 
EASL, 89.7% for AASLD, 98.3% for NCCN, and 84.5% for KLSCG/NCC 
criteria. The differences between the criteria were not statistically 
significant (P=0.05).

Figure 3. Comparison of positive predictive values (PPVs) among the 
clinical diagnostic criteria for hepatocellular carcinoma. The PPV was 
similar among the four noninvasive criteria (98.3%, 96.2%, 96.8%, and 
96.3% for EASL, AASLD, NCCN, and KLSCG/NCC criteria, respectively).
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Specificity of other criteria was not different between the HBsAg (+) 

and (-) groups. PPV of all criteria showed no significant difference 

between the two groups (Table 4). 

Accuracy of clinical diagnostic criteria in pa-
tients with and without LC 
 

Histologic examination showed HCC in 169 (93.8%) of 180 

patients with LC (LC group) and in 128 (73.1%) of 175 patients 

without LC (non-LC group) (P<0.001). While the sensitivity of KLC-

SG/NCC criteria in LC group was significantly higher (89.9% vs. 

66.4%, P<0.001), their specificity was lower (45.5% vs. 93.6%, 

P<0.001), compared to non-LC group. PPV of KLCSG/NCC was not 

different between the two groups. Accuracy of the NCCN criteria 

was similar between the LC group and the non-LC group (Table 5).

Accuracy of clinical diagnostic criteria accord-
ing to tumor size 

Histologic examination proved HCC in 48 (77.4%) of 62 patients 

with tumor size <2 cm and in 249 (84.9%) of 293 patients with 

a tumor sized ≥2 cm (P=0.18). The sensitivities, specificities, and 

PPVs of these criteria did not show any significant difference be-

tween the two groups (Table 6).  

Comparison of sensitivity and specificity 
among clinical diagnostic criteria in HBsAg (+) 
or (-) subgroups with or without LC  

As described above, sensitivity and specificity of non-invasive 

diagnostic criteria showed significant differences according to 

HBsAg and LC status. PPV was similar in all patients. In addition, 

no difference in diagnostic accuracy was noted according to tumor 

size. Hence, we compared the sensitivity and specificity of clinical 

diagnostic criteria in subgroups with or without HBsAg and/or LC. 

In the HBsAg (+) LC (+) subgroup, sensitivity of AASLD and 

KLCSG/NCC criteria was high (92.0% and 91.3%, respectively), 

followed by EASL criteria (66.7%) and NCCN criteria (6.0%, 

P<0.001). In HBsAg (-) LC (+) subgroup, sensitivity of EASL, 

AASLD, and KLCSG/NCC criteria was higher (73.7%, 78.9%, and 

Table 4. Accuracy of the clinical diagnostic criteria in HBsAg (+) and HBsAg (–) patients

HBsAg (+) HBsAg (-) P-value

Histologically confirmed HCC  234/253 (92.5%)  63/102 (61.8%) <0.001

EASL 

   Sensitivity  100/234 (42.7%)  14/63 (22.2%) 0.03 

   Specificity  18/19 (94.7%)  38/39 (97.4%) 1.00 

   PPV  100/101 (99.0%)  14/15 (93.3%) 1.00 

AASLD

   Sensitivity  138/234 (59.0%)  15/63 (23.8%) <0.001

   Specificity  15/19 (79.0%)  37/39 (94.9%) 0.75 

   PPV  138/142 (97.2%)  15/17 (88.2%) 1.00 

KLCSG/NCC

   Sensitivity  213/234 (91.0%)  24/63 (38.1%) <0.001

   Specificity  12/19 (63.2%)  37/39 (94.9%) 0.03 

   PPV  213/220 (96.8%)  24/26 (92.3%) 1.00 

NCCN

   Sensitivity  19/234 (8.1%)  11/63 (17.5%) 0.32 

   Specificity  18/19 (94.7%)  39/39 (100%) 1.00 

   PPV  19/20 (95.0%)  11/11 (100%) 1.00 

HCC, hepatocellularcarcinoma; EASL, European Association for the Study of the Liver; AASLD, the American Association for the Study of Liver Diseases; 
KLCSG/NCC, the Korean Liver Cancer Study Group and the National Cancer Center; NCCN, National Comprehensive Cancer Network; PPV, positive predictive 
value.
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78.9%, respectively) than 15.8% of NCCN criteria (P=0.003). 

In the HBsAg (+) LC (-) subgroup, the KLCSG/NCC criteria still 

showed a high sensitivity of 90.5% (Fig. 4). 

In the HBsAg (+) LC (+) subgroup, specificity of NCCN criteria 

was highest (100.0%), followed by the EASL criteria (85.7%) and 

the AASLD and KLCSG/NCC criteria (42.9% for both, P=0.93). In 

the HBsAg (-) LC (+) subgroup, NCCN criteria showed specificity 

of 100%, followed by EASL criteria (75.0%) and the AASLD and 

KLCSG/NCC criteria (50.0% for both, P=1.00) (Fig. 5). 

Usefulness of clinical diagnostic criteria based 
on sensitivity and false positive rate

Usefulness of clinical diagnostic criteria was compared based on 

sensitivity and false positive rate (Table 7). In the whole patients, 

all four criteria showed acceptable FPR (<5%) and KLCSG/NCC 

criteria presented the highest sensitivity (79.8%), Subgroup analy-

sis was done according to the presence of HBsAg, LC, and tumor 

size. In HBsAg (+) group, EASL, AASLD, and KLCSG/NCC criteria 

showed acceptable FPR and KLCSG/NCC criteria present the high-

est sensitivity of 91.0%. In HBsAg (-) group, FPR of NCCN criteria 

was <5% but its sensitivity is too low (17.5%). In LC (+) group, 

all four criteria showed acceptable FPR; AASLD and KLCSG/NCC 

criteria presented high sensitivity of 90.5% and 89.9%, respec-

tively. In LC (-) group, KLCSC/NCC criteria showed low FPR (3.4%) 

and relatively high sensitivity (66.4%), compared to other criteria. 

In patients with tumor 2 cm, all four criteria showed acceptable 

FPR and KLCSG/NCC criteria presented the highest sensitivity of 

79.9%. In patients with tumor <2 cm, FPR of NCCN was low but 

its sensitivity is too low (2.1%). 

DISCUSSION

Most guidelines recommend non-invasive criteria for diagnosing 

HCC. Their usefulness was not fully verified in HBV endemic areas. 

Moreover, there have been no attempts to compare the accuracy 

of these guidelines until now. Hence, we compared the usefulness 

of non-invasive diagnostic criteria by four representative guide-

lines for management of HCC by EASL, AASLD, KLCSG/NCC, and 

NCCN. We further analyzed their accuracy according to HBsAg 

status, accompanying LC, and tumor size in a HBV endemic area. 

Our study revealed that sensitivity was the highest in KLCSG/

NCC criteria (79.8%), followed by AASLD (51.5%), EASL (38.4%), 

and NCCN criteria (10.1%, P<0.001), whereas specificity (84.5-

98.3%) and PPV (96.2-98.3%) were quite similar in the whole 

patients. Subgroup analysis showed that EASL and AASLD criteria 

were more sensitive (42.7% vs. 22.2%, P=0.03 for EASL; 59.0% 

vs. 23.8%, P<0.001 for AASLD) and similarly specific in HBsAg (+) 

patients than in HBsAg (-) patients. KLCSG/NCC criteria showed 

Table 5. Accuracy of clinical diagnostic criteria in patients with or without liver cancer

LC (n=180) Non-LC (n=175) P-value
Histologically confirmed HCC  169/180 (93.8%)  128/175 (73.1%) <0.001
EASL 
   Sensitivity  114/169 (67.5%) N/A N/A
   Specificity  9/11 (81.8%) N/A N/A
   PPV  114/116 (98.3%) N/A N/A
AASLD
   Sensitivity  153/169 (90.5%) N/A N/A
   Specificity  5/11 (45.5%) N/A N/A
   PPV  153/159 (96.2%) N/A N/A
KLCSG/NCC
   Sensitivity  152/169 (89.9%)  85/128 (66.4%) <0.001
   Specificity  5/11 (45.5%)  44/47 (93.6%) <0.001
   PPV  152/158 (96.2%)  85/88 (96.6%) 1.00 
NCCN
   Sensitivity  12/169 (7.1%)  18/128 (14.1%) 0.48 
   Specificity  11/11 (100%)  46/47 (97.9%) 1.00 
   PPV  12/12 (100%)  18/19 (94.7%) 1.00 

LC, liver cirrhosis; HCC, hepatocellular carcinoma; EASL, European Association for the Study of the Liver; AASLD, the American Association for the Study of 
Liver Diseases; KLCSG/NCC, the Korean Liver Cancer Study Group and the National Cancer Center; NCCN, National Comprehensive Cancer Network; PPV, 
positive predictive value; N/A, not available.
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higher sensitivity (91.0% vs. 38.1%, P<0.001) but lower specificity 

(63.2% vs. 94.9%, P=0.03) in patients with HBV infection, com-

pared to those without. Similarly, sensitivity of KLCSG/NCC was 

higher (89.9% vs. 66.4%, P<0.001) but its specificity was lower 

(45.5% vs. 93.6%, P<0.001) in LC group than non-LC group. No-

tably, its sensitivity was 90.5% and specificity was 75% in HBsAg 

(+) patients without LC. NCCN criteria showed high specificity but 

Table 6.  Accuracy of clinical diagnostic criteria according to tumor size

<2 cm ≥2 cm P-value

Histologically confirmed HCC  48/62 (77.4%)  249/293 (84.9%) 0.18

EASL 

   Sensitivity  N/A  114/249 (45.8%) N/A

   Specificity  N/A     42/44 (95.5%) N/A

   PPV  N/A  114/116 (98.3%) N/A

AASLD  

   Sensitivity  29/48 (60.4%)  124/249 (49.8%) 1.00 

   Specificity  12/14 (85.7%)     40/44 (90.9%) 1.00 

   PPV  29/31 (93.5%)  124/128 (96.9%) 1.00 

KLCSG/NCC  

   Sensitivity  38/48 (79.2%)  199/249 (79.9%) 1.00 

   Specificity  11/14 (78.6%)       38/44 (86.4%) 1.00 

   PPV  38/41 (92.7%)  199/205 (97.1%) 1.00 

NCCN

   Sensitivity  1/48 (2.1%)  29/249 (11.7%) 0.56 

   Specificity  14/14 (100%)     43/44 (97.7%) 1.00 

   PPV      1/1 (100%)    29/30 (96.7%) 1.00 

HCC, hepatocellular carcinoma; EASL, European Association for the Study of the Liver; AASLD, the American Association for the Study of Liver Diseases; 
KLCSG/NCC, the Korean Liver Cancer Study Group and the National Cancer Center; NCCN, National Comprehensive Cancer Network; PPV, positive predictive 
value; N/A, not available.

Figure 5. Comparison of specificity among the clinical diagnostic 
criteria in the HBsAg (+) and HBsAg (–) subgroups with or without 
LC. In the LC (+) subgroup with or without HBV infection, the NCCN 
criteria had a specificity of 100%; the specificity of the EASL criteria 
was 85.7% for the HBsAg (+) group and 75.0% for the HBsAg (–) group.

Figure 4. Comparison of sensitivity among the clinical diagnostic 
criteria in HBsAg (+) and HBsAg (–) subgroups with or without liver 
cancer (LC). The sensitivities of the AASLD and KLCSG/NCC criteria 
were highest in the HBsAg (+) LC (+) subgroup (92.0% and 91.3%, 
respectively), followed by the EASL criteria (66.7%, P<0.001). The 
sensitivities of the EASL, AASLD, and KLCSG/NCC criteria in the HBsAg 
(–) LC (+) subgroup were 73.7%, 78.9%, and 78.9%, respectively. It is 
noteworthy that the KLCSG/NCC criteria had a sensitivity of 90.5% in 
the HBsAg (+) LC (–) subgroup.
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very low sensitivity throughout the subgroups. 

For all evaluable diagnostic criteria, accuracy was not different 

according to tumor size.

Three published studies explored the accuracy of non-invasive 

diagnostic criteria for HCC by comparing pathologic and clinical 

diagnosis.12,18,19 Kim et al12 validated AASLD criteria in 206 patients 

with liver nodules larger than 2 cm. According to this report, di-

agnosis by AASLD criteria revealed that sensitivity, specificity, and 

PPV were 89.2%,76.2%, and 93.6%.

Park et al18 evaluated the accuracy of KLCSG/NCC criteria for 

clinical diagnosis of HCC in 232 patients with liver nodules of 

variable sizes (LC=49.1%, HBV infection=73.3%). They reported 

that overall sensitivity, specificity, and PPV were 95.1%, 73.9%, 

and 93.7%, repectively. The accuracy was not significantly af-

fected by lesion size or the presence of clinical cirrhosis.18 Forner 

et al19performed a prospective validation of the AASLD criteria in 

the diagnosis of 89 hepatic nodules ≤20 mm in cirrhotics (HCV in-

fection=76.4%). 19 They reported that sensitivity, specificity, and 

PPV were 33%, 100%, and 100%, repectively. 

In addition, two other studies are noteworthy. Leoni et al20 eval-

uated 75 liver nodules in patients with LC (HCV infection=55%, 

size=10-30 mm). However, biopsy was done only if clinical diag-

nostic criteria were not fulfilled. Sangiovanni et al21 explored de 

novo 67 liver nodules in LC patients (HCV infection=62%). Al-

though histologic findings were available in all patients, fulfillment 

of the clinical criteria was not evaluated. Hence, accuracy of the 

non-invasive criteria could not be gained in the previous two stud-

ies.20,21

While HCC was confirmed in 284 (80.0%) of 355 patients en-

rolled in this study, final histologic diagnosis were CC in 23 (6.5%), 

HCC-CC in 13 (3.7%), focal nodular hyperplasia in 10 (2.8%), 

eosinophilic abscess, abscess, and regenerating nodule. Forner 

et al19 reported that 67.4% of patients with liver nodule ≤20 mm 

detected during ultrasound surveillance were proven to be HCC, 

whereas others were diagnosed with CC (1.1%), regenerative 

nodules/dysplastic nodules (27.0%), hemangioma (3.4%), and fo-

cal nodular hyperplasia (1.1%). According to Sangiovanni et al21 

among 67 liver nodules (1-2 cm in size), 44 (66%) nodules were fi-

nally confirmed as HCC, two (3%) as CC, three (4%) as low grade 

dysplastic nodules, and 18 (27%) as macroregenerative nodule.21 

According to Park et al18 12 of 189 patients (6.3%) were falsely 

diagnosed as HCC using KLCSG/NCC criteria; six cases of CC, two 

of dysplastic nodules, one of focal nodular hyperplasia, two of 

hamartoma, and one of angiomyolipoma.18

Among all enrolled patients in this study, KLCSG/NCC criteria 

showed the highest sensitivity, followed by AASLD, EASL, and 

NCCN criteria, whereas the specificity of these criteria were quite 

high and not significantly different between these criteria. The 

EASL and AASLD criteria were more sensitive and similarly specific 

in HBsAg (+) patients than in HBsAg (-) patients. KLCSG/NCC 

criteria showed high sensitivity but low specificity in patients with 

HBV infection or LC. Different sensitivity and specificity among 

these criteria according to HBsAg status and presence of LC can be 

explained by disagreement on detailed clinical definition of HCC 

among the guidelines as well as unique characteristics of patients 

included in this study (LC=50.7%, HBV infection=71.3%). EASL, 

AASLD, and KLCSG/NCC guideline shares common elements for 

non-invasive diagnostic criteria of HCC but their detailed defini-

tion was quite different among the guidelines (Table 1). First of all, 

patients with LC are defined as the only risk group in EASL and 

AASLD criteria, whereas those with HBV and HCV infections are 

also regarded as a risk group in the KLCSG/NCC criteria. Actually, 

Table 7. Sensitivity and false-positive rate (FPR) of the clinical diagnostic criteria

Criteria EASL AASLD NCCN KLCSG/NCC

(%) Sensitivity/FPR Sensitivity/FPR Sensitivity/FPR Sensitivity/FPR

Overall 38.4/1.7 51.5/3.8 10.1/3.2 79.8/3.7

HBsAg (+) 42.7/1 59.0/2.8 8.1/5 91.0/3.2

HBsAg (-) 22.2/6.7 23.8/11.8 17.5/0 38.1/7.7

LC (+) 67.5/1.7 90.5/3.8 7.1/0 89.9/3.8

LC (-) NA/NA NA/NA 14.1/5.3 66.4/3.4

Tumor size ≥2 cm 45.8/1.7 49.8/3.1 11.7/3.3 79.9/2.9

Tumor size <2cm NA/NA 60.4/6.5 2.1/0 79.2/7.3

*The measure of all the values is “%”.
EASL, European Association for the Study of the Liver; AASLD, the American Association for the Study of Liver Diseases; KLCSG/NCC, the Korean Liver Cancer 
Study Group and the National Cancer Center; NCCN, National Comprehensive Cancer Network; FPR, false positive rate.
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84 (87.5%) of 96 HBsAg (+) patients without LC in this study were 

proven to have HCC, which led to increased sensitivity of KLCSG/

NCC criteria. In addition, the cut-off level of serum AFP and image 

findings required for non-invasive diagnosis are most strict in EASL 

criteria (except NCCN criteria), followed by the AASLD and KLCSG/

NCC criteria. To a certain extent, tendency toward high sensitivity 

and low specificity of KLCSG/NCC and AASLD criteria might be 

explained by relatively loose standard for serum AFP level and im-

age findings. 

KLCSG/NCC criteria showed higher sensitivity (91.0% vs. 

38.1%, P<0.001) but lower specificity (63.2% vs. 94.9%, P=0.03) 

in patients with HBV infection, compared to those without. These 

findings are constant with the previous reports showing that its 

sensitivity were 97.3% and 86.8% in the HBsAg potisitive group 

and non-HBV group, respectively (P<0.001), and the specificity 

were 56.5% and 91.3%, respectively (P<0.001).19 Remarkably, 

KLCSG/NCC criteria showed high sensitivity in the HBsAg (+) 

group regardless of combined LC (91.3% with LC vs. 90.5% with-

out LC). Furthermore, specificity of KLCSG/NCCN criteria in HBsAg 

(+) LC (-) group is quite acceptable (75.0%) in this study. Hence, it 

should be positively considered to include HBV-infected patients in 

risk group for clinical diagnostic criteria of HCC irrespective of LC 

status in HBV endemic areas. 

Expanded risk group and inclusion of small tumors in KLCSG/

NCC criteria can explain its high sensitivity in the overall patients 

and high FPR in HBsAg (-) patients and those with tumor <2 cm.   

KLCSG/NCC criteria should be applied with caution in those sub-

groups. In addition, further studies are warranted for evaluation of 

its accuracy in patient with tumor <1 cm.

To the best of our knowledge, this is the first study comparing 

the usefulness of non-invasive diagnostic criteria by the represen-

tative guidelines in a HBV endemic area. We showed high sensitiv-

ity of KLCSG/NCC and AASLD criteria, compared to EASL criteria, 

and excellent specificity of all criteria. While EASL and AASLD 

criteria were more sensitive and similarly specific in HBsAg (+) 

patients, KLCSG/NCC criteria showed higher sensitivity but lower 

sensitivity in those with HBV infection or LC. Notably, the KLCSG/

NCC criteria showed high sensitivity and acceptable specificity in 

HBsAg (+) patients without LC. When we compared the usefulness 

of clinical diagnostic criteria based on sensitivity and FPR, KLCSG/

NCC criteria showed acceptable FPR and the highest sensitivity in 

the overall patients, HBsAg (+) group, LC (-) group, and patients 

with tumor ≥2 cm. Its sensitivity is similar to that of AASLD in LC (+) 

group (89.9% vs. 90.5%). Hence, inclusion of HBV infection in a 

risk group of clinical diagnostic criteria for HCC would be reason-

able to improve sensitivity with acceptable FPR in HBV endemic 

areas. 

We acknowledge that our study had some limitations as a retro-

spective study. To a certain degree, our data might be affected by 

selection bias and personal preference of physicians, even though 

a concerted effort had been put into keeping consistent diagnostic 

and therapeutic strategy in our institution. Patients with typical 

image findings and elevated serum AFP who did not underwent 

surgery were most likely to be excluded in this study since biopsy 

were rarely performed for those patients. In addition, patients 

with multiple tumors were excluded in this study since we can not 

identify which tumor contributes to elevation of serum AFP level. 

Despite a few limitations, we investigated a considerable number 

of patients recruited from a single institution during recent two 

years, which gives a homogeneous character to this study. Stan-

dardized up-to-date techniques for measurement of serum AFP 

and dynamic imaging22 and coherent strategy to make decision 

were adopted for the enrolled patients. 

In conclusion, overall sensitivity was high with KLCSG/NCC and 

AASLD criteria, specificity was excellent with all criteria. Based on 

sensitivity and FPR, KLCSG/NCC criteria was the most useful one 

in the overall patients; especially in HBsAg (+) group, LC (-) group, 

and patients with tumor ≥2 cm. Inclusion of HBV infection as a 

risk factor in clinical diagnostic criteria for HCC would be reason-

able to improve sensitivity with acceptable FPR in HBV endemic 

areas.
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