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Abstract

Background Early recurrence after liver resection of hepatocellular carcinoma (HCC) has a great effect on the survival of
patients. The aims of this study were to identify risk factors for early recurrence and to clarify whether early recurrence is related
to patient survival rate.

Methods We identified a total of 1010 patients with HCC recurrence after hepatic resection between 2009 and 2014 in Samsung
Medical Center and Seoul National University Hospital. Inclusion criteria were preoperative solitary tumor Child-Pugh class A
and curative hepatectomy. Early recurrence was defined as HCC recurrence < 1 year after surgery.

Results A total of 628 patients were included in this study: 302 with early recurrence and 326 with late recurrence. Multivariate
analysis showed that HCC grade 3 or 4, tumor size >3 cm, and microvascular invasion were closely associated with early
recurrence after liver resection for solitary HCC. When HCC recurred, the early recurrence group had large tumor size, increased
tumor numbers and AFP levels, and high incidence of diffuse intrahepatic recurrence compared with the late recurrence group.
The overall survival curve for the early recurrence group was lower than that for the late recurrence group (P<0.001).
Multivariate analysis demonstrated early recurrence was closely associated with patient survival.

Conclusions Patients with early recurrence had different characteristics compared to patients with late recurrence after hepatic
resection in solitary HCC. Early detection of recurrence is necessary through active postoperative surveillance in hepatectomy
patients with poor prognostic factors.
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Introduction

Liver resection (LR) is considered to be a curative treatment
for solitary hepatocellular carcinoma (HCC) in Eastern Asia
because of the shortage of liver grafts from deceased
donors.'? However, the incidence of intrahepatic recurrence
after LR is about 50% at 5 years for patients with solitary
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HCC.** Understanding and predicting HCC recurrence is im-
portant for improving the prognosis of hepatectomy patients
because of the rate of high recurrence after curative LR.

The time interval between LR and HCC recurrence is re-
ported to influence patient survival. Therefore, early recur-
rence is considered when predicting poor survival of HCC
patients who have undergone LR.”'® Numerous studies have
identified important predictive factors for early recurrence af-
ter curative LR. Previous multiple studies reported that risk
factors for early recurrence were associated with tumor fac-
tors, host factors, and surgical factors.”'° Tumor factors in-
cluded tumor size, number, differentiation grade, and preop-
erative tumor markers. Hepatitis activity, presence of cirrhosis,
and hepatitis viral load were considered as host factors.” '°

Consequently, analysis of factors carrying a high risk of
recurrence may improve the selection of patients for surgery,
leaving those with the worst prognosis for other less-invasive
treatments. The aim of this study was to identify prognostic
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factors for patients with solitary HCC that influence early
recurrence within 1 year after LR and their survival rate.

Materials and Methods
Patients

This study was performed on patients who underwent LR for
solitary HCC at Samsung Medical Center (SMC) (n = 1382)
or Seoul National University Hospital (SNUH) (n =938) be-
tween January 2005 and December 2011 based on preopera-
tive radiological images. HCC was histologically confirmed
after LR. Patients with recurrent HCC after LR in the two
centers were included (»=1010). This study was approved
by the Samsung Medical Center Institutional Review Board
(SMC 2013-05-013) and Seoul National University Hospital
Institutional Review Board (H-1303-061-474).

Inclusion criteria included performance status of 0—1, sol-
itary HCC in the preoperative images, no extrahepatic metas-
tasis, primary curative LR, and Child-Pugh class A. Multiple
HCC in the preoperative images (n = 174); Child-Pugh class B
(n=51); re-resection (n = 40); extrahepatic metastasis or inva-
sion (n=9); and the history of locoregional therapies such as
radiation, transarterial chemoembolization (TACE), radiofre-
quency ablation (RFA), or percutaneous ethanol injection
(PEI) (n=11), R1 resection (n=67), and incomplete data or
loss to follow-up after LR (n =30), were excluded in present
study.

Demographic data, preoperative laboratory findings, and
pathologic data collected from electronic medical records
were retrospectively reviewed. None of the patients received
postoperative adjuvant therapy prior to HCC recurrence. A
total of 628 patients were selected (Fig. 1).

Early recurrence group was defined as HCC recurrence
within 1 year after LR. Patients who experienced recurrence
after more than 1 year were defined as the late recurrence

group.
Surgery and Surveillance

Surgical procedure and surveillance after LR in two centers
were previously described.**!"!? Four surgeons in SMC and
four surgeons in SNUH performed LR for HCC. All patients
were followed at 1-month postoperatively and then every 2 or
3 months. Follow-up duration was the time from surgery to
final follow-up or death.

Therapy in Recurrent HCC
Patients with intrahepatic recurrences were treated with liver

re-resection (RR), RFA, PEL, TACE, living donor liver trans-
plantation (LDLT), or combined TACE and RFA (TACE-

RFA). When feasible, RR, PEI, and RFA were considered as
first-choice treatments. RR was performed based on the same
criteria as initial resection, including Child A patients with
solitary or oligonodular (<3 nodules <3 cm) recurrence in
one or two adjacent segments, preserved liver function, and
sufficient liver volume without severe portal hypertension.
Patients whose recurrent HCC lesions were small (<3 cm in
diameter) and accessible for percutaneous RFA or PEI and in
whom RR would be risky were treated with RFA in SMC or
PEI in SNUH. Patients who did not fulfill the aforementioned
criteria underwent TACE if the serum total bilirubin level was
<2 mg/dL. Salvage LDLT was considered when they had
potential living liver donors, otherwise when RR, PEI, and
RFA were not possible owing to tumor location and/or poor
liver functional reserve. Patients with small HCC (3 c¢m) in-
feasible for US-guided RFA were referred for combined
TACE-RFA in SMC. Target therapy or systemic chemothera-
py was not given as the treatment choice at the first recurrence.

Statistical Analysis

All statistical analyses were performed using SPSS ver. 22.0
(SPSS, Inc., Chicago, IL, USA). Continuous variables are
described as medians with ranges. Categorical variables are
expressed as numbers and percentage of subjects. Chi-square
test or Fisher’s exact test was conducted to evaluate differ-
ences in frequencies of categorical variables between groups.
The significant cutoff value of AFP level was drawn from the
significant continuous variables using receiver operating char-
acteristic (ROC) curves. Cumulative survival time was calcu-
lated using the Kaplan—Meier method and compared by log-
rank test. All significant predictors of early recurrence in uni-
variate analysis were analyzed in a binary logistic regression
model to show independent values by multivariate analysis.
Factors that were significant (P < 0.05) for the prediction of
patient survival in a univariate survival analysis were selected
for a multivariate survival model. Confidence intervals (CIs)
and odds ratios (ORs) were calculated. All tests were two-
sided, and statistical significance was defined as P < 0.05.

Results
Baseline Characteristics

Among 1010 patients, records for 628 were analyzed. All
patients were classified as Child-Pugh class A and had solitary
HCC without extrahepatic metastasis at surgery. The early
recurrence group had 302 patients (48.1%) and the late recur-
rence group had 326 patients (51.9%). Median disease-free
survival was 6.1 months for the early recurrence group and
33.9 months for the late recurrence group (Fig. 1).
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Fig. 1 Flow schematic of
patients. SMC Samsung Medical
Center, SNUH Seoul National
University Hospital, HCC
hepatocellular carcinoma

Liver resection at SMC (n=1,382) and SNUH (n=938)
(Jan. 2005-Dec. 2011)

No HCC recurrence (n=1,310)

HCC recurrence

(n=1,010)

Solitary HCC
(n=628)

Exclusion (n=382)

- Multiple HCC in the preoperative images (n=174)
The history of locoregional therapies (n=11)
Re-resection (n=40)

Child-Pugh class B (n=51)

Extrahepatic metastasis or invasion (n=9)
R1 resection (n=67)

Incomplete data (n=30)

Early recurrence

(n=302)

Comparison Early and Late Recurrence

Cumulative patient survival rates for 3, 5, and 7 years were
71.7%, 58.7%, and 51.9% for the early recurrence group,
respectively, and 97.5%, 88.7%, and 86.9% for the late recur-
rence group (Fig. 2). Patient survival was longer in the late
recurrence group than the early recurrence group (P <0.001).

Mean age was younger in the early recurrence group than
the late recurrence group (54 years vs. 56 years; P=0.041),
and mean platelet counts were higher in the early recurrence
group than the late recurrence group (164,010/mL vs.
149,428/mL; P=0.013). Preoperative mean AFP level was
significantly higher in the early recurrence group than the late
recurrence group (7961 +33,577 ng/mL vs. 1915+
12,092 ng/mL; P<0.001) (Table 1). Total bilirubin, creati-
nine, and ICG-R15 were significantly different in the early
recurrence group compared to the late recurrence group, but
values were within the normal ranges.

Mean tumor size was larger in the early recurrence group
than the late recurrence group (5.6 £3.7 cm vs. 4.1 +£2.7 cm;
P <0.001). The incidence of tumor size >3 cm, grade 3 or 4,
pathological necrosis, microvascular invasion, and
macrovascular invasion was significantly higher in the early
recurrence group than the late recurrence group (P <0.001).
Major LR, multiple tumor numbers, pathologic hemorrhage,
and intrahepatic metastasis were not different between the two
groups (Table 2).

Prediction of Early Recurrence after Hepatic Resection
On multivariate analysis, statistically significant factors

predicting early HCC recurrence were grade 3 or 4 (OR,
2.882; 95% CI, 1.667-4.975; P<0.001), tumor size >3 cm
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Late recurrence

(n=328)

(OR, 2.242;95% CI, 1.362-3.690; P =0.001), and microvas-
cular invasion (OR, 2.110; 95% CI, 1.319-3.378; P=0.002)
at surgery.

We compared patient survival according to number of
risk factors which were related with early HCC recurrence
after LR. Patient survival at 5 years was 89.4% for patients
without risk factors, 80.2% for patients with one risk fac-
tor, 68.4% for patients with two risk factors, and 62.6% for
patients with three risk factors. The lower the number of
risk factors, the greater the survival rate of patients with
recurrent HCC (Fig. 3).

Management of Recurrent HCC

When recurrent HCC was diagnosed, tumor size and tumor
numbers and AFP and PIVKA-II levels were higher in the
early recurrence group than in the late recurrence group
(Table 3). Incidence of extrahepatic recurrence did not reach
a significant level, but diffuse intrahepatic recurrence more
than ten intrahepatic nodules in the early recurrence group
was higher than the late recurrence group (10.9% vs. 0.9%;
P <0.001). TACE was commonly used in the early and late
recurrence groups (65.6% vs. 45.4%), but RFA was higher in
the late recurrence group than the early recurrence group
(34.0% vs. 21.2%).

Risk Factors for Patient Survival

Univariate analysis showed that increased in age, total bilirubin
level, INR, tumor size, pathologic hemorrhage, microvascular
invasion, macrovascular invasion, long hospitalization, and ear-
ly recurrence were closely associated with patient survival.
Multivariate analysis demonstrated that increased in age,
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Fig. 2 Patient survival
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albumin, total bilirubin, long hospitalization, grade 3 or 4, path-
ologic hemorrhage, macrovascular invasion, and early recur-
rence were predisposing factors for patient survival (Table 4).

Discussion

Time after recurrence is an important prognostic factor.
Therefore, early HCC recurrence appears to be associated with
worse survival rates, compared with those with later
recurrence.” '° In this study, risk factors for early and late
recurrence were assessed for hepatectomy patients with soli-
tary HCC. Early recurrence was a main cause of poor prog-
nosis after curative hepatic resection in patients with solitary
HCC. Our study confirmed that early HCC recurrence was
associated with adverse tumor factors including large tumor
size, grade 3 or 4, and microvascular invasion. In addition,
early recurrence developed in 50% of HCC patients with re-
current HCC who underwent curative LR for solitary HCC in
a 5-year period.

The definition of early recurrence is still controversial. There
are two studies that refer to early recurrence based on 1-year
postoperative without sufficient explanation.'® Other studies
defined early recurrence based on 6-months postoperative.”'”
Another study reported that HCC recurrence within 2 years

Time from hepatectomy to death (months)

after LR is defined as early recurrence because of an early peak
for recurrence at approximately 1 postoperative year and a sec-
ond peak at 4 years after surgery.'* Early recurrence (within
2 years) is associated with tumor-related factors including pres-
ence of microvascular invasion and satellite lesion. Late recur-
rence (after 2 years) seems to be related to background liver
disease conditions such as hepatic inflammation and liver
damage."

In this study, we defined early recurrence as within 1 year
after LR as an arbitrary cutoff. Our study demonstrated that
unfavorable factors such as tumor size, tumor grade, and mi-
crovascular invasion were predisposing factors for early HCC
recurrence after curative LR. When none of these factors was
present, the outcome was particularly good with a risk of recur-
rence of about 10%. Previously, different studies reported risk
factors for early recurrence include AFP, PIVKA-II,
intrahepatic metastases, tumor size, tumor number, positive re-
section margin, venous invasion, tumor rupture, tumor differ-
entiation, and serum alanine transferase level.>!0-15:16
However, previous studies have reported conflicting results
about which factors predict recurrence. Much debate still exists
because enrolled patients were heterogeneous in clinicopatho-
logical characteristics and management-related factors.>'%!%1¢

Our study showed that increased AFP level before surgery
was associated with early recurrence. AFP level was higher in
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Table 1 Baseline characteristics

of early and late recurrence Early recurrence (n =302) Late recurrence (1 =326) P value
groups

Gender (male) 255 (84.4%) 260 (79.8%) 0.146
Age (years) 54+10 56+10 0.041
Body mass index 23.6+3.0 23.8+29 0.239
Etiology 0.889

HBV 252 (83.4%) 264 (81.0%)

HCV 10 (3.3%) 14 (4.3%)

NBNC 6 (2.0%) 8 (2.5%)

Alcohol 4 (1.3%) 4 (1.2%)

HBV, HCV 0 (0%) 1 (0.3%)

Others 30 (9.9%) 35 (10.7%)
Hemoglobin (mg/dL) 143+24 141+1.6 0.259
Platelets (x 1000/uL) 164,010 +69,308 149,428 £ 60,053 0.013
Total bilirubin (mg/dL) 0.89+0.35 0.84+0.35 0.024
AST (U/L) 46.6+38.1 46.3+33.3 0.517
ALT (U/L) 49.3£39.9 473+32.6 0.865
Creatinine (mg/dL) 0.99+0.40 1.04+0.83 0.009
Albumin (g/dL) 4,02+0.42 4.02+0.42 0.983
INR 1.08+1.00 1.07+0.13 0.365
ICG-R15 (%) 12.0+8.5 12.8+8.5 0.037
AFP>40 ng/mL 176 (58.3%) 113 (34.7%) <0.001
Disease-free survival (months) 6.1+£3.1 33.9+18.8 <0.001

*Data are the mean + SD. HBYV, hepatitis B virus; HCV, hepatitis C virus; NBNC, non-B non-C; AST, aspartate
transaminase; ALT, alanine transaminase; /NR, international normalized ratio; /CG-R15, indocyanine green re-
tention testat 15  min; AFP, alpha-fetoprotein; PIVKA-II, proteins induced by vitamin K absence or antagonist-11

the early recurrence group compared to the late recurrence
group when HCC recurrence was diagnosed after LR.
However, serum AFP level did not demonstrate early recurrence
in multivariate analysis. This factor might have revealed a likely
wide variation in values inherent in our patient population.

Proteins induced by vitamin K absence or antagonist-II
(PIVKA-II) or positron emission tomography (PET) uptake
were closely associated prognostic factors after LR.*!7"'8
However, we could not identify the effect of PIVKA-II or
PET uptake as prognostic factor in hepatectomy patients be-
cause many patients did not undergo such evaluations.

The high early recurrence rates seen of patients with HCC

and unfavorable characteristics suggest microscopic
intrahepatic dissemination beyond the resection field, so sim-
ple tumor removal would be insufficient.'® Microvascular in-
vasion is related to multinodular diffuse, which is considered
metastasis.” ' Neither preoperative characteristics nor intraop-
erative factors correlated with early HCC recurrence after LR.
These prognostic factors are not known until the final pathol-
ogy report. If poor prognostic factors are known before sur-
gery, physicians or surgeons should consider limiting the in-
dication or relative contraindications to LR. These predictors

Table 2 Perioperative and
pathologic characteristics of the

early and late recurrence groups

Early recurrence (n =302) Late recurrence (n = 326) P value
Extent of operation (major) 97 (32.1%) 87 (26.7%) 0.137
Tumor size >3 cm 227 (75.4%) 170 (52.1%) <0.001
Pathologic tumor number (multiple) 4 (1.3%) 1 (0.3%) 0.201
Grade (3 or 4) 139 (46.2%) 100 (30.8%) <0.001
Pathologic hemorrhage 133 (49.6%) 129 (45.3%) 0.308
Pathologic necrosis 180 (59.6%) 144 (44.2%) <0.001
Microvascular invasion 187 (61.9%) 121 (37.1%) <0.001
Macrovascular invasion 19 (6.3%) 8 (2.5%) 0.019
Intrahepatic metastasis 40 (15.6%) 28 (9.8%) 0.051
Hospitalization (days) 12.6+9.2 11.7£73 0.348
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Fig. 3 Patient survival rate
according risk factors related to
early recurrence
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would not be suggested by preoperative liver biopsy and there-  Identification, prevention, or early detection of early HCC

fore do not support the use of routine biopsy before surgery.

Table 3 Outcomes of early and
late recurrence groups

20 recurrence should be emphasized until molecular profiling is

Early recurrence Late recurrence P value
(n=302) (n=326)
Radiologic tumor size at HCC recurrence (cm) 19+13 1.6+1.1 0.007
Radiologic tumor number at HCC recurrence 2.8+3.1 15+14 <0.001
Radiologic total tumor size at HCC recurrence 4.1+3.6 22426 <0.001
Extrahepatic recurrence 4 (1.3%) 1 (0.3%) 0.201
Diffuse recurrence 33 (10.9%) 3 (0.9%) <0.001
AFP at HCC recurrence (ng/dL) 6169 +£32,067 122 £948 <0.001
PIVKA-II at HCC recurrence (mAU/mL) 478 £2074 98 £ 527 0.008
Treatment of HCC recurrence <0.001
TACE 198 (65.6%) 148 (45.4%)
RFA 64 (21.2%) 111 (34.0%)
PEI 16 (5.3%) 19 (5.8%)
Surgery 19 (6.3%) 36 (11.0%)
Others 2 (0.7%) 2 (0.6%)
TACE and RFA 3 (1.0%) 10 (3.1%)
Follow-up (months) 40.4+27.5 63.9+£23.7 <0.001

*HCC, hepatocellular carcinoma; AFP, alpha-fetoprotein; PIVKA-II, proteins induced by vitamin K absence or
antagonist-1I; ZACE, transarterial chemoembolization; RFA, radiofrequency ablation; PEI, percutaneous ethanol
injection
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Table 4  Risk factors for patient survival

OR 95% C1 P value
Univariate
Gender (male) 1.147 0.908-1.448 0.249
Age (years) 1.011 1.002-1.020 0.019
Body mass index 0.974 0.944-1.005 0.098
Etiology (non-HBV) 0.672 0.094-4.786 0.691
Hemoglobin (mg/dL) 1.022 0.965-1.083 0.455
Platelets (x 1000/uL) 1.000 0.999-1.002 0.856
Total bilirubin (mg/dL) 1.649 1.306-2.081 <0.001
AST (U/L) 0.999 0.996-1.001 0.251
ALT (U/L) 0.999 0.997-1.002 0.636
Creatinine (mg/dL) 1.073 0.955-1.206 0.235
Albumin (g/dL) 1.774 1.405-2.239 <0.001
INR 0.306 0.126-0.743 0.009
ICG-R15 (%) 1.006 0.994-1.017 0.327
AFP >40 ng/mL 1.111 0.925-1.335 0.259
Extent of operation (major) 1.023 0.837-1.249 0.826
Tumor size 1.042 1.015-1.070 0.002
Grade (3 or 4) 2.182 1.813-2.627 <0.001
Pathologic hemorrhage 1.291 1.067-1.563 0.009
Pathologic necrosis 1.192 0.999-1.424 0.052
Microvascular invasion 1.200 1.003-1.436 0.047
Macrovascular invasion 3.595 2.310-5.595 <0.001
Intrahepatic metastasis 1.083 0.799-1.467 0.608
Hospitalization (days) 1.020 1.012-1.028 <0.001
Early recurrence 1.508 1.258-1.805 <0.001
Extrahepatic recurrence 0.701 0.225-2.184 0.540
Multivariate

Age 1.016 1.005-1.027 0.003
Hospitalization 1.019 1.008-1.029 0.001
Albumin 2.256 1.721-2.959 <0.001
Total bilirubin 1.358 1.035-1.781 0.027
Grade 3 or 4 2.008 1.608-2.507 <0.001
Pathological hemorrhage 1.280 1.046-1.566 0.016
Macrovascular invasion 3.335 1.829-6.080 <0.001
Early recurrence 1.425 1.159-1.748 0.001

*HBYV, hepatitis B virus; AS7, aspartate transaminase; AL7, alanine trans-
aminase; /NR, international normalized ratio; /CG-R15, indocyanine
green retention test at 15  min; AFP, alpha-fetoprotein

available for HCC. In patients with a high risk of early recur-
rence after initial LR for HCC, early detection through close
postoperative surveillance is necessary. Patients with unfavor-
able factors on pathologic review should be closely monitored
in the first year after LR of HCC, and strong consideration
should be given to preemptive adjuvant therapy. Although
prophylactic liver transplantation is controversial, it should
be considered.

HCC recurrence must not be considered a definitive failure
of the therapeutic program in patients initially addressed with

@ Springer

curative LR. Recurrence may be treated with curative intent,
and a long survival may result from an aggressive treatment of
the recurrent lesion. Re-resection, RFA, and PEI have been
shown to be curative treatments for recurrent HCC.'® In our
study, 32.7% of patients with early recurrence and 50.8% of
patients with late recurrence were suitable for such treatment
approaches.

Our study has several limitations. First, it was retrospec-
tive. Second, selection bias was inevitable and may have in-
fluenced the analysis because we selected only patients who
had undergone LR. Third, HBV is the most common cause of
HCC in Korea, which is not the case in most Western coun-
tries. Fourth, the treatment of recurrent HCC does not have
any guidelines. Therefore, recurrent HCC was treated based
on physician preference or multidisciplinary team approach.

In conclusion, the survival rate in a late recurrence group
was significantly better than that of an early recurrence group
after curative hepatic resection in patients with solitary HCC.
Patients with large tumor size, microvascular invasion, and
grade 3 or 4 on pathologic examination should be actively
and closely monitored to detect early HCC recurrence. We
hope that our findings will help identify patients with a high
possibility of recurrence after surgery to improve survival by
early detection of recurrent HCC. Therefore, a strict follow-up
protocol and treatment strategies should be established for
early detection and intervention of recurrence.
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