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Abstract

Background This study aimed to assess the prognostic impact of preoperative transcatheter arterial chemoem-
bolization (TACE) on long-term survival outcomes in patients undergoing resection of small solitary hepatocellular
carcinoma (HCC).

Methods Enrolled patients had undergone macroscopic curative resection of solitary 2-5 cm HCC with (n = 105)
or without (n = 830; control group) preoperative TACE.

Results TACE group was divided into subgroups A (n = 68, 1-2 TACEs within 12 months), B (n = 23, >3
TACEs within 12 months), and C (n = 14, TACE prior to 12 months). The number of TACE sessions was 1.8 £ 1.6.
In TACE A-C subgroups, pathological response of tumor necrosis >50 % at median post-TACE period after final
TACE was observed in 41 (60.3 %) at 1.9 months, 10 (43.5 %) at 2.1 months, and 2 (14.3 %) at 18.9 months,
respectively. The 5-year tumor recurrence and patient survival rates were 62.8 and 70.4 % in TACE group and 51.4
and 83.4 % in control group, respectively (p < 0.003). Median periods of postoperative tumor recurrence in TACE
A-C subgroups and control group were 35, 13, 14, and 55 months, respectively (p < 0.001); and postoperative
survival periods at 75 % survival rate were 51, 38, 51, and 98 months, respectively (p = 0.003). TACE-induced
extensive tumor necrosis did not improve postoperative prognosis in TACE A subgroup (p > 0.053). Postoperative
prognosis after preoperative sequential TACE and portal vein embolization was comparable to that of the control
group (p > 0.052).

Conclusions Preoperative TACE for small solitary HCCs may adversely affect post-resection prognosis, irre-
spective of pathological responses. Preoperative TACE should be avoided for patients with resectable small HCCs.
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long-term outcomes in patients with unresectable HCCs,
thus it is considered to be an acceptably effective treatment
for inoperable patients with large or multifocal HCCs [3-5].
By contrast, TACE has also been performed as preoperative
adjuvant chemotherapy in patients with resectable HCC
with an expectation of improvement in post-resection sur-
vival. However, whether preoperative TACE actually
improves long-term outcomes in patients with initially
resectable HCC has become the subject of debate [6—10].

The purpose of preoperative TACE as a neoadjuvant
therapy is to reduce tumor volume, to induce tumor
necrosis, and to prevent cancer cell dissemination during
the surgical procedure [6, 7, 11]. To date, four randomized
controlled trials (RCTs) have assessed the prognostic
effects of preoperative TACE [6, 7, 12, 13]. However, it
has been difficult to compare the results of these RCTs and
objectively assess the prognostic effects of neoadjuvant
TACE because of differences in baseline clinical charac-
teristics, such as tumor size, the cause of liver disease, and
the chemotherapeutic agents used for TACE. Hence, the
postoperative survival benefit from preoperative TACE for
HCC remains unclear.

TACE has been frequently performed with an intention
of definitive treatment instead of neoadjuvant intention.
Surgical HR is also considered after tumor recurrence or
suboptimal TACE responses. Such clinical situations are
different from the neoadjuvant setting adopted in the
abovementioned RCTs.

This study primarily aimed to assess the prognostic
impact of preoperative TACE on long-term survival out-
comes in patients undergoing resection of small solitary
HCCs.

Patients and methods
Patients

The HCC database at our institution was searched to
identify patients who underwent primary HR for HCC over
a 10-year period from January 2002 to December 2011;
3702 patients were initially identified. Detailed profiles of
patients with solitary HCCs were previously presented
[14]. To avoid potential bias from other important prog-
nostic factors, patients were primarily screened according
to the following inclusion criteria: solitary HCC between
2.0 and 5.0 cm in diameter, anatomical resection, macro-
scopic curative resection with tumor-free surgical margins,
typical HCC pathology with exclusion of combined HCC-
cholangiocarcinoma tumor, no macroscopic vascular
invasion, no extrahepatic metastasis, no preoperative HCC
treatment other than TACE, and patient survival
>3 months after HR. Through this screening process, 935

patients (25.3 %) were identified. Next, patients were
divided into two groups according to preoperative TACE
as the TACE [n = 105 (11.2 %)] and control [n = 830
(88.8 %)] groups. Further artificial selection of control
group patients based on propensity score matching was not
performed because the screening process was carried out
by strict selection criteria, in which a typical propensity
score matching was already achieved. Comparison of the
parameters usable for propensity score matching are sum-
marized at Table 1.

The TACE group was further divided into three sub-
groups according to the timing and number of TACE ses-
sions: the first group (TACE A subgroup) was a TACE
subgroup (n = 68) in whom one or two sessions of TACE
were performed within 12 months (mostly <3 months)
before HR; the second group (TACE B subgroup) was a
TACE subgroup in whom the last TACE was performed
within 12 months before HR and the total number of TACE
sessions was three or more (n = 23); and the third group
(TACE C subgroup) was a TACE subgroup in whom the last
TACE was performed prior to >12 months before HR,
irrespective of the number of TACE sessions (n = 14).

The medical records of these patients were reviewed
retrospectively after receiving approval by the Institutional
Review Board of our institution. Patients were followed
until July 2014 through a medical records review, so the
patient follow-up period was greater than 30 months or
until patient death. All patients were completely followed
up to identify survival status with the assistance of the
National Health Insurance Service.

Preoperative evaluation and surgical procedures

Korean individuals with chronic liver disease have been
regularly followed up for detection of HCC according to
the guidelines of the Korean Association for the Study of
the Liver [15, 16]. Routine preoperative evaluation for
HCC included abdomen and chest computed tomography
(CT), magnetic resonance imaging (MRI), 2-'8F_-fluoro-2-
deoxy-D-glucose positron emission tomography (FDG-
PET), and upper gastrointestinal endoscopy. TACE was
routinely performed 2—-8 weeks before preoperative portal
vein embolization (PVE) for major hepatectomy [17]. The
details of this preoperative evaluation process have been
previously described [14].

The extent of HR was primarily determined based on the
future remnant liver volume with consideration for tumor-
free resection margins and hepatic functional reserves [18].
Anatomical hepatectomy included resection of one or more
adjacent hepatic segments along the hepatic vasculature.
Perioperative mortality was defined as death from any
cause within 90 days of surgery, so such patients were
excluded in the screening process of this study.
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Table 1 Baseline patient characteristics of the TACE and control groups

TACE group TACE subgroups Control group p-
(n = 105) (n = 830) Value*
TACE A TACE B TACE C
(n = 68) (n=23) (n=14)
Age (yrs) 53.8 £9.8 54.6 £9.2 51.3£99 543 £ 123 539 £9.6 0.957
Gender (male/female) (n) 84/31 52/16 20/3 1272 644/186 0.575
Background liver disease (HBV/HCV/ 87/3/15 56/1/11 20/2/1 11/0/3 705/52/73 0.475
others) (n)
Preoperative blood laboratory profiles (mean + SD)
Albumin (g/dL) 36 +£03 36+03 37+03 37+£03 37+04 0.189
AST (IU/L) 344 +£ 154 332 £ 10.1 38.1 +£28.2 34.0 £ 20.4 37.3 £23.7 0.097
ALT (IU/L) 347 £ 19.2 349 £ 135 36.1 £ 389 313 £ 14.1 38.4 £ 303 0.052
Total bilirubin (mg/dL) 0.86 £ 0.30 0.82 £ 0.31 0.85 £ 0.24 1.09 £ 0.37 0.92 £ 0.39 0.124
Platelet count (10%/uL) 149.7 £ 51.9 151.2 £ 584 1404 £ 437 157.9 £ 345 157.8 £ 59.3 0.185
Prothrombin time (INR) 1.06 £ 0.11 1.05 £ 0.06 1.04 £+ 0.08 1.12 £ 0.39 1.12 £ 0.09 0.639
Serum AFP (ng/mL)
Mean + SD 4252 £1004.1  383.1 £ 8544 693.3 £ 17983 189.2 £ 4259 1068.9 + 4391.1  0.135
Median (range) 12.1 (0.5-7900) 11.2 27.6 (1.3-7900) 6.9 (1.7-1230) 17.5 (0.4-53,800) -
(0.5-3320)
Serum PIVKA-II (mAU/mL)
Mean + SD 474.1 £ 10794 1195 £ 2544 151.8 &£ 342.1  2725.7 +£ 6298.1 532.5 £+ 2037.5 0.883
Median (range) 35 (1-20,000) 27 (1-1163) 38 (16-1276) 313 (17-20,000) 54 (3.7-20,000) -
ICG-R;s5 (%) 132 £ 6.1 133 £ 6.2 132 £ 5.7 129 +£ 6.0 137 £ 54 0.613
MELD score 75+12 73 +£09 75+12 82+ 26 77 £27 0.347
Child-Turcotte-Pugh score 53+£05 54 +£05 51+03 51+£05 53+£05 0.899
FDG-PET (hypermetabolic/not 35/27 25/18 7/5 3/4 291/236 0.853
hypermetabolic)é (n)
Preoperative PVE (n) 18 18 0 0 2 -
TACE
Total session number (7) 1.9 £ 0.7 1.2 £0.45 45+ 13 14 +£08 - -
Interval between last TACE and 534 £33 24+19 32425 23.1 £ 114 - -
surgery (mos)
Extent of liver resection (1)
Right hepatectomy or more 37 27 6 4 73 -
Left hepatectomy or more 15 10 3 2 74 -
Right anterior sectionectomy 13 7 4 2 228 -
Right posterior sectionectomy 15 5 5 5 246 -
Left lateral sectionectomy 8 7 1 - 125 -
Left medial sectionectomy 9 6 2 1 49 -
Central bisectionectomy 5 5 - - 21 -
Isolate caudate lobectomy 1 1 - - 14 -
Operation time (min) 259.9 £ 87.5 258.1 =849 2694 £ 874 253.1 £ 99.9 246.6 £+ 87.9 0.226
Tumor diameter (cm) 38+ 1.0 39+ 1.0 37+£09 37+£09 3.6 £09 0.093
Microvascular invasion (present/ 18/87 13/55 3/20 2/12 113/717 0.307
absent) (n)
Tumor differentiation (n)**
Well differentiated 45 29 9 7 444 -
Moderately differentiated 26 18 5 3 228 -
Poorly differentiated 23 14 5 4 150 -
Not available*** 11 7 4 0 8 -
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Table 1 continued

TACE group TACE subgroups Control group p-
(n = 105) TACE A TACE B TACE C (n = 830) Value*
(n = 68) (n = 23) (n=14)
Tumor necrosis (>50/<50 %) (n) 53/52 41727 10/13 2/12 - -

TACE transcatheter arterial chemoembolization, HCC hepatocellular carcinoma, HBV hepatitis B virus, HCV hepatitis C virus, AST aspartate
aminotransferase, ALT alanine aminotransferase, AFP a-fetoprotein, PIVKA-II proteins induced by vitamin K antagonist or absence-Il, ICG-R;5
indocyanine green retention test at 15 min, PVE portal vein embolization, MELD model for end-stage liver disease

*comparison between the TACE and control groups
**most common differentiation is presented

***probably due to extensive tumor necrosis

Preoperative TACE and response assessment

Irrespective of performing TACE at our institution or
before referral to our institution, TACE was generally
performed in accordance with the Korean guidelines [19].
The TACE response of solitary HCC was initially assessed
using the modified Response Evaluation Criteria in Solid
Tumors (mRECIST) [20], which includes the following
four response categories for target lesions: complete
response (100 % reduction), partial response (>30 %
reduction), progressive disease (>20 % increase), and
stable disease.

The TACE group showed variable degrees of tumor
necrosis on both preoperative imaging studies and surgical
specimen pathology analyses. Moreover, widely variable
interval periods existed between the last TACE and HR in
this study, so we simply divided the degrees of tumor
necrosis based on pathological examination as >50 and
<50 %, respectively [11]. We also defined the complete
pathological response (complete necrosis) as an area of
necrosis >95 % of the total tumor volume [21].

Postoperative surveillance and treatments for HCC
recurrence

In principle, patients were followed every 1 to 3 months
during the first year after HR, and thereafter every
3 months. Most hepatitis B virus (HBV)-associated
patients became HBV DNA-negative during the outpatient
clinic follow-up through vigorous antiviral treatment. The
general principles of treatment for recurrent HCC lesions
were applied to the patients enrolled in this study. Detailed
postoperative patient follow-up profiles were previously
presented [14].

Statistical analysis

The primary endpoints of this study were the overall
patient survival and tumor recurrence after macroscopic

curative resection. Numeric data are reported as means
with standard deviation or as medians with range. Con-
tinuous variables were compared using Student’s ¢ test
and incidence variables were compared using the Chi-
square test. Survival curves were estimated using the
Kaplan—-Meier method and compared using the log-rank
test. Comparisons were made among the three TACE
subgroups and one control group, but our primary concern
was paid to the comparison between the TACE A sub-
group and control group. A p-value <0.05 was considered
to indicate a statistically significant difference. Statistical
analyses were performed using SPSS (version 20; IBM,
New York, NY) and Statistica (version 6.0; StatSoft,
Tulsa, OK) software.

Results
Patient demographics

In the 935 patients enrolled in this study, most HCC lesions
were detected in an asymptomatic state through regular
health screening or routine follow-up for chronic liver
diseases [n = 796 (85.1 %)]. HBV infection was detected
in 737 patients (78.8 %) and antiviral agents were admin-
istered to 627 patients (85.1 %), starting before or after
HR. Baseline characteristics of the three TACE subgroups
and control group were generally comparable (Table 1).
Moreover, the patient profiles of these 4 groups were
similar. The mean tumor diameter was 3.8 £ 1.0 cm in the
TACE group and 3.6 & 0.9 cm in the control group
(p = 0.093).

Responses to preoperative TACE
Among the 105 patients who underwent preoperative
TACE, 72 (68.6 %) had undergone the last TACE session

at our institution with definite therapeutic or curative
intention (n = 54) or as a routine preparation for
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preoperative PVE (n = 18), whereas the other 33 patients
were referred to our institution after TACE for further
treatment, including surgery. The mean number of TACE
sessions was 1.8 £ 1.6 (range: 1-7), among which 64
patients received a single session, 15 patients received two
sessions, and 26 patients received three or more sessions.
The mean interval period between the last TACE session
and HR was 23.5 £ 36.8 weeks (range: 2-252), including
<3 months in 64 patients, 3—12 months in 27 patients, and
>12 months in 14 patients.

As mentioned above, patients were divided into the
following three subgroups based on the timing and
number of TACE sessions: TACE A subgroup (n = 68),
TACE B subgroup (n = 23), and TACE C subgroup
(n = 14). Among the 50 patients in TACE A subgroup
after exclusion of patients who would undergo PVE, the
last TACE session was performed primarily with a ther-
apeutic intent in 29 patients and with a neoadjuvant intent
in 21 patients. Among the TACE A subgroup, for the
final TACE session, the TACE responses at 1 month
based on the mRECIST criteria were a complete response
in 16 patients (23.5 %), partial response in 32 patients
(47.1 %), and stable or progressive disease in 20 patients
(29.4 %). In the TACE A, B, and C subgroups, the
number of patients showing tumor necrosis >50 % at a
median post-TACE period after the last TACE session
was 41 patients (60.3 %) at 1.9 months, 10 patients
(43.5 %) at 2.1 months, and 2 patients (14.3 %) at
18.9 months, respectively.

Tumor recurrence and overall survival outcomes

During a mean follow-up period of 60.1 £ 28.1 months
(median, 56; range, 4—151) in a total of 935 patients, tumor
recurrence occurred in 481 patients (51.4 %) and death
from all causes occurred in 186 patients (19.9 %). The 1-,
3-, 5-, and 10-year tumor recurrence rates were 20.9, 45.8,
52.9, and 63.5 %, respectively (Fig. 1a). The 1-, 3-, 5-, and
10-year overall patient survival rates were 97.8, 89.2, 81.9,
and 69.0 %, respectively (Fig. 1b).

In the control group of 830 patients, the 1-, 3-, 5-, and
10-year tumor recurrence rates were 18.3, 41.2, 51.4, and
63.4 %, respectively; in the TACE group of 105 patients,
the postoperative 1-, 3-, 5-, and 10-year tumor recurrence
rates were 29.9, 57.2, 62.8, and 68.8 %, respectively
(Fig. 1c; p = 0.005).

In the control group, the 1-, 3-, 5-, and 10-year overall
patient survival rates were 97.7, 90.3, 83.4, and 69.6 %,
respectively; in the TACE group, the postoperative 1-, 3-,
5-, and 10-year overall patient survival rates were 97.1,
80.0, 70.4, and 60.1 %, respectively (Fig. 1d; p = 0.003).
The survival interval between TACE and HR was not taken
into account in this survival analysis.

@ Springer

Outcomes among TACE subgroups

Postoperative outcomes were compared among the three
TACE subgroups and the control group. The median
postoperative tumor recurrence rates in the TACE A, B,
and C subgroups and control group were 35, 13, 14, and
55 months, respectively (Fig. 2a; p < 0.001). The postop-
erative survival periods at a 75 % survival rate in the
TACE A, B, and C subgroups and control group were 51,
38, 51, and 98 months, respectively (Fig. 2b; p = 0.003).

Outcomes in patients with PVE

The TACE A subgroup was divided into PVE (n = 18) and
non-PVE (n = 50) subgroups. A comparison of these two
groups alone did not show significant differences in post-
operative tumor recurrence (p = 0.088) or postoperative
patient survival (p = 0.477) rates probably due to small
case numbers. However, comparisons with inclusion of the
control group showed significant differences in postoper-
ative tumor recurrence (Fig. 3a; p = 0.038) and postoper-
ative patient survival (Fig. 3b; p = 0.018) rates, in which
comparisons between the PVE and control groups showed
no significant difference in tumor recurrence (p = 0.052)
or patient survival (p = 0.839) rates.

Outcomes according to pathological response
in the TACE A subgroup

The TACE A subgroup could be divided into >50 %
(n = 41) and <50 % (n = 27) necrosis. A comparison of
these two groups alone did not show significant differences
in postoperative tumor recurrence (p = 0.854) or postop-
erative patient survival (p = 0.711) rates. Comparisons of
these groups with the control group showed no significant
differences in postoperative tumor recurrence (Fig. 4a,
p = 0.305) or patient survival (Fig. 4b, p = 0.053) rates.
Additionally, we divided the TACE A subgroup into
complete (=95 %) necrosis (n = 16) and incomplete
(<95 %) necrosis (n = 52). A comparison of these two
groups alone did not show significant differences in post-
operative tumor recurrence (p = 0.854) or patient survival
(p = 0.996) rates. Comparisons with the control group also
showed no significant differences in postoperative tumor
recurrence (Fig. 4c; p = 0.239) or patient survival
(Fig. 4d; p = 0.051) rates.

Intention-to-treat survival outcomes among TACE
subgroups

The overall survival periods after the first and last TACE
sessions were also analyzed. The overall survival period
after the first TACE session (sum of the interval period
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between first TACE and HR and the postoperative survival
period) in the TACE A, B, and C subgroups were 53, 65,
and 95 months at a 75 % survival rate, respectively
(p = 0.441). Comparisons with the control group did not
show significant differences in intention-to-treat overall
patient survival rates (Fig. 5a; p = 0.176). The overall
survival period after the last TACE session (sum of the
interval period between last TACE and HR and the post-
operative survival period) in the TACE A, B, and C sub-
groups were 53, 40, and 95 months at a 75 % survival rate,
respectively (p = 0.248). However, comparisons with the
control group showed significant differences in the overall
patient survival rates (Fig. 5b; p = 0.006).

Discussion
So far to date, four RCTs have assessed the prognostic

effects of preoperative TACE [6, 7, 12, 13], and all con-
cluded that pretreatment with TACE did not improve post-

resection survival. However, some other studies have pre-
sented conflicting results, so the postoperative survival
benefit of preoperative TACE for HCC remains the subject
of debate. We previously presented that a single session of
preoperative TACE for initially resectable HCC worsened
the overall survival rate and increased the risk of tumor
recurrence in patients who achieved incomplete tumor
necrosis [21]. However, the patient profiles were rather
heterogeneous in our precedent study, so we considered
that a further validation study was needed to provide more
robust evidence about the postoperative survival risk-ben-
efit of preoperative TACE. To reduce such heterogeneity in
patient profiles, we confined our patients in the present
study to those who had undergone HR for only small
solitary HCCs.

In the design step of the present study, strict patient
selection was important to reduce the heterogeneity of
patient profiles. The size of HCC tumors has been tradi-
tionally considered to be one of the important prognostic
factors, although this concept has been modified after

@ Springer



1206

World J Surg (2016) 40:1200-1210

>

Proportions of recurrence

P<0.001

0 2 4 6 8 10 12
Postoperative years

Fig. 2 Comparison of the tumor recurrence (a) and patient survival (b) curves among the TACE A, B, and C subgroups and control group

B 1.0
o
é)% 4+ 00 ot
08 oW s,
© 7 MW
E o+ oo+o++++A& e T L B
Z 08 ° TACE A
"6 o + + + + O+
g 0.4 TACEB *¢ T+ +
5 TACE C
Q.
2 o2
P=0.003
oo— ‘ Pem—
0 2 4 6 8 10 12

Postoperative years

A 1.0
TACE A
8 osf non-PVE
C
o r—
= O+ + o+ + ‘+
3 ijpas
) onprri—— Control
“—
o
& + + +
g 1
= TACE A
8 PVE
o
o
P=0.038
0 2 4 6 8 ‘ 10 1‘2

Postoperative years

Fig. 3 Comparison of the tumor recurrence (a) and overall patient
portal vein embolization

survival (b) curves in the TACE A subgroup according to preoperative

B 1o
— 08
,‘2" Torw Control
E 1 ’ k7 T, S %ﬁ%
D o6t TACE A ot * l
g non-PVE T it
s TACE A
£ 04} PVE
S
o
<
& 02
P=0.018
o.ob—m—u — —
0 2 4 6 8 10 12

Postoperative years

several studies showed that survival outcomes were inde-
pendent of tumor size in patients who underwent HR of
solitary HCCs [14, 22-26]. The original Barcelona Clinic
Liver Cancer (BCLC) system had size cutoffs set at 2 and
5 cm [4], but the cutoff at 5 cm was omitted when the
guidelines were updated in 2014 [5]. The Hong Kong Liver
Cancer staging system has a cutoff at 5 cm [25]. In our
recent study on HR of solitary HCCs in 2558 patients, the
independent risk factors for both tumor recurrence and
overall survival were non-anatomical resection, microvas-
cular invasion, and tumor size >5 cm [14]. Thus, we
confined the study patients with a solitary tumor between 2
and 5 cm in size.

The various purposes of TACE for initially
resectable HCCs can be divided into three categories. The
first category is a neoadjuvant chemotherapy for
resectable HCCs with an expectation of improvement in
post-resection survival [6, 7, 11]. We have rarely

@ Springer

performed preoperative TACE in selected patients with this
intention because we already considered that it may not
improve and could even worsen the postoperative prog-
nosis [21]. The second category is a preparation for PVE
for major hepatectomy to reduce the risk of rapid tumor
growth [17]. The third category is an independent treatment
with a therapeutic or even curative intent, in which addi-
tional treatments, including surgery, would be provided if
the TACE response was suboptimal. Because the present
study was performed retrospectively, we could not clearly
classify our patients according to these purpose categories.
Instead, we roughly divided the study patients into three
subgroups according to the timing and number of TACE
sessions.

The results of this study revealed that both tumor
recurrence and patient survival rates worsened, or were at
best similar, in all three TACE subgroups, which were
comparable to the findings of our precedent study [21].
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Except for complete tumor necrosis and very late tumor
recurrence after TACE, the patients in the TACE group
showed poorer postoperative outcomes compared with the
control group. We presume that two underlying causes
might account for such negative prognostic effects of
preoperative TACE. First, partial tumor necrosis induced
by preoperative TACE can increase the risk of tumor
recurrence after HR, which may be a consequence of tumor
cell dislodgement into the bloodstream [27, 28]. The extent
of tumor vascularization is significantly associated with the
degree of TACE efficacy, and a high degree of vascular-
ization is therefore considered to be predictive of a good
response to TACE [11, 29]. Thus, preoperative TACE may
be permissible in HCC patients with a high degree of tumor
vascularity [30]. By contrast, if incomplete tumor necrosis
occurs, the remaining viable tumor cells are less firmly
attached, and are thus more likely to be dislodged into the
bloodstream before surgery where they can promote the
hematogenous spread of residual tumor cells during HR
[21, 28]. The second potential cause may be associated
with biased patient selection in this retrospective study
because there is a high probability of requiring surgery as a
rescue therapy in patients who show suboptimal responses
to TACE of a therapeutic intent.

It is generally accepted that no size limit precludes HR,
especially for solitary HCCs that are resectable [14, 31]. In
practice, such surgery-oriented treatment policies are not
well matched with the guidelines of the BCLC and Hong
Kong Liver Cancer staging systems because of different
socio-medical environments regarding HCC treatment [4,
25]. In contrast, almost all of the patients in this study were
initially indicated as HR according to the general HCC
treatment guidelines, but ~ 10 % of our patients underwent
TACE instead of HR because of various underlying causes,
such as patient reluctance to undergo surgery, a major co-
morbidity, and liver cirrhosis. If we have examined the
entire patient population undergoing TACE at our institu-
tion, a much higher proportion of patients would have
received TACE or radiofrequency ablation therapy as the
first treatment for resectable HCCs with a therapeutic intent
[32]. Most of these patients have received repeated non-
surgical locoregional treatments for recurrent intrahepatic
HCC lesions, and only a small proportion of these patients
finally received HR, likely because of a refractory response
to non-surgical treatments. Along with the intention-to-
treat concept, we found that the intention-to-treat survival
outcomes after the first TACE session during the first
5 years were quite similar in those patients in the TACE B
and C subgroups and the control group, with inferior out-
comes occurring only in the TACE A subgroup. These
findings indicate that HR is readily indicated for the
residual or recurrent HCCs if they are resectable after
repeated sessions of TACE.

@ Springer

Uniquely, TACE is highly recommended before preop-
erative PVE for major hepatectomy. The beneficial effects
of preoperative TACE before PVE compared with PVE
alone have been established [17, 33], but the risk of TACE-
associated tumor spread has not yet been thoroughly
investigated. Our findings with 18 patients who underwent
preoperative sequential TACE and PVE revealed that their
post-resection prognosis was comparable to that of the
control group. It is well known that HCC tumor cell spread
usually occurs via the portal venous system. Initially, we
had presumed that PVE induces near complete blockage of
the ipsilateral hemiliver portal venous system, thus effec-
tively preventing transportal HCC tumor cell spread, but
this concept could not clearly explain the prognostic dif-
ferences between PVE alone and TACE followed by PVE.
The primary intention of precedent TACE is to prevent
tumor growth resulting from PVE-associated buffering
increase in hepatic arterial flow, but it also increases the
risk of tumor cell spread. In our 18 patients treated with
sequential TACE and PVE, tumor necrosis >50 % was
observed in 14 cases (77.8 %), compared with 27 of the
other 50 patients (54 %) in the TACE A subgroup; how-
ever, complete tumor necrosis was observed in 3 of 18
patients (16.7 %) and 13 of 50 patients (26 %), respec-
tively. The proportion of complete tumor necrosis after
sequential TACE and PVE was lower in the present study
than in a previous study with French patients [33], in which
complete tumor necrosis was achieved in more than 80 %
of cases, but only in 5 % of patients after PVE alone.
Considering these findings, we speculate that the cytore-
ductive effect from precedent TACE might offset the risk
of PVE-induced tumor growth, so it may be reasonable to
perform TACE before preoperative PVE. On the other
hand, we recently reported that such prognostic offset
following sequential TACE and PVE was weakened in
patients with solitary HCCs >5 cm, by which larger tumors
may not be adequately indicated for PVE regardless of
precedent TACE [34].

Our current study had several limitations. First, our
analyses were retrospectively performed, thus the purpose
of preoperative TACE could not be clearly categorized.
Second, the sample size of the TACE subgroups was not
large enough, so it was not balanced well with that of the
control group. A uniquely strong point of this study was
that the survival status of all patients was completely fol-
lowed up.

In conclusion, preoperative TACE may adversely affect
the post-resection survival of patients with solitary small
HCGC:s. If the pathological response to TACE is incomplete,
it can increase the risk of tumor recurrence. Even in
patients with complete pathological responses, the rates of
overall survival and recurrence are similar to those of
patients without preoperative TACE. Therefore, we suggest
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that preoperative TACE should be avoided for patients
with resectable small HCC unless preoperative PVE for
major hepatectomy is planned.
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