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Liver cancer, including hepatocellular carcinoma (HCC), is the fifth most common cause of cancer

deaths in Japan. The main treatment options for HCC are surgical resection, liver transplantation, ra-

diofrequency ablation (RFA), transarterial chemoembolization (TACE), and systemic chemotherapy.

Here, recent medical treatments for HCC, including surgery, percutaneous ablation, transcatheter arte-

rial chemoembolization/transcatheter arterial embolization, and drug therapy, are reviewed with a fo-

cus on Japan. (J Nippon Med Sch 2022; 89: 154-160)

Introduction
Liver cancer, which includes hepatocellular carcinoma
(HCC), is the fifth most common cause of cancer deaths
in Japan'. Liver cancer commonly arises against a back-
ground of chronic liver disease, such as hepatitis B and C
infection, alcoholic hepatitis, and non-alcoholic steatohe-
patitis (NASH). Regarding HBYV, the development of
HBV-derived HCCs as a distribution of HCCs has not
decreased despite the administration of nucleoside ana-
logues in Japan®. Regarding HCV, direct-acting antivirals
have been approved in most countries including Japan,
the sustained virologic response (SVR) rates improved
dramatically”’. As a result, the development of HCV-
derived HCCs has decreased dramatically. However, the
problem of liver carcinogenesis after elimination of HCV
remains, that is, post-SVR HCCs'. NASH-related HCC
has been increasing in frequency, and thus, has become a
problem all over the world’. Treatment options vary
widely because two factors—tumor status (e.g., diameter,
number, progression) and liver function—affect the treat-
ment choice. The main treatment options are surgical re-
section, liver transplantation (LT), radiofrequency abla-
tion (RFA), transarterial chemoembolization, systemic
chemotherapy, and radiation”. However, the general

prognosis is still poor, with overall survival (OS) rates of

3%-5%'"°. On the other hand, treatment algorithms differ
from region to region depending on the medical back-
ground". Therefore, it is important to know the standard
treatment for HCC in each region. Here, recent medical
treatments for HCC, including surgery, percutaneous ab-
lation, transcatheter arterial chemoembolization (TACE)/
transcatheter arterial embolization (TAE), and drug ther-

apy, are reviewed with a focus on Japan.

Treatment Algorithm
To date, many HCC guidelines from around the world
have been published and updated. Such guidelines are
recommended by practitioners for proper medical
decision-making and improving the quality of health care
and outcomes for patients”. Yu et al." compared eight
current HCC guidelines from around the world from
2010 to 2016, including three from Asia, two from
Europe, and three from the United States, according to
their multi-faceted selection criteria and credibility. They
reported that the Barcelona Clinic Liver Cancer (BCLC)
staging system has long been dominant for the
treatment-guided staging of HCC; however, the BCLC
concepts for surgical resection or other locoregional ther-
apy are considered too conservative. The Asian guide-

lines have reached a consensus about surgical resection
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and TACE indications for advanced tumors. For example,
the treatment algorithm published by the Japan Society
of Hepatology"” recommends treatment based on a com-
bination of five core factors: hepatic functional reserve as
evaluated based on the Child-Pugh classification, extra-
hepatic metastasis, vascular invasion, tumor number, and
tumor size (Fig. 1). The treatment algorithm is recom-
mended for selecting the treatment modality best suited
to the disease condition of HCC.

Type of Medical Treatment

A. Surgery

Surgical resection should be the first option for non-
cirrhotic patients with local lesions. Most HCCs develop
from the liver with potential portal hypertension. For pa-
tients with decompensated cirrhosis in Europe and the
USA, hepatic resection is formally contra-indicated, and
LT should be considered based on BCLC staging and
treatment strategies'.

In the Japanese guidelines, hepatectomy is considered
based on the five factors mentioned above, including
liver damage grade, which includes consideration of the
indocyanine green retention rate at 15 min (ICGR15). The
ICGR15 is especially appropriate for deciding the indica-

tions for surgery in Japan®. Makuuchi et al.” established
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criteria that clearly define the indications and contraindi-
cations for hepatectomy (determined based on ascites, to-
tal serum bilirubin values, and the ICGR15) and accept-
able resection volume, and these have been commonly
used in Japan. These criteria might have led to the low
mortality rate in Japan (< 3%) after liver resection. If a
discrepancy in liver function is seen between the ICGR15
and other parameters, hepatobiliary scintigraphy with
?"Te-GSA is also useful to assess liver damage”.
Hepatectomy is generally recommended for patients
with Child-Pugh A/B liver function without extrahepatic
metastasis or vascular invasion and up to three HCCs
(£ 3cm), the same as the indication for RFA. Further-
more, hepatectomy is recommended as the first-line ther-
apy for solitary HCC regardless of size. However, al-
though only interim results, an interesting randomized
controlled study report conducted as a multicenter ran-
domized controlled trial (SURF trial) was announced at
the 2019 Annual Meeting of the American Society of
Clinical Oncology to evaluate the efficacy of surgery vs.
RFA for small HCCs. Briefly, in that study, patients with
good liver function (Child-Pugh score < 7) were receiv-
ing initial treatment for up to three HCCs (< 3 cm) with-
out extrahepatic metastases. Surgeons and specialists as-

signed equal numbers of patients who seemed to be ade-
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quately adapted to the study to a surgery and an RFA
group. In total, 301 patients (150 in the surgery group vs.
151 in the RFA group) were enrolled. Although OS was
not reported, median recurrence-free survival (RFS) was
298 years in the surgery group and 2.76 years in the
RFA group (hazard ratio [HR]: 0.96, 95% confidence in-
terval: 0.72-1.28, p = 0.793), and no perioperative deaths
occurred in either group. Therefore, the guidelines for up
to three HCCs (< 3 cm) might need to be modified.

Hepatectomy is also recommended for patients in a
good condition, as mentioned above, regardless of tumor
size. Furthermore, hepatectomy for multiple HCCs might
not be contraindicated if the remnant liver function al-
lows". For portal vein tumor thrombosis, which is the
most influential prognostic factor for HCC, surgery
might be indicated because the outcomes of resection are
reportedly similar between mild Vp4 and ordinary Vp3
tumor thrombus”. Furthermore, HCC occasionally in-
vades the hepatic vein and bile duct as a tumor throm-
bus, which contributes to the poor prognosis. Although
further study is needed, a few studies have reported that
hepatectomy for HCC with hepatic vein or bile duct
thrombus improves prognosis™*.

The indications for surgery in older patients are diffi-
cult because they might have background factors com-
pared with younger patients. Kinoshita et al.” reported
that OS and RFS rates did not differ significantly be-
tween older patients aged < 80 years and those aged
> 80 years. Furthermore, the indications for surgery
should be investigated from the perspective of PS. There-
fore, the indications for hepatectomy should be deter-
mined on a case-by-case basis.

On the other hand, laparoscopic liver resection (LLR) is
now widely and rapidly performed not only in Japan,
but also all over the world. The national health insurance
system in Japan has covered partial hepatectomy and lat-
eral segmentectomy since 2010. Furthermore, almost all
other hepatectomy procedures have been covered since
2016, except for hepatectomies with revascularization or
biliary tract reconstruction.

Generally speaking, LLR has advantages compared
with open hepatectomy, such as being minimally inva-
sive and having a magnifying effect. For example, LLR
was found to be significantly associated with lower
blood loss, less of a need for a blood transfusion, and the
successful achievement of RO resection, as well as a
wider resection margin, a shorter hospital stay, and lower
morbidity and 30-day mortality rates. Meanwhile, no dif-

ferences in operative time, tumor recurrence, 1-, 3-, and
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5-year OS, and 1-, 3-, and 5-year disease-free survival
have been reported between LLR and open hepatec-
tomy”. However, LLR, especially in advanced proce-
dures, should be conducted in high-volume centers that
have a sufficiently experienced medical team for open
and laparoscopic hepatectomy. In Japan, this procedure
has spread steadily***. This is likely because the Japanese
system consists of training programs and a prospective
resister system for all LLRs that was maintained by the
Japanese Endoscopic Liver Surgery Study Group from
2011 and 2015, as well as an endoscopic surgical skill
qualification system implemented by the Japan Society
for Endoscopic Surgery since 2015. As a result, The Japa-
nese Endoscopic Liver Surgery Study Group reported ex-
cellent results in terms of mortality rates, such as 0.12%
for 30-day and 0.22% for 90-day mortality in all LLRs,
and 0.22% for 30-day and 0.67% for 90-day mortality in
all advanced LLRs (subsegmentectomy, segmentectomy,
and lobectomy) conducted from 2011 to 2017. The safety
is also reported for repeated hepatectomy™ and is being
secured by technological developments such as the indo-
cyanine green fluorescence navigation method”.

On the other hand, LT is an excellent treatment modal-
ity for HCC and cirrhosis, even in patients with grade C
liver damage (Child-Pugh C liver function). Although
HCCs might recur frequently after LT, in 1996, Maz-
zaferro et al.” demonstrated improved outcomes within
the Milan criteria based on the relationship between tu-
mor size and number seen on preoperative imaging (a
solitary tumor [< 5 cm] or up to three tumors [< 3 cm]
without vascular invasion or extrahepatic metastasis).
The national health insurance system in Japan covers LT
only for patients with HCC within the Milan criteria and
decompensated cirrhosis. These criteria have been very
important to exclude recipients with a high risk of recur-
rence in the indications for LT under the background of
an organ shortage. However, the criteria established
about 25 years ago and many factors related to outcomes
have been analyzed during this period. Recently, new cri-
teria, the so-called 5-5-500 rule (nodule size < 5 cm in di-
ameter, nodule number < 5, and an o-fetoprotein [AFP]
value < 500 ng/mL) have been added the national insur-
ance system®.

B. Percutaneous Ablation

Percutaneous ablation therapy, a percutaneous transhe-
patic approach to tumors using ultrasound (US), has
three main types: percutaneous ethanol injection (PEI),
which involves the injection of pure ethanol into tumors;

microwave coagulation therapy (MCT), which involves
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needle puncture into tumors that produces electromag-
netic microwaves by agitating the water molecules in the
surrounding tissue, resulting in friction and heat that
cause cellular death via coagulative necrosis; and RFA,
which is a similar type of thermal technique as MCT us-
ing radiofrequency energy. PEI was developed in 1983 by
Ebara et al.”. For many years, PEI played a central role
in percutaneous ablation and was frequently indicated
for patients with up to three HCCs (< 3 cm). MCT was
developed in 1994 by Seki et al.” and RFA in 1995 by
Rossi et al.”. RFA has been covered by the national
health insurance system since 2004 and is currently the
standard percutaneous ablation treatment for HCC in Ja-
pan. Based on the Japanese guidelines, RFA is recom-
mended for up to three HCCs (< 3 cm) with Child-Pugh
A/B liver function without extrahepatic metastasis or
vascular invasion. As mentioned above, the Surf trial re-
vealed the equivalent median RFS and perioperative
death rates after RFA compared with those of hepatec-
tomy for HCCs. Therefore, the guidelines might revise
RFA and hepatectomy as having the same priority as a
first-line treatment for such HCCs. In percutaneous abla-
tion, it becomes increasingly difficult to ensure sufficient
ablative margins as the tumor diameter increases. There-
fore, the indications for RFA should be decided only after
careful consideration of the tumor condition, patient
background, and operator skills. In other words, the suc-
cess rate must be based largely on the ability of the prac-
titioner. Technological advances such as the bipolar RFA
device, electrodes with adjustable tip lengths, cryoabla-
tion systems, and irreversible electroporation devices also
provide support for such HCCs. Combination RFA and
TACE can provide synergistic efficacy that improves sur-
vival in patients with relatively large tumors and fewer

complications™™.

Furthermore, percutaneous ablation
therapy has evolved with numerous technological ad-
vances in medical devices and imaging. New knowledge
is expected with additional developments in ablation
therapy in the future.

C. Transcatheter Arterial Chemoembolization (TACE)
and Transcatheter Arterial Embolization (TAE)

Recent technological advances in catheterization,
guidewire systems, and imaging devices have improved
the identification of the arterial feeder of liver cancer.
TACE/TAE is essential for advanced inoperable HCCs
that are not indications for percutaneous ablation. Gener-
ally, HCCs that are indications for TACE/TAE are classic
HCCs (moderately and poorly differentiated HCCs) or a
focus of early-stage HCCs, and they appear as hyperin-
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tense signals on hepatic arteriographic images. It is
strongly recommended that TACE/TAE be considered for
patients with BCLC stage B (intermediate stage: PS 0,
Child-Pugh A/B, and four or more lesions) hypervascu-
lar HCCs regardless of size that are inoperable and not
indications for percutaneous ablation.

On the other hand, TACE/TAE can preserve the func-
tion of liver tissues not affected by cancer, thereby sub-
stantially improving prognosis™”. In 2006, the Liver Can-
cer Study Group of Japan published a prospective cohort
study of prognosis factors in 8,510 patients with unre-
sectable HCC after Lipiodol® emulsion and gelatin
sponge (Lip-TACE) between 1994 and 2001. They re-
ported that the 5-year survival rate was 25%, and that
liver damage grade, tumor stage, and serum AFP levels
(= or < 401 ng/mL) were independent prognostic fac-
tors®. In 2012, the Liver Cancer Study Group of Japan
published a study reporting that among 4,966 patients
between 2000 and 2005, the 5-year survival rate was 34%,
and added protein induced by vitamin K absence/
antagonist-II to the list of independent prognostic fac-
tors”. Future challenges in applying TACE/TAE for ad-
vanced HCC include indications in a subgroup of pa-
tients with BCLC stage B and the utility of TACE/TAE
and combination therapy with molecular-targeted drugs
centering around sorafenib in patients with stage C HCC
(advanced stage) accompanied by intravascular tumor
thrombus (especially portal vein tumor thrombus). Al-
though conventional TACE with Lipiodol® and porous
gelatin particles of TACE with drug-eluting beads (DEBs)
is strongly recommended, at present, no anticancer drug
is recommended specifically for use in TACE/TAE. The
iodized oil Lipiodol" is characteristically trapped and im-
mobilized in tumor vessels and sinusoids in vivo, and
has been used in > 90% of TACE cases in Japan®. On the
other hand, in drug delivery systems, Lipiodolﬁ‘ emulsion
mixed with an anticancer drug plays the role of a carrier.
Furthermore, among the spherical embolic substances,
DEBs also serve as a carrier. It has also been pharmacoki-
netically proven that with DEBs, the loaded anticancer
drug remains in high concentrations in the tumor and
has reduced flow into the peripheral blood. Therefore, it
is regarded as an ideal treatment method with few sys-
temic side effects and favorable short-term clinical re-
sults"*. Miriplatin hydrate, a platinating agent that is
lipophilic and easily suspended in Lipiodol®, can also be
used®. Local recurrence and the appearance of new mul-
tiple hypervascular HCCs are considered indications for

re-embolization therapy, and on-demand embolization

157



Y. Kawano, et al

therapy after the confirmation of such tumors has shown
favorable results compared with periodic embolization
therapy". In addition, cases are considered to be TACE
refractory if any of the following are observed: I. the
therapeutic effect of the target lesion is insufficient even
after two courses of TACE or the appearance of a new
intrahepatic lesion; II. the appearance of vascular inva-
sion and/or intrahepatic metastasis; or III. a continuous
increase in tumor markers™”. Regarding TACE refractory
disease status, it is often impossible to introduce
molecular-targeted drugs because of deteriorated liver
function. Therefore, as described in the next chapter, it is
necessary to switch to molecular-targeted drugs as soon
as possible before the development of TACE refractory.

D. Drug Therapy

As with other carcinomas, molecular-targeted drugs
have come to be used for HCCs, and recently, even im-
mune checkpoint inhibitors (ICIs) have been used. ICIs
are indicated for not only advanced HCCs but also inter-
mediate to advanced HCCs, that are, unresectable HCCs
and not indicated for LT. These treatment modalities be-
gan in the randomized clinical trial conducted by the
Sorafenib Hepatocellular Carcinoma Assessment Ran-
domized Protocol Investigators Study Group, in the so-
called SHARP trial, in 2008. The SHARP trial reported
that sorafenib improved the prognosis for advanced HCC
compared with placebo. For about the next 10 years, no
new or more effective drugs have been made available.
However, the REFLECT trial reported that lenvatinib was
non-inferior to sorafenib. In addition, a subgroup analy-
sis demonstrated the superiority of lenvatinib in OS HRs
adjusted for AFP values®. The efficacy of lenvatinib-
TACE sequential therapy has also been reported®. Im-
mune checkpoint inhibitors are also causing a paradigm
shift in HCC treatment as same as other cancers”. In
2019, in the IMbravel50 trial, atezolizumab combined
with bevacizumab showed superior OS, progression-free
survival, and quality of life compared with sorafenib®.
This treatment is a combined immunotherapy of an ICI
and an anti-vascular endothelial growth factor drug, and
its combined use has shown additive and synergistic ef-
fects. In the 4th edition of the Hepatocellular Carcinoma
Treatment Manual®, atezolizumab and bevacizumab com-
bination therapy is recommended as the first-line treat-
ment for unresectable HCCs, sorafenib and lenvatinib as
the second-line treatment, and regorafenib, ramucirumab,
and cabozantinib as the third-line treatment. In addition,
in HCCs in the intermediate stage, TACE and molecular-

targeted therapy play complementary roles, and it is im-
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portant to use or combine them properly according to
disease status. TACE is considered unsuitable in the fol-
lowing cases: 1) a TACE refractory condition (Up-to-7
OUT), 2) when TACE enforcement tends to cause Child-
Pugh B (Up-to-7 OUT, ALBI grade 2), and 3) when no
TACE effect can be expected (e.g., poor differentiation,

non-simple nodular type, changes in sarcoma). This ther-

42,49

apy might be indicated for combination drugs™”. At pre-

sent, some important issues remain, such as how drugs
should be adapted, in what order, and at what time. It is
therefore extremely important to establish an effective
therapeutic sequence for advanced HCCs in clinical prac-

tice in the future.

Conclusion
The treatment of HCCs is wide-ranging and includes
other types of radiation therapy not mentioned in this ar-
ticle. Further improvements in treatment outcomes are
expected as a result of technological innovation and the

emergence of newly developed drugs.

Conflict of Interest: None.

References

1. CANCER STATISTICS IN JAPAN ‘18 [Internet]. Available
from: https://ganjoho.jp/en/professional/statistics /broch
ure/2018_en.html

2. Balogh ], Victor DW 3rd, Asham EH, et al. Hepatocellular
carcinoma: a review. ] Hepatocell Carcinoma. 2016;3:41~
53.

3. Tateishi R, Uchino K, Fujiwara N, et al. A nationwide sur-
vey on non-B, non-C hepatocellular carcinoma in Japan:
2011-2015 update. ] Gastroenterol. 2019;54(4):367-76.

4. Atsukawa M, Kondo C, Kawano T, et al. Development of
interferon-free, direct-acting antivirals treatment for Japa-
nese patients with chronic hepatitis C infection and
chronic kidney disease. ] Nippon Med Sch. 2021;88(3):
163-70.

5. Toyoda H, Atsukawa M, Uojima H, et al. Trends and effi-
cacy of interferon-free anti-hepatitis C virus therapy in
the region of high prevalence of elderly patients, cirrho-
sis, and hepatocellular carcinoma: A real-world, nation-
wide, multicenter study of 10 688 patients in Japan. Open
Forum Infect Dis. 2019;6(5):0fz185. doi: 10.1093/ofid/ofz
185

6. Toyoda H, Hiraoka A, Uojima H, et al. Characteristics
and prognosis of de vovo hepatocellular carcinoma after
sustained virologic response. ] Hepatol Commun. 2021;5
(7):1290-9.

7. Oda K, Uto H, Mawatari S, Ido A. Clinical features of he-
patocellular carcinoma associated with nonalcoholic fatty
liver disease: a review of human studies. Clin ] Gastroen-
terol. 2015;8(1):1-9.

8. Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lan-
cet. 2018;391(10127):1301-14.

9. Omata M, Cheng AL, Kokudo N, et al. Asia-Pacific clini-
cal practice guidelines on the management of hepatocel-

J Nippon Med Sch 2022; 89 (2)



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Treatment for HCC in Japan

lular carcinoma: a 2017 update. Hepatol Int. 2017;11(4):
317-70.

Schmidt S, Follmann M, Malek N, Manns MP, Greten TFE.
Critical appraisal of clinical practice guidelines for diag-
nosis and treatment of hepatocellular carcinoma. ] Gastro-
enterol Hepatol. 2011;26(12):1779-86.

Yu SJ. A concise review of updated guidelines regarding
the management of hepatocellular carcinoma around the
world: 2010-2016. Clin Mol Hepatol. 2016,22(1):7-17.
Pavlidis N, Hansen H, Stahel R. ESMO clinical recom-
mendations: a practical guide for medical oncologists.
Ann Oncol. 2007;18(11):1759-63.

Kokudo N, Takemura N, Hasegawa K, etal. Clinical
practice guidelines for hepatocellular carcinoma: The Ja-
pan Society of Hepatology 2017 (4th JSH-HCC guidelines)
2019 update. Hepatol Res. 2019;49(10):1109-13.

Llovet JM, Burroughs A, Bruix J. Hepatocellular carci-
noma. Lancet. 2003;362(9399):1907-17.

Liver Cancer Study Group of Japan. The General Roles
for the Clinical and Pathological Study of Primary Liver
Cancer. 4th Japanese ed: Tokyo: Kanehara-Shuppan; 2000.
Makuuchi M, Kosuge T, Takayama T, et al. Surgery for
small liver cancers. Semin Surg Oncol. 1993;9(4):298-304.
Hayashi H, Beppu T, Okabe H, et al. Functional assess-
ment versus conventional volumetric assessment in the
prediction of operative outcomes after major hepatec-
tomy. Surgery. 2015;157(1):20-6.

Ishizawa T, Hasegawa K, Aoki T, et al. Neither multiple
tumors nor portal hypertension are surgical contraindica-
tions for hepatocellular carcinoma. Gastroenterology.
2008;134(7):1908-16.

Kojima H, Hatano E, Taura K, Seo S, Yasuchika K,
Uemoto S. Hepatic resection for hepatocellular carcinoma
with tumor thrombus in the major portal vein. Dig Surg.
2015;32(6):413-20.

Kokudo T, Hasegawa K, Matsuyama Y, et al. Liver resec-
tion for hepatocellular carcinoma associated with hepatic
vein invasion: A Japanese nationwide survey. Hepatology.
2017;66(2):510-7.

Kasai Y, Hatano E, Seo S, Taura K, Yasuchika K, Uemoto
S. Hepatocellular carcinoma with bile duct tumor throm-
bus: surgical outcomes and the prognostic impact of con-
comitant major vascular invasion. World J Surg. 2015;39
(6):1485-93.

Kinoshita A, Onoda H, Ueda K, et al. Clinical characteris-
tics and survival outcomes of super-elderly hepatocellular
carcinoma patients not indicated for surgical resection.
Hepatol Res. 2016;46(3):E5-14.

Sotiropoulos GC, Prodromidou A, Kostakis ID, Machairas
N. Meta-analysis of laparoscopic vs open liver resection
for hepatocellular carcinoma. Updates Surg. 2017;69(3):
291-311.

Yoshida H, Taniai N, Yoshioka M, et al. Current status of
laparoscopic hepatectomy. ] Nippon Med Sch. 2019;86(4):
201-6.

Ban D, Tanabe M, Kumamaru H, et al. Safe dissemination
of laparoscopic liver resection in 27,146 cases between
2011 and 2017 from the National Clinical Database of Ja-
pan. Ann Surg. 2021;274(6):1043-50.

Yoshioka M, Taniai N, Kawano Y, et al. Effectiveness of
laparoscopic repeat hepatectomy for recurrent liver can-
cer. ] Nippon Med Sch. 2019;86(4):222-9.

Yoshioka M, Taniai N, Kawano Y, et al. Laparoscopic re-
peat hepatectomy with indocyanine green fluorescence
navigation: A case report. ] Nippon Med Sch. 2019;86(5):
291-5.

J Nippon Med Sch 2022; 89 (2)

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Mazzaferro V, Regalia E, Doci R, et al. Liver transplanta-
tion for the treatment of small hepatocellular carcinomas
in patients with cirrhosis. N Engl ] Med. 1996;334(11):693-
9.

Shimamura T, Akamatsu N, Fujiyoshi M, et al. Expanded
living-donor liver transplantation criteria for patients
with hepatocellular carcinoma based on the Japanese na-
tionwide survey: the 5-5-500 rule - a retrospective study.
Transpl Int. 2019;32(4):356-68.

Ebara M, Ohto M, Sugiura N, et al. Percutaneous ethanol
injection for the treatment of small hepatocellular carci-
noma. Study of 95 patients. ] Gastroenterol Hepatol. 1990;
5(6):616-26.

Seki T, Wakabayashi M, Nakagawa T, et al. Ultrasonically
guided percutaneous microwave coagulation therapy for
small hepatocellular carcinoma. Cancer. 1994,74(3):817-25.
Rossi S, Di Stasi M, Buscarini E, et al. Percutaneous ra-
diofrequency interstitial thermal ablation in the treatment
of small hepatocellular carcinoma. Cancer J Sci Am. 1995;
1(1):73-81.

Kitamoto M, Imagawa M, Yamada H, et al. Radiofre-
quency ablation in the treatment of small hepatocellular
carcinomas: comparison of the radiofrequency effect with
and without chemoembolization. AJR Am ] Roentgenol.
2003,181(4):997-1003.

Song MJ, Bae SH, Lee JS, et al. Combination transarterial
chemoembolization and radiofrequency ablation therapy
for early hepatocellular carcinoma. Korean ] Intern Med.
2016;31(2):242-52.

Jiang G, Xu X, Ren S, Wang L. Combining transarterial
chemoembolization with radiofrequency ablation for he-
patocellular carcinoma. Tumour Biol. 2014;35(4):3405-8.
Matsui O, Kadoya M, Yoshikawa J, et al. Small hepatocel-
lular carcinoma: treatment with subsegmental transcathe-
ter arterial embolization. Radiology. 1993;188(1):79-83.
Golfieri R, Cappelli A, Cucchetti A, et al. Efficacy of selec-
tive transarterial chemoembolization in inducing tumor
necrosis in small (<5cm) hepatocellular carcinomas. He-
patology. 2011;53(5):1580-9.

Takayasu K, Arii S, Ikai I, et al. Prospective cohort study
of transarterial chemoembolization for unresectable hepa-
tocellular carcinoma in 8510 patients. Gastroenterology.
2006;131(2):461-9.

Takayasu K, Arii S, Kudo M, et al. Superselective transar-
terial chemoembolization for hepatocellular carcinoma.
Validation of treatment algorithm proposed by Japanese
guidelines. ] Hepatol. 2012;56(4):886-92.

Satake M, Uchida H, Arai Y, et al. Transcatheter arterial
chemoembolization (TACE) with lipiodol to treat hepato-
cellular carcinoma: survey results from the TACE study
group of Japan. Cardiovasc Intervent Radiol. 2008;31(4):
756-61.

van Malenstein H, Maleux G, Vandecaveye V, etal. A
randomized phase II study of drug-eluting beads versus
transarterial chemoembolization for unresectable hepato-
cellular carcinoma. Onkologie. 2011;34(7):368-76.

Kudo M, Han KH, Ye SL, et al. A changing paradigm for
the treatment of intermediate-stage hepatocellular carci-
noma: Asia-Pacific Primary Liver Cancer Expert Consen-
sus Statements. Liver Cancer. 2020;9(3):245-60.

Okabe K, Beppu T, Haraoka K, et al. Safety and short-
term therapeutic effects of miriplatin-lipiodol suspension
in transarterial chemoembolization (TACE) for hepatocel-
lular carcinoma. Anticancer Res. 2011;31(9):2983-8.

Ernst O, Sergent G, Mizrahi D, Delemazure O, Paris JC,
L'Hermine C. Treatment of hepatocellular carcinoma by

159



45.

46.

47.

48.

49.

Y. Kawano, et al

transcatheter arterial chemoembolization: comparison of
planned periodic chemoembolization and chemoemboli-
zation based on tumor response. AJR Am ] Roentgenol.
1999;172(1):59-64.

Kudo M, Finn RS, Qin S, et al. Lenvatinib versus soraf-
enib in first-line treatment of patients with unresectable
hepatocellular carcinoma: a randomised phase 3 non-
inferiority trial. Lancet. 2018;391(10126):1163-73.

Ando Y, Kawaoka T, Amioka K, et al. Efficacy and safety
of lenvatinib-transcatheter arterial chemoembolization se-
quential therapy for patients with intermediate-stage he-
patocellular carcinoma. Oncology. 2021;99(8):507-17.
Kamimura N, Alexander MW, Iwai Y. Development of
cancer immunotherapy targeting the PD-1 pathway. ]
Nippon Med Sch. 2019;86(1):10—4.

Finn RS, Qin S, Ikeda M, et al. Atezolizumab plus bevaci-
zumab in unresectable hepatocellular carcinoma. N Engl J
Med. 2020;382(20):1894-905.

Llovet JM, Villanueva A, Marrero JA, et al. Trial design

and endpoints in hepatocellular carcinoma: AASLD Con-
sensus Conference. Hepatology. 2021;73(Suppl 1):158-91.

(Received, September 10, 2021)
(Accepted, November 10, 2021)
(J-STAGE Advance Publication,  January 25, 2022)

Journal of Nippon Medical School has adopted the Creative Com-
mons Attribution-NonCommercial-NoDerivatives 4.0 International
License (https://creativecommons.org/licenses/by-nc-nd/4.0/) for
this article. The Medical Association of Nippon Medical School re-
mains the copyright holder of all articles. Anyone may download,
reuse, copy, reprint, or distribute articles for non-profit purposes
under this license, on condition that the authors of the articles are
properly credited.

160

J Nippon Med Sch 2022; 89 (2)




