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Abstract. Background/Aim: To investigate the utility of
adjuvant hepatic arterial infusion chemotherapy (HAIC)
following hepatectomy for patients with hepatocellular
carcinoma (HCC) with intrahepatic dissemination (IHD)
after local ablation therapy. Patients and Methods: Twelve
patients with HCC with IHD were divided into two groups:
HAIC group (n=6) underwent hepatectomy followed by
HAIC; and the non-HAIC group (n=6) underwent
hepatectomy alone. HAIC with cisplatin and 5-fluorouracil
was started within a month and was continued for a month:
Results: At the first local ablation, tumors close to the major
portal vein and insufficient ablation were recognized in eight
(67.7%) and six (58.3%) of the patients, respectively. In the
HAIC group, the 1-, 3-, and 5-year disease-free and overall
survival rates were 50.0%, 16.7%, and 16.7%, and 83.3%,
83.3% and 62.5%, respectively. Three patients in the HAIC
group remain alive after 10 years of follow-up. Conclusion:
Hepatic resection with short-term postoperative HAIC may
provide excellent outcomes in patients with HCC and IHD.

Local ablation therapy (LAT) has developed worldwide as
one of the standard treatments for hepatocellular carcinoma
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(HCC) (1-6), AT includes percutaneous ethanol injection
therapy, radiofrequency ablation (RFA), microwave
coagulation therapy (MCT), and cryoablation. LAT is a
curative and less invasive treatment limited to small-sized
HCC; however, several critical patterns of recurrence after
LAT have been reported, including local recurrence with
invasion, intrahepatic dissemination (IHD),
extrahepatic metastasis, and neoplastic seeding (7-17). These
critical recurrences certainly lead to a poor prognosis even
after curative treatment (18, 19). Among them, IHD is one
of the most serious problems (9-14).

Macroscopic venous invasion is one of the strongest risk
factors for early recurrence and is associated with poor
prognosis after hepatic resection in patients with HCC (20,
21). For these patients, various non-surgical, surgical, and
combined treatments have been reported; however, there are
insufficient data regarding long-term outcomes (22). In
contrast, the Liver Cancer Study Group of Japan clearly
demonstrated that hepatic resection can provide a longer
survival outcome than non-surgical treatment if portal vein
tumor thrombus (PVTT) is limited to the first-order portal
branches (23). Recently, we demonstrated a novel adjuvant
regimen for hepatic arterial infusion chemotherapy (HAIC)
that may reduce the risk of recurrence after hepatectomy for
patients with HCC with macroscopic PVTT (24). Patients
with high-grade vascular invasion are good candidates for

vascular

adjuvant HAIC. Some reports have demonstrated the similar
usefulness of adjuvant therapy, but none of these were
randomized controlled trials; therefore, their results were not
conclusive (25-27).

IHD is a highly malignant status of aggressive recurrence;
therefore, we have been applying HAIC for patients with
IHD. This study aimed to determine the utility of additional
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HAIC after hepatectomy in patients with IHD in terms of
recurrence and long-term prognosis.

Patients and Methods

Between April 1997 and March 2012, 77 patients underwent hepatic
resection for HCC with macroscopic vascular invasion and no distant
metastasis at Kumamoto University Hospital. Twelve of these patients
who had IHD were enrolled in this study. IHD was defined as a
pattern of recurrence after LAT with numerous intrahepatic
metastases, mainly in the treated section, together with segmental or
sectional PVTT (13). The invasion sites of PVTT were defined as
follows: Vp2, second-order branch of the portal vein; Vp3, first-order
branch of the portal vein; and Vp4, main trunk or opposite first-order
branch (28). PVTT was diagnosed by preoperative dynamic computed
tomography (CT) or magnetic resonance imaging (MRI) and CT
angiography. Histopathological examinations of the resected
specimens showed HCC in all cases. The inclusion criteria for HAIC
were as follows: no recurrence apparent on 1-month postoperative CT
angiography, sufficient liver functional reserve, good performance
status, and adequate postoperative recovery. This study was conducted
according to the Declaration of Helsinki and the ethical guidelines for
clinical studies from the Ministry of Health, Labour and Welfare in
Japan. The Institutional Review Board of the Kumamoto University
approved this study (approval number 1274). Written informed
consent was obtained from all participating patients.

Surgical technique. Operative details of the hepatic resection were
described in a previous report (29). Briefly, parenchymal transection
was performed using an ultrasonic surgical aspirator (CUSA; Valley
Lab, Boulder, CO, USA) and bipolar forceps with intermittent
clamping of the hepatoduodenal ligament. From 2005, we started to
use the precoagulation technique using the VIO soft coagulation
system (ERBE, Elektromedizin GmbH, Tiibingen, Germany) (30).
For patients with Vp4, PVTT was isolated using the ‘peeling off’
technique (31).

HAIC treatment. Details of HAIC were described in a previous
report (24). Briefly, we used two different protocols for HAIC. From
1997 to 2007, the patients were treated with HAIC using a
subcutaneously implanted reservoir via the femoral artery (old
protocol). One course consisted of cisplatin (10 mg daily on days
1-5) followed by an infusion of 5-fluorouracil (5-FU; 250 mg daily
on days 1-5) with two days’ rest. HAIC was started within one
month and repeated for three courses. Since 2007, HCC patients
have been treated with one-shot HAIC (new protocol). Cisplatin (60
mg/m2) followed by 5-FU (600 mg/m2) was injected into the
adequate hepatic artery, which was followed by mytomycin C (3
mg/m?2) dissolved in degradable starch microspheres (DSM; Spherex;
Yakult Co., Tokyo, Japan). The new protocol was started within one
month after hepatectomy and repeated twice with a 1-month interval.

Follow-up. The follow-up program included monitoring of three
tumor markers, serum o-fetoprotein (AFP), and protein induced by
vitamin K absence or antagonist-II (PIVKA-II) assay every 1 to 2
months. Diagnostic imaging was performed every 3 to 4 months by
abdominal ultrasonography, enhanced CT, or MRI. If recurrence
was recognized during follow-up, the patient underwent repeat
hepatectomy, RFA, transarterial chemoembolization (TACE),
radiotherapy, or chemotherapy (32).
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Statistical analyses. Student’s t-test, chi-square test, or Fisher’s
exact test was used to evaluate the clinical and histological values.
The starting point of disease-free survival (DFS) and overall
survival (OS) was the date of hepatic resection for IHD. Cumulative
survival curves were calculated using the Kaplan—-Meier method and
were statistically compared using the log-rank test. For all tests, a
p-value of less than 0.05 was considered statistically significant.

Results

The clinical characteristics of 12 patients with HCC with
IHD at an initial LAT are summarized in Table I. All tumors
were 3 cm in size or less, most patients had a single nodule
and almost all tumors (11/12) were hypervascular. There
were 11 tumors of the simple nodular type and there was one
simple nodular tumor with extra-nodular growth type HCC.
HCCs adjacent to the main or sectional portal vein were
found in eight (67.7%) patients, and seven (58.3%) patients
had insufficient ablation (therapeutic effect; TE3 in three and
TE4b in four) using the therapeutic effect evaluation by
Liver Cancer Study Group of Japan (33). For initial LAT
procedures, two, three, and seven patients underwent
percutaneous ethanol injection, MCT, and RFA, respectively.
Patients had similar pre-LAT and pre-hepatectomy liver
function values; however, the degree of tumor progression
was significantly more advanced (Table II).

The reasons that patients in the non-HAIC group did not
receive HAIC were as follows: early recurrence in one, refusal
of therapy in two, comorbidities in one, and poor performance
status in two. According to our treatment strategy, one patient
with multiple and hypervascular tumor recurrence in the
remnant liver by postoperative 1-month CT angiography was
treated with TACE using cisplatin suspended in lipiodol with
a gelatin sponge instead of HAIC (34).

HAIC and non-HAIC groups were compared on the basis
of their perioperative clinical characteristics (Table III).
There were no significant differences between the two
groups in preoperative, surgical, and pathological variables.
The new and old protocols were followed in three and nine
patients, respectively. All patients completed adjuvant HAIC
as initially planned, and no major complications were
observed after hepatic resection nor after HAIC. No patient
died within 1 month after hepatectomy. The median duration
between the initial LAT and hepatic resection for IHD was
14.5 (range=3-43) months.

Survival outcome. The cumulative survival curves of DFS and
OS for patients overall are shown in Figure 1. The 1-, 3-, 5-year
survival rates and the median survival times (MST) were
41.7%, 16.7%, 16.7% and 3.0 months for DFS and 66.7%,
58.3%, 48.6% and 45.2 months for OS, respectively. The
cumulative survival curves were compared in the two groups
(Figure 2). The mean follow-up period was 80.4 months
(range=3.0-140.5 months) and 29.4 months (range=3.2-70.9
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Table 1. The clinical characteristics of 12 patients with hepatocellular carcinoma with intrahepatic dissemination (IHD) at an initial local ablation

therapy (LAT).

Case Tumor Tumor Hypervascularity Gross Close to Therapeutic LAT Interval to
diameter number type Glissonean effects method IHD

(mm) capsule (months)

1 30 1 Yes SN Yes TE3 PEIT+RFA 18

2 20 1 Yes SN No TE4a PEIT 29

3 15 1 Yes SN Yes TE4a MCT 22

4 25 1 Yes SN No TE4b PEIT 22

5 20 1 Yes SN Yes TE4a MCT 10

6 15 1 Yes SN Yes TE4b RFA 27

7 15 2 Yes SN No TE3 MCT 3

8 30 2 Yes SNEG Yes TE3 RFA 9

9 29 1 Yes SN Yes TE4b RFA 43

10 25 1 Yes SN Yes TE4b RFA 11

11 23 1 Yes SN Yes TE4a RFA 9

12 25 1 no SN No TE4a RFA 11

TE, Therapeutic effect evaluation by Liver Cancer Study Group of Japan (33); SN, simple nodular type; SNEG, simple nodular with extra-nodular
growth; PEIT, percutaneous ethanol injection therapy; RFA, radiofrequency ablation; MCT, microwave coagulation therapy.

Table II. Clinical profile and serological assays for patients with hepatocellular carcinoma with intrahepatic dissemination treated with hepatic

resection (n=12).

Factor Pre-LAT Pre-hepatectomy p-Value
Age, years Median (range) 68.0 (51-79) 68.5 (52-79) <0.001
Gender, n Male/female 10/2 - -
Hepatitis, n HBsAg+/HCVAb+/both +/both —) 6/3/0/3 - -
Child-Pugh grade, n A/B 12/0 11/1 0.23
Tumor diameter, mm Median (range) 21.2 (12-30) 43.3 (25-70) 0.02
Tumor number, n Solitary/multiple 10/2 0/12 <0.001
Macroscopic PVTT, n Yes/no 0/12 12/0 <0.001
Extrahepatic metastasis, n Yes/no 0/12 0/12 -
AFP, ng/ml Median (range) 15.1 (4.7-2818) 207.55 (3.9-9252) 0.18
PIVKA-II, mAU/ml Median (range) 20 (3.1-1759) 168 (15-1432) 0.32

HBs-Ag, Hepatitis B surface antigen; HCV-Ab, hepatitis C virus antibody; PVTT, portal vein tumor thrombus; AFP, alpha-fetoprotein; PIVKA-II,

protein induced by vitamin K absence or antagonists-II.

months) in the HAIC and the non-HAIC groups, respectively.
The 1-, 3-, 5-year DFS rates and the median DFS were 50.0%,
16.7%, 16.7%, and 7.9 months in the HAIC group and 33.3%,
16.7%, 16.7%, and 2.5 months in the non-HAIC group,
respectively. The DFS rates (p=0.55) and the OS rates (p=0.18)
showed no significant differences in the two groups. The 1-,
3-, 5- year OS rates and the MST were 83.3%, 83.3%, 62.5%,
and over 120 months in the HAIC group and 50.0%, 33.3%,
33.3% and 11.7 months in the non-HAIC group, respectively.
In the HAIC group, there were three 10-year survivors.

Initial site and time of recurrence was investigated.
Intrahepatic recurrence within 2 years was observed in 3/6
(50%) and 5/6 (83.3%) patients in the HAIC and non-HAIC
groups, respectively. The rates of recurrence with PVTT

were identical in the two groups (66.7%). One patient in the
HAIC group was diagnosed as having a solitary recurrence
after 10 years; therefore, the patient was diagnosed as having
multicentric HCC. This patient was treated with RFA. The
other patients with intrahepatic metastasis received TACE or
HAIC. As a distant metastasis, adrenal metastasis was
observed after 26 months in the HAIC group.

Discussion
Various types of LAT can cause IHD if the tumor ablated is
located near the major Glissonean pedicle or if surgical margins

are insufficient (13). In such patients, microscopic invasion
around the periphery of the tumor may have been insufficiently
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Table III. Perioperative clinical characteristics of patients with hepatocellular carcinoma who underwent hepatic resection: HAIC group versus

non-HAIC group.

HAI group (n=6) Non-HAI group (n=6) p-Value
Age, years Median (range) 69.8+9.8 65.8+6.6 0.72
Gender, n Male/female 6/0 4/2 0.07
Hepatitis, n HBsAg+/HCVAb+/both +/both —) 4/1/0/1 2/2/0/2 042
Platelet count, x104/pl Mean+SD 10.4+4.6 10.0+3.2 0.49
Child-Pugh grade, n A/B 6/0 5/1 0.93
ICGR15,% Mean+SD 142442 213482 0.17
AFP, ng/ml Mean+SD 1806 (11-3775) 1431 (3.9-7518) 0.95
AFP-L3 =10%/<10% 3/3 3/3 1.00
PIVKA-II, mAU/ml 818.5 (15-2694) 195.5 (62-592) 0.36
Tumor diameter, mm Median (range) 39.5+15.7 44.3+18.0 0.60
Multiple tumors Yes/no 4/2 4/2 1.00
Operative time, min Mean+SD 515.8+63.2 400112 0.11
Blood loss, ml Mean+SD 973.3+614 886+730 0.81
Blood transfusion Yes/no 2/4 2/4 1.00
Type of resection Major/minor 5/1 2/4 0.07
Tumor differentiation Well to moderate/poor/unknown 3/3/0 2/3/1 0.05
Tumor type Massive/diffuse (simple nodular/other) 1/5 0/6 0.99
Surgical margin Negative/positive 6/0 6/0 1.00
Portal venous invasion Vp0-1/2/3/4 2/1/3/0 3/1/2/ 0 0.57
Hepatic venous invasion VvO0-1/2 /3 1/5/0 0/6/0 0.99

HAIC, Hepatic arterial infusion chemotherapy; HBs-Ag, hepatitis B surface antigen, HCV-Ab, hepatitis C virus antibodies, ICG-R15, indocyanine
green retention rate at 15 min; AFP, alpha-fetoprotein; PIVKA-II, protein induced by vitamin K absence or antagonists-II. Vessel invasion was

assessed with criteria of the Liver Cancer Study Group of Japan (28).

ablated (35, 36). Patients with IHD often have multiple tumors,
macroscopic portal invasion, and poorly differentiated tumor
components (7-14). Among these factors, macroscopic portal
invasion is the most significant poor prognostic factor after
hepatic resection (20, 21). For patients with HCC with
macroscopic portal invasion, surgical therapy demonstrated a
better outcome than nonsurgical therapy. The MSTs of patients
after hepatic resection as monotherapy and surgical
multidisciplinary treatment were 10 (range=6.0-20.0) months
and 16 (range=9.5-22.1) months, respectively (22). A recent
national Japanese survey confirmed that patients with HCC with
Child—Pugh A disease and PVTT had a significantly longer MST
in the hepatectomy-treated group than in the nonsurgically-
treated group (2.45 vs. 1.57 years; p<0.001) in a propensity
score-matched cohort (23). In the current study, patients with
IHD in the HAIC-treated group had a higher median disease-
free survival, but not significantly so, than those of the non-
HAIC group (7.9 vs. 2.5 months). Five out of six patients with
IHD without HAIC had recurrent disease and died within 2
years. In contrast, three patients with HAIC survived for more
than 10 years. The rate of intrahepatic recurrence within 2 years
was lower in the HAIC-treated group, but not significant (50%
vs. 83.3%). Postoperative intrahepatic recurrence instead of
multicentric occurrence is mainly recognized within 2 years (37).
HAIC may be effective for patients with IHD with high
malignant potential. IHD was found to be significantly
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associated with the epithelial-mesenchymal transition, which can
promote massive invasion of HCC cells (38-40). Additionally,
expression of hypoxia-inducible factor-1 and epithelial cell
adhesion molecule can promote aggressive phenotype after LAT
(41). Our previous study identified that patients with
macroscopic PVTT treated with hepatectomy and adjuvant
HAIC can have better 5-year DFS compared to those not those
with HAIC (33.1% vs. 11.8%), even though the former included
a larger number of patients with poorly differentiated tumors
(24). Moreover, HAIC after hepatectomy is effective only for
Vp3 or Vp4 grade disease, not for Vp2. Some studies confirmed
the utility of adjuvant HAIC after hepatic resection for highly
malignant HCC (25-27).

In this study, we used two protocols for HAIC that can
provide equivalent therapeutic effects (24). Cisplatin and 5-FU
are essential in both regimens and are known to have favorable
effects on HCC, especially when administered via HAIC
(42-44). Cisplatin has a synergistic effect and acts as a
modulator on 5-FU. Our second protocol from 2007 comprised
two cycles of one-shot HAIC that included cisplatin
(60 mg/mm?) and 5-FU (600 mg/mm?) followed by mild
TACE using mitomycin-C (3 mg/mm?) with DSMs. DSMs
were added due to their transient occlusive effects which
improve drug concentrations within the tumor (45). Adjuvant
HAIC should be started within a month after hepatectomy and
repeated twice at 1-month intervals. This is a simple and safe
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Figure 1. Cumulative survival curves of disease-free (a) and overall (b) survival after hepatic resection for all 12 patients with hepatocellular

carcinoma with intrahepatic dissemination undergoing hepatic resection.
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Figure 2. Cumulative survival curves of disease-free (a) and overall (b) survival after hepatic resection for all 12 patients with hepatocellular
carcinoma with intrahepatic dissemination undergoing hepatic resection according to therapy with hepatic arterial infusion chemotherapy (solid

line: with, dashed line: without).

method that has similar effects to the former HAIC protocol of
low-dose cisplatin plus 5-FU with an implanted port (24). More
recently, a report suggested that sorafenib plus HAIC with
cisplatin can provide a more favorable OS compared to
sorafenib alone in patients with advanced HCC (46). In patients
with HCC, circulating tumor cells can be detected in the early
period after surgery and are a predictor of poor outcomes
(47-50); therefore, starting HAIC within 1 month after surgery
is essential. Appropriate surgical techniques are required to
achieve early induction of adjuvant HAIC.

There are some limitations of our study. This was a
retrospective single-center study that enrolled a small
number of patients. Data were collected only from patients

with resectable HCC with THD. The non-HAIC group
included patients with early recurrence, comorbidities, and
poor performance. Therefore, there may have been some
selection bias. Nevertheless, despite the severity of HCC in
patients with IHD, three out of six patients remained alive
more than 5 years after hepatectomy. IHD is a limited
condition and may decrease annually because some studies
have recommended LAT be avoided for patients with HCC
at high risk of IHD (7-14). Further prospective, larger studies
will be required to validate these results.

In conclusion, hepatic resection followed by short-term
adjuvant HAIC can provide a favorable long-term prognosis
for patients with HCC with THD.
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