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A B S T R A C T

Primary liver cancer is a common and lethal malignancy in China. Transcatheter arterial chemoembolization
(TACE) is globally recognized as the preferred treatment modality for the non-surgical resection of hepatocellular
carcinoma (HCC), while transcatheter arterial infusion (TAI) is another effective interventional treatment for
HCC. In recent years, hepatic arterial infusion chemotherapy (HAIC) has gained increasing attention as an
application-regulated modality for TAI. Owing to the current debate in the medical community regarding the use
of HAIC and TACE for the treatment of HCC, the application of both approaches should be considered at a higher
level, with a broader perspective and a more normative aspect. Accordingly, we aimed to define the rational
combination of liver cancer TAI/HAIC with TACE as infusion transcatheter chemoembolization (iTACE), which
suggests that the two interventions are not superior but lead to a mutually beneficial situation. In this review, we
sought to discuss the development, specification, application, challenge and innovation, debate, and union of TAI/
HAIC and TACE, and the clinical application and latest research on iTACE. We aimed to introduce new concepts of
iTACE and expect new breakthroughs in the treatment of liver cancer owing to the combined use of the two major
interventional tools.
The number of new cases of primary liver cancer in China accounts for
approximately half of the world's total new cases every year. Primary
liver cancer is the fourth most common malignant tumor and the second
leading cause of tumor-related death. According to the "Guidelines for
the diagnosis and treatment of primary hepatocellular carcinoma (HCC)
(2019 edition),"1 several treatment methods can be adopted for unre-
sectable liver cancer in the middle or advanced stages, including inter-
ventional therapy, ablation therapy, radiation therapy, and systemic
therapy. Transcatheter arterial chemoembolization (TACE) is globally
recognized as the preferred treatment for nonsurgical resection of HCC.
In fact, comprehensive treatment based on TACE has gradually become a
first-line therapy for advanced liver cancer. However, owing to the high
heterogeneity of liver tumors, it is difficult to effectively guarantee the
efficacy of TACE in the treatment process. Chinese scholars have stan-
dardized the application of the FOLFOX (oxaliplatin-based) regimen to
hepatic arterial infusion chemotherapy (HAIC), which has significantly
improved the response rate and patient survival rate of liver cancer, and
formulated “Chinese Expert Consensus on Hepatic Arterial Infusion
Chemotherapy for Hepatocellular Carcinoma (2021 Edition).”2 Treat-
ment with TACE and HAIC has led to extensive debate in the medical
community. However, as these therapies are two effective interventional
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treatments for liver cancer, their application should be considered from a
higher level and wider perspective. Accordingly, we defined the rational
combination of HAIC and TACE for liver cancer as infusion Transcatheter
Chemoembolization (iTACE) and carried out a review of the literature on
the development and application, including current research on HAIC,
TACE, and iTACE.

1. Origin and standardized application of HAIC

1.1. Development of TAI

Transcatheter arterial infusion (TAI) is an important means of tumor
interventional therapy. The maximum anti-cancer efficacy of chemo-
therapy in addition to debates regarding its efficacy compared to that of
hepatic artery embolization (HAE). In 1983, Charnsangavej et al.3

compared the curative effects of TAI and HAE. In their study, one of the
24 patients with liver cancer received both treatments at the same time;
10 of the 14 patients who received TAI achieved (71.4%) partial response
(PR) with a median survival time of 12.3 months; and 6 of the 9 patients
(66.7%) who received HAE achieved PR with a median survival time of
17.4 months. Since then, TAI has attracted the attention of the medical
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community. Further, many variants and different drug regimens have
been developed that have had a profound impact on interventional
therapy for liver cancer and other diseases.

1.2. Origin of HAIC

HAIC evolves from TAI, which prolongs and sustains the perfusion of
chemotherapy drugs via percutaneous catheterization of the target he-
patic artery, thereby improving the local drug concentration and tumor
uptake rate of the drugs and minimizing systemic toxicity. As early as
1961, the use of HAIC was proposed by Japanese professors of surgery
who used femoral artery puncture and catheterization or the gastro-
epiploic right artery during laparotomy and catheterization to administer
chemotherapy drugs for primary liver cancer treatment.4

HAIC has attracted the attention of experts worldwide in recent years.
Medical experts have made various attempts to improve HAIC. In 1985,
Hochster et al.5 compared the response rates of epirubicin and doxoru-
bicin for HCC for the first time. Based on their results, epirubicin could be
applied in the clinic as a relatively less toxic chemotherapeutic agent for
HCC under the premise of similar response rates. Since then, more HAIC
studies have been performed on this basis; however, most of these studies
have revealed less than optimal clinical effects. In the 1990s,
cisplatin-based chemotherapy regimens were replaced by traditional
regimens. Cisplatin combined with 5-fluorouracil (PF regimen) is the
most commonly used HAIC regimen in Japan.6,7 Thus, the combined
regimen gradually becomes the main approach involving HAIC.

At present, most regimens prescribed for HAIC in China employ the
FOLFOX regimen containing oxaliplatin, leucovorin, and 5-fluorouracil,
and are mainly used to treat advanced HCC. In 2018, Zhao Ming from
Sun Yat-sen University Cancer Center reported that the FOLFOX regimen
was used as HAIC treatment, with an overall response rate of 79.6%,
which was significantly better than that of sorafenib.8

1.3. Clinical application of HAIC

In recent years, clinical research and the application of HAIC have
been extensively conducted for advanced liver cancer. The standard
treatment for patients with Barcelona Clinic Liver Cancer (BCLC) stage C
liver cancer is sorafenib.9 Some scholars have conducted comparative
studies using HAIC and sorafenib for the treatment of patients with stage
C liver cancer. A meta-analysis by Shi10 revealed that HAIC is superior to
sorafenib at improving overall survival (OS), progression-free survival
(PFS), and disease control rate (DCR) in patients with HCC and portal
vein tumor thrombus (PVTT). Zaizen et al.11 compared HAIC and sor-
afenib and assessed the OS of patients with advanced HCC. Based on their
results, HAIC was identified to be more effective than sorafenib. In a
retrospective study, Lyu et al.12 compared the efficacy of FOLFOX-HAIC
and sorafenib in patients with advanced HCC. FOLFOX-HAIC was found
to be more beneficial in improving PFS and OS.

Many scholars conducted research on the effects of HAIC combined
with sorafenib for advanced liver cancer. By using HAIC combined with
sorafenib for the treatment of advanced HCC, Liu13 found that the total
clinical effective rate of the study group after treatment was higher than
that of the control group (69.84% vs. 50.79%, P< 0.05). After treatment,
the levels of alanine aminotransferase (ALT), total bilirubin (TBIL), and
total bilirubin (AST) in the two groups were lower than those recorded
before treatment. Further, the levels in the study group were lower than
that of the control group. The combination was identified to be more
effective at reducing the levels of apoptotic factors in HCC tissues,
improving the quality of life, exhibiting mild adverse effects, and having
a high clinical value. Zheng et al.14 divided 64 patients with HCC and
PVTT equally to receive sorafenib plus HAIC or sorafenib alone. The
combination group was found to have a median OS of 16.3 months, while
the single-agent group had a median OS of 6.5 months. The combination
group also had a longer median PFS than the single-agent group (9.0
months vs 2.5 months; P< 0.001). Shi15 conducted a clinical trial on HCC
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with PVTT and compared the clinical effects of sorafenib alone and
sorafenib with FOLFOX-HAIC. The median OS was 13.37 months (95%
CI, 10.27–16.46) in the Sora-HAIC group and 7.13 months (95% CI,
6.28–7.98) in the sorafenib group (hazard ratio [HR], 0.35; 95% CI,
0.26–0.48; P < 0.001). The Sora-HAIC group had a higher response rate
than the sorafenib group (51 [40.8%] vs. 3 [2.46%]; P < 0.001) and a
longer median progression-free survival (7.03 [95% CI, 6.05–8.02] vs.
2.6 [95% CI, 2.15–3.05] months; P < 0.001). Overall, sorafenib com-
bined with HAIC improved OS relative to sorafenib alone and was
tolerable in patients with toxic effects. HAIC was associated with a
greater probability of myelosuppression, whereas sorafenib was associ-
ated with more diarrhea and hand-foot syndrome.

Many relevant studies have been conducted on HAIC combined with
other modalities for the treatment of advanced liver cancer. Kosaka16

revealed that HAIC combined with radiotherapy (RT) led to good results
in patients with VP4 type (main portal vein or bilobar tumor thrombus
formation) HCC. Further, none of the patients developed liver failure. As
a result, this researcher suggested that HAIC combined with RT might be
a good therapy for VP4 advanced HCC. In a study on HCC with vascular
invasion (MVI) (MVI-HCC), Niizeki et al.17 compared the efficacy of New
FP (a fine powder of cisplatin suspended with lipiodol plus 5-fluoro-
uracil) and low-dose FP (LFP/cisplatin plus 5-fluorouracil) for the
treatment of patients with Child-Pugh A grade MVI-HCC. New FP led to a
significantly higher complete response rate (CR ¼ 29%) and objective
response rate (ORR ¼ 76%) than LFP (P < 0.001). Further, New FP had
better efficacy than LFP-HAIC. Currently, interventional therapy com-
bined with targeted immunotherapy for HCC is still in its infancy. Clinical
studies on HAIC in combination with targeted immunization are under-
way, and the results are expected to be published soon.

2. Development and challenge innovation of TACE

2.1. Development of TACE

TACE was originally developed for HAE. Conventional TACE (cTACE)
is defined as a treatment plan based on lipiodol emulsion with chemo-
therapeutic drugs supplemented with granular embolic agents. Granular
embolic agents include gelatin sponge particles, blank microspheres, and
polyvinyl alcohol (PVA) particles. With the development of material
technology, drug-eluting microspheres, which can be preloaded with
chemotherapeutic drugs to slowly and continuously release the drug,
have been developed. In drug-eluting bead TACE (DEB-TACE) therapy,
drug-eluting beads can embolize tumor-feeding arteries and enable the
slow and continuous release of the loaded chemotherapeutic drugs in
local tumors, maintaining a relatively high blood drug concentration in
the local tumor and exerting a better anti-cancer effect. A randomized
trial compared the outcome of embolization using microspheres alone
with chemoembolization using doxorubicin-eluting microspheres. The
median PFS was 6.2 versus 2.8 months (hazard ratio, 1.36; 95% CI, 0.91
to 2.05; P ¼ 0.11), while OS was 19.6 versus 20.8 months (hazard ratio,
1.11; 95% CI, 0.71 to 1.76; P ¼ 0.64) for bead block and LC beads,
respectively.18 This trial questioned the usefulness of drug-eluting mi-
crospheres in clinical treatment. However, their application in actual
treatment needs further exploration. In addition, based on the TACE
technology, new technologies, such as balloon-occluded transarterial
chemoembolization (B-TACE) and transarterial radioembolization
(TARE), have been developed.

2.2. Challenge and innovation research of TACE

As the first-line treatment for middle and advanced unresectable
HCC, TACE has always been the first choice of many experts in the
intervention, oncology, hepatobiliary, and other relevant fields. TACE is
constantly challenged by various treatment options and has been
continuously improved and innovated through a series of clinical
exploratory studies.
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Exploratory studies on the technical operation aspects of TACE.
The concept of refined TACE was proposed by Prof. Z. Yan's team at the
Shanghai Zhongshan Hospital. A proper amount of lipiodol emulsion was
administered for supraterminal embolization of liver cancer. Thereafter,
small-sized microspheres were used as the main embolization material to
perform the distal terminal arterial embolization. Finally, larger-sized
particles were supplemented to embolize the proximal tumor feeding
artery for the different grades (tumor tissue, portal vein branches, arte-
riolar collaterals, and tumor feeding arteries) and multilevel full-scale
embolization of the tumor feeding arteries was performed with
different calibers.19

Exploratory studies tomitigate the adverse effects of TACE.Wang
et al.20 conducted a prospective randomized controlled clinical trial in
which 70 consecutive patients who underwent TACE were recruited and
randomly divided into two groups: group A received intra-arterial lido-
caine injection immediately before TACE, and group B received
lidocaine-epirubicin-iodized oil emulsion during TACE. Analgesia in
group B was better than that in group A. The efficacy and safety of
intra-arterial injection of lidocaine using the emulsification technique
(W/O emulsion) have been demonstrated for the relief of intraoperative
and postoperative pain caused by TACE. Ogasawara et al.21 revealed that
a regimen of dexamethasone administered intraoperatively could effec-
tively prevent most adverse effects caused by TACE in patients with HCC,
such as fever, anorexia, and nausea/vomiting.

Exploratory studies on the TACE chemotherapy drug regimen.
Aramaki et al.22 conducted a multicenter, randomized, phase II-III trial in
21 hospitals in Japan to compare the curative effect of cisplatin with
epirubicin in TACE for unresectable HCC. Cisplatin and epirubicin were
found to have similar effects in the TACE treatment regimens. Naganuma
et al.23 compared the superiority of miriplatin TACE to epirubicin TACE
regimen in terms of OS for HCC patients. Their findings revealed that the
postoperative OS of miriplatin TACE was similar to that of epirubicin
TACE. Moreover, the incidence of hepatic adverse effects was lower with
miriplatin TACE. Overall, these studies demonstrated that
platinum-based TACE regimens are safe and feasible. In a randomized,
multicenter, open-label study in Asian patients with advanced HCC, Qin
et al.24 found that FOLFOX4 provided a better survival benefit as a
palliative chemotherapy regimen in patients with advanced HCC than
doxorubicin. Although the study did not meet its primary endpoint, the
OS, PFS, and RR showed that FOLFOX4 may offer some benefits in Asian
patients.

Exploratory studies on different types of TACE. A multicenter
propensity score-matched analysis of DEB-TACE and cTACE revealed that
both DEB-TACE and cTACE were safe and feasible for the treatment of
unresectable HCC and DEB-TACE was more effective than cTACE at
improving progression-free survival; however, the results were similar in
terms of short-term efficacy.25 Experts have pointed out that the future
direction of drug-eluting bead embolization technology is to improve the
OS of HCC patients via imaging capability and DEB size for tumor
anatomy and drug combinations.26

Exploratory study of TACE combined with other treatment mo-
dalities. Yoon et al.27 confirmed TACE plus radiation therapy as a
first-line regimen for patients with advanced HCCwith vascular invasion.
This regimen was well tolerated and led to a significant improvement in
PFS. At present, numerous clinical studies, such as studies with TACE
combined with molecular targeted agents or immunotherapy for HCC,
are being conducted, especially the series of CHANCE001-005 national
multicenter controlled studies led by G. Teng academicians. The findings
of such studies have been presented in a preliminary summary.

3. Birth of iTACE

3.1. HAIC vs TACE debate

The choice between HAIC and TACE has been a focus of debate in the
field of liver cancer treatment. TACE, as a classic interventional therapy,
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induces an obvious response in patients with HCC and has been accepted
by many guidelines as a standard treatment for mid-stage HCC. China
liver cancer staging (CNLC) has adopted TACE as the main treatment for
stage I, b, and III liver cancer patients. Some studies have revealed the
high efficacy of HAIC, which challenged the status of classic TACE. In a
study comparing the efficacy and safety of HAIC versus TACE for the
treatment of advanced HCC with PVTT, Hu et al.28 found that the HAIC
group had a higher ORR than the TACE group (59.1% vs 22.7%; P ¼
0.014) and longer median PFS (9.6 vs 1.5 months; P < 0.001). Cai29 also
revealed that HAIC was superior to TACE for the treatment of unresect-
able ICC. Although HAIC is proven to be effective, some scholars believe
that it can only be used in a limited population; thus, HAIC cannot be
compared with TACE.30 Kudo31 found that HAIC did not improve the OS
of patients with advanced unresectable HCC. According to the European
Association for the Study of the Liver (EASL), the FOLFOX-HAIC regimen
does not demonstrate an advantage in survival improvement. The better
results obtained with HAIC should be adapted to a special population.

A randomized, multicenter, open-label phase III trial by ShiMing at Sun
Yat Sen University32 was conducted to compare the curative effects of
FOLFOX-HAIC with TACE as a first-line regimen for patients with HCC �7
cm without macrovascular invasion or extrahepatic spread. A total of 315
patients were randomly assigned to the FOLFOX-HAIC group (n ¼ 159,
treatment cycle of 3 weeks) or TACE group (epirubicin and lobaplatin with
lipiodol for chemoembolization; n¼ 156, treatment cycle of 6 weeks). The
median OS, PFS, and ORR of patients in the FOLFOX-HAIC group were
significantly higher than those in the TACE group (23.1 vs 16.1 months,
9.6 vs 5.4 months, and 48.4% vs. 32.7%, respectively; all P < 0.05).
Further, serious adverse events were more frequent in the TACE group
than the FOLFOX-HAIC group (30% vs. 19%, respectively; P ¼ 0.03).
Conclusions: FOLFOX-HAIC significantly improved the OS of patients with
unresectable large liver cancer compared to TACE. This study led to more
debates in the interventional community following its publication owing to
(1) the inclusion of only four centers in this phase III clinical trial, and the
difficulty of avoiding selection bias based on patient enrollment and sub-
sequent treatment; (2) significantly more treatments in the HAIC group
than the TACE group, and a lack of uniform usage of the evaluation criteria
of mRECIST in the two groups to judge the efficacy; (3) the evidently lower
ORR (32.7%) and OS (16.1 months) for patients in the TACE group relative
to the average ORR (52.5%) and OS (19.4 months) for patients receiving
TACE treatment for advanced liver cancer in the past 30 years; and (4) a
lack of interventional physicians with comprehensive interventional
qualifications and experience in TACE treatment.

Undeniably, the results of multiple studies and clinical practice
highlight the therapeutic value of HAIC. HAIC and TACE should be
considered objectively: (1) various guidelines have not recommended
HAIC as a standard treatment for HCC, including the BCLC staging,
American Association for the Study of Liver Disease (AASLD), EASL,
European Society for Medical Oncology (ESMO), and Asia Pacific Asso-
ciation for the Study of the Liver (APASL). TACE is the most widely used
therapy for middle- and advanced-stage liver cancer. HCC intervention-
alists should recommend that TACE operations be standardized as much
as possible to minimize the differences in the efficacy of TACE. HAIC is
effective in limited populations,17,29,33,34 such as downstaging during
perioperative management of HCC, postoperative adjuvant therapy, and
palliative treatment for patients with advanced HCC. According to the
“Guidelines for the diagnosis and treatment of primary HCC (2019 edi-
tion)” issued in China, the FOLFOX4 regimen is suitable for advanced or
metastatic liver cancer that cannot be surgically or locally treated, or
disease with poor outcomes after multiple sessions of TACE, or HCC
accompanied by portal invasion.

3.2. iTACE: the union of HAIC and TACE

Based on the above academic debate, we believe two technical ap-
proaches are effective for liver cancer intervention therapy: TACE,
which locally and directly embolizes the blood supply-rich tumor with
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obvious advantages; and HAIC, which can act sustainably on scattered
lesions, metastatic tumors, or tumor thrombus. To increase the appli-
cability of interventional techniques to treat HCC and lead to more
benefits in patients, and effectively combine the two therapies to obtain
a long and short supply, and attain a win-win outcome, we defined the
rational combination of TAI/HAIC with TACE as iTACE (infusion
TACE). Before the concept of iTACE was proposed, numerous scholars
performed exploratory studies on the combination of the two inter-
ventional techniques. In 2012, Prof. Renjie Yang's team at Peking Uni-
versity Cancer Hospital launched a phase II single-arm, open-label
clinical study and reported on TACE combined with HAIC for the
treatment of HCC. Based on their results, 50 patients with intermediate
and advanced HCC had an ORR of 62%, DCR of 74%, median PFS of 9.3
months, median OS of 21.4 months, and 1-year and 2-year survival rates
of 76% and 44%, respectively.35 Shao Song et al. assessed the value of
HAIC combined with TACE in the treatment of primary liver cancer. The
ORR of the combined therapy group was 93.3% higher than that of the
TACE group alone, indicating that the combined therapy has a high
application value.36 S. Chen et al.37 compared the effects of TAE com-
bined with FOLFOX-HAIC and TACE alone in HCC patients with PVTT.
The survival rate of the study group was found to be higher than that of
the control group within 12 months (P < 0.05, log-rank test). At 3, 6,
and 12 months, the survival rate of patients in the study group was
higher than that of patients in the control group (100%, 73.3%, and
46.7% vs. 73.3%, 33.3%, and 13.3%; P < 0.05). Further, the ORR and
DCR of PVTT in the study group were significantly higher than those in
the control group (46.7% and 80.0% vs. 13.3% and 40%, respectively;
P < 0.05). The ORR and DCR in the study group were slightly higher
than those in the control group (26.7% and 60.0% vs. 13.3% and 40%,
respectively; P > 0.05). These findings indicate that FOLFOX4-TAE is
safe and feasible for the treatment of HCC complicated by PVTT, and its
short-term clinical efficacy is better than that of TACE, which provides a
new safe and effective treatment approach for HCC complicated by
PVTT. Du38 performed cisplatin thermos chemoperfusion combined
with TACE in patients with HCC with an exact curative effect. The
tumor recurrence rate in the observation group was found to be lower
than that in the control group (15.00% vs. 45.00%, χ2 ¼ 12.375, P <

0.05). Further, a higher survival rate was found in the observation
group than in the control group (82.50% vs.65.00%, χ2 ¼ 5.952, P <

0.05). There was no significant difference in the survival rate between
the two groups (70.00% vs. 65.00%, χ2 ¼ 0.228, P > 0.05). The find-
ings prove that cisplatin-HAIC combined with TACE could significantly
improve cytokine levels, reduce the tumor recurrence rate, and improve
survival rate in patients with HCC. Some scholars have attempted to
combine D-TACE and FOLFOX regimen-based hepatic arterial perfusion
chemotherapy (D-TACE-HAIC) to treat unresectable giant HCC. Relative
to patients who received D-TACE, patients who received D-TACE-HAIC
had a higher ORR (71.0% vs 53.1%; P ¼ 0.033), longer median PFS (9.3
months vs 6.3 months; P ¼ 0.005), and better median OS (19.0 months
vs 14.0 months; P ¼ 0.008). Therefore, D-TACE combined with HAIC
was confirmed to be superior to D-TACE alone for the treatment of
unresectable large liver cancer.39

Our team established a set of criteria for iTACE therapy based on the
results of previous studies: (1) several tumors located in different lobes
of the liver or distant metastasis; (2) tumor blood supply that is complex
in origin and difficult to completely super-select and thorough embo-
lization; (3) most of the tumor is necrotic after several HAICs, with
residual portions of active tumor; and (4) tumor blood supply that is
rich, and can be partially embolized (incomplete devascularization) and
then combined with HAIC. In the initial observation of iTACE treatment
in 55 patients with intermediate or advanced HCC, AFP reduction
reached 54.5% and was stable in 25.5%. Protein II induced by vitamin K
absence (PIVKA-II) reduction was achieved in 54.5% and stable in 20%.
Further, the short-term safety profile was excellent: 11 for CR, 22 for
PR, 8 for SD, and 14 for PD. The long-term efficacy remains under
investigation.
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4. Summary and outlook

Liver resection has long been considered the standard radical treat-
ment for resectable HCC, with a 5-year survival rate between 50 and
70%. Less than 40% of HCC patients meet the criteria for radical resec-
tion. Interventional therapy remains the most widely used therapy for
liver cancer. Canonical HAIC and classic TACE serve as two niches for
liver cancer intervention, each with an applicable dominant population.
Based on the current academic debate to determine which therapy is
better or worse, we explored the rational combination of the two to
observe the exact clinical efficacy. Nonetheless, wemust consider: (1) the
sensitivity, toxicity, and drug resistance of HAIC treatment; (2) iTACE as
a reasonable combination of TAI/HAIC and TACE that should be
improved, and the potential optimization of TACE; (3) although the ef-
ficiency of iTACE is proven to be higher than that of HAIC/TACE,
whether the survival period is prolonged must be further examined.
TACE or HAIC combined with targeted immunotherapy may be a new
strategy to improve the interventional efficacy of liver cancer. At present,
iTACE has been explored and clinically used in various large hospitals
throughout the country and is expected to lead to new approaches for the
treatment of liver cancer, ultimately enabling greater therapeutic gains
for patients.
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