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Background: Prognostic factors after treatment for intrahepatic recurrent hepato-
cellular carcinoma (RHCC) after hepatic resection (Hx) are controversial. The current
study aimed to examine the impact of treatment modality on the prognosis of intra-
hepatic RHCC following Hx.

Methods: For control of variables, the subjects were 56 patients who underwent
treatment for intrahepatic RHCC, three or fewer tumors, each measuring <3 cm in
diameter without macroscopic vascular invasion (MVI), between 2000 and 2011.
Retreatment consisted of repeat Hx (n = 23), local ablation therapy (n = 11) and tran-
sarterial chemoembolization or transcatheter arterial infusion (TACE/TAI) (n = 22).
We retrospectively investigated the relation between type of treatment for RHCC
and overall survival (OS) as well as disease-free survival (DFS).

Results: In multivariate (MV) analysis, the poor prognostic factors in DFS after retreat-
ment consisted of disease-free interval (DFI) (<1.5 y) (P = .011), type of retreatment
(TACE/TAI) (P = .002), age (<65 y old) (P = .0022), perioperative RBC transfusion (P =
.025), while those in OS after retreatment were DFI (<1.5 y) (P < .0001). In evaluation
of stratification for type of retreatment, DFS in the repeat Hx group was significantly
better than those in the local ablation therapy group or the TACE/TAI group (P =.023
or P < .0001, respectively).

Conclusions: DFI (<1.5 y) was an independent poor prognostic factor in both DFS
and OS, and repeat Hx for intrahepatic RHCC, few in number and size without MVI,
seems to achieve the most reliable local control.
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1 | INTRODUCTION

Remarkable advances in surgical procedures and imaging modalities
have improved the outcome of patients with hepatocellular carci-
noma (HCC).! However, the long-term prognosis remains unsatisfac-
tory because of a high incidence of recurrence even after curative
resection of HCC, with a 5-y actuarial recurrence rate of more than
80%.%° The most common site of recurrence is the remnant liver,
comprising 85%-90% of initial recurrence sites.* For further im-
provement of therapeutic outcome, the choice of method to treat
intrahepatic recurrence is important.

Repeat hepatectomy (Hx) has been reported as the most ef-
fective treatment for intrahepatic recurrent HCC (RHCC) after
initial Hx, and 5-y survival after repeat Hx, ranged from 56%-
69%.>¢ However, repeat Hx accounts for 10%-50% of RHCC
after Hx, because indications for repeat Hx are limited by sev-
eral factors, including remnant liver function and location, size,
and number of tumors.®’ Clinical practice guidelines for HCC
by the Liver Cancer Study Group of Japan (LCSGJ) showed that
a treatment policy for recurrent HCC should be decided based
on the same criteria as those for primary HCC; Hx is a standard
treatment, and in particular, repeat Hx is advisable for patients
with single HCC with good liver function (noncirrhotic liver or
Child-Pugh class A).2 However, optimal selection of therapeu-
tic modality including repeat Hx for RHCC, and risk factors for
poor therapeutic outcome, have not been fully investigated.2”8
On the other hand, various effective treatments such as local
ablation therapy including ablation and percutaneous ethanol
injection therapy (PEIT), or transarterial chemoembolization
or transcatheter arterial infusion (TACE/TAI), are available for
RHCC.! However, stratification for type of treatments for RHCC
in relation to prognosis has rarely been analyzed by multivariate
(MV) analysis in any past reports.”?*0

The current study aimed to examine the impact of three types
of treatment modality on the prognosis and recurrence following Hx

for intrahepatic RHCC using MV analysis.

2 | PATIENTS AND METHODS

From January 2000 to December 2011, 186 patients with HCC un-
derwent initial Hx at the Department of Surgery, Jikei University
Hospital, Tokyo, Japan. By excluding 10 patients with concomi-
tant other malignancies, 61 patients without HCC recurrence and
13 patients with extrahepatic recurrence, the remaining 102 pa-
tients with intrahepatic recurrence alone were studied (Figure 1).
Of these, treatment for RHCC consisted of repeat Hx in 29, local
ablation therapy (LAT) in 15 including two combined therapy of ra-
diofrequency ablation (RFA) and PEIT, repeat Hx and RFA in three,
TACE/TAI in 49, and best supportive care (BSC) in six patients. In
order to evaluate useful treatment for intrahepatic recurrence of
HCC, we excluded 12 patients (combined therapy in three, BSC in

six, lack of indocyanine green [ICG] test data in one, and lost to
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follow-up in two patients), and analyzed the remaining 90 patients
retrospectively (Figure 1). Additionally, 56 patients with three or
fewer tumors each measuring <3 cm in diameter without mac-
roscopic vascular invasion (MVI) were analyzed retrospectively
(Figure 1).

The treatment algorithm for HCC was established based on the
five factors of hepatic functional reserve, extrahepatic metastasis,
vascular invasion, tumor number, and tumor size.® Liver function
was evaluated based on the Child-Pugh classification. When Hx was
being considered, a final decision was made based on liver damage
grade,11 which included ICG-R15.

The indications for Hx were based on an algorithm that in-
cluded the presence or absence of ascites, serum total bilirubin
levels, and results of ICG-R15.% It was desirable to perform Hx
for up to three tumors located solely in the liver, regardless of
tumor size. Multiple tumors were removed by en bloc or multiple
Hx when the liver function was good. The use of blood products
and the dose were determined in the way we described previ-
ously.*? The tumor staging was based on TNM stage classified
by LCSGJ.** The RHCC is assessed based on diagnostic imaging
findings. The algorithm of treatment for RHCC after Hx was the
same treatment algorithm used for primary HCC, which recom-
mended Hx, percutaneous ablation, and TACE in that order for
patients who have indications for all three treatment modali-
ties.® LAT was considered for patients with Child-Pugh class A
or B, up to three tumors, and tumor diameter <3 cm if the RHCC
was judged unresectable or patients refused Hx.> However,
LAT was not indicated for patients with RHCC near the porta
hepatis or adjacent to other organs because of the potential for
complications such as bile duct injury, local recurrence due to
insufficient margin, and gastrointestinal perforation. If neither
Hx nor LAT was judged applicable, TACE was selected in almost
all patients.

First, oncological factors, liver function, recurrence pattern, and
type of treatment for RHCC were reviewed and univariate (UV) and
MV analyses were performed to determine the prognostic predic-
tors after the recurrence. The factors studied were the following 17
factors: age, gender, type of hepatitis virus, Child-Pugh classifica-
tion, ICG-R15, type of resection, perioperative blood transfusion
of red blood cells (RBC), maximum diameter of tumors, number of
tumors, pathological portal or venous invasion, pathological liver cir-
rhosis at the initial Hx, disease-free interval (DFI), Child-Pugh classi-
fication, maximum diameter of tumors, number of tumors, MVI, type
of treatment after recurrence. A cutoff value of DFI was determined
by a receiving operating curve (ROC) of DFI, which predicted prog-
nosis based on overall survival (OS) and disease-free survival (DFS).
Combined therapy with RFA and PEIT was assigned to the LAT group
based on the past report.13

Second, oncological factors, liver function at the first Hx, recur-
rence pattern, and type of treatment for the patients with three or
fewer tumors each measuring <3 cm in diameter without MVI were
reviewed and UV and MV analyses were performed to determine

the prognostic predictors after recurrence. The factors consisted of
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Patients who underwent initial operation for HCC
and other malignant lesions (n=186)

FIGURE 1 Flow diagram
describing patient selection process.
HCC, hepatocellular carcinoma; Hx,

Concomitant other malignant lesions (n=10)

hepatectomy; BSC, best supportive
care; TACE/TAI, transarterial

Patients who underwent initial Hx for HCC (n=176)

61 without HCC recurrence

HCC recurrence (n=115)

chemoembolization or transcatheter
arterial infusion; ICG, indocyanine
green

Extrahepatic recurrence (n=13)

Only intrahepatic HCC recurrence (n=102)

Repeat Hx || Repeat Hx || Local ablation || TACE/TAI None
(n=29) + therapy (n=49) (n=6)
Ablation (n=15)
(n=3) ‘
_________________________ M MRSl FRS SR M,

i Excluded (n=12)

Combined therapy of repeat Hx with local ablation (3)

Without ICG test due to iodine allergy (1)
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Repeat Hx Local ablation therapy || TACE/TAI
(n=29) (n=13) (n=48)
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| Excluded (n=34)

| With more than 3 tumors, >3cm in the maximum diameter, E

or macroscopic vascular invasion

Repeat Hx
(n=23)

Local ablation therapy
(n=11)

TACE/TAI
(n=22)

15 factors excluding maximum diameter of tumors and MVI after
recurrence from the first analysis.

Third, re-recurrence pattern and type of treatment for re-recurrent
HCC (RRHCC) after treatment for the RHCC with three or fewer tu-
mors each measuring <3 cm in diameter without MVI were reviewed.

Fourth, we analyzed patient characteristics between two groups,
namely, short DFI (1.5 y) and long DFI (1.5 y<).

This retrospective study was approved by the Ethics Committee
of the Jikei University School of Medicine (27-177 (8062)).

2.1 | Statistical analysis

Continuous data were expressed as the median and range, and ana-
lyzed by the Mann-Whitney U test between two groups and by the
Kruskal-Wallis test among three groups. Categorical data were com-

pared by the chi-square test. The accuracy of DFI for prognosis was

determined by calculating the area under the curve from the corre-
sponding ROC (AUROC). UV analyses of DFS and OS were performed
using the log-rank test. MV analysis, including all variables with P-
values < .05 in UV analysis, was performed by a stepwise backward
procedure until all variables remaining in the model were significant.
All P-values were considered statistically significant when the asso-
ciated probability was less than .05 using the Statistical Package for
Social Sciences (SPSS 26.0 for Windows, Armonk, NY).

3 | RESULTS

3.1 | Clinical patient characteristics
Table 1 lists the clinical variables of the 90 patients with intrahe-

patic RHCC and the clinical variables of the each secondary treat-

ment group. The median age was 67 y (range, 29-84 y old), and 81
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TABLE 1 Characteristics of the 90
patients with intrahepatic metastases
between the three retreatment groups

Variable

Age upon recurrence (y)

Gender (male:female)

Virus infection (B: C:
NBNC)

Factor at the initial Hx.

Child-Pugh
classification grade
(A:B)

ICG-R15 (%)
Liver damage (A:B)

Type of Hx
(anatomical:partial)

Perioperative RBC
transfusion (yes:no)

Maximum diameter of

tumors (cm)
Number of tumors
(solitary:multiple)

Pathological portal
or venous invasion
(yes:no)

Pathological liver
cirrhosis (yes:no)

TNM stage classified
by LCSGJ (L:11:111:1VA)
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Factor upon the recurrence

Disease-free interval

(y)

Child-Pugh
classification grade
(A:B:C)

Maximum diameter of
recurrent tumors (cm)

Number of recurrent

tumors (solitary:
multiple)

Macroscopic vascular

invasion (yes: no)

SR
Local
ablation
All Repeat Hx therapy TACE/TAI
n=90 n=29 n=13 n=48 P-value
67 (29-84) 66 (29-84) 66 (39-77) 67 (38-82) 0.346
81:9 25:4 13:0 43:5 0.383
21:42:27 9:12:8 4:6:3 8:24:16 0.611
82:8 28:1 11:2 43:5 0.391
15 (3-53) 11 (4-44) 12 (7-51) 16 (3-53) 0.041
63:27 26:3 7:6 30:18 0.016
38:52 13:16 9:4 16:32 0.063
19:71 4:25 2:11 13:35 0.33
3.0 3.0 2.0(1.5-9.6) 3.4(1.1 0.052
(0.9-18.5) (0.9-10.5) 18.5)
69:21 25:4 8:5 36:12 0.201
72:18 6:23 0:13 12:36 0.135
47:43 16:13 7:6 24:24 0.9
18:38:29:5  6:10:13:0 5:4:4:0 7:21:15:5 0.25
1.90 2.51 1.60 1.62 0.086
(0.15-11.33) (0.45-8.80) (0.35-5.38) (0.15-11.33)
74:15:1 26:3:0 10:3:0 38:9:1 0.679
2.0 2.0 1.8(0.7-3.2) 2.0(0.5-7.3) 0.364
(0.5-11.5) (1.0-11.5)
43:47 21:8 9:4 13:35 <0.0001
5:85 3:26 0:13 2:46 0.331

Abbreviations: Hx, hepatectomy; ICG-R15, the retention rate of indocyanine green at 15 min;
LCSGJ, Liver Cancer Study Group of Japan; RBC, red blood cells; TACE/TAI, transarterial
chemoembolization or transcatheter arterial infusion.

patients (90%) were male. Hepatitis B virus antigen and hepatitis C
virus antibody were positive in 21 (23%) and 42 (47%) patients, re-
spectively, and both were negative in the other 27 patients (30%).
The median follow-up period after the initial Hx for primary HCC
and after first Hx for RHCC was 7.4 y (range 0.4-15.4y) and 3.6 y
(0.1-12.5 y), respectively. The median DFIl was 1.9 y (0.2-11.3 y).

The clinical variables among each of the three types of retreatment

groups are also summarized in Table 1. As expected, ICG-R15 at
the initial Hx was significantly better in the repeated Hx and LAT
groups than that of the TACE/TAI group. Patients with multiple
RHCC of the TACE/TAI group were statistically greater than that
of the repeated Hx and LAT groups. The clinical variables of each
retreatment group for the patients with three or fewer tumors

each measuring <3 cm in diameter without MVI were reviewed and
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TABLE 2 Characteristics of the 56 patients with intrahepatic metastases between the three retreatment groups

Local ablation Hx Tvs
Repeat Hx therapy TACE/TAI vsL LvsT Hx
P- P- P- P-
Variable n=23 n=11 n=22 value value value value
Age upon recurrence (y) 66 (55-84) 67 (42-79) 65.5(38-82) 0.783 0.612 0.51 0.847
Gender (male:female) 20:3 11:0 18:4 0.328 0.21 0.131 0.634
Virus infection (B:C:NBNC) 7:9:7 2:6:3 8:8:6 0.832 0.654 0.504 0.914
Factor at the initial Hx.
Child-Pugh classification grade 22:1 9:2 19:3 0.404 0.183 0.731 0.274
(A:B)
ICG-R15 (%) 11 (4-44) 12 (7-51) 13 (3-53) 0.575 0.513 0.836 0.316
Liver damage (A:B) 20:3 6:5 16; 6 0.118 0.037 0.296 0.233
Type of Hx (anatomical:partial) 9:14 7:4 7:15 0.209 0.18 0.081 0.608
Perioperative RBC transfusion 4:19 1:10 5:17 0.626 0.523 0.338 0.655
(yes:no)
Maximum diameter of tumors (cm) 3.2 (0.9-10.5) 2.0 (1.5-9.6) 2.75(1.1-9.0) 0.154 0.084 0.154 0.351
Number of tumors 19:4 8:3 18:5 0.775 0.505 0.547 0.945
(solitary:multiple)
Pathological portal or venous 3:20 0:11 5:17 0.208 0.21 0.086 0.396
invasion (yes:no)
Pathological liver cirrhosis (yes:no) 16:7 6:5 11:11 0.389 0.391 0.805 0.181
TNM stage classified by LCSGJ 5:11: 7:0 5:4:2:0 4:10:6:2 0.414 0.356 0.335 0.529
(L11:0EIVA)
Factor upon the recurrence
Disease-free interval (y) 2.51(1.48-5.71) 1.83(0.35-5.38) 2.56 (0.37-9.38) 0.318 0.106 0.355 0.691
Disease-free interval (1.5 y 22:1 7:4 14:8 0.02 0.014 1 0.007
<:£1.5y)
Child-Pugh classification grade 20:3 8:3 18:4 0.598 0.309 0.547 0.634
(A:B)
Maximum diameter of recurrent 1.8 (1.0-2.6) 1.8(0.7-2.5) 2.0(0.5-3.0) 0.744 0.513 0.486 0.945
tumors (cm)
Number of recurrent tumors 16:7 8:3 11:11 0.294 0.85 0.213 0.181

(solitary:multiple)

Abbreviations: Hx, hepatectomy; ICG-R15, the retention rate of indocyanine green at 15 min; LCSGJ, Liver Cancer Study Group of Japan; local
ablation therapy vs TACE/TAI L vs T; RBC, red blood cells; repeat Hx vs local ablation therapy, Hx vs L; TACE/TAI vs repeat Hx, T vs Hx; TACE/TAI,

transarterial chemoembolization or transcatheter arterial infusion.

are summarized in Table 2. There was no significantly difference
of each variable among the three groups. However, repeat Hx was
indicated for patients who were in a better condition than LAT in
grade of liver damage at the initial Hx (P = .037) and patients who
were in a better condition than LAT or TACE/TAI in DFI (P = .014
and 0.007, respectively).

3.2 | Cutoff value of DFI using ROC

The cutoff value of DFI was determined by a ROC of DFI, which pre-
dicted prognosis based on OS and DFS. DFl yielded high AUROC with
a level of 0.783 at a cutoff value of 1.53 (P < .0001, sensitivity; 0.863,
1 - specificity; 0.333) and with a level of 0.709 at a cutoff value of 1.53

(P = .008, sensitivity; .941, 1 - specificity; .562), respectively, which
were the same value.

3.3 | Variables associated with OS as well as DFS
after initial Hx for intrahepatic RHCC in UV and
MV analyses

Table 3 shows the relationship between the clinicopathological
variables and DFS or OS after initial Hx for intrahepatic RHCC. In
UV analysis, DFS was significantly poorer in patients with perio-
perative RCC transfusion (P = .0368), DFl < 1.5 y (P <.0001) and
multiple tumors at first recurrence (P = .0013), while it was signifi-

cantly better in the patients with repeat Hx than those with the
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LAT or TACE/TAI groups (P < .0001). In MV analysis, DFI < 1.5y
was an independent predictor of poor DFS (P < .0001), while type
of treatment for recurrent RHCC was an independent predictor of
good DFS (P < .0001). However, there were no significant differ-
ences of DFS between repeat Hx and LAT groups for RHCC by MV
analysis. Figure 2A shows the comparison of DFS rates according
to types of treatment for intrahepatic RHCC. The 1-, 3-, and 5-y
DFS rates were 65.5%, 43.4%, and 43.4% for the repeat Hx group,
30.8%, 15.4%, and 0% for the LAT group, 15.6%, 0%, and 0% for
the TACE/TAI group, respectively. The DFS rate of the patients
with a repeat Hx was significantly higher than those with local
therapy or TACE/TAI (P = .0234 or P < .0001, respectively).

On the other hand, in UV analysis OS was poorer in patients
with 10% < ICG-R15 (P = .0283), pathological portal or hepatic vein
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invasion at initial Hx (P = .0015), DFI < 1.5 y (P < .0001), multiple
tumors (P = .0010), and MVI (P = .0121) at recurrence, while signifi-
cantly better in the patients with repeat Hx for RHCC than those with
LAT or TACE/TAI (P =.0014). In MV analysis, DFl < 1.5y (P < .0001),
10% < ICG-R15 (P = .043) and pathological portal or hepatic vein in-
vasion at initial Hx (P =.001) were independent predictors of poor OS,
while type of treatment for RHCC was an independent predictor of
good OS (P = .035). However, there were no significant differences in
OS between repeat Hx and LAT for RHCC by MV analysis. Figure 2B
shows the comparison of OS rates according to types of treatment for
intrahepatic RHCC. The 1-, 3-, and 5-y OS rates were 93.1%, 89.7%,
and 84.9% for the repeat Hx group, 84.6%, 74.0%, and 74.0% for the
LAT group, 86.5%, 59.1%, and 43.3% for the TACE/TAI group, respec-
tively. The OS rate of the patients with repeat Hx was significantly
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FIGURE 2 Disease-free survival (DFS) and overall survival (OS) of each type of treatment for intrahepatic recurrent hepatocellular
carcinoma (RHCC) (A,B) and for intrahepatic RHCC, three or fewer tumors each measuring <3 cm in diameter without macroscopic vascular
invasion (C,D). Repeat hepatic resection (Hx) group was associated with significantly better DFS (A) or OS (B) than the other groups. As to
the few and small RHCC, repeat Hx group was associated with significantly better DFS than the other groups (C). OS rates of repeat Hx
group were significantly better than that of transarterial chemoembolization or transcatheter arterial infusion (TACE/TAI) group (D). *P <

.0001, **P < .05, and ***P < .001. NS, not significant
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higher than those with LAT or TACE/TAI (P = .0319 or P = .0004,
respectively).

3.4 | Variables associated with OS as well as DFS
after initial Hx for intrahepatic RHCC, three or fewer
tumors each measuring <3 cm in diameter without
MVI, in UV and MV analyses

Table 4 shows the relationship between the clinicopathological vari-
ables and DFS or OS after initial Hx for intrahepatic RHCC, three or
fewer tumors each measuring <3 cm in diameter without MVI. In UV
analysis, DFS was significantly poorer in patients with younger age
(<65 y old) (P = .0187), perioperative RBC transfusion (P = .0222)
or DFI = 1.5 y (P = .0001), while repeat Hx for the RHCC was an
independent predictor of good DFS (P =.0002). In MV analysis,
DFI = 1.5 y was an independent predictor of poor DFS (P =.011),
while repeat Hx for the RHCC was an independent predictor of good
DFS (P =.002). Furthermore, DFS was significantly better in patients
with repeat Hx for the RHCC than those with LAT (P =.023) or TACE/
TAI (P < .0001) by MV analysis. Figure 2C shows the comparison of
DFS rates according to types of treatment for RHCC, three or fewer
tumors each measuring <3 cm in diameter without MVI. The 1-, 3-,
and 5-y DFS rates were 69.6%, 50.6%, and 40.5% for the repeat Hx
group, 36.4%, 18.2%, and 18.2% for the LAT group, 26.3%, 0%, and
0% for the TACE/TAI group, respectively. The DFS rate of the pa-
tients with repeat Hx was significantly higher than those with LAT or
TACE/TAI (P =.0175 or P < .0001, respectively).

On the other hand, in UV analysis OS was significantly poorer in
patients with DFI < 1.5 y (P = .0001) and Child-Pugh classification
grade B at recurrence (P = .0301), while repeat Hx for the RHCC
was an independent predictor of good OS (P = .0302). In MV analy-
sis, DFI < 1.5 y was an independent predictor of poor OS (P < .0001)
(Table 4), while type of treatment for the few and small RHCC was
not an independent prognostic factor in multivariate analysis for OS
but showed a trend toward correlation with OS (P = .078). Figure 2D
shows the comparison of OS rates according to types of treatment
for the RHCC, three or fewer tumors each measuring <3 cm in diame-
ter without MVI. The 1-, 3-, and 5-y OS rates were 100%, 100%, and
89.3% for the repeat Hx group, 100%, 90.9%, and 90.9% for the LAT
group, 90.0%, 69.1%, and 57.6% for the TACE/TAI group, respectively.
The OS rate of patients with repeat Hx was significantly higher than
those with LAT or TACE/TAI (P =.0956 or P =.0102, respectively).

3.5 | Re-recurrence pattern and type of treatment
for RRHCC after treatment for the RHCC, three or
fewer tumors each measuring <3 cm in diameter
without MVI

Forty patients had RRHCC after retreatment among 56 patients
with the RHCC (71%). Among the three types of treatment for
RHCC, there was no significant difference in DFI before the RRHCC,

re-recurrence pattern and type of treatment for RRHCC (Table 5).
Of the patients with the RRHCC after repeat Hx, local therapy, and
TACE/TAI 5, 4, and 15 patients had TACE/TAI, respectively (33%,
44%, and 79%, respectively).

3.6 | Univariate analysis of patient characteristics in
relation to DFI

Table 6 demonstrates the relationship between clinicopathological
variables and DFI. In univariate analysis, pathological portal or ve-
nous invasion (P = .016), portal vein invasion (P = .020), number of
tumor (P = .026), advanced TNM stage by LCSGJ (P = .002) of initial
HCC, number of tumor (P =.037), and macroscopic vascular invasion
(P =.002) of RHCC were significantly associated with short DFI. On
the other hand, in univariate analysis for the 56 patients, DFI < 1.5y
was significantly related with worse hepatic functional reserve at re-
currence (P =.027).

4 | DISCUSSION

HCC usually recurs repeatedly in the remnant liver, for which lo-
coregional treatment is attempted unless liver function has dete-
riorated. Previous studies demonstrated the benefit of aggressive
treatment with repeat Hx or ablation after RHCC.>'*!> Several
studies showed better survival rates after repeat Hx than those
after nonsurgical treatment such as RFA or TACE.>'>® Although
more than one effective method of treatment are available for
RHCC, stratification for type of treatment for RHCC has rarely
been analyzed by MV analysis.!**>%718 To the best of our knowl-
edge, this is the second to report that type of treatment for intra-
hepatic recurrence of HCC was an independent recurrent factors
in DFS* and the first to report that DFS was significantly better
in patents with repeat Hx than LAT or TACE for RHCC after Hx by
MV analysis.

Some reports concerning the association between prognosis and
treatments for RHCC after Hx report that treatment modalities for
RHCC are prognostic factors.!*171® A study that compared Hx with
RFA for RHCC after Hx revealed comparable results between the
two treatment modalities.” However, TACE was found to be inferior
to Hx and RFA,Y and better prognosis was found after Hx than TACE
in meta-analyses.'>?° Erridge et al reported in a meta-analysis that
important negative prognostic factors for RHCC after Hx were short
DFI, multiple hepatic metastases, and large hepatic metastases.'”

In the current study, MV analysis for the 90 patients with intra-
hepatic RHCC also revealed that the type of treatment for RHCC
was a significantly prognostic and recurrent factor. However, nei-
ther DFS nor OS showed a significant difference between repeat
Hx and LAT. This might be due to selection bias for retreatment, not
only because we performed repeat Hx for RHCC as a first choice if
it was resectable and remnant liver function was reserved, but also

because the indication for LAT was limited to patients with three or
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TABLE 5 Re-recurrence pattern and type of treatment for RRHCC after treatment for the RHCC, three or fewer tumors each measuring

<3 cm in diameter without MVI

Variable Repeat Hx (n = 12)

DFI until the RRHCC (y) 0.999 (0.121-6.499)

Re-recurrence pattern 11:0:1
(Intrahepatic:Intrahepatic + MVl:Intrahepatic
+ Extrahepatic
Type of treatment for RRHCC
Repeat Hx: Repeat Hx + RFA: RFATACE/ 3:1:2:5:1:1

TAl:Sorafenib:None

Local ablation P-

therapy (n=9) TACE/TAI (n = 19) value
0.518 (0.077-1.803) 0.685(0.110-2.871) 0.102
9:0:0 16:2:1 0.541
1:0:4:4:0:0 1:0:2:15:1:0 0.179

Abbreviations: DFI, disease-free interval; HCC, hepatocellular carcinoma; Hx, hepatectomy; MVI, macroscopic vascular invasion; RFA, radiofrequency
ablation; RHCC, recurrent HCC; RRHCC, re-recurrent HCC; TACE/TAI, transarterial chemoembolization or transcatheter arterial infusion.

fewer tumors and each measuring <3 cm in diameter without MVI.
Therefore, 56 patients with three or fewer tumors and each measur-
ing <3 cm in diameter without MVI out of the 90 patients with RHCC
were reanalyzed to minimize the selection bias of tumor stage. As
to the significantly better DFS in patients with repeat Hx for RHCC
than those with LAT or TACE/TAI, this may be because complete ne-
crosis of tumor by TACE are reported to range between 0%-28%2*
and because Hx removes normal liver parenchyma together with the
original tumor and thus eradicate both primary tumor and venous
thrombi,?2%® and LAT sometimes causes an insufficient safety mar-
gin or neoplastic seedings.23 Therefore, repeat Hx for few and small
RHCC might achieve the most reliable local control treatment. On
the other hand, the type of treatment for the few and small RHCC
was not a significant prognostic factor. One of the reasons might
be due to no significant difference by minimizing the selection bias
of tumor factor (Table 2). Of 40 patients with RRHCC, 37 patients
underwent one of the three types of treatment such as Hx, LAT, or
TACE/TAI. Kishi et al reported that repeated locoregional treatment,
and not the type of treatment for RHCC, is associated with improved
patient prognosis after recurrence.?* Maintenance of liver functional
reserve is necessary for repeat locoregional treatment. Actually, in
the current study, ICG-R15 was a significant prognostic factor in an-
alyzing the 90 patients with RHCC, while the liver function factor
might be not significantly related to the prognosis in the 56 patients
because DFI < 1.5 y and liver dysfunction at the recurrence were
confounding factors based on Table 6. The present study showed
that the optimal treatment for RHCC in terms of prognosis after re-
currence seems to be the combination of repeat Hx and LAT.

In the current study, younger age was a significantly poor re-
current factor after retreatment for RHCC, which is few in number
and size. Some previous reports have showed that younger patients

2526 \which is consistent with our results.

have a worse prognosis,
However, those researchers reported that the poorer prognosis is
mainly attributable to worse tumor-related indicators, such as larger
tumor diameter, later tumor stage, and higher serum AFP concen-
tration. Li et al reported poor OS and DFS of HCC patients aged
younger than 60 y with microvascular invasion.?” The poor prognosis
and recurrence in the young age group could be explained by late de-

tection as well as their own aggressive tumor biology, with increased

cell division because of a higher mitotic index.?® However, other
studies showed opposite or arbitrary results.?’ For HCC, therefore,
the prognosis of young patients remains controversial.

The most frequently proposed independent predictor after re-
treatment for RHCC after first Hx has been a short DFI.}® Previous
studies suggested that a 1- to 2-y DFI could be an arbitrary cutoff
timepoint. 2721013172024 Lowever, these suggested cutoff time-
points were based on subjective estimation rather than objective
analysis on a large scale of clinicopathological data. In the current
study, DFI of 1.5 y was the optimal cutoff time by ROC curve anal-
ysis between DFI and OS or between DFI and DFS, respectively,
which coincided. DFI was reported to have the capacity to predict
the pattern of RHCC. Previous studies have revealed that intrahe-
patic metastasis (IM) and multicentric occurrence (MO) are the main
types of intrahepatic RHCC.?* IM refers to HCC foci developing
from tumor cells that have spread into the remnant liver via portal
vein before or during Hx.2 MO refers to the development of new
HCC foci due to the existence of chronic active hepatitis, cirrhosis,
or other HCC-relevant risk factors after Hx.* Huang et al reported
that a DFI of 18 mo after initial resection was a significant cutoff
timepoint for differentiating between IM and MO by using ROC
curve analysis,®® which coincided with the current study, and that a
DFI of less than or equal to 18 mo and microvascular invasion at re-
peat Hx were independent adverse prognostic factors for OS after
repeat Hx.2% In the current study, a cutoff time of DFI calculated by
ROC curve analysis between DFI and OS or between DFI and DFS
srespectively, 1.5 y, might also differentiate IM from MO because
pathological portal vein invasion of initial HCC (P = .020) was sig-
nificantly associated with short DFI (<1.5 y) in univariate analysis.
Theoretically, the type of recurrent HCC from IM (early recurrence)
or MO (late recurrence) should be considered in the therapeutic se-
lection for recurrent HCC.

The current study has several limitations. First, this was a ret-
rospective study and the type of treatment was not decided in the
randomized settings before recurrence. Selection bias for the choice
of treatment for RHCC arose because the treatment policy for
RHCC followed the clinical practice guideline for HCC by LCSGJ.2
Second, the number of patients who underwent repeat Hx or LAT

was small, and the survival rate after treatment for recurrence might
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TABLE 6 The relationship between clinicopathological variables and disease-free interval

Cases with three or fewer tumors and each measuring

All cases (n = 90) <3 cm in diameter without MVI (n = 56)
Median (range) or Ratio Median (range) or Ratio
n=90 n=>57 n=233 P-value n=>56 n=43 n=13 P-value
Variables 1.5y< <15y 1.5y< <15y
Age upon recurrence (y) 67 (29-84) 67 (42-84) 66 (29-82) 0.471 66 (38-84) 66 (42- 84) 66 (38-82) 0.961
Gender (Male:Female) 81:9 53:4 28:5 0.215 49:7 39:4 10:3 0.188
Virus infection 21:42:27 14:27:16 7:15:11 0.856 17:23:16 14:18:11 3:5:5 0.637
(B:C:BC:NBNC)
Factor at the initial Hx.
Child-Pugh 82:8 52:5 30:3 0.959 50:6 38:5 12:1 0.688
classification grade
(A:B)
ICG-R15 (%) 15 (3-53) 14 (4-53) 16 (3-34) 0.962 12 (3-53) 13 (4-53) 8 nn 0.075
Liver damage (A:B:C) 63:27 42:15 21:12 0.316 42:14 32:11 10:3 0.855
Type of Hx 38:52 21:36 17:16 0.174 23:33 17:26 6:7 0.671
(anatomical:partial)
Perioperative RBC 19:71 11:46 8:25 0.58 10:46 6:37 4:9 0.165
transfusion (yes:no)
Maximum diameter of 3.0(0.9-18.5) 3.0(0.9-13.0) 3.0(1.5-18.5) 0.363 2.6 (0.9-10.5) 2.7 (0.9-10.5) 2.5(1.8-9.6) 0.741
tumors (cm)
Number of tumors 21:69 9:48 12:21 0.026 45:11 35:8 10:3 0.722
(solitary:multiple)
Pathological portal 18:72 7:50 11:22 0.016 8:48 5:38 3:10 0.301
or venous invasion
(yes:no)
Pathological portal 14:76 5:52 9:24 0.02 5:51 3:40 2:11 0.352
invasion (yes:no)
MVI (yes:no) 3:87 1:56 2:31 0.273 0:56 0:43 0:13 NA
Pathological liver 47:43 29:28 18:15 0.737 33:23 25:18 8:5 0.827
cirrhosis (yes:no)
TNM stage classified by 18:38:29:5 15:27:15:0 3:11:14:5 0.002 14:25:15:2 12:19:12:0 2:6:3:2 0.062

LCSGJ (L:IEM1:1VA)

Factor upon the recurrence

Disease-free interval (y) 1.897(0.151- 2.951(1.570- 0.679 <0.0001 2.40 2.81 0.84 <0.0001
11.332) 11.332) (0.151-1.490) (0.35-9.38) (1.57-9.38) (0.35-1.48)

Child-Pugh 74:15:1 50:7:0 24:8:1 0.129 46:10:0 38:5:0 8:5:0 0.027
classification grade
(A:B:C)

Maximum diameter of 2.0(0.5-11.5) 2.0(0.5-5.2) 1.9(1.0-11.5) 0.668 1.8(0.5-3.0) 1.8(0.5-3.0) 1.8(1.0-3.0) 0.704
recurrent tumors (cm)

Number of 43:47 32:25 11:22 0.037 35:10:11 28:7:8 7:3:3 0.755

recurrent tumors
(solitary:multiple)

MVI (yes:no) 5:85 0:57 5:28 0.002 0:56 0:43 0:13 NA
Type of treatment 29:13:48 25:7:25 4:6:23 0.008 23:11:22 22:7:14 1:4:8 0.02
(repeat Hx:local
ablation thearpy:TACE/
TAI)

Abbreviations: Hx, hepatectomy; ICG-R15, the retention rate of indocyanine green at 15 min; LCSGJ, Liver Cancer Study Group of Japan; MVI,
macroscopic vascular invasion; NA, not available; RBC, red blood cells; TACE/TAI, transarterial chemoembolization or transcatheter arterial infusion.
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be underestimated. To confirm the influence of type of treatment

on survival after recurrence, large-scale multicenter studies are

required.

In conclusion, repeat Hx for patients with intrahepatic RHCC,

few in number and size, after initial Hx may improve recurrence-free

survival, especially in patients with a longer recurrence-free interval,

more than 1.5 y.
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