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Abstract

Background: Although hepatocellular carcinoma (HCC) occurs mostly in patients with

chronic hepatitis B virus (HBV) or hepatitis C virus (HCV) infection or heavy alcohol use

or cirrhosis, some patients develop HCC without these risk factors. Our objective in this

study was to develop and validate a new HCC risk score that could stratify HCC risk in

patients who develop HCC without known risk factors.

Methods: A new HCC risk score was developed using a nationwide, population-based co-

hort among individuals without chronic HBV infection, chronic HCV infection, heavy alco-

hol use or cirrhosis (n¼467 206, derivation cohort). The performance of the HCC risk

score was validated using an independent Samsung Medical Center Health Promotion

Center cohort (n¼91 357, validation cohort).

Results: Multivariable Cox regression analysis identified six independent risk factors:

age, sex, smoking, diabetes, total cholesterol level and serum alanine aminotransferase

level. A 19-point scale for HCC risk score was developed, with 10-year risk of HCC ranging

from 0.0% to 6.16% for the lowest and highest risk scores, respectively. The area under

the receiver operating characteristics curve values (AUROCs) to predict HCC develop-

ment were 0.83 [95% confidence interval (CI): 0.77, 0.88)] and 0.92 (95% CI: 0.89, 0.95) at

10 years in the derivation and validation cohorts, respectively. Predicted risk was well

correlated with the Kaplan-Meier observed HCC risk.

Conclusions: A simple-to-use, novel HCC risk score was developed for predicting HCC

development in individuals without alleged risk factors. It can be used to assess the risk
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of HCC in this population so that decisions about their clinical management, including

risk reduction interventions, can be subsequently made.

Key words: Alanine aminotransferase, diabetes, hepatocellular carcinoma, national cohort, risk score

Introduction

Hepatocellular carcinoma (HCC) is a unique cancer that

develops mostly in patients with chronic hepatitis B virus

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

heavy alcohol use or liver cirrhosis.1–4 In a study using

Globoscan 2012 data, HBV and HCV potentially account

for 94% of incident HCC in the world.5 Until now, HCC

risk assessment has been mainly focused on people with

chronic HBV infection, chronic HCV infection, heavy alco-

hol use or cirrhosis, as HCC occurs mostly in people with

these risk factors. However, the epidemiology of HCC is

evolving. Prevalence of chronic HBV infection is decreas-

ing with universal vaccination of newborns for HBV in

many countries.6,7 Effective antiviral therapies for chronic

HBV infection and chronic HCV infection are available.

They can effectively suppress viral replication or eradicate

virus.8,9 Hence, HBV- or HCV-related HCC is expected to

decrease in a large part of the world. In contrast, non-

alcoholic fatty liver disease (NAFLD) is rapidly increasing

in many countries.10,11 It is becoming the most rapidly

growing risk factor for HCC in some countries.12,13 In ad-

dition, several reports have suggested that HCC can de-

velop in individuals with NAFLD in the absence of

cirrhosis.12,14 With an evolving epidemiology of HCC, the

magnitude of HCC risk for the population without tradi-

tional risk factors is yet to be determined. Screening strate-

gies for this population have not been established

either.15,16

As the risk of HCC in people without traditional

risk factors is low,7 a tool to identify and stratify HCC

risk is needed for this population. To date, there is no

reliable tool to assess HCC risk in this population.

Thus, the objective of the present study was to evaluate

the risk of HCC development among individuals with-

out chronic HBV infection, chronic HCV infection,

heavy alcohol use or cirrhosis, using a nationwide

population-based cohort. We developed and validated

a new HCC risk score that could be used to stratify

HCC risk in this population. It can also be used to

make decisions about their further clinical

management.

Methods

Ethical approval

The Institutional Review Board of the Samsung Medical

Center approved this study and waived the requirement for

informed consent as we used only de-identified data rou-

tinely collected during health screening visits.

Study population and design

To produce a robust tool to predict the risk of HCC devel-

opment, data of two parallel populations were collected:

National Health Insurance Service (NHIS)-National

Sample Cohort (NSC) as derivation cohort, and Samsung

Medical Center Health Promotion Center Cohort (SMC-

HPCC) as external validation cohort.

The NHIS-NSC is a population-based retrospective co-

hort consisting of a representative sample of 2.2% of

Korean citizens enrolled in the NHIS.17 Sampling proce-

dures and representativeness of the cohort have been de-

scribed in detail previously.17 In Korea, the NHIS also

provides annual or biennial health screening examinations

free of charge to all insured subjects.18 For the derivation

Key Messages

• Hepatocellular carcinoma (HCC) occurrence among individuals without alleged risk factors for HCC (chronic hepatitis

B or hepatitis C virus infection or heavy alcohol use or cirrhosis) is rare at population level.

• Age, sex, smoking, diabetes, total cholesterol and alanine aminotransferase level are independent risk factors associ-

ated with HCC development among individuals without alleged risk factors for HCC.

• HCC development in individuals without traditional risk factors can be predicted by a simple-to-use, novel HCC risk

score using these six variables.
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cohort, we used person-level longitudinal NHIS-NSC regis-

tration, claim and health screening examination data

recorded between 1 January 2002 and 31 December

2013.17 Our study population included all men and

women �20 years of age participating in the NHIS-NSC

cohort with at least one health screening between 1

January 2003 and 31 December 2013 (N¼ 586 320). We

then excluded participants with HBV (ICD-10 codes:

B18.0, B18.1, Z22.5) (N¼ 32 731), HCV (ICD-10 codes:

B18.2) (N¼ 3783), liver cirrhosis (ICD-10 codes: K74)

(N¼ 811), any cancer (ICD-10 codes: including any C

code) (N¼17 898) and heavy drinking which was defined

as alcohol intake �30 g per day in men and �20 g per day

in women (N¼ 34 489). After excluding participants who

had missing data for body mass index (BMI) (N¼ 289),

smoking status (N¼ 30 296), alcohol status (N¼ 12 531)

and alanine aminotransferase (ALT) (N¼ 506), the final

sample size was 467 206 (218 707 men and 248 499

women; Figure 1a).

The SMC-HPCC consisted of men and women

�20 years of age who underwent comprehensive health

check-up examinations between January 2003 and

December 2013, and additional follow-up between

January 2003 and November 2017 at Samsung Medical

Center, Seoul, Korea (N¼133 972). Among these partici-

pants, 17 232 were excluded according to the same exclu-

sion criteria as the derivation cohort. A further 25 383

participants were additionally excluded because of missing

values. After exclusions, the final sample size for the exter-

nal validation cohort was 91 357 (43 178 men and 48 179

women; Figure 1b).

Data collection, definitions and endpoints

Databases of the NHIS-NSC cohort have been described in

detail previously.17 The primary outcome was HCC

development during follow-up. HCC was defined as three

or more outpatient clinic visits with associated C22.0 or

C22.9 codes within a year, or one inpatient hospitalization

with the same C code. In addition, a 1-year look-back win-

dow was used to exclude patients with a previous diagnosis

of cancer (C code).19

To identify potential risk factors, we included the fol-

lowing variables: age,20–22 sex,20–22 BMI,23 smoking sta-

tus,24 alcohol intake, exercise, hypertension, diabetes,25

total cholesterol, dyslipidaemia and ALT level.16 Data on

smoking habits, exercise, history of diabetes and medica-

tion use were collected by self-administered questionnaires.

Smoking status was categorized into never or past smoker

and current smoker. Current alcohol consumption was cat-

egorized into none or modest (<30 g/day in men and

<20 g/day in women). Height, weight and blood pressure

were measured. BMI was calculated as weight in kilograms

divided by height in metres squared.

BMI was classified according to Asian-specific criteria

(underweight, BMI of <18.5 kg/m2; normal weight, BMI

of 18.5 to 22.9 kg/m2; overweight, BMI of 23 to 24.9 kg/

m2; and obese, BMI �25 kg/m2).26 Glucose, total choles-

terol and ALT levels were measured in fasting samples.

Pre-hypertension was defined as a systolic blood pressure

�130–<140 mmHg or a diastolic blood pressure �85–

<90 mmHg at the baseline screening. Hypertension was

defined as the presence of at least one I10–I13 or I15 code

during the year preceding the screening, or a systolic blood

pressure �140 mmHg or a diastolic blood pressure

�90 mmHg at the baseline screening. Pre-diabetes was de-

fined as a fasting glucose level of �100–<126 mg/dL at the

baseline screening. Diabetes was defined as the presence of

at least one E11–E14 code or a fasting glucose level of

�126 mg/dL at the baseline screening. Dyslipidaemia was

defined as the presence of an E78 code or a total choles-

terol level of >240 mg/dL at the baseline screening. ALT

Figure 1 Flow chart for the derivation cohort (a) and the validation cohort (b). NHIS-NSC, National Health Insurance Service-National Sample Cohort;

HBV, hepatitis B virus; HCV, hepatitis C virus; ALT, alanine aminotransferase.
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level was classified into three groups: low (<30 U/L for

males and <20 U/L for females), mildly elevated (30–89 U/

L for males and 20–59 U/L for females) and elevated

(�90 U/L for males and � 60 U/L for females). The cutoff

point of ALT was determined after receiver operation char-

acteristics (ROC) curve analysis.

For the validation cohort, HCC development during

follow-up period was identified by reviewing electronical

medical records at Samsung Medical Center. HCC was di-

agnosed according to regional HCC guidelines.27 Patients

were censored at the latest follow-up date of any outpa-

tient clinic visit or health checkup visit at Samsung

Medical Center (reference date: 17 November 2017). The

same variables (age, sex, BMI, smoking status, alcohol in-

take, exercise, hypertension, diabetes, total cholesterol,

dyslipidaemia and ALT level) were collected in the valida-

tion set as well. Smoking status, alcohol consumption, ex-

ercise, medical history and medication use were collected

through standardized, self-administered questionnaires.

Height, weight and sitting blood pressure were measured

by trained nurses. Pre-hypertension was defined as a sys-

tolic blood pressure �130–<140 mmHg or a diastolic

blood pressure �85–<90 mmHg at the baseline screening

examination. Hypertension was defined as a systolic blood

pressure �140 mm Hg or a diastolic blood pressure

�90 mmHg or current use of antihypertensive medications.

Serum glucose was measured using the hexokinase/

glucose-6-phosphate dehydrogenase method. Pre-diabetes

was defined as a fasting glucose �100–<126 mg/dL at the

baseline screening. Diabetes was defined as a fasting serum

glucose �126 mg/dL or self-reported use of insulin or anti-

diabetic medications. Dyslipidaemia was defined as triglyc-

eride level �150 mg/dl, high-density lipoprotein (HDL)-

cholesterol level <40 mg/dl or the use of medication for

dyslipidaemia. ALT was measured following the

International Federation of Clinical Chemistry method. All

derived categories variables, including BMI, smoking sta-

tus, alcohol status and ALT, in the validation set were clas-

sified according to the same criteria used for the training

set.

Statistical analysis

Person-years of follow-up were calculated from the enrol-

ment date to the diagnosis date of HCC, date of death, or

the latest date of follow-up. Cox proportional hazards

models were used to estimate crude and multivariable-

adjusted hazard ratios (HR) with 95% confidence intervals

(CI) for risk predictors of HCC.

To develop risk prediction models for HCC, the regres-

sion coefficient of each risk predictor from the multivari-

able Cox proportional hazards model was divided by the

regression coefficient of the lowest value and the resulting

number was rounded to an integer value to generate each

score.

To evaluate predictive accuracies of risk prediction

models, area under the receiver operating characteristics

curve values (AUROCs) were calculated at 10 years using

flexible parametric survival models. To evaluate the dis-

criminatory ability of each risk model, the observed cumu-

lative HCC risk of three groups with very low, low and

intermediate risk scores in the validation set were com-

pared. For assessment of calibration, we compared ob-

served HCC risk with the Kaplan-Meier method and

predicted HCC risk with the modelled risk score. Kaplan-

Meier estimates were plotted against the mean predicted

risk in the group to form a calibration chart. Survival

curves were generated by the Kaplan-Meier product-limit

method and compared by log-rank test. We examined pro-

portional hazards assumption using plots of log (-log) sur-

vival function and Schoenfeld residuals. All analyses were

performed using STATA version 14 (StataCorp LP,

College Station, TX, USA).

Results

Baseline characteristics of the derivation cohort are sum-

marized in Table 1. During a median follow-up of 8.0 years

(range, 0.2–11.0 years), 236 (0.1%) patients developed

HCC. Cumulative HCC incidence rates at 3, 5 and

10 years were 0.02%, 0.03% and 0.07%, respectively.

Age, sex, BMI, smoking, hypertension, diabetes, total cho-

lesterol and ALT levels were associated with HCC occur-

rence during follow-up. In multivariable-adjusted analysis,

age, sex, smoking, diabetes, total cholesterol and ALT lev-

els were independent factors associated with HCC devel-

opment. Using these six variables, we developed a 19-point

scale HCC risk score (Table 2). The lowest score (0 points)

showed a 10-year HCC incidence rate of 0%, and the high-

est score (18 points) showed a 10-year incidence rate of

6.16% (Table 3). The AUROC for developing HCC at

10 years was 0.83 (95% CI: 0.77, 0.88) (Figure 2a) and the

C index was 0.80 (95% CI: 0.74, 0.87).

To assess calibration, patients were divided into three

groups: very low risk group (score 0–6, less than 0.01% of

cumulative incidence of HCC at 10 years), low risk group

(score 7–15, cumulative incidence of HCC between 0.01%

and 0.5% at 10 years) and intermediate risk group (score

�16, cumulative incidence of HCC exceeding 0.5% at

10 years). Incidence rates at 5 and 10 years were 0.00%

and 0.00% for a risk score of 0–6, 0.02% and 0.03% for a

risk score of 7–15, and 0.28% and 1.57% for a risk score

�16, respectively (Figure 3a; P<0.001 by log-rank test).
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Baseline characteristics of the validation cohort are

summarized in Supplementary Table S1, available as

Supplementary data at IJE online. During a median

follow-up of 4.6 years (range, 0.0–14.9 years), 35 (0.04%)

patients developed HCC. In the validation cohort, the

AUROC of the risk score for developing HCC at 10 years

was 0.92 (95% CI: 0.89, 0.95) (Figure 2b). The HCC inci-

dence rate increased with increasing risk scores (Table 3).

Incidence rates at 5 and 10 years were 0% and 0.01% for

risk score 0–6, 0.08% and 0.22% for risk score of 7–15,

and 4.0% and 23.20% for risk score �16, respectively

(Figure 3b; P<0.001 by log-rank test).

We also plotted a calibration chart for predicted HCC

risk and observed risk, showing good correlations in both

derivation (Figure 4a) and validation cohorts (Figure 4b).

The correlation coefficient was 0.9994 in the derivation

cohort and 0.9983 in the validation cohort.

Discussion

We found that HCC occurrence among individuals with-

out alleged risk factors for HCC (chronic HBV infection,

chronic HCV infection, heavy alcohol use or cirrhosis) was

rare at population level. The 10-year cumulative incidence

Table 1. Baseline characteristics according to hepatocellular carcinoma (HCC) development in the derivation cohort

(N¼467 206)

Characteristics HCC development P-value

No (N¼466 970) Yes (N¼236)

Age (years) <0.001

<50 303 261 (64.9) 28 (11.9)

50–59 82 192 (17.6) 40 (17.0)

60–69 52 744 (11.3) 95 (40.3)

�70 28 773 (6.2) 73 (30.9)

Sex <0.001

Male 218 536 (46.8) 171 (72.5)

Female 248 434 (53.2) 65 (27.5)

Body mass index (kg/m2) 0.001

Underweight (<18.5) 23 042 (4.9) 13 (5.5)

Normal (18.5–<23) 198 018 (42.4) 74 (31.4)

Overweight (23–<25) 108 201 (23.2) 53 (22.5)

Obese (�25) 137 709 (29.5) 96 (40.7)

Smoking status <0.001

Never 321 986 (69.0) 135 (57.2)

Past 26 456 (5.7) 18 (7.6)

Current 118 528 (25.4) 83 (35.2)

Alcohol intake 0.052

None 337 605 (72.3) 184 (78.0)

Modest 129 365 (27.7) 52 (22.0)

Vigorous exercise (yes) 184 168 (39.4) 84 (35.6) 0.33

Hypertension <0.001

No hypertension 278 928 (59.7) 70 (30.0)

Pre-hypertension 77 643 (16.6) 47 (19.9)

Hypertension 110 399 (23.6) 119 (50.4)

Diabetes <0.001

No diabetes 338 118 (72.4) 108 (45.8)

Pre-diabetes 92 913 (19.9) 63 (26.7)

Diabetes 35 939 (7.7) 65 (27.5)

Total cholesterol (�200 mg/dL) 181 649 (38.9) 52 (22.0) <0.001

Dyslipidaemia 63 691 (13.6) 25 (10.6) 0.17

Alanine aminotransferasea <0.001

Low 332 307 (71.2) 96 (40.7)

Mildly elevated 127 125 (27.2) 111 (47.0)

Elevated 7538 (1.7) 29 (12.3)

Values in the table are number (%).
aLow: <30 U/L for males and <20 U/L for females; mildly elevated: 30–89 U/L for males and 20–59 U/L for females; elevated: �90 U/L for males and �60 U/L

for females.
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rate of HCC was 0.07%. Age, sex, smoking, diabetes, total

cholesterol and ALT level were independent risk factors as-

sociated with developing HCC. The performance of the

HCC risk scoring system developed using these six varia-

bles was excellent, showing high AUROC values in both

the derivation cohort and the validation cohort. According

to this scoring system, individuals without risk factors for

HCC could be categorized into very low risk (cumulative

incidence rate of HCC <0.01% at 10 years), low risk (cu-

mulative incidence rate of HCC between 0.01–0.5%) and

intermediate risk (cumulative incidence rate of HCC

�0.5%) groups. A new, simple-to-use HCC risk score can

be used to estimate the risk of HCC development among

individuals without traditional risk factors. This can be

used in the primary care setting to screen and identify peo-

ple at risk for HCC.

In this study, older age, male sex, current smoking, dia-

betes, low cholesterol and elevated ALT levels were inde-

pendent risk factors associated with HCC. Several

previous studies have shown that age and male sex are as-

sociated with increased HCC risk.20–22 Smoking has been

associated with HCC risk in a meta-analysis of 38 cohort

and 58 case-control studies.24 Diabetes was associated

with increased HCC risk in a meta-analysis of 25 cohort

studies.25 Hypercholesterolaemia was associated with

lower HCC risk in this study. Similarly, in a study of

400 318 adults, a high cholesterol level was associated

with reduced risk of HCC.28 ALT level has also been

Table 2. Hepatocellular carcinoma (HCC) risk scoring system

Hazard ratio (95% CI) Beta coefficient Risk score

Age

<50 Reference 0

50–59 5.68 (3.47, 9.3) 1.737 3

60–69 20.65 (13.2, 32.3) 3.028 6

�70 38.62 (23.9, 62.42) 3.654 7

Sex

Female Reference 0

Male 3.44 (2.46, 4.81) 1.236 2

Body mass index

Underweight 1.78 (0.98, 3.22) 0.575 0

Normal Reference 0

Overweight 0.95 (0.67, 1.36) �0.047 0

Obesity 1.12 (0.81, 1.55) 0.115 0

Modest alcohol use (yes) 0.82 (0.58, 1.16) �0.197 0

Smoking

Never Reference 0

Past 1.36 (0.81, 2.28) 0.306 0

Current 1.65 (1.20, 2.26) 0.498 1

Vigorous exercise (yes) 0.87 (0.67, 1.15) �0.134 0

Hypertension

No hypertension Reference 0

Pre-hypertension 1.32 (0.91, 1.91) 0.275 0

Hypertension 1.28 (0.94, 1.75) 0.251 0

Diabetes

No diabetes Reference 0

Pre-diabetes 1.32 (0.96, 1.81) 0.278 0

Diabetes 1.97 (1.42, 2.72) 0.676 1

Total cholesterol (mg/dL)

<200 3.27 (2.39, 4.46) 1.184 2

�200 Reference 0

Dyslipidaemia (yes) 0.9 (0.58, 1.39) �0.105 0

Alanine aminotransferasea

Low Reference 0

Mildly elevated 3.38 (2.54, 4.5) 1.219 2

Elevated 17.29 (11.26, 26.57) 2.85 6

aLow: <30 U/L for males and <20 U/L for females; mildly elevated: 30–89 U/L for males and 20–59 U/L for females; elevated: �90 U/L for males and �60 U/L

for females.
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shown to be correlated with HCC risk.29 However, it is

also noteworthy that HCC risk is low in this population.

Thus, one cannot rely on a single risk factor. The cumula-

tive incidence rate of HCC was less than 0.5% at 10 years

for those with risk score of less than 15. The highest risk

score by a single risk factor was age, which was 7 points

for people aged more than 70 years. Hence, combinations

of risk factors are needed to identify people at increased

risk. People with multiple risk factors may warrant careful

evaluation for their increased HCC risk. Also, they may be

a target population for early intervention to decrease the

risk of HCC. Among these six identified risk factors, smok-

ing, diabetes, total cholesterol and ALT levels are modifi-

able risk factors.

In terms of HCC screening strategies, our data could

not clarify whether those with high risk scores needed reg-

ular HCC surveillance. HCC surveillance requires multiple

considerations, including the incidence of HCC in a given

population, currently available resources, cost-

effectiveness, performance of screening modalities and uti-

lization of medical resources.15 Given the limited screening

resources, a threshold of HCC incidence rate of 1.5%/year

has been suggested for HCC surveillance as at this point

the screening practice becomes cost-effective.30 In this

study, HCC incidence rate did not reach this threshold

even in the population with the highest risk score (about

0.6%/year). Hence, further stratification by adding new

biomarkers is needed to ensure cost-effective screening for

HCC in this population. Nevertheless, this risk score is use-

ful in identifying subset of patients who are at relatively

higher risk of HCC than others. Thus, it can be used as an

initial step to identify people with HCC risk.

Our study has some other limitations. First, as the deri-

vation cohort was based primarily on claims data from the

NHIS database, we did not have detailed information on

several important factors that could be associated with

HCC risk, such as dietary patterns, abdominal circumfer-

ence, insulin sensitivity, diabetes control and NAFLD.

NAFLD is an important cause of HCC in individuals with-

out chronic HBV or HCV infection, heavy alcohol use or

cirrhosis.31 For large epidemiological studies where biopsy

or ultrasonography are not available, several serum bio-

markers are often used as alternative tools to detect fatty

liver.32 Thus, we used ALT as a biomarker for NAFLD, as

has been done in several previous studies.33–35

Table 3. Risk estimation for hepatocellular carcinoma (HCC)

development according to risk score

Risk score Derivation cohort Validation cohort

5 years 10 years 5 years 10 years

0 0.00% 0.00% 0.00% 0.00%

1 0.00% 0.00% 0.00% 0.00%

2 0.01% 0.01% 0.00% 0.00%

3 0.00% 0.00% 0.00% 0.00%

4 0.00% 0.00% 0.00% 0.00%

5 0.00% 0.00% 0.00% 0.00%

6 0.00% 0.00% 0.00% 0.07%

7 0.01% 0.01% 0.03% 0.03%

8 0.00% 0.01% 0.00% 0.00%

9 0.01% 0.03% 0.00% 0.37%

10 0.02% 0.04% 0.05% 0.41%

11 0.02% 0.03% 0.05% 0.13%

12 0.03% 0.08% 0.38% 0.54%

13 0.08% 0.22% 0.38% 0.38%

14 0.09% 0.19% 1.43% 1.43%

15 0.00% 0.23% 0.93% 3.77%

16 0.00% 0.52% 0.00% 20.00%

17 0.00% 0.50% 0.00% 0.00%

18 0.71% 6.16% 20.00%

19 0.50% 0.50%

Figure 2 Area under the curve (AUC) of the risk score for developing hepatocellular carcinoma (HCC) at 10 years for the derivation cohort (a) and the

validation cohort (b).
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Second, the validation cohort was from a health screen-

ing cohort. Health screening cohorts are composed of

those motivated by concern for their health. Hence, the

scoring system needs further external validation using dif-

ferent cohorts from community as well. Third, BMI, smok-

ing, and alcohol status can change over the follow-up

period, and this may affect HCC risk. Fourth, for those

who developed HCC, we lacked detailed information for

possible causes of their chronic liver disease. Fifth, some

important factors associated with HCC development, such

as family history of HCC or previous HBV infection, were

not fully captured in our risk model. Sixth, we used ICD

codes to define HCC, hypertension, diabetes and dyslipidae-

mia in the derivation cohort, and these are prone to misclassi-

fication error. Last, this study is based on a Korean

population. Korea is a rapidly urbanizing country with a

high incidence and prevalence of NAFLD.36 Obesity and dia-

betes are also emerging causes of liver cancer in Korea.4 Still,

significant differences exist between Eastern and Western

populations in HCCa etiology.37 For instance, hepatitis B

core immunoglobuin G is positive in many Korean HCC

patients without chronic HBV or HCV infection or heavy al-

cohol use,38 whereas this is not a usual finding in Western

patients.39 In addition, the association between genetic varia-

tion and HCC risk may differ by ethnicity. Gene coding for

the patatin-like phospholipase domain-containing 3

(PNPLA3) polymorphism is associated with HCC risk in

Caucasians, but not in Asians.40 Hence, the generalizability

of our findings to other ethnicities needs to be assessed.

In summary, we developed a novel HCC risk scoring

system that could be used for individuals without tradi-

tional risk factors (chronic HBV infection, chronic HCV

infection, heavy alcohol use or cirrhosis). In this study, the

occurrence of HCC in the absence of traditional risk fac-

tors was very low, but not null. Risk stratification is an ini-

tial step to identify at-risk individuals who may benefit

from HCC surveillance using more expensive or invasive

tests. Our risk score model is based on simple, easy-to-

Figure 4 Calibration curve for the derivation cohort (a) and the validation cohort (b).

Figure 3 Kaplan-Meier curve for the development of hepatocellular carcinoma (HCC) in the derivation cohort (a) and the validation cohort (b).
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obtain variables, and would be useful for primary screen-

ing purposes in daily practice.
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