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Abstract

Introduction: In spite of the high frequency of recurrence of
hepatocellular carcinoma (HCC) after resection, little evi-
dence exists to directly help to plan a reasonable schedule
for the frequency and intensity of postoperative surveillance
for recurrence. Methods: 1,918 consecutive patients with
Child-Turcott-Pugh class A who had T1- or T2-staged HCCs
detected by active surveillance and underwent curative re-
section for their tumors at 3 teaching hospitals in Korea, fol-
lowed by recurrence screening at 6-monthly or shorter inter-
vals. To set an evidence-based timetable for postoperative
surveillance, we investigated the annual hazard rate of recur-
rence through postoperative year 10 in patients undergoing
hepatectomy for HCC, and the clinical and morphological
phenotypes associated with early versus late recurrence. Re-
sults: The estimated hazard rate for recurrence peaked dur-

ing year 0-1 (21.7%), with a subsequent gradual decrease
through 5 years, followed by stabilization at <7.0% until year
10, except in the case of cirrhotics, who had a rate of 10.5%
during year 4-5. Multivariate time-to-recurrence analysis by
recurrence period revealed that serum alpha-fetoprotein
>200 ng/mL, larger size of tumor, tumor multiplicity, micro-
vascular invasion, capsular invasion, and higher METAVIR fi-
brosis stage were significantly related to disease recurrence
within 5 years after resection, while cirrhosis (METAVIR F4)
alone was related to disease recurrence beyond 5 years (Ps
< 0.05). Post-relapse overall survival was better in the latter
group (p = 0.033). Conclusions: Our chronological and mor-
phological insights into recurrence after resection of primary
HCCs may help implement an optimal intensity of surveil-

lance for recurrence. ©2021 The Author(s).
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Introduction

Hepatic resection is one of the potentially curative
therapies in patients with hepatocellular carcinoma
(HCC) and preserved hepatic function. However, given a
cumulative HCC recurrence after surgery of up to 70% at
5 years, regular surveillance in the postoperative phase is
crucial for early detection of treatable recurrence, which
favors long-term survival [1, 2].

The timing of recurrence is generally associated with
biological factors indicative of tumor aggressiveness, with
earlier episodes having a more negative prognosis [3-7].
Genetic and molecular studies focused specifically on the
clonal origins of recurrent HCCs have identified differ-
ences between the characteristics of earlier and later re-
currences [8, 9].

Some previous postsurgical investigations have re-
ported a second peak in the incidence of recurrence at
around 4 years after HCC resection that could be mainly
attributable to de novo primary tumors arising from liv-
ers with more cancer-prone backgrounds [10, 11]. How-
ever, although the most recent global guidelines only rec-
ommend follow-up (at 3-4 month intervals) for the first
year after resection, there is no formal consensus on the
approach to regular postresection surveillance for recur-
rent HCC in subsequent years [2].

Most importantly, statistical risk analysis of tumor re-
currence should be a precondition for efficient schedul-
ing of surveillance after radical treatment [12]. The haz-
ard function rather than the cumulative probability curve
would seem to be optimal for the relevant analysis, as it
provides an information-rich view of the recurrence pat-
tern over time. Accordingly, to set an evidence-based
timetable for postoperative surveillance, we examined the
annual hazard rate of recurrence in a large multicenter set
of patients with HCC detected by active surveillance,
which is annotated as a standard surgical indication; and
we compared the innate clinicopathologic risk factors re-
lated to recurrence in the early and late periods after re-
section in these patients. On the basis of findings based
on these analyses, we intend eventually to propose an an-
nualized hazard rate-based surveillance strategy for pa-
tients undergoing standard hepatectomy for HCC.

Patients and Methods

The Multicenter Set of Patients

A total of 2,604 consecutive patients aged >19 years who un-
derwent primary hepatic resection for HCC between January 2007
and January 2015 in 3 university-based academic medical centers
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in South Korea (Asan Medical Center, Hanyang University Guri
Hospital, and Kyung Hee University Hospital at Gangdong) were
screened and considered for inclusion in this analysis. All the in-
cluded patients had been under regular surveillance prior to HCC
diagnosis. Surveillance activities were defined as performing ab-
dominal ultrasound and measuring serum alpha-fetoprotein
(AFP) twice or more at least 6 months apart for 18 months preced-
ing the HCC diagnosis. None of the patients received preoperative
neoadjuvant or bridging therapy before surgery or had severe renal
or cerebro-cardiovascular disorders or uncontrolled metabolic
disease, which might have led to death unrelated to the underlying
liver disease. In order to include optimal candidates for surgical
resection following the evidence-based practice guidelines [2, 13],
patients were excluded if they had (1) Child-Turcott-Pugh class B
or C liver function (n = 91); (2) any adjuvant chemotherapy after
surgery (n = 90); (3) history of primary cancers other than HCC
(n = 46); (4) multiple HCC nodules with at least one tumor >5 cm
across or tumors with gross vascular invasion (i.e., T3 or T4 tumors
staged using the American Joint Committee on Cancer staging sys-
tem based on pathologic findings; n = 359) [14]; and (5) extrahe-
patic or lymphatic metastasis based on imaging findings (n = 100).
In the end, a total of 1,918 patients with single HCCs of any size,
or >1 tumor but none >5 cm across (i.e., T1 or T2 tumors) that
were curatively resected, and had well-preserved liver function,
were eligible for this study (see online suppl. Fig. 1; for all online
suppl. material, see www.karger.com/doi/10.1159/000518837).
Curative resection was individually confirmed by postsurgical pa-
thology, which was principally defined as a local radical procedure
(RO) with tumor-negative resection margins without directly in-
vaded adjacent organs. Ethical approval for our research protocol
involving the study of human subjects was obtained from the in-
stitutional review board (IRB) at each participating hospital.

Staging Work-Ups and Follow-Up after Surgery

The evaluation and management processes employed by hepa-
tologists and liver surgeons in Korea pre- and post-hepatectomy
were as previously described [15, 16]. Briefly, preoperative proce-
dures included multiphase liver computed tomography (CT) and/
or magnetic resonance imaging (MRI), chest CT, and bone scans
for staging intra- and extrahepatic tumor extension, in addition to
detailed laboratory tests and serum AFP levels. After surgery, all
patients were routinely followed-up with liver protocol dynamic
CT or MRI scans covering most of the chest, as well as blood tests
including AFP assay. These assessments were performed regularly
at intervals of 6 months or less until a recurrent lesion appeared, or
the patient was lost to follow-up. Apart from pathologic diagnosis,
intrahepatic recurrences detected during follow-up were diagnosed
as new nodules with the typical imaging hallmarks of HCC (i.e.,
arterial phase hyperenhancement with washout in the portal ve-
nous, delayed, or hepatobiliary phases), or newly detected or grow-
ing nodules with positive ancillary imaging features (i.e., mild-to-
moderate T2 hyperintensity, restricted diffusion, hypointensity in
the hepatobiliary phase, and interval growth generally indicating
malignancy; and nonenhancing capsule, mosaic appearance, nod-
ule-in-nodule architecture, and fat or blood products in the tumor
particularly indicating HCC) [16]. During surveillance after resec-
tion, extrahepatic recurrence was identified by CT, MRI, and/or
nuclear imaging studies, especially in cases with symptoms attrib-
utable to metastatic lesions, or with abnormal elevation of serum
AFP without evidence of intrahepatic recurrence [16-18].
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Clinical Endpoints and Variables

The primary endpoint for this study was the annualized hazard
rate for the HCC recurrence of interest, with time to first recur-
rence (TTR) after surgery and overall survival following initial re-
currence considered secondary endpoints. In order to examine
risk factors for recurrence according to postoperative period, we
used clinico-laboratory variables (etiology of liver disease, Child-
Turcott-Pugh score, serum AFP level, and other diverse liver-re-
lated blood tests), and histological variables (fibrosis stage based
on the METAVIR scoring system [19], size of tumor, tumor mul-
tiplicity, microscopic vascular and capsular invasion, and differen-
tiation grade of tumor according to the 5th edition of the WHO
classification [20]), together with age at diagnosis and gender.

Statistical Analysis

Annualized hazard rates of recurrence were estimated based on
a piece-wise exponential survival model, which corresponded to
the number of recurrences within a year divided by the total follow-
up time during that year. To construct 95% confidence intervals of
annualized hazard rates, we drew 500 bootstrap samples from the
study sample; we repeated the estimation of annualized hazard
rates on each of the bootstrap samples, and thus obtained the per-
centile bootstrap confidence interval from the 500 estimates. To
visually depict how each baseline variable affected the recurrence
hazard over time, we plotted smoothed hazard rates using a kernel-
based method [21]. Bandwidth selection and boundary correction
followed the methods proposed by Miiller and Wang [22]. We es-
timated the distribution of hazard ratio estimates under the null
hypothesis (hazard ratio = 1) by shifting the empirical distribution
of hazard ratios obtained from the 500 bootstrap samples so that
the mean hazard ratio became 1. Then to find the p value of the
hazard ratio, we calculated the probability of observing hazard ra-
tios that were further from 1 than the hazard ratio we actually ob-
served in the original samples, based on the estimated null distribu-
tion mentioned above. To make statistical inferences about hazard
rates from the variables during years 4 and 5, we used 500 bootstrap
samples as we did for the annualized hazard rates. x* or Fisher’s
exact tests were used to examine relationships between categorical
variables, and Student’s t test or Wilcoxon rank-sum test to com-
pare mean values of continuous variables (tstandard deviations
[SDs]). To identify baseline predictors of TTR in the early and late
periods separated by the cut-off point (i.e., 5 years) identified from
the chronological pattern of annualized hazard rates for postopera-
tive events, we performed 2 separate Cox regression analyses. For
the first, we built a multivariable Cox regression model, censoring
all patients without recurrence within 5 years after surgery. In the
second, we performed a landmark analysis that used 5 years after
surgery as the landmark time-point. That is, we included only those
patients who were recurrence-free for the first 5 postoperative
years, thus excluding patients in whom recurrence events occurred
during the first 5 years after surgery. For both models, we selected
independent variables based on the p values in the univariate anal-
yses (i.e., p < 0.2), considering multicollinearity between the vari-
ables, and model parsimony to avoid overfitting, in addition to clin-
ical significance [23-27]. Overall survival time was defined as the
period elapsed from the date of either time of initial recurrence to
any-cause death, regardless of whether death was related to under-
lying liver disease. Mortality event-time distributions were ana-
lyzed using the Kaplan-Meier method with the log-rank test. Anal-
yses were performed using R version 3.5.2 (Vienna, Austria).

Period-Specific Recurrence of Resected
HCC

Table 1. Preoperative clinical and postoperative pathologic
characteristics of the entire set of participants

Variable

All patients (n = 1,918)

Demographic and laboratory parameter

Male gender 1,496 (78.0)
Age, years 56.0+9.8
Etiology of liver disease

HBV infection 1,623 (84.6)

HCV infection 104 (5.4)

Others 191 (10.0)
Serum AST, IU/L 49+38
Serum ALT, IU/L 42+37
Platelet count, x103/mm3 163+57
Prothrombin time, INR 1.04+0.07
Serum creatinine, mg/dL 0.9+0.5
Serum albumin, g/dL 4.0+0.4
Serum bilirubin, mg/dL 0.8+0.3
Serum AFP level, ng/mL 2,835.6+23,912.0
Serum AFP >200 ng/mL 533(27.8)

Pathologic parameter

Maximal tumor diameter, cm 4.0+2.8

<3 827 (43.1)

3-5 713 (37.2)

>5 378(19.7)
Tumor multiplicity 174 (9.1)
Microscopic vascular invasion 363 (18.9)
Capsular invasion 138 (7.1)
Histological differentiation*

Well differentiated 1,335 (69.6)

Moderately differentiated 560 (29.2)

Poorly differentiated 23(1.2)
Stage of liver fibrosis®

FO 134 (7.0)

F1 329(17.2)

F2 344(17.9)

F3 55(2.9)

F4 1,056 (55.0)

Values are expressed as mean=SD, or frequency (%). HBV, hepa-
titis B virus; HCV, hepatitis C virus; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; INR, international normalized ratio;
AFP, alpha-fetoprotein; SD, standard deviation. * Histological differ-
entiation was based on 2019 WHO classification. T Liver fibrosis was
staged according to the METAVIR scoring system: FO, absence of
fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with rare
septa; F3, numerous septa without cirrhosis; F4, cirrhosis.

Results

Characteristics of the Included Patients at the Time of

Resection

Table 1 summarizes the demographic, clinical, and
pathological characteristics of the entire set of partici-
pants. Males predominated (78.0%) with a mean age at
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Fig. 1. Annual hazard rates of HCC recurrence after resection (a) for the entire cohort of 1,918 patients, and ac-
cording to site of recurrence (intrahepatic or extrahepatic) (b). Vertical lines indicate 95% confidence intervals.
HCC, hepatocellular carcinoma.
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Table 3. Morphologic and spatial patterns of initial recurrence according to postoperative recurrence period

Variable Earlier relapse (within 5 years)  Later relapse (beyond 5 years) p value
(n=2882) (n=79)

Intrahepatic recurrence* 807 (91.5) 77 (97.5) 0.037
Solitary tumor 767 (87.0) 72 (91.1) 0.285
Maximum diameter of tumor 1.7£1.1cm 1.6£0.7 cm 0.609
Presence of PVTT 12(1.4) 0(0) 0.355

Extrahepatic recurrence* 111 (12.6) 3(3.8) 0.010
Lung 69 (62.2) 2 (66.7) -
Bone 19(17.1) 0(0) -
Lymph node 16 (14.4) 0(0) -
Peritoneum 12(10.8) 1(33.3) -
Adrenal gland 5(4.5) 0(0) -

Serum AFP at recurrence’ 531.9+3,608.4 ng/mL 58.39+£232.2 ng/mL 0.020

Values are expressed as mean + SD, or frequency (%). PVTT, portal vein tumor thrombosis; AFP, alpha-fetoprotein;

SD, standard deviation. * 37 patients had both

intrahepatic and extrahepatic lesions at initial recurrence. f Data on

serum AFP levels at the time of initial recurrence were not available for 37 of the 961 patients with recurrences
during the study period: 33 and 4 in the earlier and the later relapse groups, respectively.

hepatectomy of 56.0 years (SD, 9.8). Of the 1,918 patients,
84.6% were positive for hepatitis B virus (HBV), 27.8%
had serum AFP values 2200 ng/mL, and 9.1% had mul-
tiple tumors. Of 1,623 HBV-infected patients, 1,127
(69.4%) received antiviral therapy at the time of hepatec-
tomy. Based on the pathologic indices of the surgical
specimens, about half of the patients (57.9%) had META-
VIR fibrosis scores of F3 (advanced fibrosis) or F4 (cir-
rhosis); the median size of the original tumors was 4.0 cm
(SD, 2.8); and microvascular and capsular invasion of the
tumors were detected by microscope in 363 (18.9%) and
138 (7.1%) patients, respectively; and 30.4% of the tumors
were identified as being moderately or poorly differenti-
ated according to the WHO classification [20].

Changes over Time in Annual Hazards of Recurrence

after Resection

At a median follow-up time of 5.7 postoperative years
(interquartile range, 3.6-7.9 years), HCCs had recurred
in 961 (50.1%) patients. Figure 1a depicts chronologically
the hazard rates for overall recurrence at 1-year intervals
following hepatectomy in the entire set of patients. The
estimated hazard rate for recurrence peaked in the first
postoperative year (21.7%/year) and then gradually de-
creased until the fifth year (7.3%/year). Thereafter, it re-
mained stable at an annual rate below 6.5% (range, 3.0-
6.3%/year; and mean rate, 5.3%/year) until end-of-period
censoring in year 10. We note that the upper limit of an-
nual HCC incidence in cirrhotic individuals due to any

Liver Cancer 2022;11:141-151
DOI: 10.1159/000518837

146

cause was previously estimated at approximately 8.0%
[28-30]. While intrahepatic recurrences of HCC were the
main contributors to this trend in hazards, the much low-
er hazard rates for extrahepatic recurrences persisted, es-
pecially after years 4-5 (Fig. 1b). Similar findings were
also observed in a subset of patients who had solitary
HCCs (n = 1,744; online suppl. Fig. 2).

Factors Contributing to the Period-Specific Recurrence

Rates

Overall recurrences during and after the first 5 years
postresection were observed in 882 and 79 patients, re-
spectively. Factors contributing to the cumulative recur-
rence rates in the 2 periods were estimated for the com-
plete 1,918 series. Univariate and subsequent multivari-
able TTR analyses by postoperative period revealed that
serum AFP >200 ng/mL (adjusted hazard ratio [95% con-
fidence interval], 1.243 [1.069-1.445]; p = 0.005), maxi-
mum size of tumor (1.304 [1.116-1.524] for 3-5 cm vs.
<3 cm; and 2.092 [1.735-2.522] for >5 cm vs. <3 cm; p =
0.001 and p < 0.001, respectively), tumor multiplicity
(1.474 [1.206-1.802]; p < 0.001), and pathologic param-
eters such as microvascular invasion (1.390[1.180-1.637];
p < 0.001), capsular invasion (1.731 [1.374-2.181]; p <
0.001), METAVIR fibrosis stage (1.524 [1.090-2.131] for
F1;1.561 [1.115-2.184] for F2;1.847 [1.165-2.928] for F3;
and 2.141 [1.569-2.923] for F4, compared to FO0; all Ps <
0.05) were significant predictors of recurrence during
years 0-5. Only cirrhosis (METAVIR F4) was significant-
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Table 4. Cox regression analysis of baseline predictors of time-to-extrahepatic recurrence after hepatectomy

Variable Extrahepatic relapse Unadjusted hazard pvalue Adjusted hazard p value
event, n (%) ratio (95% Cl) ratio* (95% Cl)
Male gender 89 (78.1) 0.741 (0.475-1.154) 0.185 0.835(0.530-1.317) 0.438
Age >50 years 79 (69.3) 0.870 (0.584-1.297) 0.495
HBV infection 93 (81.6) 0.721 (0.449-1.159) 0.177  0.813(0.497-1.331) 0.411
Serum AST, IU/L
<40 58 (50.9) 1.0 (Ref) 0.521
41-80 40 (35.1) 1.106 (0.739-1.655) 0.623
>80 16 (14.0) 1.376 (0.791-2.395) 0.258
Serum ALT, IU/L
<40 73 (64.0) 1.0 (Ref) 0.720
41-80 29 (25.4) 0.909 (0.591-1.397) 0.662
>80 12 (10.5) 1.199 (0.651-2.207) 0.561
Platelet count <100K/mm?3 10 (8.8) 0.591 (0.309-1.132) 0.113  0.982(0.498-1.936) 0.959
Serum AFP =200 ng/mL 52 (45.6) 2.554 (1.765-3.696) <0.001 1.621 (1.080-2.431) 0.020
Maximal tumor diameter, cm
<3 22(19.3) 1.0 (Ref) <0.001 1.0 (Ref) <0.001
3-5 39(34.2) 2.079(1.233-3.508) 0.006  1.597(0.935-2.727) 0.087
>5 53 (46.5) 6.119(3.707-10.099)  <0.001 3.379(1.915-5.962) <0.001
Tumor multiplicity 4(12.3) 1.109 (0.634-1.940) 0.717
Microvascular invasion 49 (43.0) 4.057 (2.789-5.903) <0.001 2.656 (1.768-3.990) <0.001
Capsular invasion 14 (12.3) 1.742 (0.995-3.050) 0.052  1.513(0.858-2.668) 0.153
Moderately or poorly differentiated tumor 50 (43.9) 1.847 (1.275-2.674) 0.001  1.399(0.943-2.075) 0.095
METAVIR fibrosis stage
FO 8(7.0) 1.0 (Ref) 0.007 1.0 (Ref) 0.235
F1 22(19.3) 0.885 (0.394-1.988) 0.767  0.963 (0.416-2.228) 0.930
F2 27 (23.7) 1.047 (0.476-2.306) 0.908  1.349(0.593-3.067) 0.475
F3 3(2.6) 0.537 (0.142-2.023) 0.358 0.722(0.186-2.803) 0.638
F4 54 (47.4) 0.482 (0.229-1.014) 0.055 0.763(0.341-1.706) 0.510

Cl, confidence interval; HBV, hepatitis B virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; AFP, alpha-fetoprotein.
* Adjusted for male gender, HBV infection, platelet count, serum AFP level, maximal tumor diameter, microvascular invasion, capsular
invasion, moderately or poorly differentiated tumor, and METAVIR fibrosis stage, which were variables meeting a prechosen p value (i.e.,

<0.2) in univariate analyses for time-to-extrahepatic recurrence.

ly correlated with recurrence beyond 5 years, with an
over-4-fold increase in risk relative to FO (4.110 [1.003-
16.847]; p = 0.049) (Table 2). When we investigated the
difference in the pattern of recurrence hazards according
to the presence of liver cirrhosis, we also observed hazard
rates of >8% after year 5 in cirrhotic patients, their rates
during years 4 and 5 being significantly higher than in
noncirrhotics (10.5 vs. 5.8%, p = 0.004; online suppl. Fig.
3).

Clinical Patterns and Outcomes of Period-Specific

Recurrences

First recurrences within and beyond 5 years postresec-
tion generally presented as new nodules in the liver (91.5
and 97.5%, respectively; p = 0.037; Table 3). Extrahepatic
metastases at first recurrence, with or without intrahe-

Period-Specific Recurrence of Resected
HCC

patic lesions, were detected in 111 patients (12.6%) in
years 0 and 5 compared with 3 (3.8%) beyond year 5 (p =
0.010); the most common site was the lung (62.3%) fol-
lowed by bone (16.7%). HCC recurrences in the earlier
period had greater mean levels of serum AFP (531.9 +
3,608.4 ng/mL vs. 58.39 + 232.2 ng/mL, p = 0.020). Sig-
nificant independent baseline risk factors for disease out-
side the liver as initial recurrence were serum AFP >200
ng/mL, maximal tumor size >5 cm, and microvascular
invasion (hazard ratios [95% confidence intervals], 1.621
[1.080-2.431]; 3.379 [1.915-5.962]; and 2.656 [1.768-
3.990], respectively; all Ps < 0.05, Table 4).

In terms of overall survival after initial recurrence at
any site, the later recurrence group (years 5-10) had a bet-
ter prognosis than their earlier counterparts (years 0-5)
(89.4 vs. 75.0% and 64.5 vs. 60.7% at 3 and 5 years postre-
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Fig. 2. Comparison of Kaplan-Meier survival curves in patients who experienced initial recurrence within less
than, or after >5 years after hepatectomy for primary HCC. The late-period recurrence group had overall sur-
vival rates of 89.4 and 64.5% at 3 and 5 years after initial recurrence, respectively, significantly higher than those
of the early period recurrence group (75.0 and 60.7% for the corresponding years; p = 0.033). HCC, hepatocel-

lular carcinoma.

currence, respectively, p = 0.033; Fig. 2). In an additional
Kaplan-Meier analysis, cumulative incidence rates for
overall death at 3, 5, and 7 years after resection were 10.5,
22.2,and 32.1% for the subgroup with intrahepatic recur-
rence alone (n = 847); 31.9, 42.6, and 57.0% for extrahe-
patic recurrence alone (n = 77); and 43.3, 69.3, and 69.3%
for both intra- and extrahepatic recurrences (n = 37), re-
spectively (Ps < 0.05 for all between-group comparisons
by log-rank test; online suppl. Fig. 4).

Discussion

Ideally, postoperative surveillance programs in pa-
tients with any type of malignancy should be based on
reliable estimates of the risk of tumor recurrence [12]. In
this large-scale multicenter outcome study of optimal
candidates for surgical resection for HCC according to
the practice guidelines [13], we found that the peak haz-
ard rate of natural recurrences involving mainly intrahe-
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patic disease was 21.7% during the 1st year of postopera-
tive follow-up, followed by a steep decline in rate up to
year 5. In subsequent years, the hazard stabilized at an
average yearly recurrence rate of 5.3% between the 5th
and 10th year postresection, which is comparable to that
for noncancerous cirrhotic groups, and did not ever fall
below 5% before the 9th year [28-30]. A similar trend was
noted for the mostideal surgical subseries of single HCCs,
with a lower peak annual hazard rate of 18.1%. However,
HCC occurring on a background of cirrhosis had an on-
going recurrence risk exceeding the maximum annual in-
cidence of HCC (=8%) in those surveilled cirrhotics who
had no history of liver cancer but harbored the highest
risk of developing HCC [28, 31].

Previous observational studies of resected HCCs re-
ported 2 peaks of incidence of recurrences in the 1st year
and the 4th to 5th year, respectively, after surgery. In con-
trast, no second peak was evident in our series, which was
larger and had a longer follow-up [10, 11]. Apart from the
smaller sample sizes of the previous studies, the reason for
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this difference in recurrence pattern may have been that
>80% of the present cohort were HBV-infected, com-
pared with <40% of the previous cohorts, while >50% of
the latter harbored hepatitis C virus (HCV) [10, 11]. An
Italian randomized-controlled study found that despite
an HCV clearance rate of only 7%, chemopreventive in-
terferon after HCC resection was able to half the late-re-
currence peak [32]. Most of HCV-infected patients in the
2 earlier studies, many of whom were enrolled before the
early 2000s when no effective anti-HCV agents were
available, may not have been virologically cured, and this
may have resulted in failure to prevent the second peak of
recurrence [10, 32]. In contrast, HBV was spontaneously
inactivated or strongly suppressed by nucleot(s)ide ana-
logues in most of our HBV-infected series, thanks to the
fact that the national health insurance system in South
Korea covers antiviral therapy for HCC patients with any
level of viremia [33]. This finding should have reduced
persistent hepatic necroinflammation and the related
likelihood of late recurrence [34-36]. This explanation
may support the reliability of our single-peak recurrence
profile.

We found that the conventional risk factors such as
high AFP level, tumor size, tumor multiplicity, and inva-
sive microscopic features contributed to HCC recurrence
in the first few years after resection, as reported previ-
ously [7, 10, 37, 38]. Our observations and previous ones
have shown that the condition of the surrounding liver is
the only consistent predictive factor for recurrence with-
in and beyond 5 years of surgery. These findings support
the view that the later recurrences are mainly associated
with de novo HCCs that may no longer have the charac-
teristics of the initial tumors [2, 6, 10, 11, 37-39].

There is recent evidence that regular surveillance for
recurrence improves the long-term survival of patients
with resected HCC [38]. At this time, there is little direct
information to guide the choice of optimal surveillance
strategy after curative-intent surgery for HCC. The cur-
rent recommendations are merely to surveil individuals
more strictly for the first 1-2 years after HCC resection
[2, 40]. Although recurrences developing within 2 years
usually have a poor prognosis, the choice of cut-off time
was not driven by studies aimed at correctly scheduling
postsurgical surveillance for HCC [6, 10, 41]. Since early
detection of relapse surely provides the best chance of ef-
fective therapy for recurrent HCC, our chronological
findings suggest that high-intensity surveillance after sur-
gery would be preferable, particularly for the first 5 years
when recurrence is more frequent and life-threatening,
and should then revert to routine intensity (i.e., biannual)

Period-Specific Recurrence of Resected
HCC

as in general cirrhotic patients. Prolonged close surveil-
lance, together with special consideration for early liver
transplantation, may be required for patients with liver
cirrhosis, due to the sustained high risk of recurrence
[42]. It is also important that HBV/HCV infections be
eliminated to minimize late recurrence for the duration
of the patients’ lifespans [10, 32, 43, 44].

Unfortunately, data on which to base an optimal mo-
dality of surveillance for recurrent HCC after resection
remain scarce. We encountered a considerable number of
extrahepatic recurrences during follow-up, mainly in the
lungs: these lesions all developed in the first 5 years except
for 3 events in later years, consistent with the trends in
other surgical series [45, 46], and were associated with
very poor survival. Therefore, early period surveillance
should perhaps include pulmonary screening to detect
these potentially disastrous lesions early. In addition, we
suggest that patients with large initial tumors, elevated
AFP, and/or microvascular invasion, who our data indi-
cate are at higher risk of metastatic recurrence, should be
preferentially enrolled in clinical trials of adjuvant thera-
py-
A limitation of this retrospective study is that although
HBYV infection did not correlate with recurrence out-
comes (Table 2), it was present in the background liver in
the majority of our multicenter series, unlike in Japanese
and Western patients who mainly suffer from HCV dis-
ease — which is thought to be associated with higher rates
of poorly differentiated tumors, vascular invasion, and
cirrhosis, as well as to have a higher recurrence rate [47].
The results of our study, including the cut-off time of 5
years for postoperative surveillance, should be replicated
in other clinical sets to determine if they can be general-
ized.

In conclusion, this long-term follow-up study pro-
vides updated insight into the chronological and mor-
phological patterns of HCC as a function of the risks and
timing of postresection recurrence. We present an evi-
dence-based framework to help implement a period-de-
pendent surveillance protocol in surgically treated pa-
tients with HCC. Further cost-effect studies should allow
clinicians and surgeons to recommend a data-based fre-
quency and intensity of screening for recurrent disease in
resected patients.
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