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Aim: to compare various methods of intraarterial therapy for hepatocellular carcinoma (HCC) in terms of survival,
adverse events, and cost-effectiveness.

Key points. Hepatocellular carcinoma is a malignant liver tumor that originates from hepatocytes. This form of liver
cancer is the most common and accounts for 85 % of cases. HCC is the seventh most common cancer and the third
leading cause of cancer death worldwide. Unfortunately, the majority of patients with HCC are diagnosed at an ad-
vanced stage, when surgical treatment is impossible. Thus, new methods of therapy (including intraarterial) appear,
which allow saving the lives of these patients. At present, new intraarterial methods of treatment include transarterial
chemoinfusion (TACI), conventional transarterial chemoembolization (cTACE), drug-eluting-beads-TACE (debTACE)
and radioembolization (RE).

Conclusion. As a result of studying various sources of world literature about comparing intraarterial methods of HCC
treatment, a final table was compiled, which presents the main characteristics of each method. The methods have
their advantages and disadvantages, however, according to the criteria of overall survival and progression-free sur-
vival, debTACE is in the lead. The most inexpensive method of those presented is TACI, however, in terms of economic
efficiency, the method is not a priority, because for treatment with this method, a greater number of cycles is required,
compared, for example, with TACE. The radioembolization is associated with the lowest risk of adverse events.
Keywords: hepatocellular carcinoma, chemoembolization, conventional transarterial chemoembolization, radio-
embolization, transarterial chemoinfusion
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Llenb: cpaBHeHVE passiMyHbIX METOLMK BHYTPMApPTEPUAIbHON Tepanuu renatouesuionsapHoro paka (FUP) no no-
KasaTtensM BbXMBAEMOCTU, HEXENATESIbHbIX ABJIEHUI 1 SKOHOMUYECKOM 9P DEKTUBHOCTN.

OCHOBHbI€ MOJIOXKEeHUS. [enaToLEeNMoNSAPHbIA Pak — 310KAYECTBEHHAS OMyX0Jib MEeYEHN, KOTOPas UCXOOMUT U3 re-
naToumToB. JlaHHasa ¢popMa paka nedeHn aBngeTca Hanbosnee YacTon u coctaBnsaeT 85 % cny4vaes. LP HaxoouTcsa
Ha cebMOM MECTE M0 PacnpOCTPAHEHHOCTM CPpeam BCEX BUAOB paka U ABASETCA TPETbUM MO NpU4ynHamMm CMEpPTHO-
CTW Cpean OHKOJIOrMYecknx 3abonesaHunii Bo Bcem Mupe. K coxaneHuio, y noaaBnsiowero 60bWmHCTBA NauneH-
ToB [(LIP orarHoCTMpyeTcs yxe Ha nporpeccupyoLLen CTaanm, Korna XMpypruieckoe siedeHrne HEBO3MOXHO. [MosaB-
NIFI0TCHA HOBbIE METOAbI Tepanuu (B TOM YNCIIE BHYTPUAPTEPUAsIbHOM), KOTOPbIE NO3BOJISIOT CnacaTth XXU3HU OaHHbIX
MnaumeHToB. Ha HacTOSALWLNIA MOMEHT K HOBbIM BHYTPUapTEPUasibHbIM METOAAM JIEYEHUS OTHOCAT XUMUOUHODY3NIO
B neyeHo4Hyto apteputo (XUNMA), macnsHyio xummoambonmsaumio (M-X3IMMA), XuMnoamMb0onn3aumio 1IeKapCTBEHHO-
HacbILLEeHHbIMU MUKpocdepamu (X3MA-JIHM) n pagrnoambonusaumio (P3).

SaknoueHue. B pesynsrate nadyyeHns pasnmyHbiX NICTOYHUKOB MUPOBOW IUTEPATYPbl HA NPeAMET CPABHEHWS BHY-
TprapTepuabHbiX MeToaoB neveHus ILP 6bina coctaBneHa utoroas Tabnuua, B KOTOPOW NPUBEAEHbBI OCHOBHbIE
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XapakTepUCTUKN KaxXaoro n3 MetofoB. MeToabl MMEIOT CBOU NPEVMYLLECTBA U HEAO0CTaTKu, OOHAKO MO KpUTepu-
M 00LLEei BbXKMBAEMOCTU U BbXMBAEMOCTU 6e3 nporpeccupoBaHus nuanpyet meton XOrNA-JIHM. Camsblii Hepo-
poroctoawmi meton 13 npeacrtasneHHblx — XUMMA, ogHako B acrnekte 9KOHOMUYeCKOor 3D@EKTUBHOCTU METOL,
He SBNSIETCS NPUOPUTETHBLIM, TaK Kak JIEYEHVE AaHHbIM METOO0M NpenycmMaTpuBaeT OosbLIEE KOJIMYECTBO LIMKIIOB
Mo CPaBHEHMIO, K Npumepy, ¢ Metoankamm XIAMA. C Hanbonee HU3KUM PUCKOM HeXenaTeNbHbIX ABIEHUI ConpsiXe-
Ha MeToAMKa PaaMoaMb0om3aLmu.

KnioueBbie croBa: renatoueiiofspHbIA pakK, XMMUoamMoonn3awus, MacisHas XuMmoambonmsaums, paamoamobo-
m3aums, XMMMonHOY31s B Ne4YeHO4YHYI0 apTepuio

KoHdnukT uHTEepecoB: aBTopbl 3as8BNSIOT 06 OTCYTCTBUN KOHMNNKTA NHTEPECOB.

Ana umtnposaHus: MetpocsH A.l., Kyyepos B.B., EmenbsiHoBa 0.A., KanpuH A.[l., BaHoB C.A., MeTpos J1.0., ®ananeesa H.A.,
Mcaesa A.l., ukoBa A.C., Ctexoa A.T., Bonnuea E.A. CpaBHUTENbHASA OLEHKA METOAOB BHYTPMapTEPUAsIbHOM Tepanum Npu re-
naToueItoNapHOM pake. POCCUNCKNI XypHan raCTpO3HTEPONOrnK, renaTonornu, kononpokronorun. 2025;35(2):45-60. https://

doi.org/10.22416/1382-4376-2025-35-2-45-60

Introduction

Hepatocellular carcinoma (HCC) is a malig-
nant liver tumor that originates from hepatocytes.
This form of liver cancer is the most common and
accounts for 85 % of cases [1].

HCC is the seventh most common cancer and
the third leading cause of death among cancer
diseases worldwide. Men are susceptible to the
disease two to three times more often than wom-
en [2].

The diagnosis of HCC is established in pa-
tients at risk (suffering from viral hepatitis or
liver cirrhosis of various etiologies) based on spe-
cific pathognomonic signs of laboratory (aimed
at assessing liver function), instrumental (aimed
at assessing the prevalence of the tumor process)
studies, as well as on the basis of the results of
pathological examination of biopsy or surgical
material [1, 2]. The most commonly used stag-
ing system for HCC is the Barcelona Clinic Liver
Cancer (BCLC) classification (Fig.). The BCLC
classification not only determines the stage of the
cancer process but also links it to optimal treat-
ment options and prognosis [3].

Treatment and strategy selection are based on
the clinical staging system for cancer patients
[4] and determined by a special multidisciplinary
HCC team.

Intraarterial therapy methods include transarte-
rial chemoinfusion (TACI), conventional transar-
terial chemoembolization (cTACE), drug-eluting-
beads-TACE (debTACE) and radioembolization
(RE). Absolute contraindications to transarterial
treatment include decompensated liver cirrho-
sis, high tumor load, impaired portal blood flow,
intractable ascites, severe coagulation disorders,
presence of portal shunt, gastrointestinal bleeding
in the last three months, and renal failure (creat-
inine clearance 30 mL/min). Radical treatment
includes liver resection, orthotopic liver trans-
plantation, as well as the use of radiofrequency,

microwave ablation and other locally destructive
ablative methods [1].

Palliative treatment is aimed at improving the
quality and increasing the life expectancy. It in-
cludes various methods of embolization and sys-
temic chemotherapy [1].

Unfortunately, the majority of patients with
HCC are diagnosed at a progressive stage, when
the tumor is inoperable. Thus, new methods of
intraarterial tumor therapy are emerging, which
allow saving the lives of these patients [5—7]. The
relevance of the problem allows us to formulate
the aim of the study — to highlight the data of
world literature on the possibilities of endovas-
cular surgery in the treatment of patients with
HCC, analysis and comparison of various methods
of intraarterial therapy for HCC.

Application of endovascular techniques in HCC

Transarterial chemoinfusion (TACI)

Since the 1990s, an alternative treatment for
HCC, transarterial chemoinfusion (TACI), has
become widespread in Japan. The technique in-
volves intraarterial administration of chemothera-
py drugs through a port implanted under the skin.
This procedure provides direct delivery of the
chemotherapy drug through the arteries feeding
the tumor and minimizes the toxic effect on the
liver, while providing a higher response rate (22—
48 %) than with systemic chemotherapy (8—21 %)
[8—10]. There are several TACI regimens. The
most common ones include cisplatin monotherapy
(CDDP); low doses of cisplatin in combination
with 5-fluorouracil (5-FU or LFP); interferons in
combination with 5-fluorouracil (FAIT) [9]. The
antitumor effect of cisplatin is due to the forma-
tion of inter- and intra-strand covalent bonds with
DNA by direct interaction with guanine or ade-
nine. The response rate from cisplatin administra-
tion in advanced HCC varies from 14 to 42 %.
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Low-dose cisplatin (CDDP) in combination
with 5-fluorouracil is a regimen in which a small
amount of cisplatin (10 mg/m? per day, days 1—5)
reverses the effects of 5-FU (250 mg/m? per day,
days 1—5) administered continuously.

In the FAIT regimen, interferons enhance
their antitumor effect by directly inhibiting tu-
mor cell proliferation and indirectly affecting
angiogenesis [10].

One of the most common drugs for the sys-
temic treatment of HCC is sorafenib. However,
treatment with this drug alone has a disappointing
prognosis, and the median survival is from 5.5 to
7.2 months [8].

The clinical advantages of TACI include the
following points: the ability to perform TACI on
patients with class B on the Child — Pugh scale;
Child — Pugh scores practically do not decrease
as a result of TACI treatment; TACI is a much
more effective technique for patients with vascu-
lar invasion; TACI has a less systemic effect on
non-tumor cells, acting locally. The disadvantages

include technical difficulties in installing a cathe-
ter with a reservoir; control techniques for check-
ing the catheters; adverse events associated with
port migration, catheter dislocation, arterial oc-
clusion, occlusion of the reservoir system, subcu-
taneous hematomas or infection [10].

In an open randomized phase 3 study, N. Lyu
et al. (2022) analyzed and compared TACI treat-
ment with sorafenib [11]. Between May 2017
and May 2020, patients were randomly assigned
to either the TACI treatment group (n = 130)
or the sorafenib treatment group (n = 132) in a
1 : 1 ratio. Patients in the TACI group under-
went arterial biopsy and catheterization before
treatment. One cycle was three weeks long, and
FOLFOX (oxaliplatin 130 mg/m?, leucovorin
200mg,/m?, fluorouracil400mg,/m?, andfluorouracil
2400 mg,/m?) was administered each cycle. A total
of 406 treatment cycles were completed, with an
average of three cycles per patient. The median
duration of therapy was 11 weeks. Approximately
13 % of patients had their FOLFOX dose reduced,
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and 7 % had their treatment interrupted due to
drug toxicity. The main complication during oxal-
iplatin infusion was acute abdominal pain (in 40.6 %
of patients), which was relieved by reducing the rate
of drug administration or symptomatic therapy. No
patient discontinued treatment due to infusion com-
plications. Non-acute catheter-related complications
were observed in 4.7 % of cases.

The average duration of treatment in the sorafenib
group was 3.5 months. The average dose of the drug
was 614.0 mg. Treatment was interrupted in 93 % of
patients for various reasons. Of these, 52.7 % were
due to disease progression, 19.4 % were due to ad-
verse drug effects, 9.3 % were due to worsening liver
function, 6.2 % were due to worsening ECOG-PS,
and 5.4 % were due to the patient’s unwillingness to
undergo treatment.

The median follow-up time in the TACI group
was 17.1 months, while in the sorafenib group it
was 19.8 months. The analysis showed longer sur-
vival of patients receiving TACI (overall surviv-
al — 13.9 months) compared to sorafenib treatment
(8.2 months). The median progression-free surviv-
al in the TACI group was 7.8 months compared to
4.3 months in the sorafenib group.

Thus, in this study, the TACI technique showed
longer overall survival and progression-free survival
of patients compared to sorafenib therapy.

The first studies on TACI demonstrated that the
technique leads to uniform distribution of the che-
motherapy drug in the capillary network of both
the tumor location and the regional metastasis zones,
but researchers needed to improve treatment results.
In this regard, ideas about a combination of intraar-
terial and systemic chemotherapy began to appear.

Currently, there is evidence that TACI in com-
bination with sorafenib gives the most favorable
results, which are demonstrated by various clin-
ical studies. In 2019, a randomized open-label
phase 3 study by M.K. He et al. was conducted,
which involved 247 patients [12]. The observa-
tion was carried out for 10 months. Patients were
randomly assigned to two groups: a group receiv-
ing sorafenib (n = 122) and a group receiving
sorafenib in combination with TACI (sorafenib
+ TACI) (n = 125). Treatment was divided into
3-week cycles. Patients in both groups received
sorafenib 400 mg orally twice a day from day 1
to day 21, TACI was performed every 3 weeks.
In the sorafenib + TACI group, femoral artery
puncture and catheterization were performed on
the first day of each cycle. The TACI regimen
was as follows: oxaliplatin 80 mg/m? (hours 0
to 2 on day 1), leucovorin 400 mg/m? (hours
2—3 on day 1), fluorouracil 400 mg/m? bolus on
the third hour and 2400 mg/m? over 48 hours on
days 1 and 2. Before each new TACI cycle, a new

catheterization was performed. On average, there
were four TACI cycles per patient. The duration
of sorafenib treatment was longer in patients in
the group receiving sorafenib with TACI, but the
doses were the same. The median survival in the
group of patients receiving sorafenib with TACI
was 13.37 months, in contrast to the group receiv-
ing sorafenib only (7.13 months).

The median progression-free survival in the
sorafenib + TACI group was 7.03 months, in the
sorafenib group — 2.6 months.

Adverse events from treatment occurred in 10 %
of the total sample and were approximately equal
in each of the groups (118 in the sorafenib + TACI
group and 109 in the sorafenib group). Adverse
events of grade 3—4 were most common in patients
in the sorafenib + TACI group. Also, abdominal
pain was noted in 34 patients in the sorafenib +
TACI group, which was relieved by reducing the
infusion rate or stopping TACI. Thirty days after
stopping the study treatment, 3 deaths related to
treatment and not dependent on disease progres-
sion occurred (two in the sorafenib + TACI group
and one in the sorafenib group) [8]. Thus, this
study showed the advantages of sorafenib therapy
in combination with TACT in terms of overall sur-
vival and progression-free survival, and the per-
centage of adverse events remained approximately
equal for both groups.

The number of studies devoted to the analy-
sis of the efficacy and safety of combined intraar-
terial and systemic chemotherapy also included
an open-label randomized multicenter study by
M. Ikeda et al. (2016), which assessed and com-
pared the treatment of patients with sorafenib and
a combination of sorafenib with TACI [13]. From
June 2011 to December 2013, 108 patients took
part in the study, who were randomly distributed
into two groups with 1 : 2 ratio: group 1 — pa-
tients receiving sorafenib (n = 42), group 2 — pa-
tients receiving sorafenib + TACI with cisplatin
(n = 66). Patients in both groups were adminis-
tered sorafenib orally at a dose of 400 mg twice
daily. Patients in the sorafenib + TACI group re-
ceived cisplatin at a dose of 65 mg/m? throughout
the cycle through a catheter placed in the native
left or right hepatic artery or another feeding ar-
tery for 4—6 weeks. The average number of cispla-
tin administrations was 2 times, and the average
drug concentration was 222 mg. The dose intensi-
ty of sorafenib was 488 mg/day in the sorafenib
only group and 540 mg/day in the sorafenib +
TACI group. Over time, the dose of sorafenib
was required to be reduced by 49.2 % and 63.4 %
in groups 1 and 2, respectively. For patients in
the sorafenib group, treatment lasted 86 days on
average (range: 6—449 days), and for patients in

Poc ypH racTposuTepoJ rematon koaonpokros 2025; 35(2) / Rus J Gastroenterol Hepatol Coloproctol 2025; 35(2)



www.gastro-j.ru

Reviews / O630pbi

the sorafenib + TACI group — 75 days (range:
4—881 days).

According to the results of the study, 37 and
49 patients died in the sorafenib group and the
sorafenib + TACI group, respectively. The median
survival in each group was 8.7 months in group 1
and 10.2 months in group 2.

HCC progression was observed in 39 patients
in group 1 and in 61 patients in group 2, and
the average progression time was 2.8 months and
3.1 months, respectively.

Adverse events from treatment (neutropenia,
leukopenia,  hypohemoglobinemia,  hyponatre-
mia, thrombocytopenia, nausea) were more com-
mon in patients in the sorafenib + TACI group.
However, these adverse events were not serious,
and this therapy can be considered well tolerated.

From an economic point of view, this combina-
tion with TACI in treatment is relatively advanta-
geous and amounted to approximately 2000 USD
per procedure [13]. Thus, the study showed the
advantage of the sorafenib + TACI group over the
sorafenib group in terms of overall survival. At
the same time, the percentage of cases of HCC
progression in the sorafenib + TACI group was

almost twice as high as the number of cases in the
sorafenib group.

Thus, it can be said that the TACI gives rela-
tively good survival results, compared with classi-
cal methods of systemic chemotherapy. The com-
bination of systemic chemotherapy and TACI also
has an advantage in survival over classical system-
ic chemotherapy. The summary data of the studies
presented are contained in Table 1.

Transarterial chemoembolization (TACE)

Transarterial chemoembolization is a standard
method of treating inoperable hepatocellular car-
cinoma [14].

Drug-eluting-beads-TACE (debTACE)

and conventional transarterial

chemoembolization (cTACE)

The debTACE technique involves the intro-
duction of spherical microspheres into the he-
patic artery that release drugs with an antitu-
mor agent [15].

The exact size of the microparticles plays a
decisive role in the effectiveness of vascular em-
bolization. Thus, there is evidence that for occlu-
sion of the distal branches of the hepatic artery,
the optimal size of the microspheres should be

Table 1. Comparison of the results of the TACIT studies
Tabauua 1. CpaBHenue pesyibTaroB ucciaepoBanuii XMITA

Authors
Aemopuol

Aim of the study
I[eav uccaedosanus

I'pynnsl nauuenmos

Results
Pe3yavmamot

Subject groups

Comparison of TACI
and sorafenib

TACI / XHIIA
n = 130

OS — 13.9 months
PFS — 7.8 months
OB — 13,9 mec.
BBII — 7,8 mec.

Ly W @ el (1] Cpasnenue XHIIA

¢ copagpenubom

Sorafenib / Copagpenud
n=132

OS — 8.2 months
PFS — 4.3 months
OB — 8,2 mec.
BBII — 4,3 mec.

Comparison of sorafenib
+ TACI combination
and sorafenib

Sorafenib + TACI
Copagpenu6 + XHUIIA
n =125

OS — 13.37 months
PFS — 7.03 months
OB — 13,37 mec.
BBII — 7,03 mec.

e ML 6 al. [[12] Cpasnenue KoMOunauuu

«Copagpenutb + XHUIIA»
¢ copagenubom

Sorafenib / Copagpenud
n =122

OS — 7.13 months
PFS — 2.6 months
OB — 7,13 mec.
BBII — 2,6 mec.

Comparison of sorafenib

Sorafenib + TACI
Copagenu6 + XHUIIA
n = 66

OS — 10.2 months
Progression — 61 patients
OB — 10,2 mec.
Ipozpeccuposanue — 61 uea.

+ TACI combination

Ikeda M., Shi- d o
mizu S.. Sato T. and sorafeni
et al [1’3] ’ Cpasnenue KoMOUHAUuL

«Copagpenub + XHIIA»
¢ copagpenubom

Sorafenib / Copaghenué
n =42

OS — 8.7 months
Progression — 39 patients
PT — 2.8 months

OB — 8,7 mec.
Ipozpeccuposanue — 39 uen.
— 2,8 mec.

Note: TACI — transarterial chemoinfusion; OS — overall survival; PFS — progression-free survival; PT — progression time.
IIpumeuanue: XHIIA — xumuounpysus ¢ neuenounyro apmepuio; OB — obwas evikusaemocmv;, BBII — svukusaemocmo

6e3 npozpeccuposanus; BII — epems npozpeccuposanus.
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40—100 um, and for embolization of the proximal
branches of the hepatic artery, the optimal size is
300 um [16].

One of the advantages of debTACE is the cre-
ation of a comparatively high concentration of the
drug within the tumor with a relatively lower sys-
temic concentration than cTACE [17]. However,
due to the fact that the antitumor agent penetrates
and blocks the sinusoids, portal vein, and hepatic
arterial microanastomoses, ischemia may also affect
non-tumor surrounding tissues. Thus, the treatment
may cause liver damage [14].

cTACE was developed in the 1980s and is the
standard of treatment for intermediate-stage HCC
and remains one of the most widely used intraarte-
rial methods for the treatment of HCC [16,18,19].
This procedure is performed by administering a
mixture of epirubicin and lipiodol to concentrate
the drug within the tumor. This is achieved using
a gelatin sponge, which creates occlusion of the
tumor-feeding arteries in order to lead to infarc-
tion and necrosis of tumor tissue. cTACE is wide-
ly used due to the high penetration of embolic
agents into capillaries and good diffusion capacity
[20]. However, due to tissue clearance and blood
purification, the drug can be easily excreted with-
out providing stable embolization. Disadvantages
also include a high risk of adverse events, such as
pulmonary and cerebral embolism, hypersensitiv-
ity reaction, and decompensation of chronic liver
failure [16, 19]. The oil suspension enters both
tumor and healthy tissues. However, the muscular
layer of arteries of tissue unaffected by the tumor
removes the oil drug, and tumor vessels, which do
not have a muscular apparatus, retain the chemo-
embolizate in the tumor for a long time [21]. A
number of studies have been devoted to the issue
of the effectiveness of the ¢cTACE technique in
comparison with other methods of HCC thera-
py. Thus, a randomized phase 3 study by Q.J. Li
et al. (2022) was devoted to a similar goal, where
the effectiveness of cTACE and TACI techniques
was analyzed and compared [22]. From October
2016 to November 2018, 315 patients were se-
lected and randomly assigned to the TACE group
(n = 156) and the TACI group (n = 159). Eight
patients from the TACI group transferred to the
TACE group, while 20 people from the TACE
group transferred to the TACI group.

For chemoembolization, 50 mg of epirubicin
and 50 mg of lobaplatin in a mixture with lipiodol
were used. Then, embolization was performed
with the introduction of polyvinyl alcohol parti-
cles. In this case, the TACE cycles were repeated
every 6 weeks.

For the implementation of TACE, oxaliplatin
130 mg/m? from hours 0 to 2 on day 1, leucovorin

400 mg/m? from hours 2 to 3 on day 1, and flu-
orouracil 400 mg/m? continuously for 3 hours on
day 1, 400 mg/m? for 24 hours were used. TACE
cycles were repeated every 3 weeks up to 6 cycles.

The median overall survival in the TACE group
was 23.1 months, which is longer than in the TACE
group (16.1 months). The median progression-free
survival was 17.9 months in the TACI group and
10.4 months in the TACE group. The frequency
of increased aspartate aminotransferase, alanine
aminotransferase and hyperbilirubinemia was re-
corded more often in the TACE group. Abdominal
pain was the most common adverse event in the
TACI group (37 patients). Catheter displacement
occurred in 12 patients in the TACI group; gastric
ulcers were observed in 4 patients in this group,
and one patient developed gastrointestinal bleed-
ing. In the TACI group, 16 % of patients received
a dose reduction of oxaliplatin due to specific ab-
dominal pain.

Thus, in this study, TACI showed the high-
est overall survival and progression-free survival
compared to the TACE group. At the same time,
adverse events in the form of abdominal pain be-
came the most common in the TACI group. The
possibility of effectively combining intraarterial
methods of HCC therapy has also been actively
studied by researchers. Thus, in a randomized
study by B. Li et al. (2021), the effectiveness of
cTACE in combination with transarterial chemo-
infusion was studied in comparison with ¢cTACE
without chemoinfusion [23]. A total of 83 patients
were included in the study, who were randomly
divided into ¢cTACE (n = 42) and ¢cTACE + TACI
(n = 41) groups. The ¢cTACE included 30 mg,/m?
epirubicin, 200 mg/m? carboplatin and 4 mg,/m?
mitomycin C mixed with 2—5 mL lipiodol. After
that, 20 mL of additional lipiodol was injected
into the target artery to stasis of blood flow in the
artery feeding the tumor. Repeated TACE sessions
were performed at intervals of 4 weeks.

Chemoembolization in the ¢cTACE + TACI
group was performed with 30 mg,/m? of epirubicin
with 2—5 mL of lipiodol, then lipiodol was ad-
ministered without the mixture. Then, a catheter
was inserted into the target artery for FOLFOX
TACI: 85 mg/m? oxaliplatin infusion for 2 hours,
400 mg,/m? leucovorin infusion for 2 hours, and
400 mg/m? 5-FU bolus and 2400 mg/m? con-
tinuous infusion for 48 hours (high-dose 5-FU,
received by 24 patients, from August 2017 to
November 2018) or 1200 mg/m? continuous infu-
sion for 23 hours (low-dose 5-FU, received by 17
patients, from December 2018 to June 2019).

The ¢cTACE + TACI procedure was performed
every 4 weeks. The average follow-up period was
27.6 months (cTACE — 47.8 months, cTACE +
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TACI — 19.6 months). Overall survival was
13.5 months in the ¢TACE group and was un-
known in the cTACE + TACI group. Median sur-
vival to progression was 9.2 months in the cTACE
group and was not available for analysis for the
c¢TACE + TACI group. It turned out that 48.8 %
received conversion resection in the ¢cTACE +
TACI group, while this figure was only 9.5 % of
patients in the cTACE group.

Thus, within the limits of this study, it can be
concluded that combination therapy allowed to
obtain conversion liver resection to a significantly
higher extent than ¢cTACE. The optimal criteria
for choosing between ¢cTACE and debTACE are
not completely clear, so there are currently a rela-
tively large number of studies analyzing and com-
paring the effectiveness of debTACE with cTACE
[14]. Thus, according to a multicenter prospective
randomized controlled study by M. Tkeda et al.
(2022), the effectiveness of debTACE and ¢TACE
was compared in patients with inoperable HCC
[14]. All subjects (199 patients) were randomly
divided into two groups with 1 : 1 ratio, receiving
debTACE (n = 98) and cTACE (n = 101), re-
spectively. debTACE was performed using micro-
spheres saturated with epirubicin (75 mg) mixed
with a non-ionic contrast agent. Particles of 100—
300 um were used, no more than two injections
per TACE session. The maximum dose of epiru-
bicin was no more than 150 mg per session. The
TACE procedure was successful in both groups.
The concentration of epirubicin was approximate-
ly the same in both groups (22.5 mg in the deb-
TACE group, 25 mg in the ¢cTACE group). Seven
patients in the debTACE group received addition-
al microspheres unloaded with the drug.

One month after treatment, tumor response
was assessed using CT and MRI. According to the
results, after one month, the tumor response rate
was 35.7 % in patients in the debTACE group and
84.2 % in patients in the cTACE group, and after
three months — 27.6 and 75.2 %, respectively.
Adverse events associated with post-embolization
syndrome (fever, fatigue, nausea, abdominal pain,
increased liver enzymes) were observed more often
in the cTACE group: loss of appetite — 28.7 % in
the cTACE group, 12.2 % in the debTACE group;
abdominal pain — 23.8 % in the ¢cTACE group,
8.2 % in the debTACE group;, hypoalbumin-
emia — 69.4 and 4.4 %, respectively; increased
aspartate aminotransferase — 81.2 and 35.7 %,
respectively; increased alanine aminotransferase —
77.2 and 35.7 %, respectively.

Thus, cTACE has proven to be the most effec-
tive method: a higher tumor response rate was ob-
served within the study. However, at the same time,
adverse events in the form of post-embolization

syndrome were observed significantly more often
in the cTACE groups than in the debTACE group.

The issue of comparing TACE methods was
also addressed in the work of Q. Shi et al. (2022).
A retrospective study was conducted to evaluate the
clinical results of cTACE and debTACE [24].

The sample included 312 patients (140 in the
debTACE group and 172 patients in the ¢cTACE
group). The groups were compared according to the
criteria of overall survival (OS), progression-free
survival (PFS). Thus, according to the results of
the analysis, the PFS rate in the debTACE group
was 11.5 months vs. 9 months for cTACE, and the
OS rate in the debTACE group was 24 months vs.
19.2 months in the cTACE group.

Thus, the analysis of the methods according to
survival criteria showed that debTACE can be an
effective method for the treatment of inoperable
HCC (Table 2).

Radioembolization

Radioembolization (RE) of the hepatic artery
involves the introduction of radioactive micro-
spheres into the artery feeding the tumor for subse-
quent irradiation [25]. Thus, unlike chemoemboli-
zation, which is based on ischemia due to vascular
occlusion and the delivery of chemotherapy drugs,
in radioembolization the key role in antitumor ef-
fectiveness is played by selective irradiation of tu-
mor cells using isotopes. Also, microparticles for
radioembolization have a much smaller diameter
compared to microspheres used in TACE (35 um
compared to 300 um). As a rule, yttrium-90 (*°Y)
is used for radioembolization, which is a high-en-
ergy source with a short half-life (64.1 hours) and
a sufficient range to penetrate tissue (2.5 mm).
At the same time, such a range allows for a de-
crease in the radiation load on tissues [26]. The
mechanism of action of microspheres for RE is the
generation of free radicals due to the ionization of
water molecules. Thus, free radicals irreversibly
disrupt the structure of DNA and cause apoptosis
of tumor cells. Within two weeks after injection,
more than 95 % of the radiation passes into the
tissues surrounding the vessels embolized with mi-
croparticles [25].

The advantages of this technique include min-
imal post-embolization syndrome, delivery of
high doses of radiation without relative harm to
healthy liver parenchyma [25, 27]. One of the dis-
advantages of the technique is the high cost of the
procedure [28].

A number of studies have been devoted to the re-
search of factors affecting the survival of patients
with HCC. One of such works is the study of F.
Kolligs et al. (2023), which analyzed 422 patients
with HCC who received RE with *Y microspheres
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Table 2. Comparison of the results of TACE studies
Tabauua 2. Cpasuennie pe3ybTatoB uccaenoBannit XOIIA

M-X3ITA u XHIIA

Authors Aim of the study Subject groups Results
Aemoput I[eav uccaedosanus I'pynnovl nauuenmoes Pezyavmamot
OS — 16.1 months
c¢TACE / M-X3IIA PFS — 10.4 months
Comparison of cTACE n =156 OB — 16,1 mec.
Li Q.J. et al. and TACI BBII — 10,4 mec.
[22] Cpasnenue memooux OS — 23.1 months

TACI / XHUIIA
n =159

PFS — 17.9 months
OB — 23,1 mec.
BBII — 17,9 mec.

Li B. et al. [23]

Comparison of cTACE +
TACI and cTACE
Cpasnenue xomounayuu
M-X3IIA + XHIIA

u M-X3OITA

c¢TACE + TACI
M-X3IIA + XHUIIA
n =41

OS — unknown

PFS — unknown

Conversion resection — 48.8 %

OB — neussecmna

BBII — neussecmua
Koneepcuonnas pesexyus — 48,8 %

cTACE / M-X3IIA
n =42

OS — 13.5 months

PFS — 9.2 months

Conversion resection — 9.5 %

OB — 13,5 nmec.

BBII — 9,2 mec.

Koneepcuonnas pesexyus — 9,5 %

Ikeda M. et al.
[14]

Comparison of cTACE
and debTACE
CpasHenue memooux
M-X3IIA u X3OIIA-JIHM

debTACE
XOITA-JIHM
n =98

Tumor response rate:
after 1 months — 35.7 %
after 3 months — 27.6 %
Adverse events:

loss of appetite — 1.2 %
abdominal pain — 8.2 %
hypoalbuminemia — 4.4 %
Yposenv omsema onyxonu:
uepes 1 mec. — 35,7 %
uepe3 3 mec. — 27,6 %.
Hexenamenvnole a6aenus:
nomeps annemuma — 1,2 %
6o 6 xusome — 8,2 %
eunoarvoymunemus — 4,4 %

cTACE / M-X3IIA
n =101

Tumor response rate:

after 1 months — 84.2 %
after 3 months — 75.2 %
Adverse events:

loss of appetite — 28.7 %
abdominal pain — 23.8 %
hypoalbuminemia — 69.8 %
Yposenv omeema onyxoau:
uepe3 1 mec. — 84,2 %
uepe3 3 mec. — 75,2 %.
He:xenamenvnvie a6ienus:
nomeps annemuma — 28,7 %
6o 6 xusome — 23,8 %
eunoarvoymunemus — 69,8 %

Shi Q. et al.
[24]

Comparison of cTACE and
debTACE

CpasHenue memooux
M-XIIIA u XSITA-JIHM

debTACE
XOIIA-JIHM
n = 140

OS — 24 months
PFS — 11.5 months
OB — 24 nmec.
BBII — 11,5 mec.

cTACE / M-X3IIA
n=172

OS — 19.2 months
PFS — 9 months
OB — 19,2 mec.
BBII — 9 mec.

Note: cTACE — conventional transarterial chemoembolization;, TACI — transarterial chemoinfusion; debTACE — drug-

eluting-beads-TACE; OS — overall survival; PFS — progression-free survival.

IIpumeuanue: M-XIIIA — macasnas xumuosmbosusayus nevenounou apmepuu; XHIIA — xumuounpysus 6 neueHounyo
apmepuro; XIIA-JTHM — xumuodmMO01U3AUUSL JEKAPCMEEHHO-HACOIUEeHHbIMU MuKpochepamnu; OB — 06was 6vlKuEaeMocms;

BBII — svukusaemocmy 6e3 npozpeccuposanus.
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in the period from January 2015 to December 2017
[29]. The mean follow-up time was 11.1 months,
and the mean age of patients was 67 years. The
statistical analysis showed that the median over-
all survival for HCC treatment was 16.5 months,
and the progression-free time was 6.1 months.
A total of 36.7 % of patients experienced one
or more adverse events. Based on the relatively
good survival data and adverse event rate in this
study, it can be concluded that RE is an effec-
tive treatment for HCC.

To determine the duration of response and ob-
jective response rate among patients with solitary
inoperable HCC, a multicenter, single-case ret-
rospective study was conducted [30]. The study
included 162 patients who received radioemboli-
zation with TheraSphere glass microspheres from
January 2014 to December 2017. As a result of
statistical analysis, the best and confirmed objec-
tive response rates were 88 and 72 %, respectively.
The average time to achieve the best confirmed
response was 3.9 months. The average duration of
response was 11.8 months. Overall survival of the
entire sample was 94.8 % at 24 months and 86.6 %
at 36 months. Thus, the observed indicators sug-
gest that tumors respond well to yttrium-90 radi-
oembolization.

To compare the efficacy and safety of the TACE
and RE techniques, E. Dhondt et al. (2022) con-
ducted a prospective, single-center, randomized,
controlled study [31]. From September 2011 to
March 2018, 487 patients were examined, and 72
of them were included in the study. Of the total
sample, 38 patients were included in the radio-
embolization (RE) group and 34 in the debTACE
group. Six patients from the RE group did not
undergo the prescribed treatment.

debTACE was performed using microspheres of
100—300 pm, 300—500 pm in size using doxoru-
bicin. Blood test monitoring was performed two
weeks after each treatment and three months later.
Liver MRI or CT was performed at three-month
intervals. Thus, the participants were followed for
2 years. The median time to tumor progression
was 17.1 months in the RE group and 9.5 months
in the debTACE group, with a subgroup analysis
of BCLC stage B HCC showing a median time to
progression of 12.8 months in the RE group and
9.6 months in the debTACE group. 41 % of par-
ticipants in the RE group and 53 % of participants
in the debTACE group underwent postoperative
treatment.

Adverse events of grade 3 or higher were ob-
served in 39 % of patients in the RE group and
in 53 % of the debTACE group. Within 6 months
after the last treatment, 6 deaths occurred (5 in
the debTACE group and 1 in the RE group).

A meta-analysis of studies aimed at comparing
the efficacy and safety of TACE and RE [32] in-
cluded 17 studies involving 2465 patients. Twelve
of the studies were retrospective cohort studies,
one randomized and four prospective cohort stud-
ies. BCLC stage B was the most common (42.1 %),
the second most common was stage A (30 %), and
stage C was 29.0 %.

Eight of the 17 studies used cTACE. Five stud-
ies used debTACE and three studies used both.
One study used DSM, a microsphere composed of
hydrolyzed starch.

In terms of overall survival, no significant
differences were found between TACE and RE.
However, in two studies, the time to progression
was significantly higher in the RE group than in
TACE (17.5 months and 9.8 months, respectively).

The individual meta-analysis included 311 pa-
tients. The TACE group included 143 patients and
168 patients in the RE group. Cohort characteris-
tics did not differ significantly between the two
groups, but the proportion of patients with BCLC
stage A was higher in the TACE group. The analy-
sis of overall survival did not show significant dif-
ferences between the two groups. Adverse events
according to different studies were observed in
10—73 % of TACE patients and in 10—44 % of RE
patients, and the incidence of grade 3—4 compli-
cations was approximately equal in both groups
(around 4—30 %). The incidence of complications
such as nausea and vomiting in one study was
55 % in the RE group compared to 16.5 % in the
TACE group. In two studies, severe abdominal
pain was noted as an adverse event in 73—83 %
of patients in the TACE group and in 5—33 % of
patients in the RE group. Diarrhea was observed
in 21 % of the TACE group compared to 0 % in
the RE group in one study.

Thus, data from various studies show that ra-
dioembolization can be a fairly effective and safe
method for the treatment of HCC.

Comparison of intraarterial techniques with ra-
dioembolization has also found a place in other
studies. Thus, in an open randomized prospective
single-center phase 2 study, ¢TACE techniques
were compared with RE [33]. Of 179 patients, only
45 agreed to be randomized. Thus, patients were
randomly assigned to groups receiving chemoem-
bolization (control group) and radioembolization
(experimental group). The observation time in the
c¢TACE group was 15.7 months, and in the RE
group — 21 months. The results revealed the best
indicators of time to progression in the RE group:
in the cTACE group it was 6.8 months, in the
RE group it was not reached (i. e., more than
21 months). The overall survival was 17.7 months
and 18.6 months for the cTACE and RE groups,
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Table 3. Comparison of the results of RE studies
Tab6auua 3. CpaBHeHne pe3yJIbTaToB UCCIeA0BaHMid PO

Subject groups

Authors Aim of the study Tounnot Results
Aemopul I[eav uccaedosanus Py Pesyavmamuot
nauuenmos
Study of factors influencing 8557_12"15 giggtﬁ:
Rollige . @ gl | Sedvivell aifien 12 _ AE — 36.7 %
U 3yuenue axmopos, n =422
[29] OB — 16,5 mec.
BAUSIOUUX HA BIKUBAEMOCTND BBII — 6.1 nec
nocae PO ’ ’
HA — 36,7 %
OS:
24 months — 94.8 %
36 months — 86.6 %
Study of RE as a treatment :
Salem R. et al. option for inoperable HCC _ Ave'rage respense time — 11.8 months
n =162 :
[30] Hsyuenue PO xax cnocoba 24 mec. — 94,8 %
aevenus neonepaodenvnozo I'IIP 36 wee. — 86.6 70
° ] (4
Cpeduee spems npooosKuUmMeIbHOCIU
omeema — 11,8 mec.
Average time to progression —
9,5 months
%SITIZ?./]}:HM 3rd degree AE — 53 %
_ Cpednee spems npoepeccuposanus —
. n =34
Comparison 9,5 mec.
Dhondt E. et al. |of debTACE and RE HA 31 cmenenu — 53 %
[31] Cpasnenue memodux Average time to progression —
XOIIA-JIHM u P9 17,1 months
RE / P5 3rd degree AE — 39 %
n = 388 Cpeonee spens npozpeccuposanus —
17,1 mec.
HA 3-1i cmenenu — 39 %
cTACE:
Average time to progression —
6.8 months
OS — 17.7 months
M-X3IIA:
Bpens do npoezpeccuposanus —
Comparison of ¢TACE and RE 6,8 nec.
Duran R. et al. Comparlson ot ¢ 5 an ~ 179 OB — 17,7 nec.
[33] pasnenue memooux n =17 RE-

M-X3IIA u PS5

Time to progression — not reached
(> 21 months)

OS — 18.6 months

Po:

Bpems do npoepeccuposanus —

ne docmuznymo (> 21 mec.)

OB — 18,6 mec.

Note: RE — radioembolization, HCC — hepatocellular cancer; debTACE — drug-eluting-beads-TACE; ¢TACE —

conventional transarterial chemoembolization; OS — overall survival; PFS — progression-free survival; AE — adverse
events.

Hpumeuanue: PO — paduosmborusayus; I'IIP — zenamoueamorspuvii pax; XOIA-JTHM — xumuosmborusayus aexap-
cmeenno-nacviuennoinu mukpochepamu; M-XIOIA — macasnas xumuodmboauzayus newenounou apmepuu; OB — obujas

sovukusaemocmo; BBII — gviskusaemocmo 6e3 npoepeccuposanus; HA — nexenamenvioie a6aenus.
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