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Abstract

Multidisciplinary treatment is recommended for the management of patients with advanced hepatocellular carcinoma (HCC).
Some operative decollateralization of extrahepatic feeding arteries with laparotomy have been introduced for HCC. We herein
newly develop laparoscopic devascularization (LDEV) to continue transarterial chemoembolization (TACE) for HCC with
extrahepatic collateral arteries. A 74-year-old man with multiple huge HCC (4 tumors, 18 cm in diameter) and poor liver
function (non-alcoholic steatohepatitis, Child—Pugh score 7) was treated with 6 times of chemoembolization in combination
with LDEV, 3 times of ablation therapies, and lenvatinib therapy. His tumor markers were triple positive (AFP, 12,906.5 ng/
ml; PIVKA-IIL, 491,743 mAU/ml; AFP-L3, 91.8%) before treatments; however, they all returned to normal limits. Complete
response was achieved according to the modified RECIST criteria. Unfortunately, he died 6 months after the final treatment
with no recurrence of HCC due to the postoperative complication of primary lung cancer. LDEV is a useful tool to continue
effective TACE, and multidisciplinary treatment including chemoembolization and LDEV can cure advanced HCC patients
with extrahepatic collaterals and impaired liver function.
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Abbreviations mRECIST  Modified response evaluation criteria in
HCC Hepatocellular carcinoma solid tumors
TACE Transarterial chemoembolization LDEV Laparoscopic devascularization
RFA Radiofrequency ablation CT Computed tomography
MWA Microwave ablation FIB-4 Fibrosis-4 index
DEB-TACE TACE with drug-eluting beads M2BPGi Mac-2-binding protein glycan isomer
HALED Hepatic artery ligation and extrahepatic col- AFP Alpha-fetoprotein
laterals division PIVKA-II  Protein induced by vitamin K absence or
antagonist-II
CSL Cisplatin suspended in lipiodol
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(RFA) and microwave ablation (MWA) via percutane-
ous and laparoscopic approaches, which are well estab-
lished [3-5]. Specifically, MWA using a cooling antenna
has been developed to generate a large spherical ablation
area in a short time [6]. As a first-line drug therapy for
advanced HCC, lenvatinib has become available for use
[7], and we have already reported a cured patient with a
huge HCC that was converted to a resectable tumor with
multidisciplinary treatment including lenvatinib [8]. TACE
has spread worldwide as a standard treatment for interme-
diate HCC and can be applied to patients with large-sized
and numerous HCC tumors and in those with impaired
liver function [9-11]. Specifically, for large HCC, the
long-term prognosis after TACE is poor [12, 13], and the
development of extrahepatic collateral arteries is a serious
problem that is encountered when TACE is continued [14,
15]. The main extrahepatic collateral arteries of HCC are
the inferior phrenic, omental, and gastric arteries [16, 17].
Others include the gastroduodenal, superior mesenteric,
internal mammary, renal, adrenal, and intercostal arter-
ies. With advances in skills and devices used in the TACE
procedure, TACE has been performed via collateral arter-
ies and can provide good local control [18, 19]. Recently,
TACE with drug-eluting beads (DEB-TACE) was used for
large HCC to reduce symptoms and side effects related to
TACE [20-22].

In the 1990s, the usefulness of so-called “wrap therapy”
was reported: operative decollateralization of extrahepatic
feeding arteries followed by wrapping of the liver with a
silicone rubber sheet [23]. However, postoperative mas-
sive ascites often occurred, and thus, the procedure was
never widely used. Recently, a unique procedure consisting
of operative hepatic artery ligation and extrahepatic col-
laterals division (HALED) of the liver lobe containing a
large HCC was reported [24]. According to the modified
response evaluation criteria in solid tumors (mRECIST)
[25], the complete response rate was 65%, major morbidity
was 10%, and operative mortality was 5%. We have already
reported the usefulness of laparoscopic devascularization
(LDEYV) for the continuation of conventional TACE [26].
LDEYV has some advantages: (1) a laparoscopic approach
enables the performance of additional TACE within a cou-
ple of days before recanalization of the feeding artery,
(2) no wrap therapy is required, and (3) additional lapa-
roscopic ablation and laparoscopic cholecystectomy are
easily added.

Here, we report a patient with a large HCC and poor
liver function who was successfully treated with a multi-
disciplinary approach consisting of conventional and DEB-
TACE in combination with LDEV as well as percutaneous
and laparoscopic ablation. He achieved a clinical complete
response after the treatment series.
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Case report

A 74-year-old man visited a primary care physician because
of abdominal distension and anorexia. A computed tomogra-
phy (CT) scan revealed a large tumor in the right liver, and
he was subsequently referred to our hospital. He had a his-
tory of chronic atrial fibrillation, hypertension, dyslipidemia,
and hyperuricemia. His body mass index was 26.8 kg/m>.
He also had a history of alcohol assumption (20 g daily) and
smoking (20 cigarettes daily) for 50 and 45 years, respec-
tively. Laboratory data on admission are listed in Table 1.
Hepatitis B virus surface antigen and hepatitis C virus anti-
body were both negative. He showed both liver and systemic
inflammation, hyponutrition, and anemia. His Child—Pugh

Table 1 Laboratory data on admission

T-protein 54 g/l AFP 12,906.5 ng/ml
Albumin 33  gdl PIVKA-II 491,743  AU/ml
T-bilirubin 1.3  mg/dl AFP-L3 91.8 %
D-bilirubin 0.7 mg/dl CEA 25 ng/ml
AST 133 U1 CAI19-9 84 U/ml
ALT 20 un
LDH 560 UN HBs-Ag -)
ALP 401 U HBc-IgG-Ab -)
y-GTP 232 UN HCV-Ab -)
ChE 126 U/
NH3 57 pg/dl  White blood cell 4.2 x 10*/ul
Neutrocytes 76.3 %
BUN 83 mg/dl Red blood cell 3.68 x 105/l
Creatinine 0.55 mg/dl Hemoglobin 11.4 g/dl
Uric acid 10.2 Platelet 122 x 10%/ul
CRP 3.97 mg/dl
PT activity 78.9 %
FBS 83 mg/dl  APTT 32 seconds
Hb Alc 47 %
ICGR15 37.3 %
T-CHO 202
HDL 16 M2BPGi 4.84 C.O0l
LDL 140 FIB-4 index 18.4
Triglyceride 149 ALBI score -1.92

AST aspartate aminotransferase, ALT alanine transaminase, LDH
lactate dehydrogenase, ALP alkaline phosphatase, y-GTP y-glutamyl
transpeptidase, ChE cholinesterase, BUN blood urea nitrogen, CRP
C-reactive protein, FBS fasting blood glucose, Hb hemoglobin,
T-CHO total cholesterol, HDL high-density lipoprotein cholesterol,
LDL low-density lipoprotein cholesterol, AFP alpha-fetoprotein,
PIVKA-II protein induced by vitamin K absence or antagonist-II,
CEA carcinoembryonic antigen, CA/9-9 carbohydrate antigen19-9,
HBs-Ag Hepatitis B virus surface antigen, HCV-Ab hepatitis C virus
antibody, PT prothrombin time, APTT activated partial thrombo-
plastin time, /CGRI5 indocyanine green retention rate at 15 min,
M2BPGi Mac-2 binding protein glycosylation isomer, FIB-4 fibro-
sis-4 index, ALBI score Albumin-Bilirubin score
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score was 7, and the indocyanine green retention rate at
15 min was 37.3%. The following liver fibrosis markers
were elevated: the fibrosis-4 index (FIB-4) was 18.4, and
the Mac-2-binding protein glycan isomer (M2BPGi) was
4.84. The levels of tumor markers were extremely high, and
he was determined to be triple positive: alpha-fetoprotein
(AFP) level was 12,906.5 (normal range < 10) ng/ml, protein
induced by vitamin K absence or antagonist-II (PIVKA-II)
level was 491,743 (<40) mAU/ml, and AFP-L3 fraction
(AFP-L3) was 91.8% (<10%). Contrast-enhanced CT on
admission revealed a large hypervascular tumor 18 cm in
diameter with central necrosis primarily in the anterior sec-
tor of the right liver and intrahepatic metastases in segments
4 and 7 (Fig. 1). He was diagnosed with HCC as a result
of non-alcoholic steatohepatitis of the liver; the tumor was
determined to be unresectable by a liver cancer multidisci-
plinary team at our institute.

Initial DEB-TACE was divided into two procedures
with a 2 week interval. A total dose of 80 mg of epirubicin
containing microspheres (300-500 pm in diameter) was
used in each procedure. The 3rd TACE was achieved with
30 mg of epirubicin containing microspheres (300-500 um
in diameter) for the main tumor in the right liver in com-
bination with epirubicin (30 mg)-lipiodol emulsion for a
satellite nodule in segment 4. After a month, LDEV was
performed for the main tumor in the right liver, whereas
laparoscopic RFA was performed for the surface of the main

tumor and the viable HCC in segment 4. Staining of the
large tumor and multiple extrahepatic collateral arteries of
the HCC from the right gastroepiploic artery were observed
on digital subtraction angiography before LDEV (Fig. 2a).
After LDEV, extrahepatic collateral arteries of the HCC had
disappeared (Fig. 2b). Intraoperative findings of LDEV are
shown in Fig. 3. Two days after LDEV, a 4th TACE was
performed as a conventional TACE (cTACE) with 35 mg of
cisplatin suspended in lipiodol (CSL) plus gelatin sponge
for residual tumor in the right liver [27]. Lipiodol accumu-
lated substantially in most of the residual primary tumor.
The other S7 HCC was suspected to feed from the right
inferior phrenic artery, but selective cannulation was impos-
sible. MWA using a cooling antenna [6] was then performed
for the remnant 5 cm diameter HCC in segment 7. The 5th
TACE with CSL (48 mg) plus gelatin sponge was performed
for bilateral multiple small HCCs. Lenvatinib therapy was
initiated and continued for 35 days (total dose: 280 mg).
Six months after the 5th TACE, laparoscopic MWA was
performed for suspicious residual tumor in the right liver, as
assessed by intraoperative Sonazoid™-enhanced ultrasound.
The 6th TACE was performed with CSL (50 mg) plus a gela-
tin sponge for a newly developed HCC in segment 3. Then,
all tumors in the right liver, segment 4, and segment 3 were
extremely decrease in size and were determined to exhibit
a complete response according to the mRECIST criteria.
Serial diagnostic images during multidisciplinary treatment

Fig.1 Contrast-enhanced CT images on admission. CT images
revealed a large low-density tumor in the right liver (a). Main tumor
and Ist tumor in segment 7 (arrow) showed heterogeneous peripheral
enhancement (b) and 2nd tumor in segment 7 (¢) and tumor in seg-

ment 4 (d) (arrow heads) showed homogeneous enhancement in arte-
rial phase. Main tumor and 1st tumor in segment 7 (arrow) revealed
delayed washout in the equilibrium phase (e). Inferior vena caca was
stretched by main tumor in portal phase in coronal image (f)
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Fig.2 Changes in digital
subtraction angiography images.
Digital subtraction angiography
images revealed pre- (a) and
post-laparoscopic devasculari-
zation (b)

Fig.3 Intraoperative findings
of laparoscopic devasculariza-
tion. Greater omentum and
collateral arteries are seen in
the laparoscopic view (a). The
omentum near the surface of the
tumor was cut with an energy
device, and the feeding artery
was ligated with clips (b). The
tumor surface was recognized
(c). Laparoscopic radiofre-
quency ablation was performed,
and the tumor surface was well
ablated (d)

J

were summarized (Fig. 4). Details of treatment and changes
in the tumor marker levels are shown in Fig. 5. The levels
of three tumor markers were within the normal range for
6 months.

Unfortunately, the patient died of bronchial fistula after
resection of the right upper lobe of the lung for primary lung
cancer, although he did not experience recurrence of HCC
for 18 months after the initial TACE.

Discussion
Here, we report a patient with bilateral large HCC and

impaired liver function, who showed a complete response
after multidisciplinary treatment. His tumor was determined
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to be unresectable, and he received three-staged DEB-
TACE procedures. Targeted therapy for large HCC could
cause tumor lysis syndrome, and thus, its initial use was
avoided [28]. DEB-TACE was selected, because it is asso-
ciated with fewer symptoms and side effects when used in
large tumors [20-22]. Tumor lysis syndrome can occur even
after DEB-TACE, and so we elected to perform staged DEB-
TACE [29]. As multiple extrahepatic collateral arteries had
developed in our patient, we thought that it was difficult to
continue TACE via intra- and extra-hepatic feeding arteries.
Further systemic therapy was not recommended for patients
classified in Child—Pugh B [7]. TACE was an only way to
continue multidisciplinary treatment; therefore, we decided
to perform LDEV for dissection of extrahepatic collateral
arteries [26]. We had previously reported 13 HCC patients
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Fig.4 Serial diagnostic images during multidisciplinary treatment. CT images on admission (a) and after three DEB-TACE procedures (b), post-
LDEV and laparoscopic RFA (c), post-cTACE (d), and post-MWA (e). Most recent Gd-EOB-DTPA-enhanced MR images in the portal phase (f)

Fig.5 Treatments and changes qst ond  3rd 4th 5th gih
in the tumor marker level. TACE ﬂ ﬂ ﬂ ﬂ
TACE transarterial chemoem-
bolization, LDEV laparoscopic 600.000 - 14,000
devascularization, LRFA laparo- ’ LDEV + LRFA !
scopic radiofrequency ablation, PMWA LMWA
PMWA percutaneous microwave 500,000 | 1 12,000
ablation, LM WA laparoscopic
microwave ablation, PIVKA-II 4 10,000
protein induced by vitamin K 400,000 |
absence or antagonist-II, AFP { 8,000
alpha-fetoprotein |

300,000 —s— PIVKA-Il (mAU/ml)

AFP (ng/ml) 6,000
-0- ng/m
200,000 | 4,000
100,000 | { 2000
0

~
—’-—0—7 {-—0—0—0—0—0—0—0—0—0—0—0—0— 0
0 1 2 3 4 7 8 9 10 11 12

Clinical course (Month)

PIVKA-11491743 297691 105639 2889 266 42 1055 66 166 41 28
AFP 12907 7861 4599 694 15 8 3 6 10 5 4

treated with LDEV [26]. For all patients, we were able to  dissected. cTACE was selected to achieve complete necrosis
perform effective additional TACE and/or hepatic arterial ~ of the residual tumor [29]. cTACE results in a long-term
chemotherapy without no serious complication. A 4th TACE  prognosis equivalent to that of DEB-TACE, and its advan-
was immediately performed on postoperative day 2 and was ~ tage is its ability to embolize arterioportal communication
quite effective, because extrahepatic feeders were completely ~ [20-22, 27].
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Previously, “wrap therapy” was introduced with the con-
cept of devascularization of collateral arteries by an open
approach followed by TACE and provided a good tumor
response. However, wrapping of the liver caused massive
ascites and delayed the start of additional TACE [23]. LDEV
was developed by our group as a less invasive procedure
to enhance the effect of and to continue TACE [26]. The
laparoscopic approach in combination with ablation of the
tumor surface no longer requires wrapping and can allow for
earlier TACE. Moreover, additional TACE can be performed
within a few postoperative days. Under general anesthesia,
the dissection of extrahepatic collateral arteries and perfor-
mance of additional procedures only require a few hours.
Laparoscopic ablation of the tumor on the liver surface can
prevent recanalization of feeding arteries. If the tumor is too
large, complete ablation of the entire tumor is usually dif-
ficult. Laparoscopic cholecystectomy can dissect the feeding
arteries via the cystic artery and can prevent acute cholecys-
titis after TACE.

Recently, a new treatment strategy for large HCC termed
HALED was introduced [24]. This concept consisted of
hepatic artery ligation and dissection of extrahepatic col-
lateral arteries by open surgery. The efficacy and safety of
HALED have been reported; however, hepatic artery ligation
can interfere with additional hepatic arterial therapy. Actu-
ally, almost all patients were treated with percutaneous etha-
nol injection or targeted therapy by an oncologist. I believe
that preservation of the hepatic artery is essential. TACE via
the extrahepatic collateral arteries is a good option; however,
complete embolization is difficult for patients with multiple
extrahepatic feeders or multiple-site feeders. Recanalization
of collateral arteries or the development of new collateral
arteries can occur in this manner, but in contrast, LDEV can
avoid such phenomena. Embolization of extrahepatic feeders
can result in the ischemic injury of adjacent digestive organs
including the omentum, stomach, and small intestine [16,
17]. LDEV can also be completed with minimal damage to
adjacent organs.

In our patient, MWA with a cooling antenna [6] was per-
formed for the other HCC in segment 7. The tumor (approxi-
mately 5 cm) was too large for conventional RFA, but a com-
plete response was achieved by a single puncture using the
percutaneous approach. Then, the 5th and 6th conventional
TACE procedures were performed, which were accompa-
nied by lenvatinib therapy. Lenvatinib has been reported to
regulate tumor vessels and enhance the antitumor effect of
TACE [7, 8].

HCC with triple-positive tumor markers is known to be
highly malignant and is frequently a poorly differentiated
type with vessel invasion [30]. Triple-positive tumor mark-
ers is a significant poor prognostic factor after both liver
resection and ablation therapy [30]. Our patient had some
highly malignant features (extra-large bilateral multiple

@ Springer

HCCs and triple-positive tumor markers) and poor liver
function. However, all tumor markers returned to normal
limits, and a complete response was achieved according to
the mRECIST criteria. Liver function did not deteriorate
during the treatment period. His general condition had been
good without recurrence or re-elevation of tumor markers
for 6 months after the final HCC treatment until his death
from primary lung cancer resection.

In conclusion, LDEYV is a useful tool that can be used for
the continuation of effective TACE, and multidisciplinary
treatment consisting of TACE with LDEV, ablation, and
targeted therapy can be expected to cure unresectable large
HCC in patients with poor liver function.
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