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* HCC patients warrant continued secondary HCC surveillance, even after five recurrence-free years.
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5-year cumulative recurrence rate
(5-10 years from initial diagnosis)
was 27.0%.
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Jihye Kim, et al.
Recurrence after 5 years in early-stage HCC

Background/Aims: Although hepatocellular carcinoma (HCC) is notorious for its high recurrence rate, some patients do
not experience recurrence for more than 5 years after resection or radiofrequency ablation for early-stage HCC. For those
with five recurrence-free period, the risk of HCC recurrence within the next 5 years remains unknown.

Methods: A total of 1,451 consecutive patients (median, 55 years old; males, 79.0%; hepatitis B virus-related, 79.3%) with
good liver function (Child-Pugh class A) diagnosed with early-stage HCC by Barcelona Clinic Liver Cancer Staging and
received radiofrequency ablation or resection as an initial treatment between 2005 and 2010 were analyzed.

Results: During a median follow-up period of 8.1 years, 961 patients (66.2%) experienced HCC recurrence. The
cumulative recurrence rates increased to 39.7%, 60.3%, and 71.0% at 2, 5, and 10 years, respectively, and did not reach a
plateau. Five years after HCC diagnosis, 487 patients were alive without experiencing a recurrence. Among them, during
a median of 3.9 additional years of follow-up (range, 0.1-9.0 years), 127 patients (26.1%) experienced recurrence. The next
5-year cumulative recurrence rate (5-10 years from initial diagnosis) was 27.0%. Male sex, higher fibrosis-4 scores, and
alpha-fetoprotein levels at 5 years were associated with later HCC recurrence among patients who did not experience
recurrence for more than 5 years.

Conclusions: The HCC recurrence rate following 5 recurrence-free years after HCC treatment was high, indicating that
HCC patients warrant continued HCC surveillance, even after 5 recurrence-free years. (Clin Mol Hepatol 2020;26:516-
528)

Keywords: Carcinoma, Hepatocellular; Treatment; Long-term; Recurrence

Study Highlights

- The recurrence rate of HCC in early-stage patients who received curative treatment was high, even after 5 recurrence-free years.

- Male sex, high fibrosis-4 scores, and alpha-fetoprotein levels were associated with later HCC recurrence, but even those without the above risk fac-
tors showed substantial recurrence rates.

« HCC patients warrant continued secondary HCC surveillance, even after 5 recurrence-free years.

INTRODUCTION

Hepatocellular carcinoma (HCC) generally develops in the set-
ting of underlying chronic liver disease and carries high clinical
and economic global burdens."* HCC is notorious for its high re-
currence rate, experienced by approximately two-thirds of patients
within 5 years of curative treatment with resection or radiofre-
quency ablation (RFA).>® Nonetheless, some patients do not ex-
perience recurrence for more than 5 years after resection or RFA
for early-stage HCC. In certain types of cancer (e.g., stomach or
colon), 5 recurrence-free years suggests that the risk of recurrence
is minimal. Hence, clinicians may stop routine secondary surveil-
lance for tumor recurrence.”” However, patients with HCC usually
have an underlying chronic disease, which may progress over time
and de novo HCC may develop even after a long recurrence-free
period." This indicates that continued secondary surveillance for
HCC may be needed even for those with long recurrence-free pe-
riods.

http://www.e-cmh.org

As cancer surveillance is costly and is not free from the risk of
complications, false positivity, and/or radiation hazard,” whether
continued secondary surveillance for HCC after a long tumor re-
currence-free period is required warrants further evaluation. With
advances in HCC treatment and the management of underlying
chronic liver disease, the number of long-term cancer survivors is
also increasing,'® giving rise to unmet needs in clinical practice. To
the best of our knowledge, limited information is available regard-
ing the risk and risk factors for HCC recurrence in patients who do
not experience HCC recurrence for long periods (e.g., 5 years) af-
ter curative treatment with resection or RFA for early-stage HCC.
This study aimed to identify the risk and risk factors for recurrence
in early-stage HCC patients initially treated with resection or RFA,
with special attention to those who did not experience recurrence
for 5 years.
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PATIENTS AND METHODS
Study design, setting, and participants

This study was a single-center, retrospective cohort study per-
formed at Samsung Medical Center, Seoul, South Korea, using an
HCC registry. The HCC registry is an electronic registry that re-
cords baseline clinical characteristics, tumor variables, and the ini-
tial treatment modalities of every newly-diagnosed HCC patient
aged 18 years or older who received care at the Samsung Medical
Center, Seoul, South Korea, in a prospective manner. A diagnosis
of HCC was established either histologically or clinically, according
to the regional HCC guidelines.”"® We screened a total of 4,151
patients in the HCC registry and included patients with 1) early or
very early-stage HCC (Barcelona Clinic Liver Cancer [BCLC] stage
0 or A), 2) who received resection and/or RFA as an initial treat-
ment, and 3) had preserved liver function represented as Child-
Pugh class A. Finally, 1,451 consecutive, treatment-naive, BCLC
stage 0 or A HCC patients who were initially treated with resec-
tion and/or RFA were analyzed (Fig. 1). The study protocol was re-

Newly diagnosed HCC between
2005-2010 (n=4,151)

viewed and approved by the Institutional Review Board at Sam-
sung Medical Center (IRB No. 2019-05-101). As the study used
only de-identified data routinely collected during hospital visits,
the requirement to obtain informed patient consent was waived.

Variables, data sources, and measurements

The primary outcome variable was tumor recurrence during fol-
low-up. Tumor recurrence was diagnosed histologically or clinical-
ly using dynamic computed tomography (CT) and/or magnetic res-
onance imaging (MRI). After initial treatment with RFA or resection,
the patients were usually monitored at 3 to 6-month intervals us-
ing dynamic liver CT or MRI and/or tumor markers at the discre-
tion of the physician in charge of the patient.

Data for the following baseline variables were collected from
the Samsung Medical Center HCC registry recorded by trained ab-
stractors: age at diagnosis, sex, comorbidities such as diabetes
and receiving dialysis, etiology of the liver disease, Child-Pugh
score, albumin-bilirubin (ALBI) grade, alanine aminotransferase
(ALT) levels, aspartate aminotransferase (AST) levels, platelet

Exclusions (n=2,700)

\4
Early-stage (BCLC 0, A) HCC patients
with preserved liver function (Child-
Pugh class A) who received RFA or

resection as initial therapy (n=1,451)

\ 4

1,587 had advanced stage (BCLC B-D)

2,151 underwent therapy other than
RFA/resection

729 had impaired hepatic funcion
(Child-Pugh class B—C)

834 developed recurrence

\4

617 did not experience recurrence
within 5 years

\i

within 5 years

\
487 survived at least
5 recurrence-free years

\ 4

72 were lost to
follow-u
130 were P
d
censore 58 died within
5 years

127 experienced recurrence

\ 4

360 remained recurrence-free until
the end of follow-up

\ 4

after 5 years

Figure 1. Study flow chart. HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic Liver Cancer; RFA, radiofrequency ablation.
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Table 1. Baseline characteristics of the study population

Patients without recurrence Patients with recurrence

St ol =50 up to 5 years (n=617) within 5 years (n=834) el

Age (years) 55 (49-63) 54 (48-62) 56 (50-63) 0.010°
<60 945 (65.1) 420 (68.1) 525 (62.9) 0.045"
>60 506 (34.9) 97 (319 309 (37.1)

Male 47 (79.0) 472 (76.5) 675 (80.9) 0.040

Diabetes 282 (194) 113 (18.3) 169 (20.3) 0.383

Etiology 0.326
HBV* 1,150 (79.3) 497 (80.6) 653 (78.3)

Others' 301 (20.7) 120 (19.4) 181 (21.7)

Liver cirrhosis 692 (47.7) 243 (39.4) 449 (53.8) <0.001

Child-Pugh score 0.008
5 1,132 (78.0) 502 (81.4) 630 (75.5)

6 319 (22.0) 115 (18.6) 204 (24.5)

ALBI grade <0.001
1 838 (57.8) 392 (63.5) 446 (53.5)

2 613 (42.2) 225 (36.5) 388 (46.5)

FIB-4 score <0.001
<145 248 (17.1) 137 (22.2) 111 (13.3)
>145 and <3.25 632 (43.6) 286 (46.4) 346 (41.5)
>3.25 571 (394) 194 (31.4) 377 (45.2)

APRI <0.001
<0.7 643 (44.3) 324 (52.5) 319 (38.2)
>0.7 808 (55.7) 293 (47.5) 515 (61.8)

MELD 0.023
<9 1,141 (78.6) 503 (81.5) 638 (76.5)
>10 310 (21.4) 114 (18.5) 196 (23.5)

AFP (ng/mL) 189 (6.0-140.0) 13.0 (4.6-161.3) 239 (7.0-134.0) 0.003
<10 574 (39.6) 279 (45.2) 295 (35.4) <0.001
>10 877 (60.4) 338 (54.8) 539 (64.6)

PIVKA-II* (mAU/mL) 0354
<40 924 (66.8) 394 (68.3) 530 (65.8)
>40 459 (33.2) 183 (31.7) 276 (34.2)

Tumor number 0.029
Single 1,330 (91.7) 577 (93.5) 753(90.3)

Two 107 (74) 38(6.2) 69 (8.3)
Three 14.(1.0) 2(0.3) 12 (1.4)

Maximal tumor size (cm) 0.985
<2 627 (43.2) 265 (42.9) 362 (43.4)
>2 and <5 695 (47.9) 297 (48.1) 398 (47.7)
>5 129 (89) 55 (89 74.(89)
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Table 1. Continued

Patients without recurrence

Patients with recurrence

Stedt ol =LA up to 5 years (n=617) within 5 years (n=834) el
BCLC stage 0.246
0 442 (30.5) 198 (32.1) 244.(29.3)
A 1,009 (69.5) 419 (67.9) 590 (70.7)
Initial treatment <0.001
RFA 649 (44.7) 199 (32.3) 450 (54.0)
Resection 789 (54.4) 412 (66.8) 377 (45.2)
RFA and resection 13 (0.9) 6 (1.0) 7(0.8)

Values are presented as median (quartile) or number (%).

HBV, hepatitis B virus; ALBI, albumin-bilirubin; FIB-4 score, fibrosis-4 score; APRI, aspartate aminotransferase to platelet ratio; MELD, model for end-stage liver
disease; AFP, alpha-fetoprotein; PIVKA-II, protein induced by vitamin K absence or antagonist-Il; BCLC, Barcelona Clinic Liver Cancer; RFA, radiofrequency

ablation.

*Eight cases had both HBV and hepatitis C virus infection.

"Includes hepatitis C, alcohol, and non-B non-C.

*PIVKA-Il results were missing in 68 patients.

SDerived by the Mann-Whitney test using age as a continuous variable.
"Derived by the chi-squared test using age as a categorical variable.

counts, serum creatinine levels, alpha-fetoprotein (AFP) levels,
protein induced by vitamin K absence or antagonist-1I levels (PIV-
KA-II), tumor number, maximal tumor size, BCLC stage, and the
initial treatment modality. We additionally collected the presence
of liver cirrhosis at baseline and serum AST, ALT, platelet, and AFP
levels at 5 years for patients who did not experience tumor recur-
rence for the first 5 years, using the electronic medical records of
each patient at the Samsung Medical Center. Information on the
use of antiviral agents before HCC diagnosis and during follow-up
was collected. Liver cirrhosis was defined based on a combination
of histology, imaging studies, and clinical features. The ALBI
grades, fibrosis-4 (FIB-4) scores, AST to platelet ratio index (APRI),
and the model for end-stage liver disease (MELD) scores were cal-
culated using the original formulas (for the first three variables) or
an updated formula (for MELD).”** The index visit was defined as
the visit when the initial HCC diagnosis was made. The follow-up
period was defined as the time from the index visit to tumor re-
currence or the last follow-up, whichever came first (reference
date: March 31, 2019). Death without tumor recurrence was cen-
sored at the time of the last follow-up.

Statistical analyses

The data are expressed as the median (interquartile range) for
continuous variables and as the number (%) of patients for cate-
gorical variables. The chi-squared test, Fisher's exact test, and

520 https://doi.org/10.3350/cmh.2020.0016

Mann-Whitney test were used to compare variables between the
two groups. The factors associated with recurrence were tested
using Cox regression analyses. Multivariable Cox regression analy-
sis was performed to identify independent factors associated with
tumor recurrence using variables with P-values less than 0.1 in
univariable analysis. The analysis was performed for all included
patients and for patients who did not have tumor recurrence for 5
years after HCC diagnosis. The cumulative HCC incidence was es-
timated using Kaplan-Meier methods and differences in the
groups were compared using log-rank tests. All analyses involved
two-sided tests of significance with P-values less than 0.05 con-
sidered statistically significant.

RESULTS

Incidence and risk factors related to recurrence
within 5 years

The baseline characteristics of the study population and com-
parison between patients with and without recurrence for 5 years
are shown in Table 1. The initial treatment included RFA in 649
patients (44.7%), resection in 789 patients (54.4%), and resec-
tion with intraoperative RFA in 13 patients (0.9%). During a medi-
an follow-up period of 8.1 years, 961 patients (66.2%) experi-
enced HCC recurrence. Recurrence within the first 5 years of

http://www.e-cmh.org
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Total patients (follow-up years since diagnosis)
—=——. 5-year survivors (follow-up years after 5 years)

Cumulative recurrence rate
o
[
|
Cumulative recurrence rate

07— T T
o 1 2 3 4 5 6 7 8 9 10

Years since index date

) ) ) Number at risk
Years since diagnosis Total patients 1,451 1,097 831 676 574 487
Numberatrisk 14511097 831 676 574 487 411 364 310 239 151 5-year survivors 487 41 364 310 239 151

Figure 2. Cumulative recurrence rate in early-stage hepatocellular carcinoma patients treated with resection or radiofrequency ablation (dotted lines,
95% confidence intervals). (A) Whole study population. (B) Comparison of the next 5-year cumulative recurrence rate (5-10 years) among patients with
5 recurrence-free years (the dashed line) and the first 5-year cumulative recurrence rate in the total patients (the solid line). The index date was the
time of diagnosis for a total of 1,451 patients (indicated by the solid line), and 5 years after diagnosis the 487 survivors at 5-year follow-up without re-
currence (indicated by the dashed line).

Table 2. Risk factors for recurrence within 5 years (overall patients, n=1,451)

s Unadjusted Multivariable
HR (95% CI) P-value HR (95% CI) P-value

Age >60 vs. <60 (years) 1.18 (1.02-1.35) 0.025 1.14(0.97-1.34) 0.108
Male vs. female 21 (1.02-1.44) 0.032 141 (1.18-1.68) <0.001
Diabetes 01 (0.85-1.20) 0.893
HBV vs. others 0.87 (O 74-1.02) 0.089 098 (O 81-1.17) 0.795
ALBI grade 2 vs. 1 1.32(11 52) <0.001 23(1.06-142) 0.007
FIB-4 =3.25 vs. <3.25 46 (1.28-1.68) <0.001 4(097-1.33) 0.116
AFP =10 vs. <10 (ng/mL) 1.39 (1.21-1.60) <0.001 149 (1.28-1.72) <0.001
Tumor number

Single Reference Reference

Two 144 (1.12-1.84) 0.004 1.30 (1.01-1.66) 0.041

Three 2.56 (1.45-4.54) 0.001 2.17 (1.22-3.85) 0.008
Maximal tumor diameter (cm)

<2 Reference

>2 and <5 1.01 (0.88-1.17) 0.877

>5 1.13(0.88-1.45) 0336
Initial treatment modality

Resection Reference Reference

RFA* 1.78 (1.55-2.04) <0.001 1.68 (1.45-1.94) <0.001

HR, hazard ratio; Cl, confidence interval; HBY, hepatitis B virus; ALBI, albumin-bilirubin; FIB-4 score, fibrosis-4 score; AFP, alpha-fetoprotein; RFA, radiofrequency

ablation.

*Thirteen patients who received resection and radiofrequency ablation simultaneously were included in this category.

http://www.e-cmh.org
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follow-up was observed in 57.5% (834/1,451) of the patients. The
cumulative recurrence rates at 2, 5, and 10 years were 39.7%,
60.3%, and 71.0%, respectively (Fig. 2A), without reaching a pla-

teau. Patients experiencing recurrence within the first 5 years
were older, more frequently male, and showed a higher propor-
tion of liver cirrhosis, higher Child-Pugh scores, higher ALBI

Table 3. Comparison between patients with or without further recurrence after 5 recurrence-free years (n=487)

No recurrence until end of

Recurrence after 5 years

CENELE follow-up (n=360) (n=127) AL
At baseline
Male 268 (74.4) 106 (83.5) 0.038
Diabetes 60 (16.7) 23(18.) 0.784
Etiology 0.303
HBV* 312 (86.7) 105 (82.7)
Others' 48 (13.3) 22(173)
Tumor number 0.874
Single 338(93.9) 119 (93.7)
Two 21 (5.8) 8(6.3)
Three 1(0.3) 0(0.0)
Maximal tumor size (cm) 0.758
<2 156 (43.3) 57 (44.9)
>2 and <5 174 (48.3) 62 (48.8)
>5 30(8.3) 8(6.3)
Initial treatment 0.001
RFA 94 (26.1) 44 (34.6)
Resection 265 (73.6) 78 (614)
RFA and resection 1(0.3) 539
At 5 years since diagnosis
Age at 5-year 58 (53-65) 59 (54-66) 0.270
<60 197 (54.7) 66 (52.0) 0.592
>60 163 (45.3) 61 (48.0)
5-year ALBI grade 0.054
1 340 (94.4) 113 (89.0)
2 19 (5.3) 14 (11.0)
3 1(0.3) 0(0.0)
5-year FIB-4 score <0.001
<145 73 (20.3) 16 (12.6)
>145 and <3.25 221 (61.4) 66 (52.0)
>3.25 66 (18.3) 45 (35.4)
5-year AFP (ng/mL) 23 (1.7-3.5) 34(26-5.98) <0.001
<10 350 (97.2) 108 (85.0) <0.001
>10 10 (2.8) 19 (15.0)

Values are presented as median (quartile) or number (%).

HBV, hepatitis B virus; RFA, radiofrequency ablation; ALBI, albumin-bilirubin; FIB-4 score, fibrosis-4 score; AFP, alpha-fetoprotein.

*One case had both HBV and hepatitis C virus infection.
"Includes hepatitis C, alcohol, and non-B non-C.
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grades, higher FIB-4 scores, higher APRI scores, higher MELD
scores, and higher AFP levels. The proportion of multiple tumors
and patients receiving RFA as initial treatment was also higher in
patients with recurrence within 5 years than in patients who did
not experience recurrence within 5 years (Table 1). In Cox regres-
sion analysis with multivariable adjustment, HCC recurrence with-
in 5 years was significantly associated with male sex, higher ALBI
grades, higher AFP levels (>10 ng/mL), multiple tumors, and treat-
ment modality (Table 2). Even in the analysis with BCLC instead of
tumor number and size, the results were consistent (Supplemen-
tary Table 1).

Jihye Kim, et al.
Recurrence after 5 years in early-stage HCC

Incidence and risk factors related to recurrence after
5 years

There were 487 patients who were alive, had no recurrence,
and were not lost to follow-up 5 years after HCC diagnosis. They
received a median of 3.9 additional years of follow-up (range,
0.1-9.0 years). The cumulative recurrence rate between 5 and 10
years after HCC diagnosis was 27.0% (95% confidence interval,
22.7-31.8%). The surveillance interval and modality for patients
with 5 recurrence-free years varied. The most frequent surveil-
lance interval was 6 months (49.4%) with CT as the surveillance
modality (77.1%) at the time of recurrence. The HCC status at the
time of recurrence was BCLC 0 stage in 55.4% and A stage in

Table 4. Risk factors for further recurrence among patients without recurrence within 5 years (n=487)

Unadjusted Multivariable
Variable
HR (95% CI) P-value HR (95% CI) P-value

Age at 5-year >60 vs. <60 (years) 1.27 (0.89-1.80) 0.187
Male vs. female 70 (1.06-2.71) 0.027 2.01 (1.24-3.24) 0.004
Diabetes 06 (0.68-1.67) 0.794
HBV vs. others 0.70 (0.44-1.10) 0.124
Tumor number

Single Reference

Two or three 1.38 (0.67-2.83) 0.377
Maximal tumor diameter (cm)

<2 (n=213) Reference

>2 and <5 (n=236) 1.07 (0.75-1.53) 0.714

>5 (n=38) 0.67 (0.32-1.41) 0.290
Initial treatment modality

Resection (n=343) Reference Reference

RFA* (n=144) 1.59 (111-2.27) 0.0M 1.32(091-1.92) 0142
5-year ALBI grade

1 (n=453) Reference Reference

>2 (n=34) 2.08 (1.19-3.64) 0.010 0.99 (0.51-1.92) 0981
5-year FIB-4

<3.25 (n=376) Reference Reference

>3.25 (n=111) 197 (1.37-2.84) <0.001 1.69 (1.12-2.54) 0.012
5-year AFP (ng/mL)

<10 (n=458) Reference Reference

>10 (n=29) 4.28 (2.62-6.98) <0.001 3.37 (1.92-5.93) <0.001

HR, hazard ratio; Cl, confidence interval; HBV, hepatitis B virus; RFA, radiofrequency ablation; ALBI, albumin-bilirubin; FIB-4 score, fibrosis-4 score; AFP, alpha-

fetoprotein.

*This category includes patients who received resection and radiofrequency ablation simultaneously.

http://www.e-cmh.org
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37.3% of the patients. Patients whose disease did not recur until
the last follow-up differed by sex, initial treatment modality, FIB-4
scores, and AFP levels at five years compared to patients who ex-
perienced recurrence (Table 3). In multivariable regression analy-
sis, HCC recurrence among those without recurrence for the first
5 years was associated with male sex, FIB-4 scores above 3.25,
and elevated AFP levels above 10 ng/mL at 5-year follow-up
(Table 4).

The cumulative HCC recurrence rate at each year was higher
within the first 5 years than within the 5-10 years period after
HCC diagnosis (Fig. 2B). When the 487 patients who survived be-
yond 5 years without recurrence were classified according to a
number of identified risk factors (male sex, FIB-4 scores above
3.25, and AFP levels above 10 ng/mL at 5-year), the cumulative
HCC recurrence rates over the next 5 years (5—10 years after HCC
diagnosis) were 71.4%, 45.0%, 24.5%, and 10.3% in patients
with three risk factors, two risk factors, one risk factor, and no
risk factors, respectively (P<0.001, Fig. 3).

Among the studied population, 100 patients (6.9%) did not
have hepatitis B virus (HBV), hepatitis C virus (HCV) or cirrhosis of
any etiology. Forty-two patients experienced HCC recurrence
within the first 5 years, and 37 patients survived 5 years or more
without recurrence. Among 37 patients with a recurrence-free
survival of 5 years or more, six patients experienced recurrence
5.7 to 8.0 years after the initial diagnosis with a 5-year cumula-
tive incidence rate of 20.0%.

107 Number of
@ P<0.001 I risk factors
O | ] 13
é 0.8 : 5
S T o
E 06 i .
S R SN
T 04 3 ™
> U4 | -2 o
=] I__I et Vol
= o ’{’
g J o -
E 0.2 IJ 'M/,

e
0.0

4 5 6 7 8 9 10 1N 12
Follow-up years
Number of risk
3 12 5 5 3 3 1 0 0
2 78 61 55 40 33 19 13 11
1322 275 238 210 158 105 72 37
0 75 70 66 57 46 25 14 9

Figure 3. HCC recurrence after 5 recurrence-free years according to the
number of verified risk factors (n=487). HCC, hepatocellular carcinoma.
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DISCUSSION

In this study, the 5-year recurrence rate was high (60.3%) in
early-stage (BCLC 0 or A) HCC patients initially treated with resec-
tion and/or RFA. Although the HCC recurrence rate gradually de-
creased with increasing follow-up time, the cumulative HCC recur-
rence did not reach a plateau in 10 years of follow-up (Fig. 2A).
Among patients who did not experience HCC recurrence within
the first 5 years, the next 5-year (5-10 years) cumulative recur-
rence rate was not low (27.0%). The independent risk factors for
recurrence within the first 5 years were male sex, higher ALBI
grades, higher AFP levels, multiple tumors, and treatment with
RFA. In patients with 5-year recurrence-free survival, the indepen-
dent risk factors for future recurrence were male sex and higher
FIB-4 scores and AFP levels at 5 years. Among the patients with-
out recurrence for 5 years, the risk of recurrence within the next 5
years (510 years) was very high for patients with three risk fac-
tors (male, high FIB-4 score, and high AFP level; 71.4%), and was
not low for patients without risk factors (female, low FIB-4 score,
and low AFP level; 10.3%).

The high recurrence rates found in this study differed from those
of other common gastrointestinal cancers. The cumulative inci-
dence rate of gastric cancer following curative resection (3.7% at
10 years and 5.4% at 20 years) is similar to the incidence of pri-
mary gastric cancer (1.3% per year worldwide).”** In a study of
1,058 patients receiving curative intent gastrectomy for T1-2NO
gastric adenocarcinoma in the United States and China, 7% of the
patients experienced recurrences during a median follow-up of
over 5 years, almost all of which occurred between 6 months and
3 years postoperatively.” There is no available evidence support-
ing routine surveillance for asymptomatic cancer recurrence after
curative gastrectomy. Hence, routine intensive radiological evalu-
ation or endoscopy for secondary cancer surveillance is not rec-
ommended, especially after 5 recurrence-free years."”* Colon
cancer patients resected with curative-intent showed low recur-
rence rates 5 to 10 years after initial surgery (2.9% for local recur-
rence and 4.3% for distant metastasis), compared to the 1-year
cumulative incidence of primary colon cancer worldwide
(2.3%).”** Therefore, long-term intensive secondary surveillance
for colorectal cancer is not recommended and colonoscopies at
5-year intervals are recommended starting 4 years after sur-
gery.13,29,30

However, in the case of HCC, the long-term recurrence rates re-
ported after curative treatment were quite high, as in this study.
In a Western study focusing on actual 10-year survivors after cu-
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rative-intent resection for HCC, 11 out of 50 patients (22%) de-
veloped recurrence after the first 5 years while 62% experienced
recurrence within 5 years.”’ Among 1,294 Japanese patients
treated with RFA for primary HCC, the 5- and 10-year distant re-
currence rates were 74.8% and 80.8%, respectively.”” Currently,
in Korea, once a person receives a cancer diagnosis, he/she is reg-
istered to the National Cancer Registry with a C-code that pro-
vides additional insurance benefits to cancer patients for the first
5 years. Considering the high recurrence rate, HCC patients need
continued surveillance even after a 5-year recurrence-free period.
This needs to be considered for HCC patients in terms of the na-
tional insurance policy in Korea.

Because the early detection of recurrence allows the possibility
of the reapplying curative treatment modalities, post-treatment
monitoring is recommended frequently enough to detect recur-
rence as early as possible.”> The risk of HCC was lower after five
recurrence-free years, compared to the first 5-years, indicating
that a different surveillance strategy might be needed for those
with long-term recurrence-free periods. In this study, the selection
of 5 recurrence-free years was arbitrary, considering the current
insurance policy in Korea, and the time point was not selected
based on recurrence risk. The exact time point (e.g., after 2 years,
4 years or 6 years after treatment) when different surveillance
strategy is needed is not known. Additionally, the surveillance in-
terval and the surveillance modality after five recurrence-free
years are important issues as well. In this study, the surveillance
intervals and methods were at the discretion of the physician in
charge of the patient. Hence, further analysis of these factors
could not be performed. Thus, the proper surveillance strategies
for those with 5 recurrence-free years warrants further evaluation.

In previous studies assessing the risk factors for HCC recurrence,
late recurrence (usually defined as tumor recurrence after 24
months) was related to underlying chronic liver disease, whereas
early recurrence (usually defined as tumor recurrence within first
24 months) was associated with tumor-related factors (i.e., tumor
size, tumor number, serum tumor marker, peripheral invasion, and
vascular invasion) and treatment modality.”*** Consistent with
those findings, our study also found that tumor factors or treat-
ment modality were no longer independent factors for future HCC
recurrence in HCC patients with 5 recurrence-free years while they
were independent risk factors for HCC recurrence in the first 5
years.

Although RFA and resection are considered curative-intent
treatments for early-stage HCC, the baseline characteristics of the
patients in our study differed significantly between those receiv-
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ing RFA and resection (Supplementary Table 2), and these two
groups showed different risks of tumor recurrence (Supplementary
Fig. 1). In the multivariable-adjusted analysis, the risk of recur-
rence was different for the first 5 years according to the treatment
but did not differ after 5 years in this study. However, considering
the study size (138 patients who received RFA and survived more
than 5 years without recurrence), this finding needs further evalu-
ation in a larger sample.

Notably, the FIB-4 score at 5 years, which was developed and
validated as a noninvasive marker for predicting liver fibrosis and
cirrhosis,”"* was an independent factor for HCC recurrence. FIB-4
is considered a promising prognostic factor for monitoring HCC
patient survival and recurrence after treatment.** Although the
patients had significantly different recurrence rates according to
the presence of liver cirrhosis (Supplementary Fig. 2), we used
FIB-4 to estimate the fibrosis burden in the overall cohort, as his-
tological information was missing for patients who received RFA.
When the analysis was limited to 802 patients who underwent
resection and had histologic information, advanced fibrosis de-
fined by histology was a risk factor for recurrence within 5 years
(Supplementary Table 3). Advanced fibrosis was also a risk factor
for later recurrence among 349 patients with 5 recurrence-free
years (Supplementary Table 4).

Using these risk factors, we wanted to determine if there was
any specific population with an extremely low risk for recurrence
after 5 years, for whom secondary surveillance may not be neces-
sary. However, there were no subgroups with extremely low risk
of future recurrence among early-stage HCC patients treated with
resection or RFA. Even in patients with 5 recurrence-free years,
and without any identified risk factors for HCC recurrence, the risk
of later HCC development was substantial (5-year cumulative re-
currence rate of 10.3% for the next 5 years). Although direct
comparison is difficult, this rate was lower than the annual inci-
dence rate of HCC in cirrhotic patients (3-7%),”” but was higher
than the yearly incidence rate of HCC (0.7-1.7%) in chronic hepa-
titis B patients who received antiviral therapy (AVT) for 5
years.**** For those with any risk factors, the HCC recurrence risk
for the next 5 years (5—10 years) was substantial (24.5-71.4%).
We also noticed that the HCC recurrence risk was substantial
among 100 patients without HBV, HCV, or cirrhosis, even after 5
recurrence-free years. Although the studied sample size was
small, this finding indicates that continued HCC surveillance is
warranted for long-term survivors of HCC even if they do not have
HBV, HCV, or cirrhosis. Our findings indicate that secondary sur-
veillance is necessary for all patients, including patients with 5 re-
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currence-free years, initially treated with resection or RFA for ear-
ly-stage HCC.

There were several limitations to this study. Several factors that
might be associated with future HCC recurrence were not ana-
lyzed in this study. HBV was the most common etiology (79.3%)
in the studied population, and AVT for HBV can modify the risk of
HCC recurrence.” In this study, 514 patients (44.7%) were using
or started AVT at HCC diagnosis. Among 636 patients who were
not using AVT at HCC diagnosis, 190 started AVT during follow-
up at different times before HCC recurrence. As the study cohort
was not comprised of HBV patients only, and AVT was started at
different times with different virological outcomes, the impact of
AVT could not be assessed in this study. Smoking status, alcohol
use, and AVT for HCV infection were also not analyzed. Some of
these variables had high rates of missing data and the measure-
ment methods used were not standardized during the follow-up
periods. Hence, there is a possibility that unidentified factors
could be associated with later HCC recurrence. This study was
conducted in a single referral center in a high HBV endemic area,
limiting the generalizability to other areas where the major etiolo-
gy of HCC is different. In addition, although high recurrence rates
indicate that secondary HCC surveillance may be cost-effective
and may lead to mortality reduction compared to non-surveil-
lance, the actual risk and benefit of secondary HCC surveillance
have not been studied in controlled trials. Therefore, the optimal
intervals and methods for secondary HCC surveillance also remain
to be determined.

In summary, the HCC recurrence rates were high, even after 5
recurrence-free years following HCC treatment. Therefore, HCC
patients warrant continued HCC surveillance, even after 5 recur-
rence-free years, especially in men with high FIB-4 scores and ele-
vated AFP levels at 5-year follow-up. Studies to determine the op-
timal secondary surveillance methods for these long-term cancer
survivors are needed.
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