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Background/Aims: Guidelines recommend surveillance
for hepatocellular carcinoma (HCC) recurrence at 3-month
intervals during the first year after curative treatment and
6-month intervals thereafter in all patients. This strategy
does not reflect individual risk of recurrence. We aimed to
stratify risk of recurrence to optimize surveillance intervals
1 year after treatment. Methods: We retrospectively ana-
lyzed 1,316 HCC patients treated with resection/radiofre-
quency ablation at Barcelona Clinic Liver Cancer stage 0/
A. In patients without 1-year recurrence under 3-monthly
surveillance, a new model for recurrence was developed
using backward elimination methods: training (n=582)/
validation cohorts (n=291). Overall survival (OS) according
to risk stratified by the new model was compared accord-
ing to surveillance intervals: 3-monthly versus 6-monthly
(n=401) after lead time bias correction and propensity-score
matching analyses. Results: Among patients without 1-year
recurrence, age and international normalized ratio values
were significant factors for recurrence (hazard ratio [HR],
1.03; 95% confidence interval [Cl], 1.00 to 1.03; p=0.009
and HR, 5.63; 95% Cl, 2.24 to 14.18; p<0.001; respectively).
High-risk patients stratified by the new model showed signifi-
cantly higher recurrence rates than low-risk patients in the
validation cohort (HR, 1.73; 95% Cl, 1.18 to 2.53; p=0.005).
After propensity-score matching between the 3-monthly and
6-monthly surveillance groups, OS in high-risk patients under
3-monthly surveillance was significantly higher than that un-
der 6-monthly surveillance (p=0.04); however, OS in low-risk
patients under 3-monthly surveillance was not significantly

different from that under 6-monthly surveillance (p=0.17).
Conclusions: In high-risk patients, 3-monthly surveillance
can prolong survival compared to 6-monthly surveillance.
However, in low-risk patients, 3-monthly surveillance might
not be beneficial for survival compared to 6-monthly surveil-
lance. (Gut Liver 2018;12:571-582)
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INTRODUCTION

The current distribution of hepatocellular carcinoma (HCC)
based on the Barcelona Clinic Liver Cancer (BCLC) stage is ap-
proximately 30% to 40% of patients having early stage disease.
Particularly in Japan, the proportion of early stage HCC is ap-
proximately 65%, probably because of a very well-established
surveillance system.'” Although surgery or radiofrequency
ablation (RFA) is the mainstay of effective treatment for HCC
in BCLC stages 0 or A, HCC recurs in 70% of patients within 5
years and includes either intrahepatic metastases or the develop-
ment of de novo tumors.*® Therefore, postoperative surveillance
for early detection of recurrence is an important approach for
curative therapies and long-term survival, particularly in early
cirrhotic patients in BCLC stages 0/A."

In the current guidelines suggested by the European Associa-
tion for the Study of the Liver, follow-up strategies for detection
of recurrence indicate contrast-enhanced computed tomography
(CT) surveillance every 3 months during the first year, and every
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6 months thereafter.” However, all of the guidelines did not re-
flect the individual risk considering patients’ tumor biology and
liver function for survival.

In this study, we aimed to identify patients who could have
extended surveillance intervals at the first year after curative
treatments in patients with HCC in BCLC stage O/A and with
well-preserved liver function.

MATERIALS AND METHODS
1. Patients

A retrospective cohort study was conducted with 1,318 con-
secutively registered patients who underwent surgical resection
or RFA as the first curative treatment at a tertiary hospital (Seoul
National University Hospital, Seoul, Korea) between January
2001 and June 2015. The inclusion criteria were as follows: (1)
patients with HCC BCLC stages O/A with a performance status
score of 0; (2) Child-Turcotte-Pugh (CTP) score <7; (3) successful
treatment with resection (RO) or RFA (sufficient safety margin)
as a first-line anti-tumor treatment; (4) recurrence diagnosed
during a regular surveillance visit based on liver CT or mag-
netic resonance imaging (MRI) performed every 3 months or 6
months with or without alpha-fetoprotein (AFP) determination;
and (5) completed visits on a regular basis according to each
surveillance program until tumor recurrence was documented,
and good compliance such as taking antiviral medications or
abstaining from alcohol.

The following were grounds for exclusion: (1) patients who
received the first treatments, except for resection or RFA, such
as trans-arterial chemoembolization, or percutaneous ethanol
injection; (2) CTP score >7; (3) BCLC B/C/D stage; (4) patients
who suffered from recurred HCC at baseline; (5) patients who

had combined HCC and cholangiocarcinoma, and diffuse in-
filtrative types of HCC; (6) patients who were treated with liver
transplantation; (7) patients diagnosed with any other known
malignancies; and (8) patients who exhibited poor compliance
for antiviral therapy or alcohol abstinence (Fig. 1).

The study protocol complied with the ethical guidelines of the
World Medical Association Declaration of Helsinki.

This study was approved by the institutional review board of
Seoul National University Hospital (No. 1502-077-649), and the
requirement for informed consent from patients was waived.

2. Preoperative and postoperative assessment

Treatment strategies for initial HCC such as resection and
RFA were described in Supplementary Material 1. Evaluation
was performed 1 month after curative treatment, and then
3-monthly until year 1. Since year 1, there were two groups for
surveillance: under 3-monthly and 6-monthly surveillance until
tumor recurrence was documented. At every visit, imaging stud-
ies such as CT scan, and serologic tests such as tumor markers
and biochemical liver function tests, were performed.

Regarding assignment of patients to 3- or 6-monthly surveil-
lance after curative treatment, there might be bias of the phy-
sicians: physicians might prefer 6-monthly surveillance after
treatment in patients with low-risk for overall survival (0S) and
3-monthly surveillance after treatment in patients with high-
risk for OS due to retrospective design of this study. To mini-
mize physicians’ bias for patients’ risk, risk stratification was
performed in both groups by the developed model in this study
and survival rates of same risk group were compared according
to surveillance intervals such as 3 months or 6 months.

2,057 Patients treated with resection or RFA
as a curative treatment
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3. Definition

Initial HCC was diagnosed according to the current guidelines
) 2,13

(Supplementary Material 2).”~ A new model to predict HCC re-
currence and stratify the risk was developed. Based on risk of
HCC recurrence stratified by a new model, OS between low-risk
and high-risk groups was compared according to surveillance in-
tervals such as 3 months or 6 months. OS was defined as the time

from first diagnosis of HCC until death. Cirrhotic complications

Table 1. Baseline Characteristics
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were included ascites, variceal bleeding, spontaneous bacterial
peritonitis, hepatic encephalopathy, and hepatorenal syndrome.'*

Total population was 1,316 patients comprised of 915 pa-
tients under 3-monthly surveillance and 401 patients under
6-monthly surveillance after curative treatment.

4. Development of a new model to predict recurrence, and
comparison of survival between 3-monthly and 6-monthly
surveillance

Multivariable analysis to identify risk factors predictive of OS

HCC patients without 1-yr recurrence

Variable Total population (n=1,316) Training cohort Validation cohort .
(n=582) (n=291) p-value

Age, yr 58 (52-65) 58 (52-65) 58 (51-65) 0.56
Male sex 988 (75.1) 431 (74.1) 214 (73.5) 0.93
Etiology 0.43

HBV 967 (74.6) 430 (73.9) 224 (77.0)

HCV 131 (10.1) 50 (8.6) 28 (9.6)

HBV+HCV 9 (1.5) 10 (1.7) 5(1.7)

Others' 179 (13.8) 92 (15.8) 34 (11.7)
CTP score 5 (5-5) 5 (5-5) 5 (5-5) 0.96
MELD score 8 (7-10) 8 (7-9) 8 (7-10) 0.04
AST, U/L 36 (27-50) 34 (26-47) 36 (26-50) 0.30
ALT, U/L 5 (24-50) 35 (24-50) 34 (24-50) 0.85
Albumin, g/dL 4.1 (3.8-4.3) 4.1 (3.8-4.3) 4.1 (3.8-4.3) 0.58
Total bilirubin, mg/dL 1.0 (0.8-1.3) 1.0 (0.7-1.2) 1.0 (0.8-1.2) 0.11
Creatinine, mg/dL 0.9 (0.8-1.1) 0.9 (0.8-1.1) 0.9 (0.8-1.1) 0.97
PT INR 1.1 (1.0-1.2) 1.1 (1.0-1.2) 1.1 (1.0-1.2) 0.08
Platelet, X103/|.1L 130 (94-170) 137 (100-174) 131 (97-175) 0.39
AFP, ng/mL 11.3 (5.0-94.3) 10.2 (4.9-76.0) 9.8 (4.0-56.7) 0.26
Tumor size, cm 3 (1.7-3.0) 2.3 (1.6-3.0) 2.1(1.6-3.0) 0.94
No. of tumor 0.29

1 1,145 (87.0) 517 (88.8) 259 (89.0)

2 139 (10.6) 57 (9.8) 24 (8.2)

3 32 (2.4) 8 (1.4) 8 (2.8)
BCLC stage 0.71

0 457 (34.7) 217 (37.3) 113 (38.8)

A 859 (65.3) 365 (62.7) 178 (61.2)
Treatment method 0.42

RFA 812 (61.7) 356 (61.2) 169 (58.1)

Resection 504 (38.3) 226 (38.8) 122 (41.9)

Data are presented as median (interquartile range) or number (%).

HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus; CTP, Child-Turcotte-Pugh; MELD, Model for End-Stage Liver Dis-
ease; AST, aspartate aminotransferase; ALT, alanine aminotransferase; PT INR, international normalized ratio for prothrombin time; AFP, alpha-
fetoprotein; BCLC, Barcelona Clinic Liver Cancer; RFA, radiofrequency ablation.

*p-value estimated by the chi-square test or Fisher exact test for categorical variables and the Mann-Whitney U test for comparison between the
training and validation cohorts; 'Other causes included alcohol, non-alcoholic fatty liver disease, primary biliary cholangitis, and autoimmune

hepatitis.
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was performed among the patients under 3-monthly surveil-
lance in the total population (n=915). To determine surveillance
intervals at the time of 1 year in patients who did not develop
HCC within 1 year after curative treatments, a new model for
risk stratification for HCC recurrence was derived from patients
without 1-year recurrence.

Patients (n=873) who did not recur within 1 year after cura-
tive treatment were randomly divided into two groups with 2:1
ratio to derive and validate a new model for risk stratification at
year 1 after treatment: training (n=582) and validation cohorts
(n=291). Survival rates in patients under 3-monthly surveillance
(n=472) were compared to those under 6-monthly surveillance
(n=401). To assess the survival benefit of a 3-month surveil-
lance interval rather than a 6-month interval from year 1 after
treatment according to risk by the new model, we compared the
survival rates between patients under 3-monthly surveillance

Table 2. Multivariable Analysis for Overall Mortality (n=915)

(n=472) and those under 3-monthly surveillance for 1 year after
treatment and thereafter 6-monthly interval surveillance using
the propensity-score matching (n=401).

5. Statistical analyses

To minimize the lead time bias,"” the “lead time” was calcu-
lated for a 3-month surveillance interval patients by Schwartz’s
formula,'® which was originally proposed for calculating tumor
growth: t=DTx3xlog(d1/d0)/log(2), where t is the lead time
(days), DT is the median value of the tumor volume doubling
time proposed by Sheu et al.,” do is the median tumor diameter
of patients under 3-monthly surveillance, and d1 is the median
tumor diameter of patients under 6-monthly surveillance. The
calculated lead time for patients examined every 3 months was
subtracted from their survival and recurrence. If the value be-
came negative, we attributed a survival (deceased patients) or

Univariable Multivariable
Variable
HR (95% CI) p-value® HR (95% CI) p-value®

Age, yr 1.03 (1.01-1.04) <0.001 1.01 (0.99-1.03) 0.28
Male sex 0.86 (0.64-1.16) 0.34
Etiology

HCV 1.86 (1.29-2.69) <0.001 1.07 (0.69-1.65) 0.76

HBV+HCV 0.79 (0.25-2.49) 0.69

Others' 1.09 (0.73-1.64) 0.67
MELD score 1.16 (1.12-1.21) <0.001 1.10 (0.99-1.23) 0.09
AST, IU/L 1.01 (1.004-1.010) <0.001 1.00 (0.997-1.006) 0.58
ALT, IU/L 1.00 (0.998-1.004) 0.49
Albumin, g/dL 0.33 (0.26-0.43) <0.001 0.57 (0.42-0.79) <0.001
Total bilirubin, mg/dL 1.12 (1.03-1.21) 0.01 0.92 (0.72-1.17) 0.49
Creatinine, mg/dL 1.15 (1.01-1.33) 0.04 0.93 (0.64-1.34) 0.68
PT INR 8.21 (4.02-16.76) <0.001 0.56 (0.14-2.25) 0.41
Platelet, x103/pL 0.995 (0.992-0.997) <0.001 1.00 (0.997-1.003) 0.90
AFP, log (ng/mL) 1.13 (1.08-1.18) <0.001 1.04 (0.99-1.11) 0.13
Tumor size, cm 1.13 (0.998-1.278) 0.05
No. of tumor 1.12 (0.81-1.54) 0.50
Treatment method

Resection vs RFA 0.80 (0.61-1.07) 0.13
Recurrence, yr

o

<1 47.42 (19.43-115.75) <0.001 36.91 (15.02-90.69) <0.001

1-2 18.83 (7.45-47.57) <0.001 15.88 (6.26-40.27) <0.001

2-3 16.11 (6.07-42.73) <0.001 13.04 (4.88-34.82) <0.001

>3 4.72 (1.57-14.17) 0.006 4.41 (1.46-13.29) 0.008

HR, hazard ratio; CI, confidence interval; HCV, hepatitis C virus; HBV, hepatitis B virus; MELD, Model for End-Stage Liver Disease; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; PT INR, international normalized ratio for prothrombin time; AFP, alpha-fetoprotein; RFA, ra-

diofrequency ablation.

*p-value estimated by Cox proportional hazard regression; 'Other causes included alcohol, non-alcoholic fatty liver disease, primary biliary chol-

angitis, and autoimmune hepatitis; ‘Reference: non-recurrence.



a follow-up (living patients) of 1 day. Survival and recurrence
were analyzed as the estimated lead time. Survival curves were
analyzed via Kaplan-Meier methods and compared with log
rank tests. To identify risk factors for overall mortality, univari-
able and multivariable analyses were performed.

To develop a new model for predict recurrence, study popula-
tion was randomly divided into the training and validation co-
hort (2:1 ratio). To select best predictors and derive a new model
in the training cohort, backward elimination methods were
performed. For selecting and internal validation, bootstrapping
procedure was applied with 1,000 bootstrap samples. In external
validation, the model developed in the derivation cohort was
applied to the validation cohort.

Propensity score matching was performed to reduce selec-
tion bias and confounders between 3-monthly and 6-monthly
surveillance groups at baseline. To derive propensity scores, the
following variables were included in a multiple logistic regres-
sion: age, gender, etiologies, CTP score, Model for End-Stage
Liver Disease (MELD) score, serum aspartate aminotransferase,
alanine aminotransferase, albumin, total bilirubin, creatinine,
international normalized ratio for prothrombin time (PT INR),
platelet counts, serum AFP levels, tumor size, tumor number,
BCLC stage, and treatment methods. One-to-one propensity
score matching was performed by nearest neighbor matching
with a caliper width of 0.1 multiplied by the standard deviation
of the linearly transformed propensity scores. For the propensity
score-matched cohort, differences in demographic and clinical
characteristics were examined with a paired t-test for continu-
ous variables and McNemar test for categorical variables.

In order to stratify high or low risk on HCC recurrence, the
classification and regression tree was conducted. All statistical
analyses were performed within the R statistical programming
version 3.3.1 (Vienna, Austria, http://www.r-project.org). A p-
value <0.05 was considered to indicate a statistically significant
difference.

RESULTS
1. Baseline characteristics

During the study period, a total of 1,316 patients were in-
cluded (Table 1). The median age was 58 years (interquartile
range [IQR], 52 to 65 years) and 988 patients (75.1%) were male.
A median CTP score and MELD score were 5 (IQR, 5 to 5) and 8
(IQR, 7 to 10), respectively. The median diameter of the largest
measurable lesion was 2.3 cm (IQR, 1.7 to 3.0 cm). The number
of baseline measurable lesions was one in 1,145 patients (87.0%).
The median AFP level was 11.3 ng/mL (IQR, 5.0 to 94.3 ng/mL),
859 patients (65.3%) had the BCLC stage A and 812 patients
(61.7%) and 504 patients (38.3%) underwent RFA and resec-
tion, respectively. During the study period (median, 40 months;
IQR, 20 to 64 months), survival rates were 76.5% at 5 years and
a total of 766 patients (58.1%) had recurred HCC in the total
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population. Complication of cirrhosis such as ascites, variceal
bleeding, or hepatic encephalopathy was developed in 165 pa-
tients (12.5%).

Among the total population, patients who did not recur
within 1 year after treatment were randomly divided to two
groups: the training cohort (66.7%, n=582) and the validation
cohort (33.3%, n=291). In the training cohort, the median age
was 58 years (IQR, 52 to 65 years) and 74.1% were male. A
median CTP score and MELD score were 5 (IQR, 5 to 5) and 8
(IQR, 7 to 9), respectively. The median diameter of the largest
measurable lesion was 2.3 ¢cm (IQR, 1.6 to 3.0 cm). The number
of baseline measurable lesions was one in 88.8% of the patients.
The median AFP level was 10.2 ng/mL (IQR, 4.9 to 76.0 ng/mL).
62.7% of the patients had the BCLC stage A. 61.29% and 38.8%
of patients underwent RFA and resection, respectively. The vali-
dation cohort had similar baseline characteristics compared to
the training cohort except MELD scores (all except MELD scores
p>0.05) (Table 1).

2. Risk factors for overall mortality

Multivariable analysis to identify risk factors related to overall
mortality was performed among the patients under 3-monthly
surveillance (n=915). Serum albumin levels and recurrence sta-
tus were significant independent factors for overall mortality
(Table 2). The modalities of curative treatment were not signifi-
cant independent predictors for overall mortality (hazard ratio
[HR], 0.80; 95% confidence interval [CI], 0.61 to 1.07; p=0.13 as
resection compared with RFA).

Regarding recurrence-free durations, the HR of each recur-
rence-free duration for overall mortality was different: 36.91
(95% (I, 15.02 to 90.69; p<0.001) at recurrence <1 year, 15.88
(95% (I, 6.26 to 40.27; p<0.001) at recurrence of 1 to 2 years,
13.04 (95% CI, 4.88 to 34.82; p<0.001) at recurrence of 2 to 3
years, and 4.41 (95% CI, 1.46 to 13.29; p=0.008) at recurrence
>3 years compared to non-recurrence (Table 2). Recurrence-free
durations <1 year showed a significantly higher HR for overall
mortality than other recurrence-free durations such as 1 to 2
years, 2 to 3 years, and >3 years (all, p<0.001). Recurrence-free
durations of 2 to 3 years were not significantly lower risk for OS

Table 3. Comparison of Risk of Each Recurrence-Free Duration for
Survival Rates (n=1,295)

Recurrence-free duration HR (95% CI) p-value®
<lyrvs1-2yr 0.44 (0.31-0.63) <0.001
<1lyrvs2-3yr 0.35 (0.22-0.55) <0.001
<lyrvs>3yr 0.12 (0.06-0.23) <0.001
1-2 yrvs 2-3 yr 0.79 (0.46-1.33) 0.37
1-2 yrvs >3 yr 0.27 (0.13-0.55) <0.001
2-3yrvs >3 yr 0.34 (0.15-0.75) 0.007

HR, hazard ratio; CI, confidence interval.
*p-value estimated by Cox proportional hazard regression method.
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than recurrence-free durations of 1 to 2 years (HR, 0.79; 95%
CI, 0.46 to 1.33; p=0.37) (Table 3).

3. Development and validation of the risk prediction model

Two significant predictors from back elimination analyses
such as age and PT INR levels were selected to generate the
risk prediction model for recurrence (Table 4). Assessment for
Surveillance interval score (AS score) was defined as the sum of
the weighted variables: AS score=0.176xage (year)+17.279xPT
INR-21.887. The model showed 0.62 of area under the receiver
operating characteristic curve (AUROC) for recurrence at 5 year
(95% CI, 0.56 to 0.69) in the training cohort and 0.64 of AUROC
for recurrence at 5 year (95% CI, 0.55 to 0.73) in the validation
cohort. According to the AS scores, patients were stratified into
two groups; for example, low-risk groups (AS score <9.26) and
high-risk groups (AS score >9.26). The high-risk group showed
significantly higher recurrence rates than the low-risk group in
the training cohort (HR, 1.55; 95% CI, 1.17 to 2.07, p=0.003)
and the validation cohort (HR, 1.73; 95% CI, 1.18 to 2.53;
p=0.005) (Fig. 2A and B).

Regarding prediction of overall mortality in total population,

the model showed 0.70 of AUROC at 5 year (95% CI, 0.63 to
0.76) and significantly stratified the individual risk of overall
mortality: the low-risk group showed significantly higher sur-
vival rates than the high-risk group (HR, 3.84; 95% CI, 2.37 to
6.22; p<0.001) (Fig. 2C). Regarding prediction of complications
of liver cirrhosis in total population, the model showed 0.74 of
AUROC at 5 year (95% CI, 0.67 to 0.80) and significantly strati-
fied the individual risk of cirrhotic complications among HCC
patients with BCLC O/A stages: the high-risk group showed sig-
nificantly higher cirrhotic complication rates than the low-risk
group (HR, 4.12; 95% CI, 2.49 to 6.81; p<0.001) (Fig. 2D).

4. Comparison of survival rates in propensity-score matched
cohorts between 3-monthly and 6-monthly surveillance
from the first year after treatment

Among patients who all underwent CT scans every 3 months
until recurrence, low-risk patients (n=376) were identified based
on AS scores (AS score <9.26); among patients followed-up
every 3 months for 1 year after curative treatment and every
6 months thereafter, low-risk patients (n=314) were identified.
After propensity-score matching between the two groups, 140

Table 4. Selection of Variables for a New Model Using Backward Elimination Method in the Training Cohorts (n=582)

Univariable Multivariable
Variable
HR (95% CI) p-value® HR (95% CI) p-value®

Age, yr 1.02 (1.003-1.030) 0.02 1.028 (1.004-1.031) 0.01
Male sex 1.48 (1.09-2.01) 0.01 - -
Etiology - -

HBV Reference

HCV 1.40 (0.92-2.13) 0.11

HBV+HCV 1.54 (0.72-3.27) 0.26

Others' 0.83 (0.57-1.21) 0.33
MELD score 1.09 (1.04-1.15) <0.001 - -
AST, U/L 1.01 (1.003-1.011) <0.001 - -
ALT, U/L 1.00 (1.001-1.006) 0.01 - -
Albumin, g/dL 0.59 (0.43-0.81) 0.001 B B
Total bilirubin, mg/dL 1.14 (0.87-1.49) 0.35 - -
Creatinine, mg/dL 1.09 (0.97-1.23) 0.14 - -
PT INR 5.20 (2.06-13.14) <0.001 5.63 (2.24-14.18) <0.001
Platelet, x10°/ uL 0.995 (0.992-0.998) <0.001 - -
AFP, log (ng/mL) 1.00 (1.00-1.00) 0.73 - -
Tumor size, cm 0.95 (0.85-1.07) 0.43 - -
No. of tumor 1.10 (0.39-3.09) 0.85 - -
Treatment method

Resection vs RFA 0.64 (0.49-0.83) <0.001 - -

HR, hazard ratio; CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; MELD, Model for End-Stage Liver Disease; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; PT INR, international normalized ratio for prothrombin time; AFP, alpha-fetoprotein; RFA, ra-

diofrequency ablation.

*p-value estimated by Cox proportional hazard regression; 'Other causes included alcohol, non-alcoholic fatty liver disease, primary biliary chol-

angitis, and autoimmune hepatitis.
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Fig. 2. Clinical outcomes of low- and high-risk patients based on assessment for surveillance interval scores. (A) In the training cohort, the cumu-
lative recurrence rates of hepatocellular carcinoma (HCC) in high-risk patients were significantly higher than those in low-risk patients (p=0.003).
(B) In the validation cohort, the cumulative recurrence rates of HCC in high-risk patients were significantly higher than those in low-risk patients
(p=0.005). (C) In the total population, overall survival (OS) rates in low-risk patients were significantly higher than those in high-risk patients
(p<0.001). (D) In the total population, the complication rates of cirrhosis in high-risk patients were significantly higher than those in low-risk pa-

tients (p<0.001).

pairs were generated. In the low-risk groups after propensity-
score matching (n=280, 140 pairs), there was no significant
difference in baseline characteristics between 3-monthly and
6-monthly surveillance groups (Table 5). In propensity-score
matching of 3-monthly and 6-monthly surveillance groups,
in low-risk patients (AS score <9.26), OS under 6-monthly
surveillance were not significantly different from those under
3-monthly surveillance (p=0.17 by log-rank test) (Fig. 3A).
Among patients who all underwent CT scans every 3 months
until recurrence, high-risk patients (n=96) were identified based
on AS scores (AS score >9.26); among patients followed up
every 3 months for year 1 after curative treatment and every
6 months thereafter, high-risk patients (n=87) were identified.
After propensity-score matching between the two groups, 62

pairs were generated. In the high-risk groups after propensity-
score matching (n=124, 62 pairs), there was no significant
difference in baseline characteristics between 3-monthly and
6-monthly surveillance groups except serum ALT levels (Table 6).
In propensity-score matching of 3-monthly and 6-monthly sur-
veillance groups, survival rates in high-risk patients (AS score
>9.26) under 6-monthly surveillance were significantly lower
than those under 3-monthly surveillance (p=0.04 by log-rank
test) (Fig. 3B).

DISCUSSION

In this study, we developed and validated a risk prediction
model based on universally recognized clinical variables not
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Table 5. Baseline Characteristics of Low-Risk Group Under 3-Monthly and 6-Monthly Surveillance from Year 1 after Treatment

Original set

Matched set

Variable 3-Monthly surveillance 6-Monthly surveillance . 3-Monthly surveillance 6-Monthly surveillance "
(n=376) (n=314) p-value (n=140) (n=140) p-value

Age, yr 57 (51-62) 56 (50-63) 0.34 56 (50-62) 56 (51-63) 0.72
Male sex 306 (81.4) 219 (69.8) <0.001 100 (71.4) 95 (67.9) 0.60
Etiology 0.59 0.21

HBV 309 (82.2) 251 (79.9) 120 (85.7) 108 (77.2)

HCV 17 (4.5) 11 (3.5) 7 (5.0) 7 (5.0)

HBV+HCV 7(1.9) 6(1.9) 2(1.4) 3(2.1)

Others' 43 (11.4) 46 (14.7) 11 (7.9) 22 (15.7)
CTP score 5 (5-5) 5(5-5) 0.71 5 (5-5) 5 (5-5) 0.81
MELD score 8 (7-9) 8 (7-9) 0.39 8 (7-9) 8 (7-8) 0.19
AST, U/L 34 (26-43) 32 (25-44) 0.26 35 (27-44) 31 (36-43) 0.19
ALT, U/L 35 (24-51) 33 (22-49) 0.28 35 (25-53) 32 (23-51) 0.27
Albumin, g/dL 4.1 (3.9-4.4) 4.1 (3.9-4.4) 0.66 4.2 (3.9-4.4) 4.1 (3.9-4.3) 0.22
Total bilirubin, mg/dL 0.9 (0.7-1.1) 0.9 (0.7-1.1) 0.51 0.9 (0.8-1.1) 0.9 (0.7-1.1) 0.14
Creatinine, mg/dL 0.9 (0.8-1.1) 0.9 (0.8-1.1) 0.82 1.0 (0.8-1.1) 0.9 (0.8-1.1) 0.29
PT INR 1.1 (1.0-1.1) 1.1 (1.0-1.1) 0.40 1.1 (1.0-1.1) 1.1 (1.0-1.1) 0.40
Platelet, ><103/pL 142 (108-177) 148 (108-183) 0.41 132 (109-172) 151 (110-184) 0.08
AFP, ng/mL 8.9 (4.2-52.4) 10.0 (4.5-117.0) 0.30 8.9 (4.2-80.6) 10.8 (4.8-102.0) 0.44
Tumor size, cm 2.3 (1.7-3.0) 2.3 (1.6-3.4) 0.18 2.3 (1.6-3.0) 2.2 (1.7-3.0) 0.51
No. of tumor 0.35 1.00

1 330 (87.8) 286 (91.1) 125 (89.3) 126 (90.0)

2 38 (10.1) 24 (7.6) 13 (9.3) 12 (8.6)

3 8(2.1) 4(1.3) 2(1.4) 2 (1.4)
BCLC stage 0.92 0.39

0 140 (37.2) 119 (37.9) 52 (37.1) 60 (42.9)

A 236 (62.8) 195 (62.1) 88 (62.9) 80 (57.1)
Treatment method 0.02 0.55

RFA 226 (60.1) 160 (51.0) 84 (60.0) 78 (55.7)

Resection 150 (39.9) 154 (49.0) 56 (40.0) 62 (44.3)

Data are presented as median (interquartile range) or number (%).

HBV, hepatitis B virus; HCV, hepatitis C virus; CTP, Child-Turcotte-Pugh; MELD, Model for End-Stage Liver Disease; AST, aspartate aminotrans-
ferase; ALT, alanine aminotransferase; PT INR, international normalized ratio for prothrombin time; AFP, alpha-fetoprotein; BCLC, Barcelona

Clinic Liver Cancer; RFA, radiofrequency ablation.

*p-value estimated by chi-square test or Fisher exact test for categorical variables and Mann-Whitney U test; 'Other causes included alcohol, non-
alcoholic fatty liver disease, primary biliary cholangitis, and autoimmune hepatitis.

only for improved accuracy in predicting prognostic outcomes
in patients with very early or early HCC undergoing treatments
with curative intent but also for guidance on extending the sur-
veillance interval in some patients. Our results support reducing
the frequency of surveillance CT studies in low-risk patients
without incurring significant hazard on survival rates, compared
to those under continuous 3-month interval surveillance, and
we suggest 3-monthly surveillance in high-risk patients.

We found that both the aggressive tumor biology such as ear-
ly recurrence, and relatively poor liver function such as lower
serum albumin levels were associated with a dismal prognosis

for patients who were curatively treated with surgery or RFA
even in the BCLC O/A group. In our Cox regression analysis,
recurrence-free duration (<1 year) showed the highest HR for
overall mortality among the significant variables. Particularly,
time point of year 1 after treatment was a more important time
point to extend the surveillance intervals for survival than
time point of year 2: 1-year recurrence showed significantly
higher HR for overall mortality compared to other recurrence-
free durations (vs 1-2, 2-3, >3 years). Therefore, we designed
a new model to guide the surveillance interval at year 1 after
treatments, rather than other time points, such as >2 years after
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Fig. 3. Comparison of survival rates after propensity-score matching between patients under 6-monthly surveillance 1 year after curative treat-
ment and those under 3-monthly surveillance. (A) The cumulative survival rates of low-risk patients under 6-monthly surveillance 1 year after
curative treatment were not significantly different from those under 3-monthly surveillance (p=0.17). (B) The cumulative survival rates of high-
risk patients under 3-monthly surveillance were significantly higher than those of high-risk patients under 6-monthly surveillance 1 year after

curative treatment (p=0.04).

treatment in patients with a BCLC O/A stage. In addition, when
recurrence periods were also divided by the cutoff period of
2 years, late recurrence (>2 years) showed significantly lower
overall mortality than did early recurrence (< 2 years) (HR, 0.19;
95% CI, 0.13 to 0.28; p<0.001). Although the cutoff duration of
2 years also showed significant stratification of prognosis for
survival, our subgroup analysis in this study revealed that re-
currence within 1 year showed significantly lower survival than
did that in periods between 1 year and 2 years (Table 3), and
the recurrence pattern was changed after 1 year (Supplementary
Fig. 1)

Among patients who did not recur within year 1, significant
variables to predict recurrence were older age and higher PT INR
levels. These factors did not reflect tumor biology such as tumor
size, tumor number, and AFP levels. This can be explained by
recurrence within year 1 after treatment itself showed the high-
est HR for overall mortality among any other risk factors such
tumor size, number, and AFP levels.

Treatment modalities such as resection and RFA were not
significant factors for survival in the multivariable analyses for
overall mortality and not selected as significant variables. Be-
cause enrolled patients in this study had small-sized tumors and
very early or early stages of HCC, we think that the modalities
of curative treatment could not be significant independent fac-
tors for overall mortality. Tumor stages in this study were lim-
ited to BCLC stage O/A. The median tumor size was 2.3 cm, and
the tumor number in most of patients (87%) was only one. In
patients with a single, small-sized tumor, many previous stud-
ies, including randomized controlled trials and meta-analyses,

indicated that survival rates in BCLC O/A patients treated with
surgery were not significantly different from those in patients
treated with RFA."*' We think that our results were consistent
with previous studies.

In this study, serum AFP levels were relatively low compared
with those in previous studies. An explanation for this result
is that the target population in this study included the patients
with very early or early stages of HCC. The reason that the AS
score did not include tumor factors, such as tumor size, num-
ber, and serum AFP levels, was that the AS score was derived
from patients without 1-year recurrence after treatment, who, in
other words, had a relatively good prognosis. Given that the aim
of our study was to guide the surveillance strategies for patients
without 1-year recurrence at 1 year after treatment, our findings
can explain why the AS score consisted of only host factors, not
tumor factors.

Based on the risk stratification, AS scores can be used to
identify patients who may have extended surveillance intervals
from 3 months to 6 months at year 1 after curative treatment.
Among patients who maintain 3-monthly surveillance, low-risk
patients with <9.26 points as an AS score had a good prognosis.
This subgroup did not show any significant difference in 0S
for patients who extended surveillance intervals to 6 months at
year 1 after treatments. In contrast, when patients were identi-
fied as the high-risk group with an AS score >9.26, patients un-
der 6-monthly surveillance showed lower OS than those under
3-monthly surveillance. Thus, at year 1 after curative treatment,
high-risk patients should maintain 3-monthly surveillance
rather than changing to extend the interval.
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Table 6. Baseline Characteristics of High-Risk Group under 3-Monthly and 6-Monthly Surveillance from Year 1 after Treatment

Original set

Matched set

Variable 3-Monthly surveillance 6-Monthly surveillance . 3-Monthly surveillance 6-Monthly surveillance "
(n=96) (n=87) p-value (n=62) (n=62) p-value

Age, yr 67 (61-73) 66 (61-70) 0.20 66 (59-71) 66 (61-72) 0.62
Male sex 69 (71.9) 51 (58.6) 0.08 44 (71.0) 7 (59.7) 0.26
Etiology 0.81 0.89

HBV 47 (49.0) 47 (54.0) 33 (53.2) 32 (51.6)

HCV 26 (27.1) 24 (27.6) 15 (24.2) 17 (27.4)

HBV+HCV 1(1.0) 1(1.2) 0 (0.0) 1(1.6)

Others' 22 (22.9) 15 (17.2) 14 (22.6) 12 (19.4)
CTP score 5 (5-6) 5 (5-6) 0.56 5 (5-6) 5(5-6) 0.82
MELD score 10 (9-11) 10 (9-11) 0.28 10 (9-11) 0(9-11) 0.76
AST, U/L 47 (33-64) 47 (34-57) 0.53 47 (34-56) 47 (35-55) 0.65
ALT, U/L 40 (29-65) 34 (24-48) 0.008 42 (30-57) 34 (24-49) 0.03
Albumin, g/dL 3.9 (3.50-4.1) 3.8 (3.5-4.0) 0.32 3.8 (3.5-4.1) .8 (3.5-4.1) 0.94
Total bilirubin, mg/dL 1.1 (0.9-1.4) 1.2 (1.0-1.5) 0.49 1.2 (0.9-1.5) 2 (1.0-1.4) 0.97
Creatinine, mg/dL 0.9 (0.8-1.0) 0.9 (0.8-1.0) 0.74 0.9 (0.8-1.0) .9 (0.8-1.0) 0.81
PT INR 1.2 (1.1-1.3) 1.2 (1.2-1.3) 0.26 1.2 (1.2-1.3) 2 (1.2-1.3) 0.88
Platelet, ><103/pL 109 (74-160) 91 (65-123) 0.02 93 (71-121) 93 (68-126) 0.76
AFP, ng/mL 11.4 (5.5-55.4) 13.0 (6.0-32.5) 0.82 9.0 (5.1-21.0) 13.9 (5.9-34.0) 0.25
Tumor size, cm 2.1(1.6-2.8) 2.1(1.8-2.9) 0.78 2.0 (1.5-2.8) 1(1.7-2.9) 0.61
Tumor number 0.70 1.00

1 86 (89.6) 74 (85.1) 53 (85.5) 54 (87.1)

2 8(8.3) 11 (12.6) 7 (11.3) 6(9.7)

3 2(2.1) 2 (2.3) 2 (3.2) 2(3.2)
BCLC stage 1.00 1.00

0 37 (38.5) 34 (39.1) 25 (40.3) 6(41.9)

A 59 (61.5) 53 (60.9) 37 (59.7) 6 (58.1)
Treatment method 0.88 1.00

RFA 72 (75.0) 67 (77.0) 47 (75.8) 48 (77.4)

Resection 24 (25.0) 20 (23.0) 15 (24.2) 4(22.6)

Data are presented as median (interquartile range) or number (%).

HBV, hepatitis B virus; HCV, hepatitis C virus; CTP, Child-Turcotte-Pugh; MELD, Model for End-Stage Liver Disease; AST, aspartate aminotrans-
ferase; ALT, alanine aminotransferase; PT INR, international normalized ratio for prothrombin time; AFP, alpha-fetoprotein; BCLC, Barcelona

Clinic Liver Cancer; RFA, radiofrequency ablation.

*p-value estimated by chi-square test or Fisher exact test for categorical variables and Mann-Whitney U test; 'Other causes included alcohol, non-
alcoholic fatty liver disease, primary biliary cholangitis, and autoimmune hepatitis.

Although it is difficult to conclude how long 3-monthly
surveillance in the high-risk patients will be maintained in this
study because of small patient numbers, it can be assumed that
3-monthly surveillance in the high-risk patients might be help-
ful up to year 3 after curative treatment: patients without 3-year
recurrence (37.2%) after curative treatments in the high-risk
group showed 5-year survival rates of 93.5% in patients under
3-monthly surveillance, which were not significantly different
from 5-year survival rates of 90.0% in patients under 6-month-
ly surveillance at year 1 after treatments. However, high-risk
patients under 6-monthly surveillance without 1- or 2-year re-

currence showed significantly lower survival rates compared to
those under 3-monthly surveillance.

These findings have clinical relevance for several reasons.
First, the AS score is easily applicable in real-life clinical set-
tings even in countries with limited healthcare resources. Sec-
ond, the application of AS scores may provide a rationale for
extended intervals in low-risk patients and guide physicians
to optimize surveillance intervals at year 1 after curative treat-
ment. Third, the use of AS scores may prevent radio-hazards
and costs by over-surveillance using frequent CT scans without
compromising the survival benefits in low-risk patients. In con-



trast, 21.0% of patients who received curative treatment were
stratified in the high-risk group by AS scores and those patients
need to cautiously maintain stringent surveillance due to low
survival rates compared to those in the low-risk group.

A major limitation of the current study is that it was based
on retrospective observational data. However, in the case of sur-
veillance for HCC, prospective, randomized, controlled studies
are almost impossible to perform in regions where easy access
to diagnostic tools raises ethical problems and makes patient
compliance to the physician very unlikely. Second, AS scores
did not reflect pathological factors, which have been reported
as significant predictors for recurrence, such as microvascular
invasion or satellite nodules in patients treated with resection.”
Although microvascular invasion was one of the important in-
dependent factors for recurrence, inter/intra-observer variability
in reporting, the lack of definition, and grading of microvascu-
lar invasion have led to great heterogeneity in evaluating this
histological feature in HCC.”*** Furthermore, it is impossible to
get pathology data in most patients treated with RFA in real
clinical setting. Given that AS scores are derived from patients
who received curative treatments such as RFA or surgery and
are composed of all objective factors, it might be more practical
and objective in real fields in terms of error possibilities from
the subjective aspects of equivocal pathological findings.”**
Third, unfortunately, we could not obtain information about
details of liver-related mortality from complications of liver cir-
rhosis in this cohort because overall mortality data, not cause-
specific mortality data, could be obtained from the Korean Na-
tional Health Insurance Service. It needs further validation study
regarding the prediction of liver-related mortality using the
proposed model in the future. However, generally, in previous
reports studying surveillance benefits in HCC patients, primary

1. Based on their results, overall

endpoint was overall surviva
survival as primary endpoint in our study can be applicable to
conclude the surveillance benefit in HCC patients. Lastly, there
may be selection bias contributed by the subjective choice of
the interval. Doctors tend to shorten the interval in patients
considered at very high risk of HCC, such as those with larger
tumor size, higher MELD scores, and elevated baseline serum
AFP levels.”” However, in this study, propensity-score matched
analyses were performed to minimize selection bias: baseline
characteristics between 3-monthly and 6-months surveillance
groups were well-balanced.

In conclusion, the AS score developed here was able to strat-
ify risk for HCC recurrence among patients curatively treated,
and could therefore provide an objective evidence-based tool to
determine the patients who can have an extended surveillance
CT interval or maintain stringent surveillance. Future larger
prospective validation studies are needed to confirm CT surveil-
lance intervals that are optimized according to the patients’ risk
of HCC.
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