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Graphical Abstract

Study Highlights
• The Korea national screening program performs ultrasonography and serum AFP as HCC surveillance in chronic liver  

disease.

• HCC surveillance is effective in increasing the opportunity for curative treatment of HCC, and is associated with reduced 
in mortality among patients with chronic hepatitis B, chronic hepatitis C, or liver cirrhosis.

• HCC surveillance improves the prognosis of patients at high-risk for HCC development.
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INTRODUCTION

Hepatocellular carcinoma (HCC) accounts for 75–85% of all 

primary liver cancers and is the fourth most common cause 
of cancer related death worldwide.1 Although overall survival 
in patients with HCC has improved, the mortality rate is still 

Background/Aims: This study aimed to investigate the effect of hepatocellular carcinoma (HCC) surveillance using the 
Korea National Liver Cancer Screening Program on the receipt of curative treatment for HCC and mortality in patients 
with chronic liver disease.
Methods: This population-based cohort study from the Korean National Health Insurance Service included 2003 to 
2015 claims data collected from 1,209,825 patients aged ≥40 years with chronic hepatitis B, chronic hepatitis C, and liver 
cirrhosis. Patients were divided according to HCC surveillance using ultrasonography and serum alpha-fetoprotein every 
6–12 months. The study outcomes were the receipt of curative treatment (surgical resection, radiofrequency ablation, or 
liver transplantation) and all-cause mortality.
Results: The study population consisted of 1,209,825 patients with chronic hepatitis B, chronic hepatitis C, and liver 
cirrhosis (median age, 52.0 years; interquartile range, 46–55 years; 683,902 men [56.5%]). The proportion of participants 
who underwent HCC surveillance was 52.7% (n=657,889). During 10,522,940 person-years of follow-up, 74,433 HCC cases 
developed, including 36,006 patients who underwent curative treatment. The surveillance group had a significantly 
higher proportion of curative treatment for HCC than the non-surveillance group after adjusting for confounding factors 
(adjusted hazard ratio [HR], 5.64; 95% confidence interval [CI], 5.48–5.81). The surveillance group had a significantly lower 
mortality rate than the non-surveillance group (adjusted HR, 0.56; 95% CI, 0.55–0.56). 
Conclusions: HCC surveillance using the national screening program in patients with chronic viral hepatitis or liver 
cirrhosis provides better opportunity for curative treatment for HCC and improves overall survival. (Clin Mol Hepatol 
2022;28:851-863)
Keywords: Hepatitis; Liver cirrhosis; Public health surveillance; Hepatocellular carcinoma; Nationwide healthcare 
insurance
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high.2 To reduce the mortality rate, early detection of HCC is 
emphasized to increase the opportunity for curative treat-
ment. Most HCCs develop in the background of chronic liver 
disease. In particular, the risk of HCC is higher in patients with 
chronic viral hepatitis (hepatitis B virus [HBV] infection or 
hepatitis C virus [HCV] infection), or cirrhosis of any cause.3

A meta-analysis revealed that HCC surveillance was benefi-
cial in detecting early stage tumors, increasing the chance of 
curative therapy, and improving overall survival in cirrhotic 
patients.4 Most guidelines recommend HCC surveillance in 
high risk groups (cirrhosis of any cause or chronic hepatitis B 
[CHB]) using ultrasonography and/or serum alpha-fetopro-
tein (AFP) every 6 months.3-5 However, there is a lack of exist-
ing clinical evidence on the effect of HCC surveillance on 
chronic liver disease prognosis, and there are only two ran-
domized clinical trials on HCC surveillance in Chinese patients 
with CHB.6-8 Besides, one of those randomized trials used se-
rum AFP only for HCC surveillance and did not show a reduc-
tion in mortality in patients who underwent surveillance.7,9 In 
addition, the adherence to HCC surveillance is poor even in 
high risk groups.10 

The highest incidences of HCC are recorded in East Asia 
and Sub-Saharan Africa.1 In those areas, HCC surveillance is 
particularly crucial for reducing the disease burden and im-
proving the prognosis of patients with chronic liver disease. 
In South Korea, HCC is the 5th most common cancer and 2nd 
highest cause of cancer death.9 The National Liver Cancer 
Screening Program (NLCSP) for HCC surveillance has been 
conducted in South Korea since 2003.11 This study aimed to 
investigate the impact of nationwide surveillance on the re-
ceipt of curative treatment for HCC and the mortality of 
chronic liver disease in an area with a high incidence of HCC. 
This nationwide population-based study included Korean 
patients aged ≥40 years with CHB, chronic hepatitis C (CHC), 
and liver cirrhosis in South Korea.

MATERIALS AND METHODS

Study design and population

This cohort study used claims data from the Korean Na-
tional Health Insurance Service (NHIS) database from 2002 to 
2017.12 The NHIS is the sole public payer for Korea’s mandato-
ry universal medical insurance system. All clinics and hospi-

tals in Korea submit data to the NHIS for inpatient hospital-
izations and outpatient visits to claim reimbursements for 
patient care. The NHIS database comprises four databases on 
insurance eligibility, medical treatments, medical care institu-
tions, and general health exams, and the general health ex-
ams database included the NLCSP data.13 The Korean govern-
ment has been running the national cancer screening 
program for the whole population since 1999.11 The program 
was firstly introduced for gastric cancer, breast cancer, and 
cervical cancer in 1999, and thereafter, the screening pro-
gram for liver cancer was conducted in 2003. Colon cancer 
screening was introduced in 2004. From 2003 onwards, the 
NLCSP in Korea began to provide ultrasonography and serum 
AFP for HCC surveillance of patients aged ≥40 years with 
CHB, CHC, or liver cirrhosis.14 Repeat screening for HCC sur-
veillance was recommended every 6 months from 2003–
2010, every 12 months from 2011–2015, and every 6 months 
since 2016.

The inclusion criteria for this study were patients who were 
40 years of age or older and who were newly diagnosed with 
CHB, CHC, or liver cirrhosis between January 1, 2003 and De-
cember 31, 2015 (n=1,376,509). CHB, CHC, and liver cirrhosis 
were defined based on the International Classification of Dis-
eases, tenth revision (ICD-10) codes: CHB (B18.0, B18.1, and 
Z22.5), CHC (B18.2), liver cirrhosis (K70.2, K70.3 K74, K74.1, 
K74.2, K74.3, K74.4, K74.5, K74.6, K76.5, and K76.6). We ex-
cluded patients who had any cancer in 2002 (n=41,349), 
those who were newly diagnosed with cancer between 2003 
and the initial diagnosis of liver disease (n=102,857), those di-
agnosed with HCC within three months of a liver disease di-
agnosis (n=47,660), and those who died within 6 months of a 
liver disease diagnosis (n=46,940). The final sample size was 
1,209,825 (683,902 men and 525,923 women; Fig. 1). The In-
stitutional Review Board (IRB) of Samsung Medical Center 
approved this study and waived the requirement for in-
formed consent because we used publicly available de-iden-
tified data (IRB No.: SMC 2018-03-019).

Measurements

HCC was defined as the presence of the same C code (ICD-
10 code C22.0) more than three times within a year, or inpa-
tient hospitalization with a C22.0 code. The C codes are care-
fully reviewed by the NHIS because they have implications 
for additional benefits for patients. Once a person has a C 
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code, it is carried forward in the medical records and claims 
are created for that patient. Therefore, cancer diagnoses 
based on claims are considered reliable. We excluded pa-
tients with any history of cancer using a 1-year look-back 
window; therefore, patients with a prior diagnosis of cancer 
(C code), excluding those with a prior diagnosis at any time 
(had a history of cancer), and those diagnosed with cancer in 
the previous year were excluded. In this study, curative treat-
ment for HCC was defined as surgical resection, radiofre-
quency ablation (RFA), or liver transplantation as the initial 
therapy.15

Information on HCC surveillance was based on the results 
of the NLCSP, and patients who had undergone at least one 
screening were considered to be patients with HCC surveil-
lance. When we evaluated the effect of HCC surveillance, the 
effect continued until 6 months after surveillance. Potential 
confounders included age, sex, year of diagnosis of chronic 
liver disease, type of liver disease, comorbidities, residential 
area and income percentile. Co-morbidities during the year 
prior to the screening exam were defined using ICD-10 codes 
and were summarized using the Charlson comorbidity index 
(CCI).16 In addition, the use of antiviral agents was evaluated 
using the dataset on the prescription drugs. We searched for 
the drug codes of antiviral agents for HBV (lamivudine, ade-
fovir, clevudine, telbivudine, entecavir, tenofovir, and peg-in-
terferon) and HCV (peg-interferon, ribavirin, daclatasvir, asu-
naprevir, sofosbuvir, and ledipasvir/sofobuvir). Finally, vital 
status through December 31, 2017 was ascertained from 
mortality and population registration data from Statistics Ko-
rea. Among all cause-death, the liver related mortality was 
defined as presence of admission with liver cancer or liver 
disease within a month before death.

Statistical analysis

To determine the proportion of patients who underwent 
HCC surveillance, we calculated the denominator as the cu-
mulative number of high-risk groups that did not register in-
cident HCC or death during the year. The primary outcome of 
this study was the receipt of curative treatment for HCC and 
the secondary outcomes were HCC incidence, liver-related 
mortality, and all-cause mortality. Participants were included 
in the study at the baseline clinic visit and were followed-up 
until HCC development, death, or the end of the study period 
(December 31, 2017). For the mortality outcomes, partici-
pants were followed up until death or the end of the study 
period. The study exposure was HCC surveillance, which is 
considered a time-varying variable to control for immortal 
time bias. For each HCC surveillance conducted, participants 
who were surveyed contributed person-time to the exposed 
group starting after the date of the initial surveillance until 6 
months after surveillance. Since the exposure was treated as 
a time varying covariate, if a patient stopped midway for a 
few years and then resumed every 6 months, the patient was 
re-considered as part of the surveillance group from the time 
since their surveillance was resumed. Basically, in a time-de-
pendent analysis, the follow-up time for each patient is di-
vided into different time windows. First, for each time win-
dow, a separate Cox analysis is performed using the specific 
value of the time-varying variable at the beginning of that 
specific time window. Second, a weighted average of all the 
time window-specific results is calculated.17 We compared 
the risk of patients who underwent the HCC surveillance test 
versus those who did not using Cox proportional hazards re-
gression models to estimate hazard ratios (HRs) with 95% 

Figure 1. Flow chart of study participants. HCC, hepatocellular carcinoma.

Men and women ≥40 years of age who were diagnosed chronic hepatitis or liver cirrhosis during January 1, 2003 through 
December 31, 2015 (n=1,376,509)

Participants included in this study (n=1,209,825)

Exclusion (n=166,684): some individuals met more than one criterion for exclusion
   Cancer claims in 2002 (n=41,349)
   Diagnosed any cancer before liver disease (n=102,857) 
   Diagnosed HCC within 3 months after liver disease (n=47,660) 
   Death within 6 months after liver disease (n=46,940)
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confidence intervals (CIs) for incident HCC in all patients and 
for all-cause mortality and liver-related mortality. We adjust-
ed for age, sex, year of liver disease diagnosis, region, income 
percentile, type of liver disease (HBV, HCV, or liver cirrhosis), 
CCI score, and the use of antiviral agents. We examined the 
proportional hazard assumption using plots of the log(-log) 
survival function and Schoenfeld residuals. 

This study also analyzed the impact of surveillance in pa-
tients with HCC. We investigated differences in mortality ac-
cording to surveillance in patients with HCC. Furthermore, 
we performed a sensitivity analysis to control for lead-time 
bias, which represents improved survival due to earlier diag-

nosis. The expected additional follow-up duration due to the 
lead-time was calculated and subtracted from the observed 
survival time. The HCC sojourn time was assumed to be 70 or 
140 days, according to estimations reported in previous stud-
ies.18 All analyses were performed using STATA version 14 
(StataCorp LP, College Station, TX, USA) and SAS 9.4 (SAS In-
stitute, Cary, NC, USA).

Table 1. Baseline characteristics of study participants (n=1,209,825)

Characteristic
HCC surveillance

P-value
No (n=551,936) Yes (n=657,889)

Age* (years) 53.0 (47.0–64.0) 52.0 (46.0–55.0) <0.01

Sex <0.01

  Male 331,678 (60.1) 352,224 (53.5)

  Female 220,258 (39.9) 305,665 (46.5)

Type of liver disease <0.01

  Chronic hepatitis B† 275,035 (49.8) 426,977 (64.9)

  Chronic hepatitis C 69,651 (12.6) 84,625 (12.9)

  Cirrhosis (HBV†) 30,123 (5.5) 34,068 (5.2)

  Cirrhosis (HCV) 7,604 (1.4) 6,717 (1.0)

  Cirrhosis (other causes) 169,523 (30.7) 105,502 (16.0)

Charlson comorbidity index <0.01

  0 237,917 (43.1) 283,756 (43.1)

  1 164,743 (29.8) 215,045 (32.7)

  ≥2 149,276 (27.1) 159,088 (24.2)

Residential area <0.01

  Metropolitan 349,192 (63.3) 426,542 (64.8)

  Rural 202,519 (36.7) 231,186 (35.1)

  Unknown 225 (0.0) 161 (0.1)

Income percentile <0.01

  Medical aid 48,846 (8.8) 38,135 (5.7)

  <30 percentile 109,308 (19.8) 133,984 (20.4)

  30 to <70 percentile 155,815 (28.2) 193,158 (29.4)

  ≥70 percentile 237,756 (43.1) 292,455 (44.5)

  Unknown 211 (0.1) 157 (0.0)

Values were presented as number (%) or median (interquartile range).
HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus.
*“Age” refers to the age at diagnosis of chronic liver disease (chronic hepatitis B, chronic hepatitis C, and liver cirrhosis).
†Including patients co-infected with HBV and HCV.
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RESULTS

Clinical characteristics of the enrolled patients

The proportion of participants who underwent HCC sur-
veillance was 52.7% (657,889/1,209,825) during the entire 
study period. The proportion of participants increased pro-
gressively each year, from 0.1% in 2003 to 21.6% in 2017 (Sup-
plementary Fig. 1). The median (interquartile range) age at 
the time of diagnosis of chronic liver disease in the surveil-
lance group was 52 years (46–55), and 53.6% of the patients 

were men. The surveillance group was younger, more likely 
to be female, and more likely to have CHB than the non-sur-
veillance group. The non-surveillance group was more likely 
to live in rural areas and receive medical aid (Table 1). We in-
vestigated the factors associated with non-participation in 
HCC surveillance. In multivariable analysis, participants who 
were aged 60–69 years (odds ratio [OR], 1.16; 95% CI, 1.15–
1.18) or ≥70 years (OR, 2.96; 95% CI, 2.92–3.00), were male 
(OR, 1.24; 95% CI, 1.22–1.24), had no comorbidities (OR, 1.17; 
95% CI, 1.16–1.17), had CHC (OR, 1.20; 95% CI, 1.19–1.21) or 
cirrhosis, and were medical aid beneficiaries (OR, 1.29; 95% 

Table 2. Factors associated with non-participation in HCC Surveillance (n=1,209,825))

Characteristic Crude OR (95% CI) Adjusted* OR (95% CI)

Age† 1.03 (1.03–1.03) 1.02 (1.02–1.02)

  40–49 years 1.02 (1.02–1.04) 1.07 (1.06–1.08)

  50–59 years Reference Reference

  60–69 years 1.23 (1.31–1.24) 1.16 (1.15–1.18)

  ≥70 years 3.06 (3.02–3.11) 2.96 (2.92–3.00)

Sex

  Male 1.36 (1.35–1.37) 1.24 (1.22–1.24)

  Female Reference Reference

Type of liver disease

  Chronic hepatitis B‡ Reference Reference

  Chronic hepatitis C 1.28 (1.26–1.29) 1.20 (1.19–1.21)

  Cirrhosis (HBV‡) 1.37 (1.35–1.40) 1.35 (1.33–1.38)

  Cirrhosis (HCV) 1.76 (1.70–1.82) 1.54 (1.49–1.60)

  Cirrhosis (other causes) 2.49 (1.47–2.52) 2.19 (2.17–2.21)

Charlson comorbidity index

  0 1.00 (0.99–1.01) 1.17 (1.16–1.17)

  ≥1 Reference Reference

Residential area

  Metropolitan Reference Reference

  Rural 1.07 (1.06–1.08) 0.97 (0.97–0.98)

Income percentile

  Medical aid 1.58 (1.55–1.60) 1.29 (1.27–1.31)

  <30 percentile 1.00 (0.99–1.01) 0.99 (0.99–1.00)

  30 to <70 percentile 0.99 (0.98–1.00) 0.99 (0.98–1.00)

  ≥70 percentile Reference Reference

HCC, hepatocellular carcinoma; OR, odds ratio; CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus.
*Adjusted for age, sex, year of chronic liver disease diagnosis (chronic hepatitis B, chronic hepatitis C, and liver cirrhosis), region, income, 
HBV infection, HCV infection, liver cirrhosis, and Charlson comorbidity index score.
†“Age” refers to the age at diagnosis of chronic liver disease (chronic hepatitis B, chronic hepatitis C, and liver cirrhosis).
‡Including patients co-infected with HBV and HCV.
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CI, 1.27–1.31) were significantly associated with an increased 
probability of nonparticipation in HCC surveillance (Table 2).

Detection of HCC and receipt of curative 
treatment for HCC by surveillance

During 10,522,940 person-years of follow-up, 74,433 HCC 
cases were observed. The HCC incidence rates per 1,000 per-
son years were 6 and 23 in the non-surveillance (n=551,936) 
and surveillance (n=657,889) groups, respectively. The sur-
veillance group had a significantly higher detection rate of 
HCC than the non-surveillance group after adjusting for age 

at diagnosis of the liver disease, sex, type of the liver disease, 
year of chronic liver disease diagnosis, CCI score, residential 
area, and income percentile (adjusted HR, 5.34; 95% CI, 5.23–
5.46). Similarly, the proportions of patients receiving curative 
treatment for HCC were 3 and 12 per 1,000 person-years in 
the non-surveillance and surveillance groups, respectively, 
and the surveillance group was more likely to have the op-
portunity of curative treatment for HCC than did the non-
surveillance group (adjusted HR, 5.64; 95% CI, 5.48–5.81) (Ta-
ble 3). The surveillance group had a significantly higher rate 
of patients receiving curative treatment for HCC than did the 
non-surveillance group regardless of cirrhosis (adjusted HR, 

Subgroup OR for the receipt of curative treatment (95% CI)

Age at liver disease diagnosis

40–49 years (n=23,064) 1.39 (1.29, 1.50)

50–59 years (n=26,612) 1.21 (1.13, 1.30)

60–69 years (n=17,680) 1.04 (0.95, 1.13)

≥70 years (n=7,077) 0.77 (0.66, 0.91)

P-value <0.01

Sex

Male (n=55,824) 1.19 (1.13, 1.25)

Female (n=18,609) 1.14 (1.04, 1.24) 

P-value 0.37

Type of liver disease

Chronic hepatitis B (n=31,955) 1.24 (1.17, 1.32)

Chronic hepatitis C (n=6,179) 1.07 (0.93, 1.25)

Cirrhosis (HBV) (n=10,903) 1.28 (1.14, 1.44)

Cirrhosis (HCV) (n=1,864) 1.07 (0.79, 1.43)

Cirrhosis (other causes) (n=23,532) 1.02 (0.94, 1.12)

P-value <0.01

Charlson comorbidity index

0 (n=27,289) 1.22 (1.14, 1.31)

≥1 (n=47,144) 1.15 (1.09, 1.21)

P-value <0.14

Income percentile

Medical aid (n=4,695) 0.99 (0.84, 1.18)

<30 percentile (n=14,693) 1.19 (1.09, 1.31)

30 to <70 percentile (n=22,820) 1.18 (1.10, 1.27)

≥70 percentile (n=32,167) 1.18 (1.11, 1.26)

P-value <0.34

Overall 1.17 (1.13, 1.23)

Subgroup HR for all-cause mortality (95% CI)

Age at liver disease diagnosis

40–49 years (n=470,530) 0.50 (0.49, 0.52)

50–59 years (n=397,950) 0.55 (0.54, 0.56)

60–69 years (n=223,484) 0.60 (0.59, 0.62)

≥70 years (n=117,861) 0.55 (0.54, 0.57)

P-value <0.01

Sex

Male (n=683,902) 0.58 (0.57, 0.59)

Female (n=525,923) 0.48 (0.47, 0.49)

P-value <0.01

Type of liver disease

Chronic hepatitis B (n=702,012) 0.57 (0.56, 0.58)

Chronic hepatitis C (n=154,276) 0.60 (0.58, 0.62)

Cirrhosis (HBV) (n=275,025) 0.54 (0.54, 0.55)

Cirrhosis (HCV) (n=64,191) 0.48 (0.46, 0.50)

Cirrhosis (other causes) (n=14,321) 0.57 (0.53, 0.61)

P-value <0.01

Charlson comorbidity index

0 (n=521,673) 0.54 (0.53, 0.55)

≥1 (n=688,152) 0.56 (0.55, 0.57)

P-value <0.01

Income percentile

Medical aid (n=86,981) 0.54 (0.52, 0.56)

< 30 percentile (n=2,432,923) 0.53 (0.52, 0.55)

30 to <70 percentile (n=348,973) 0.56 (0.55, 0.57)

≥70 percentile (n=530,211) 0.56 (0.55, 0.57)

P-value <0.01

Overall 0.55 (0.55, 0.56)

0.5 1 2A B 0.5 1 2

Figure 2. Subgroup analysis for the receipt of curative treatment for hepatocellular carcinoma (A) and all-cause mortality (B) in patients with 
hepatocellular carcinoma. Adjusted for age, sex, year of chronic liver disease diagnosis, region, income, hepatitis B virus infection, hepatitis C 
virus infection, liver cirrhosis, Charlson comorbidity index, and initial treatment modality for hepatocellular carcinoma. OR, odds ratio; HCC, he-
patocellular carcinoma; CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus. 
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6.41; 95% CI, 6.18–6.65 in no cirrhosis; adjusted HR, 4.64; 95% 
CI, 4.42–4.87 in cirrhosis) (Table 3). The positive association 
between HCC surveillance and receipt of curative treatment 
for HCC was consistent in most pre-specified subgroups ana-
lyzed (Fig. 2A). In the subgroup analysis, there was a promi-
nent effect of national screening on the receipt of curative 
treatment for HCC in the following patients: those in their 
40s, males, those with CHB and those with no comorbidities.

Impact of HCC surveillance on mortality

The impact of HCC surveillance on mortality in patients with 
chronic liver disease was investigated (n=1,209,825). The all-
cause mortality rates were 22 and 12 deaths per 1,000 person-
years in the non-surveillance and surveillance groups, respec-
tively, in all participants. Patients who received surveillance 
had a significantly lower all-cause mortality rate than those 
who did not (adjusted HR, 0.56; 95% CI, 0.55–0.56) (Table 4). 
All-cause mortality was significantly lower in the surveillance 
group than in the non-surveillance group regardless of cirrho-
sis (adjusted HR, 0.58; 95% CI, 0.57–0.59 in no cirrhosis; adjust-

ed HR, 0.54; 95% CI, 0.53–0.55 in cirrhosis) (Table 4). Among 
the patients who died, 143,112 (72%) died because of liver-re-
lated causes. The liver-related mortality was also significantly 
lower in the surveillance group than in the non-surveillance 
group (adjusted HR, 0.55; 95% CI, 0.54–0.55) regardless of cir-
rhosis: adjusted HR, 0.63; 95% CI, 0.61–0.64 in no cirrhosis; ad-
justed HR, 0.54; 95% CI, 0.54–0.55 in cirrhosis (Supplementary 
Table 1). The impact of HCC surveillance on all-cause mortality 
reduction was consistent in most of the pre-specified sub-
groups analyzed (Fig. 2B). In subgroup analysis, there was a 
prominent effect of national screening on the reduction of 
mortality in patients: in their 40s, and women.

In addition, we analyzed the impact of surveillance on all-
cause mortality in patients with HCC (n=74,433) (Supplemen-
tary Table 2). The mortality rates per 1,000 person years were 
166 and 133 in the non-surveillance (n=47,651) and surveil-
lance (n=26,782) groups, respectively. Among patients with 
HCC, those who underwent surveillance had a significantly 
lower mortality rate than those who did not (adjusted HR, 
0.81; 95% CI, 0.80–0.83) When we analyzed the impact of 
time between the surveillance and HCC diagnosis on mortal-

Table 4. All-cause mortality in chronic liver disease according to HCC surveillance (n=1,209,825)

Number of deaths Mortality rate per 
1,000 person years Crude HR (95% CI) Adjusted HR (95% CI)*

Overall (n=1,209,825)

  HCC surveillance

    No (n=551,936) 153,501 22 Reference Reference

    Yes (n=657,889) 45,263 12 0.46 (0.46–0.47) 0.56 (0.55–0.56)

    P-value <0.01 <0.01

Patients with cirrhosis (n=353,537)

  HCC surveillance

    No (n=207,250) 97,127 47 Reference Reference

    Yes (n=146,287) 22,725 28 0.51 (0.51–0.52) 0.54 (0.53–0.55)

    P-value <0.01 <0.01

Patients without cirrhosis (n=856,288)

  HCC surveillance

    No (n=344,686) 56,374 12 Reference Reference

    Yes (n=511,602) 22,538 7 0.56 (0.55–0.57) 0.58 (0.57–0.59)

    P-value <0.01 <0.01

HCC, hepatocellular carcinoma; HR, hazard ratio; CI, confidence interval.
*Adjusted for age, sex, year of liver disease diagnosis (chronic hepatitis B, chronic hepatitis C, and liver cirrhosis), region, income, hepatitis 
B virus infection, hepatitis C virus infection, liver cirrhosis, Charlson comorbidity index score, and the use of antiviral agents for chronic 
viral hepatitis.
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ity in the surveillance group, patients who underwent 
screening within 6 months of receiving the HCC diagnosis 
(n=26,782), had a significantly lower mortality rate than 
those who underwent screening at greater than 6 months 
from screening to diagnosis (adjusted HR, 0.85; 95% CI, 0.82–
0.89). Moreover, the mortality was significantly lower in the 
surveillance group than in non-surveillance group after ad-
justing for lead-time (70 days): adjusted HR 0.76 with 95% CI, 
0.74–0.78 (Supplementary Table 3). The impact of HCC sur-
veillance on mortality reduction was consistent in most pre-
specified subgroups analyzed in patients with HCC (Supple-
mentary Fig. 2).

DISCUSSION

The present study analyzed national health claim data to 
evaluate whether HCC surveillance is effective at the receipt 
of curative treatment for HCC, and is associated with reduc-
tions in mortality among patients with CHB, CHC, or liver cir-
rhosis. Patients who underwent HCC surveillance by ultraso-
nography and serum AFP were more likely to receive curative 
treatment for HCC than who did not. HCC surveillance was 
also beneficial in improving the overall survival and liver-re-
lated mortality in these high-risk groups. These findings were 
consistent with the adjustment for age, sex, etiology of liver 
disease, presence of cirrhosis, comorbidity, region, income 
status, year of diagnosis, and the use of antiviral agents for 
CHB or CHC. Old age, male sex, more comorbidities, presence 
of CHC or cirrhosis, living in rural areas and being a medical 
aid beneficiary were associated with non-participation in 
HCC surveillance. 

It is important to detect cancer at an early-stage as it in-
creases the chances of receiving curative treatment and sur-
vival. HCC is often asymptomatic and consequently, patients 
are unaware of the presence of a tumor until HCC has 
reached an advanced stage.19 Therefore, the screening test is 
a crucial strategy for detecting early-stage HCC in patients 
with chronic liver disease.20 HCC surveillance is recommend-
ed in specific risk groups in terms of threshold HCC incidence 
for surveillance efficacy with life years gained.3-5 The guide-
lines define high-risk groups for HCC surveillance as all cir-
rhotic patients from any etiology or Asian patients with HBV 
infection without cirrhosis over 40 years of age. According to 
these guidelines, all patients with cirrhosis and high-risk hep-

atitis B patients are at risk for HCC and should undergo sur-
veillance with semiannual ultrasonography and/or serum 
AFP, which are suggested for the secondary prevention of 
HCC.3-5 In our study, we also found that curative treatment for 
HCC was more likely to be performed among patients in the 
surveillance group than among those in the non-surveillance 
group. However, the screening rate was relatively low, even 
though it is free. In our study, the proportion of patients who 
participated in the NLCSP at least once during their lifetime 
was 52.9%. The participation rate was significantly lower in 
old age, in men, in those with more comorbidities, in those 
living in rural areas, and in medical aid beneficiaries. There-
fore, it is necessary to increase the participation rate of HCC 
surveillance among these vulnerable patients.

In our study, patients who underwent HCC surveillance had 
significantly lower mortality rates than those with did not. 
HCC surveillance which is a part of the national cancer 
screening program in Korea not only reduced the mortality 
of HCC but was also instrumental in detecting early-stage 
HCC among patients with CHB, CHC, and liver cirrhosis. Simi-
lar to Korea, the Japanese government has provided HCC 
surveillance using ultrasonography and serum AFP since the 
1980s to people with chronic viral hepatitis, and des-gamma 
carboxyprothrombin and AFP-L3 fraction tests (serum bio-
markers for HCC) have been added to the HCC surveillance 
program since the 1990s. In Japan, the 5-year survival rate of 
HCC patients has significantly increased from 25% in the 
1980s to 43% in the 2000s.21 While increased survival rate is 
also likely due to a number of other factors including advanc-
es in the treatment and early detection of HCC, surveillance 
helped diagnose HCC at earlier stages resulting in increased 
overall survival.22 However, in the Japanese studies, there 
were no comparison groups and they were not able to com-
pare the effectiveness of the screening between the surveil-
lance group and the non-surveillance group. A Taiwanese na-
tionwide cohort study investigated 52,823 patients with HCC 
and found a significant association between the ultrasonog-
raphy screening interval and lower mortality. Shorter inter-
vals between screenings were associated with a reduction in 
mortality in patients with HCC in a time-dependent man-
ner.23 Similar to the Japanese study, the Taiwanese study only 
included patients who developed HCC and was not able to 
evaluate whether HCC surveillance increased the detection 
of HCC. However, there was a difference in the study designs 
and study groups between the present study and earlier 
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studies. While the Japanese and Taiwanese studies assessed 
the impact of HCC surveillance in HCC patients, this study 
evaluated the outcome of HCC surveillance in groups at high 
risk for HCC development (CHB, CHC, and liver cirrhosis).

This study had several limitations. First, because we used 
information from national cancer screening data, this study 
did not include HCC surveillance performed by private health 
care providers. This study also did not include information on 
computed tomography (CT) or magnetic resonance imaging 
(MRI) which could be used for further evaluation when pa-
tients had suspicious dysplastic nodules or indeterminate 
nodules on ultrasonography. We could not assess the effec-
tiveness of CT and MRI for cancer detection and mortality in 
terms of HCC surveillance. This may be an unmeasured con-
founder of study outcomes. Second, this study could not ex-
amine the exact tumor stage of HCC because the Korean 
NHIS does not provide this information (e.g., tumor size, tu-
mor number, distant metastasis). Therefore, this study was 
determined the receipt of the curative treatment for HCC as 
the primary outcome instead of the detection of early-stage 
HCC. The ultimate goal of HCC surveillance in chronic liver 
disease is the improvement of liver-related mortality includ-
ing liver cancer mortality. To achieve this goal, HCC surveil-
lance can play a role of the detection of early-stage cancer 
and this can be linked to curative treatments such as surgical 
resection, ablation therapy, and liver transplantation. There-
fore, most guidelines indicated the primary goal of HCC sur-
veillance was the detection of early-stage HCC and the sec-
ondary goals were the receipt of curative treatments, liver-
related mortality, and all-cause mortality.3-5 It would be the 
best to determine the detection of early-stage HCC as the 
primary outcome. However, we inevitably determined the 
receipt of curative treatments as the primary outcome. Al-
though this study showed that HCC surveillance could pro-
vide the opportunity for curative treatment of HCC in chronic 
liver disease, the treatment modalities did not completely 
correspond to early-stage tumors in real practice. However, 
previous studies indicated that there was a similar tendency 
in the impact of HCC surveillance on the detection of early-
stage HCC and the receipt of curative treatment.24,25 Third, 
the study did not include data on alcohol and smoking which 
could influence the development of HCC and mortality in pa-
tients with chronic liver disease because the Korean national 
claim data did not provide information about alcohol intake 
and cigarette smoking. Another potential limitation is that 

surveillance may have physical, financial, and psychological 
harms.26,27 Finally, in the present study, we evaluated the effi-
cacy of HCC surveillance in CHC patients aged ≥40 years. 
Most guidelines did not recommend HCC surveillance in CHC 
patients without cirrhosis because that group did not have a 
high rate of HCC development satisfying cost-effectiveness 
of HCC surveillance.3,4 However, the National Liver Cancer 
Screening Program in Korea has funded the provision of ul-
trasonography and serum AFP for HCC surveillance in CHC 
patients aged 40 years and over regardless of cirrhosis. The 
findings of the study showed that HCC surveillance is effec-
tive in reducing liver-related mortality and improving overall 
survival in CHC patients without cirrhosis. However, the pres-
ent study did not assess the cost-effectiveness of HCC surveil-
lance for those patients. Additionally, this study could not ex-
actly evaluate the impact of HCC surveillance in CHC patients 
who achieved sustained virological response after direct-act-
ing antivirals because direct-acting antivirals in Korea were 
introduced in August 2015. Therefore, further studies are 
needed to elucidate the cost-effectiveness and risk stratifica-
tion of HCC surveillance in patients with CHC. Despite these 
limitations, this study had several strengths. The present 
study is representative because it included the entire popula-
tion aged 40 years and older with CHB, CHC, and liver cirrho-
sis in South Korea. The NHIS system controls and provides all 
health services for the whole nation because it is mandatory 
to join the NHIS system for claim reimbursements in Korea.11 
In addition, the cohort contains extensive information on 
healthcare usage regarding inpatient and outpatient visits to 
healthcare institutions and medication histories. Further-
more, this cohort contained the date and the cause of death, 
which were determined using the national database for 
cause of death produced by Statistics Korea. Statistics Korea 
annually reports the cause of death statistics, and a previous 
study reported the accuracy of the cause of death to be 
92%.28 Thus, this nationwide population-based study was 
conducted using data from a representative sample of a 
large number of enrolled patients in an area where HCC inci-
dence rates are high. Furthermore, this study had a long fol-
low-up period (up to 14 years) to evaluate the study out-
comes. Therefore, this study has several strengths in terms of 
representativeness, sample size, and follow-up duration. In 
conclusion, HCC surveillance using ultrasonography and se-
rum AFP in patients with chronic viral hepatitis or liver cirrho-
sis provides better outcomes in terms of the receipt of cura-
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tive treatment for HCC, liver-related mortality, and overall 
survival. The results of this study provide concrete evidence 
of the usefulness of HCC surveillance in high risk groups. It is 
important to establish public policies for HCC surveillance to 
improve the prognosis of patients in high risk groups for HCC 
development. 

Authors’ contribution
W Sohn, D Kang, J Cho, and YH Paik have full access to all 

the data in the study and take responsibility for the integrity 
of the data and the accuracy of the data analysis. Study con-
cept and design: W Sohn, J Cho, and YH Paik. Data acquisi-
tion: D Kang and M Kang. Data analysis and interpretation: W 
Sohn, D Kang, E Guallar, J Cho, and YH Paik. Drafting of the 
manuscript: W Sohn, D Kang, J Cho, and YH Paik. Critical revi-
sion of the manuscript for important intellectual content: M 
Kang and E Guallar. Statistical analysis: D Kang, M Kang, and J 
Cho. Financial support: YH Paik.

Acknowledgements
This study was supported by The Research Supporting Pro-

gram of the Korean Association for the Study of the Liver and 
The Korean Liver Foundation (KASLNHIS2017-001). This study 
used National Health Insurance Service (NHIS) data (NHIS-
2018-4-056) from the Korean NHIS.

Conflicts of Interest
The authors have no conflicts to disclose.

SUPPLEMENTARY MATERIAL

Supplementary material is available at Clinical and Molecu-
lar Hepatology website (http://www.e-cmh.org).

REFERENCES

  1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. 

Global cancer statistics 2018: GLOBOCAN estimates of incidence 

and mortality worldwide for 36 cancers in 185 countries. CA 

Cancer J Clin 2018;68:394-424.

  2. Global Burden of Disease Liver Cancer Collaboration, Akinyem-

iju T, Abera S, Ahmed M, Alam N, Alemayohu MA, et al. The 

burden of primary liver cancer and underlying etiologies from 

1990 to 2015 at the global, regional, and national level: results 

from the global burden of disease study 2015. JAMA Oncol 

2017;3:1683-1691.

  3. European Association for the Study of the Liver. EASL clinical 

practice guidelines: management of hepatocellular carcinoma. 

J Hepatol 2018;69:182-236.

  4. Heimbach JK, Kulik LM, Finn RS, Sirlin CB, Abecassis MM, Rob-

erts LR, et al. AASLD guidelines for the treatment of hepatocel-

lular carcinoma. Hepatology 2018;67:358-380.

  5. Omata M, Cheng AL, Kokudo N, Kudo M, Lee JM, Jia J, et al. Asia-

Pacific clinical practice guidelines on the management of he-

patocellular carcinoma: a 2017 update. Hepatol Int 2017;11:317-

370.

  6. Zhang BH, Yang BH, Tang ZY. Randomized controlled trial of 

screening for hepatocellular carcinoma. J Cancer Res Clin Oncol 

2004;130:417-422.

  7. Chen JG, Parkin DM, Chen QG, Lu JH, Shen QJ, Zhang BC, et al. 

Screening for liver cancer: results of a randomised controlled 

trial in Qidong, China. J Med Screen 2003;10:204-209.

  8. Kansagara D, Papak J, Pasha AS, O’Neil M, Freeman M, Relevo 

R, et al. Screening for hepatocellular carcinoma in chronic liver 

disease: a systematic review. Ann Intern Med 2014;161:261-269.

  9. Lederle FA, Pocha C. Screening for liver cancer: the rush to judg-

ment. Ann Intern Med 2012;156:387-389.

10. Zhao C, Jin M, Le RH, Le MH, Chen VL, Jin M, et al. Poor adherence 

to hepatocellular carcinoma surveillance: a systematic review 

and meta-analysis of a complex issue. Liver Int 2018;38:503-514.

11. Kim Y, Jun JK, Choi KS, Lee HY, Park EC. Overview of the national 

cancer screening programme and the cancer screening status 

in Korea. Asian Pac J Cancer Prev 2011;12:725-730.

12. Song SO, Jung CH, Song YD, Park CY, Kwon HS, Cha BS, et al. 

Background and data configuration process of a nationwide 

population-based study using the korean national health insur-

ance system. Diabetes Metab J 2014;38:395-403.

13. Shin DW, Cho B, Guallar E. Korean national health insurance da-

tabase. JAMA Intern Med 2016;176:138.

14. Noh DK, Choi KS, Jun JK, Lee HY, Park EC. Factors associated 

with attending the national cancer screening program for liver 

cancer in Korea. Asian Pac J Cancer Prev 2012;13:731-736.

15. Bruix J, Sherman M. Management of hepatocellular carcinoma: 

an update. Hepatology 2011;53:1020-1022.

16. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method 

of classifying prognostic comorbidity in longitudinal studies: 

development and validation. J Chronic Dis 1987;40:373-383.

17. Dekker FW, de Mutsert R, van Dijk PC, Zoccali C, Jager KJ. Sur-



863

Won Sohn, et al. 
HCC surveillance in chronic liver disease

http://www.e-cmh.org https://doi.org/10.3350/cmh.2022.0037

vival analysis: time-dependent effects and time-varying risk 

factors. Kidney Int 2008;74:994-997.

18. Cucchetti A, Trevisani F, Pecorelli A, Erroi V, Farinati F, Ciccarese 

F, et al. Estimation of lead-time bias and its impact on the out-

come of surveillance for the early diagnosis of hepatocellular 

carcinoma. J Hepatol 2014;61:333-341.

19. Llovet JM, Zucman-Rossi J, Pikarsky E, Sangro B, Schwartz M, 

Sherman M, et al. Hepatocellular carcinoma. Nat Rev Dis Prim-

ers 2016;2:16018.

20. Villanueva A. Hepatocellular carcinoma. N Engl J Med 2019; 

380:1450-1462.

21. Kudo M. Surveillance, diagnosis, treatment, and outcome of 

liver cancer in Japan. Liver Cancer 2015;4:39-50.

22. Kudo M. Japan’s successful model of nationwide hepatocellular 

carcinoma surveillance highlighting the urgent need for global 

surveillance. Liver Cancer 2012;1:141-143.

23. Wu CY, Hsu YC, Ho HJ, Chen YJ, Lee TY, Lin JT. Association be-

tween ultrasonography screening and mortality in patients 

with hepatocellular carcinoma: a nationwide cohort study. Gut 

2016;65:693-701.

24. Leykum LK, El-Serag HB, Cornell J, Papadopoulos KP. Screening 

for hepatocellular carcinoma among veterans with hepatitis C 

on disease stage, treatment received, and survival. Clin Gastro-

enterol Hepatol 2007;5:508-512.

25. Yang JD, Harmsen WS, Slettedahl SW, Chaiteerakij R, Enders FT, 

Therneau TM, et al. Factors that affect risk for hepatocellular 

carcinoma and effects of surveillance. Clin Gastroenterol Hepa-

tol 2011;9:617-23.e1.

26. Atiq O, Tiro J, Yopp AC, Muffler A, Marrero JA, Parikh ND, et 

al. An assessment of benefits and harms of hepatocellular 

carcinoma surveillance in patients with cirrhosis. Hepatology 

2017;65:1196-1205.

27. Hanouneh IA, Alkhouri N, Singal AG. Hepatocellular carcinoma 

surveillance in the 21st century: saving lives or causing harm? 

Clin Mol Hepatol 2019;25:264-269.

28. Shin Y, Park B, Lee HA, Park B, Han H, Choi EJ, et al. Disease-

specific mortality and prevalence trends in Korea, 2002-2015. J 

Korean Med Sci 2020;35:e27.


