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Hepatocellular carcinoma (HCC) is one of the leading causes of death from cancer in the world. Recently, the
effectiveness of new antiviral therapies and the HBV vaccine have reduced HCC's incidence, while non-alcoholic
steato-hepatitis is an emerging risk factor. This entry focuses on antiangiogenic molecules and immune checkpoint
inhibitors approved for HCC treatment and possible future approaches.

liver HCC drugs trials

| 1. Introduction

The most frequent liver cancer, and seventh by type of cancer in the world, is hepatocellular carcinoma (HCC),
which is commonly associated with chronic hepatitis B virus (HBV) and hepatitis C virus (HCV) infections that
usually develop during the cirrhosis stage LIZIEI4 HBV integrates into the genome and has a recognized
carcinogenic action, while HCV does not integrate into the genome, but can induce epigenetic changes that can
disregulate oncogenes B8, Vaccination for HBV and new antiviral therapies that limit or clear the viral load reduce
the risk of HCC and all hepatic and extrahepatic viral complications 2. However, special conditions persist that
require the monitoring of these patients BRI | fact, the eradication of HCV with direct-acting antivirals (DAAS)
does not delete the HCC risk and the histological picture of cirrhosis and the possible interference of the DAA with
the genome can maintain a residual risk 8. The presence of occult HBV can also represent a potential
carcinogenic stimulus (11 |n addition to viruses, alcohol abuse, metabolic liver disease, and obesity represent
other important risk factors for HCC. While in a condition of alcohol abuse the pathophysiological evolution from
alcoholic cirrhosis to the development of HCC is well understood, the relation between a dysmetabolic condition
and HCC appears to be much more complex. Non-alcoholic fatty liver disease (NAFLD) currently represents the
most frequent manifestation of chronic liver disease 2. The development of non-alcoholic steato-hepatitis (NASH)
is an element of possible progression to cirrhosis with an increased risk of HCC [£2l14] Host genetic variants,
especially the gene coding for patatin-like phospholipase domain-containing 3 (PNPLA3), may play a role in the
development of HCC independently of activity and the extent of liver damage 2. Two important elements may
delay the diagnosis of HCC: many cases of HCC develop in patients with NAFLD in the absence of cirrhosis; and,
secondly, people do not consider NAFLD to be as dangerous as viral liver infections [8l. Recently, the link between
metabolic syndrome and liver diseases has been highlighted even more with the definition of metabolic-associated
liver diseases (MALDs) 1. Insulin resistance seems to be the connecting element between the diseases and
underlies the development of type 2 diabetes (T2D) (281191 This latter is burdened with numerous complications

and is associated with an increased risk of HCC in patients with NASH cirrhosis [29[21]1221[23]24][25][26]  Tyanscription
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factors such as Kruppel-like factor 6, abnormal methylation, and immune dysregulation might help to explain the

dysregulation of nine hub genes that have been identified as possible links between these two diseases 7.

The diagnosis of HCC is generally made through standard ultrasound with a contrast medium, which in the
surveillance phase allows for early detection of small lesions (28, Transient elastography using fibroscan represents
a support method capable of monitoring some populations at greatest risk of HCC 22, The diagnosis of HCC is

confirmed with second-level methods and a histological biopsy that represents the gold standard 2239,

The therapeutic strategies of HCC are limited by the patient’s basal clinical conditions. The coexistence of cirrhosis
is an important limitation already burdened by complications such as portal hypertension and liver failure B2,
Whenever possible, selective surgical resection is the ideal method for eradicating the disease with a good
expectation in terms of survival 3. Alternatively, loco-regional treatments, such as radiofrequency, microwave,
laser, and trans-arterial chemoembolization (TACE) treatments, allow us to obtain good results in terms of efficacy
with limited damage for the most fragile patients. Liver transplantation can be considered in younger patients in
order to obtain a synergistic action on HCC and the underlying disease, especially under particular conditions
represented by an early stage of disease and favorable cancer biology, which offers excellent survival expectations

[341[351(36]137] ' However, constant monitoring of the patient and adherence to immunosuppressive therapy remain
essential (28139,

The failure or inability to carry out interventional eradication therapies orientates the therapeutic strategy to the use

of drugs.

| 2. Drugs Approved for HCC

Several new substances have changed the field of treatment for patients with HCC. Initially, no effective therapy
was available after the failure of loco-regional approaches; however, in 2007 a new age started with the approval of
sorafenib as the first effective systemic agent in patients with advanced HCC (aHCC). However, it took nearly 10
years for new and effective drugs to be used in both first-line and subsequent treatment. Since their recent
approval, these new substances have changed the field of palliative treatment strategies for patients with aHCC,
and their sequential application has been shown to be able to significantly prolong patient survival in the palliative
approach. Recently, molecular targeted therapy has emerged as a new strategy of cancer treatment and,
compared with traditional therapies, operates more specifically by destroying cancer cells, reducing damage to
normal tissues, and being safer and better tolerated by patients 4941 Several studies detected dozens of
mutations and driver genes with high frequency that could be considered to be the origin of HCC. Altered CTNNB1
is commonly found in HCC (23-36%) and is linked to WNT-f-catenin signaling. Active CTNNB1 mutations are
more common in hepatitis C virus (HCV)-related HCC (more than half of HCV patients) than in hepatitis B virus
(HBV)-related HCC and are associated with a particular WNT gene expression profile 42, VEGFA is another driver
gene in HCC (frequency: 7-10%) and mostly detected as copy number alterations 2. Furthermore, a high level of
VEGFA in HCC cells could lead to excessive production of hepatocyte growth factor (HGF), which induces tumor

cell proliferation. KRAS (rat sarcoma of Kirsten), an isoform of RAS, is an oncogene that is frequently mutated in
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most cancers, although the mutation rate in HCC is relatively low (about 1%) [43l. Given the variety of mutations
identified in a given patient, it is unlikely to have a therapeutic agent that effectively targets the majority of HCCs,
thus requiring a combination of treatments to target different mutations 44, Targeted molecular therapy acts on
overexpressed cell receptors, key genes, and certain tumor cell marker molecules by selecting specific blockers to
inhibit tumor growth, progress, and metastasis 2243 |t is well known that, at any stage of HCC, vascular
endothelial cell proliferation is active and the expression of VEGFR molecules on the cell surface is significantly
upregulated 8. Angiogenesis in cancer tissues has a major impact on the biological invasion capabilities of the
cancer (47, Therefore, blocking VEGF/VEGFR and reducing angiogenesis in tissues are considered to be new
ideas for targeted therapy in HCC. Many molecularly targeted drugs have, both commercially and investigationally,
achieved significant results. To date, based on phase Il studies, six systemic therapies have been approved
(atezolizumab plus bevacizumab, sorafenib, lenvatinib, regorafenib, cabozantinib, and ramucirumab) and three
additional therapies have received accelerated Food and Drug Administration (FDA) approval due to evidence of
efficacy. These drugs target the VEGFR-2 signal at various levels together with other receptors involved in the
angiogenic process, with the exception of ramucirumab, which selectively targets VEGFR-2, so all these agents
could be synergistically associated with immune checkpoint inhibitors 8. Moreover, new studies are exploring
drug combinations, including checkpoint inhibitors and tyrosine kinase inhibitors or anti-VEGF drugs, and even

combinations of two immunotherapy regimens.

| 3. Combined Therapies

Based on the activity of single-agent immune checkpoint inhibitors (ICIs) and on a better understanding of the
tumor immunosuppressive microenvironment (TME), several combination strategies can be considered and many
of them have already entered into clinical development. The FDA, EMA, and other regulatory agencies worldwide
have approved the atezolizumab plus bevacizumab combination for first-line therapy in HCC. This combination will
therefore set a new standard of care for treatment-naive patients. Combinations result in a consistent twofold
increase in response rates, with about 5% of patients in complete remission and long survival times of more than
18 months. In parallel, additional toxicities from combinations increase the number of serious adverse events
leading to treatment discontinuation. ICIs have shown promising activity when paired with anti-angiogenic agents,
other molecularly targeted therapies, and complementary ICls. The VEGF pathway promotes local immune
suppression through the inhibition of antigen-presenting cells and effector cells as well as through the activation of
suppressive elements, including Treg cells, myeloid-derived suppressor cells, and tumor-associated macrophages,

providing the rationale for combining ICls with anti-angiogenic agents 49,

A phase Ib trial of the combination of lenvatinib and pembrolizumab as a first-line therapy in 100 unresectable
patients with HCC demonstrated durable PFS 59, Based upon the unique immunomodulatory and antiangiogenic
profile of cabozantinib, another phase Il trial to determine the efficacy of the combination of cabozantinib and

atezolizumab compared with sorafenib or cabozantinib alone is ongoing 2152,

From preliminary findings with the combination of ipilimumab and nivolumab, the best median mOS (22.8 months)

was obtained with the highest dose (3 mg/kg once every 6 weeks) of the former and a lower dose of the latter (1
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mg/kg once every 2 weeks) 3. Such encouraging results have led to accelerated approval of this combination by
the FDA to treat patients with HCC after sorafenib.

A similar effect was observed with the combination of a single 300 mg dose of tremelimumab combined with a
continuous dose of the PDL1 inhibitor durvalumab. Tremelimumab is a fully human monoclonal antibody that binds
to the CTLA-4 molecule. CTLA4 is expressed on the surface of activated T lymphocytes and, by binding to CTLA4,
tremelimumab mediates downregulation of T-cell activation and then the immunitary response. Durvalumab is an
IgG1 monoclonal antibody that binds with high affinity to the PD-L1 receptor and shows the same mechanism of
action as atezolimumab. Interestingly, this single, high priming dose of tremelimumab resulted in an early burst of
proliferating CD8+ T cells in peripheral blood B4, These findings are in line with observations in melanoma,
indicating that the activity of CTLA4 inhibitors is dose-dependent and that the first doses of CTLA4 inhibitors cause
a proliferative burst of CD4+ and CD8+ T cells, probably related to the increased efficacy of the combination B56],
In HCC, as for other cancer types, combination regimens increase the rate of treatment-related adverse events

(TRAES) that are nevertheless tolerable.

In patients with unresectable HCC, a phase Ib study showed that lenvatinib plus pembrolizumab has promising

anti-tumor activity; the mOS was 22 months and toxicities were manageable, with no unexpected safety signals
150,

An important question in the evaluation of the efficacy of a combination regimen is to understand whether
improvements in time-to-event medians and objective response rates are due to synergy and not because of the
independent additive effects of two active agents, which can also be achieved by a sequential approach . In the
absence of head-to-head trials or established biomarkers to guide the choice of therapy, treatment decisions must
rely upon the magnitude of benefits, the toxicity profile, and drug availability. Biomarker data to help decision-
making and to guide treatment for advanced stages of HCC are limited. An elevated level of serum o-fetoprotein is
an established biomarker of poor prognosis across all stages of HCC and is associated with tumor VEGF pathway
activation 281, Serum levels of a-fetoprotein became the first biomarker predictive of response, with the finding of a
survival benefit of ramucirumab over a placebo only in patients with a-fetoprotein levels =400 ng/mL B9, Thus,
ramucirumab is only indicated when a-fetoprotein levels are beyond this cut-off value. However, unlike
ramucirumab, the treatment benefits from multi-kinase inhibitors, including sorafenib, lenvatinib, regorafenib, and
cabozantinib, occur across a range of baseline a-fetoprotein values, likely owing to a broader spectrum of target
inhibition on patients with elevated a-fetoprotein levels at baseline. Changes in a-fetoprotein levels on treatment
were shown to correlate with clinical outcomes on systemic therapy, with declining o-fetoprotein levels linked to
prolonged PFS and overall survival and increasing o-fetoprotein levels associated with tumor progression 4. A
variety of biomarkers that benefit from immune-checkpoint inhibition are under investigation across different solid
tumors, including HCC. A meta-analysis of outcomes from >3500 patients showed that tumor PDL1 expression is
associated with a worse prognosis in HCC, including a poorly differentiated histology, high levels of a-fetoprotein,
and shorter overall survival B, The tumor lymphocytic infiltration immune class gene signature and CTNNB1

mutation status in subsets of HCC tumors also warrant examination for predictive value in patients treated with ICls
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[62](631(64] ' Unfortunately, no single biomarker was able to select HCC patients likely to benefit from immunotherapy,

and the identification of predictors of response is an urgent and challenging need in this setting.

It would be very interesting, especially in the case of HCC post NAFLD, to evaluate the mechanistic assumptions
and the possible clinical indication of the association of standard therapy with metformin, which in several other
neoplastic conditions has shown an effect of enhancing therapies, especially in the second-line treatment 2. The

main characteristics of the above trials are reported in Table 1.

Table 1. FDA-approved drugs and ongoing trials for HCC.

Primary
Drugs Targets Study Endpoint
Nivolumab + Anti-PD1L + mulct:iHIEC};'r\:/;ll'lalglEcc?:gr'[( 02 g((a):\rj?atr:]eﬁlgl_iiie:;ﬁrr;ial) ORR
Ipilimumab Anti-CTL4 ple p [g_g]p
Camrelizumab + Anti-PD1L+ ) RESCUE (nonrandomized, open-label, Phase I
L VEGFR-2 tyrosine N [66] ORR
Apatinib . o trial)
kinase inhibitor
. . KEYNOTE 240 (randomized, double-blind,
Pembrolizumab Anti-PD1 Phase Ill trial) (67 OS and PFS
Tislelizumab vs. Anti-PD1L + RATIONALE 301 (global, Phase IIl, OS between
. Multi-kinase . : [68] two treatment
Sorafenib I randomized, open-label, multi-center study)
inhibitor groups

VEGFR, vascular endothelial growth factor receptor; ORR, overall response rate; OS, overall survival, PFS,

progression-free survival; +, in combination with; vs, compared with.

References

1. McGlynn, K.A.; Petrick, J.L.; EI-Serag, H.B. Epidemiology of Hepatocellular Carcinoma.
Hepatology 2021, 73 (Suppl. S1), 4-13.

2. Ascione, A.; Fontanella, L.; Imparato, M.; Rinaldi, L.; De Luca, M. Mortality from cirrhosis and
hepatocellular carcinoma in Western Europe over the last 40 years. Liver Int. 2017, 37, 1193-
1201.

3. Lenti, M.V.; Pasina, L.; Cococcia, S.; Cortesi, L.; Miceli, E.; Caccia Dominioni, C.; Pisati, M.;
Mengoli, C.; Perticone, F.; Nobili, A.; et al. Mortality rate and risk factors for gastrointestinal
bleeding in elderly patients. Eur. J. Intern. Med. 2019, 61, 54-61.

https://encyclopedia.pub/entry/14947 5/11



HCC and Molecular Targeting Therapies | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

. Rinaldi, L.; Perrella, A.; Guarino, M.; De Luca, M.; Piai, G.; Coppola, N.; Pafundi, P.C.; Ciardiello,

F.; Fasano, M.; Martinelli, E.; et al. Incidence and risk factors of early HCC occurrence in HCV
patients treated with direct acting antivirals: A prospective multicentre study. J. Transl. Med. 2019,
17, 292.

. Sagnelli, E.; Macera, M.; Russo, A.; Coppola, N.; Sagnelli, C. Epidemiological and etiological

variations in hepatocellular carcinoma. Infection 2020, 48, 7-17.

. Rinaldi, L.; Nevola, R.; Franci, G.; Perrella, A.; Corvino, G.; Marrone, A.; Berretta, M.; Morone,

M.V.; Galdiero, M.; Giordano, M.; et al. Risk of Hepatocellular Carcinoma after HCV Clearance by
Direct-Acting Antivirals Treatment Predictive Factors and Role of Epigenetics. Cancers 2020, 12,
1351.

. Calvaruso, V.; Craxi, A. Hepatic benefits of HCV cure. J. Hepatol. 2020, 73, 1548-1556.

. Lebossé, F.; Zoulim, F. Vaccination contre le virus de I'hépatite B et prévention du cancer du foie .

Bull. Cancer 2021, 108, 90-101.

. Adinolfi, L.E.; Petta, S.; Fracanzani, A.L.; Coppola, C.; Narciso, V.; Nevola, R.; Rinaldi, L.;

Calvaruso, V.; Staiano, L.; Di Marco, V.; et al. Impact of hepatitis C virus clearance by direct-
acting antiviral treatment on the incidence of major cardiovascular events: A prospective
multicentre study. Atherosclerosis 2020, 296, 40-47.

Sasso, F.C.; Pafundi, P.C.; Caturano, A.; Galiero, R.; Vetrano, E.; Nevola, R.; Petta, S.;
Fracanzani, A.L.; Coppola, C.; Di Marco, V.; et al. Impact of direct acting antivirals (DAAS) on
cardiovascular events in HCV cohort with pre-diabetes. Nutr. Metab. Cardiovasc. Dis. 2021, 31,
2345-2353.

Mak, L.Y.; Wong, D.K.; Pollicino, T.; Raimondo, G.; Hollinger, F.B.; Yuen, M.F. Occult hepatitis B
infection and hepatocellular carcinoma: Epidemiology, virology, hepatocarcinogenesis and clinical
significance. J. Hepatol. 2020, 73, 952—-964.

Wang, C.C.; Cheng, P.N.; Kao, J.H. Systematic review: Chronic viral hepatitis and metabolic
derangement. Aliment. Pharmacol. Ther. 2020, 51, 216-230.

Younossi, Z.; Tacke, F.; Arrese, M.; Chander Sharma, B.; Mostafa, I.; Bugianesi, E.; Wai-Sun
Wong, V.; Yilmaz, Y.; George, J.; Fan, J.; et al. Global Perspectives on Nonalcoholic Fatty Liver
Disease and Nonalcoholic Steatohepatitis. Hepatology 2019, 69, 2672—2682.

Rinaldi, L.; Nascimbeni, F.; Giordano, M.; Masetti, C.; Guerrera, B.; Amelia, A.; Fascione, M.C.;
Ballestri, S.; Romagnoli, D.; Zampino, R.; et al. Clinical features and natural history of cryptogenic
cirrhosis compared to hepatitis C virus-related cirrhosis. World J. Gastroenterol. 2017, 23, 1458—
1468.

Negro, F. Natural history of NASH and HCC. Liver Int. 2020, 40 (Suppl. S1), 72-76.

https://encyclopedia.pub/entry/14947 6/11



HCC and Molecular Targeting Therapies | Encyclopedia.pub

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Tovoli, F.; Ferri, S.; Piscaglia, F. Hepatocellular Carcinoma in Non Alcoholic Fatty Liver Disease.
Curr. Pharm. Des. 2020, 26, 3909-3914.

Shiha, G.; Korenjak, M.; Eskridge, W.; Casanovas, T.; Velez-Moller, P.; Hogstrom, S.; Richardson,
B.; Munoz, C.; Sigurdardottir, S.; Coulibaly, A.; et al. Redefining fatty liver disease: An
international patient perspective. Lancet Gastroenterol. Hepatol. 2021, 6, 73—79.

Fujii, H.; Kawada, N.; Japan Study Group of Nafld Jsg-Nafld. The Role of Insulin Resistance and
Diabetes in Nonalcoholic Fatty Liver Disease. Int. J. Mol. Sci. 2020, 21, 3863.

Masarone, M.; Rosato, V.; Aglitti, A.; Bucci, T.; Caruso, R.; Salvatore, T.; Sasso, F.C.; Tripodi,
M.F.; Persico, M. Liver biopsy in type 2 diabetes mellitus: Steatohepatitis represents the sole
feature of liver damage. PLoS ONE 2017, 12, e0178473.

Sasso, F.C.; Salvatore, T.; Tranchino, G.; Cozzolino, D.; Caruso, A.A.; Persico, M.; Gentile, S.;
Torella, D.; Torella, R. Cochlear dysfunction in type 2 diabetes: A complication independent of
neuropathy and acute hyperglycemia. Metabolism 1999, 48, 1346-1350.

Marfella, R.; Sasso, F.C.; Cacciapuoti, F.; Portoghese, M.; Rizzo, M.R.; Siniscalchi, M.;
Carbonara, O.; Ferraraccio, F.; Torella, M.; Petrella, A.; et al. Tight glycemic control may increase
regenerative potential of myocardium during acute infarction. J. Clin. Endocrinol. Metab. 2012, 97,
933-942.

Sasso, F.C.; Rinaldi, L.; Lascar, N.; Marrone, A.; Pafundi, P.C.; Adinolfi, L.E.; Marfella, R. Role of
Tight Glycemic Control during Acute Coronary Syndrome on CV Outcome in Type 2 Diabetes. J.
Diab. Res. 2018, 2018, 3106056.

Sasso, F.C.; Pafundi, P.C.; Gelso, A.; Bono, V.; Costagliola, C.; Marfella, R.; Sardu, C.; Rinaldi, L.;
Galiero, R.; Acierno, C.; et al. Telemedicine for screening diabetic retinopathy: The NO BLIND
Italian multicenter study. Diabetes Metab. Res. Rev. 2019, 35, e3113.

Torella, D.; laconetti, C.; Tarallo, R.; Marino, F.; Giurato, G.; Veneziano, C.; Aquila, I.; Scalise, M.;
Mancuso, T.; Cianflone, E.; et al. miRNA Regulation of the Hyperproliferative Phenotype of
Vascular Smooth Muscle Cells in Diabetes. Diabetes 2018, 67, 2554—-2568, Erratum in Diabetes
2020, 69, 796.

Sasso, F.C.; Pafundi, P.C.; Simeon, V.; De Nicola, L.; Chiodini, P.; Galiero, R.; Rinaldi, L.; Nevola,
R.; Salvatore, T.; Sardu, C.; et al. Efficacy and durability of multifactorial intervention on mortality
and MACEs: A randomized clinical trial in type-2 diabetic kidney disease. Cardiovasc. Diabetol.
2021, 20, 145.

Yang, J.D.; Ahmed, F.; Mara, K.C.; Addissie, B.D.; Allen, A.M.; Gores, G.J.; Roberts, L.R.
Diabetes is Associated with Increased Risk of Hepatocellular Carcinoma in Patients with Cirrhosis
from Nonalcoholic Fatty Liver Disease. Hepatology 2020, 71, 907-916.

https://encyclopedia.pub/entry/14947 7/11



HCC and Molecular Targeting Therapies | Encyclopedia.pub

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

Liu, G.M.; Zeng, H.D.; Zhang, C.Y.; Xu, J.W. Key genes associated with diabetes mellitus and
hepatocellular carcinoma. Pathol. Res. Pract. 2019, 215, 152510.

Dietrich, C.F.; Nolsge, C.P.; Barr, R.G.; Berzigotti, A.; Burns, P.N.; Cantisani, V.; Chammas, M.C.;
Chaubal, N.; Choi, B.I.; Clevert, D.A.; et al. Guidelines and Good Clinical Practice
Recommendations for Contrast-Enhanced Ultrasound (CEUS) in the Liver-Update 2020 WFUMB
in Cooperation with EFSUMB, AFSUMB, AIUM, and FLAUS. Ultrasound Med. Biol. 2020, 46,
2579-2604.

Rinaldi, L.; Valente, G.; Piai, G. Serial Liver Stiffness Measurements and Monitoring of Liver-
Transplanted Patients in a Real-Life Clinical Practice. Hepat. Mon. 2016, 16, e41162.

Ayuso, C.; Rimola, J.; Vilana, R.; Burrel, M.; Darnell, A.; Garcia-Criado, A.; Bianchi, L.; Belmonte,
E.; Caparroz, C.; Barrufet, M.; et al. Diagnosis and staging of hepatocellular carcinoma (HCC):
Current guidelines. Eur. J. Radiol. 2018, 101, 72-81, Erratum in Eur. J. Radiol. 2019, 112, 229.

Tsochatzis, E.A.; Bosch, J.; Burroughs, A.K. Liver cirrhosis. Lancet 2014, 383, 1749-1761.

Marcucci, M.; Franchi, C.; Nobili, A.; Mannucci, P.M.; Ardoino, |.; REPOSI Investigators. Defining
Aging Phenotypes and Related Outcomes: Clues to Recognize Frailty in Hospitalized Older
Patients. J. Gerontol. A Biol. Sci. Med. Sci. 2017, 72, 395-402.

Tian, G.; Yang, S.; Yuan, J.; Threapleton, D.; Zhao, Q.; Chen, F.; Cao, H.; Jiang, T.; Li, L.
Comparative efficacy of treatment strategies for hepatocellular carcinoma: Systematic review and
network meta-analysis. BMJ Open 2018, 8, e021269.

European Association for the Study of the Liver; Electronic address: ; European Association for
the Study of the Liver. EASL Clinical Practice Guidelines: Management of hepatocellular
carcinoma. J. Hepatol. 2018, 69, 182—-236, Erratum in J. Hepatol. 2019, 70, 817.

Crocetti, L.; Bargellini, 1.; Cioni, R. Loco-regional treatment of HCC: Current status. Clin. Radiol.
2017, 72, 626—635.

Sapisochin, G.; Bruix, J. Liver transplantation for hepatocellular carcinoma: Outcomes and novel
surgical approaches. Nat. Rev. Gastroenterol. Hepatol. 2017, 14, 203-217.

Mehta, N.; Bhangui, P.; Yao, F.Y.; Mazzaferro, V.; Toso, C.; Akamatsu, N.; Durand, F.; ljzermans,
J.; Polak, W.; Zheng, S.; et al. Liver Transplantation for Hepatocellular Carcinoma. Working Group
Report from the ILTS Transplant Oncology Consensus Conference. Transplantation 2020, 104,
1136-1142.

Lee, D.D.; Sapisochin, G.; Mehta, N.; Gorgen, A.; Musto, K.R.; Hajda, H.; Yao, F.Y.; Hodge, D.O.;
Carter, R.E.; Harnois, D.M. Surveillance for HCC After Liver Transplantation: Increased Monitoring
May Yield Aggressive Treatment Options and Improved Postrecurrence Survival. Transplantation
2020, 104, 2105-2112.

https://encyclopedia.pub/entry/14947 8/11



HCC and Molecular Targeting Therapies | Encyclopedia.pub

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Valente, G.; Rinaldi, L.; Sgambato, M.; Piai, G. Conversion from twice-daily to once-daily
tacrolimus in stable liver transplant patients: Effectiveness in a real-world setting. Transplant.
Proc. 2013, 45, 1273-1275.

Chen, S.; Cao, Q.; Wen, W.; Wang, H. Targeted therapy for hepatocellular carcinoma: Challenges
and opportunities. Cancer Lett. 2019, 460, 1-9.

Cancer Genome Atlas Research Network; Electronic address: ; Cancer Genome Atlas Research
Network. Comprehensive and Integrative Genomic Characterization of Hepatocellular Carcinoma.
Cell 2017, 169, 1327-1341.e23.

Katoh, M. Multi-layered prevention and treatment of chronic inflammation, organ fibrosis and
cancer associated with canonical WNT/[3-catenin signaling activation (Review). Int. J. Mol. Med.
2018, 42, 713-725.

Bhullar, K.S.; Lagaron, N.O.; McGowan, E.M.; Parmar, |.; Jha, A.; Hubbard, B.P.; Rupasinghe,
H.P.V. Kinase-targeted cancer therapies: Progress, challenges and future directions. Mol. Cancer
2018, 17, 48.

Liu, Z.; Lin, Y.; Zhang, J.; Zhang, Y.; Li, Y.; Liu, Z.; Li, Q.; Luo, M.; Liang, R.; Ye, J. Molecular
targeted and immune checkpoint therapy for advanced hepatocellular carcinoma. J. Exp. Clin.
Cancer Res. 2019, 38, 447.

Wang, Z.; Fu, S.; Zhao, J.; Zhao, W.; Shen, Z.; Wang, D.; Duan, J.; Bai, H.; Wan, R.; Yu, J.; et al.
Transbronchoscopic patient biopsy-derived xenografts as a preclinical model to explore
chemorefractory-associated pathways and biomarkers for small-cell lung cancer. Cancer Lett.
2019, 440-441, 180-188.

Faivre, S.; Rimassa, L.; Finn, R.S. Molecular therapies for HCC: Looking outside the box. J.
Hepatol. 2020, 72, 342-352.

Huang, J.L.; Cao, S.W.; Ou, Q.S.; Yang, B.; Zheng, S.H.; Tang, J.; Chen, J.; Hu, Y.W.; Zheng, L.;
Wang, Q. The long non-coding RNA PTTG3P promotes cell growth and metastasis via up-
regulating PTTG1 and activating PISK/AKT signaling in hepatocellular carcinoma. Mol. Cancer.
2018, 17, 93.

Nuti, M.; Zizzari, |.G.; Botticelli, A.; Rughetti, A.; Marchetti, P. The ambitious role of anti
angiogenesis molecules: Turning a cold tumor into a hot one. Cancer Treat. Rev. 2018, 70, 41—
46.

Rahma, O.E.; Hodi, F.S. The Intersection between Tumor Angiogenesis and Immune
Suppression. Clin. Cancer Res. 2019, 25, 5449-5457.

Finn, R.S.; Ikeda, M.; Zhu, A.X.; Sung, M.W.; Baron, A.D.; Kudo, M.; Okusaka, T.; Kobayashi, M.;
Kumada, H.; Kaneko, S.; et al. Phase Ib Study of Lenvatinib Plus Pembrolizumab in Patients with
Unresectable Hepatocellular Carcinoma. J. Clin. Oncol. 2020, 38, 2960-2970.

https://encyclopedia.pub/entry/14947 9/11



HCC and Molecular Targeting Therapies | Encyclopedia.pub

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Kelley, R.K.; WOliver, J.; Hazra, S.; Benzaghou, F.; Yau, T.; Cheng, A.L.; Rimassa, L.
Cabozantinib in combination with atezolizumab versus sorafenib in treatment-naive advanced
hepatocellular carcinoma: COSMIC-312 Phase 1l study design. Future Oncol. 2020, 16, 1525
1536.

Bergerot, P.; Lamb, P.; Wang, E.; Pal, S.K. Cabozantinib in Combination with Immunotherapy for
Advanced Renal Cell Carcinoma and Urothelial Carcinoma: Rationale and Clinical Evidence. Mol.
Cancer Ther. 2019, 18, 2185-2193.

Yau, T.; Kang, Y.K.; Kim, T.Y.; EI-Khoueiry, A.B.; Santoro, A.; Sangro, B.; Melero, I.; Kudo, M.;
Hou, M.M.; Matilla, A.; et al. Efficacy and Safety of Nivolumab Plus Ipilimumab in Patients with
Advanced Hepatocellular Carcinoma Previously Treated with Sorafenib: The CheckMate 040
Randomized Clinical Trial. JAMA Oncol. 2020, 6, e204564.

Kelley, R.K.; Sangro, B.; Harris, W.; Ikeda, M.; Okusaka, T.; Kang, Y.K.; Qin, S.; Tai, D.W.; Lim,
H.Y.; Yau, T.; et al. Safety, Efficacy, and Pharmacodynamics of Tremelimumab Plus Durvalumab
for Patients with Unresectable Hepatocellular Carcinoma: Randomized Expansion of a Phase I/l
Study. J. Clin. Oncol. 2021, 39, 2991-3001.

Ascierto, P.A.; Del Vecchio, M.; Robert, C.; Mackiewicz, A.; Chiarion-Sileni, V.; Arance, A.; Lebbé,
C.; Bastholt, L.; Hamid, O.; Rutkowski, P.; et al. Ipilimumab 10 mg/kg versus ipilimumab 3 mg/kg
in patients with unresectable or metastatic melanoma: A randomised, double-blind, multicentre,
phase 3 trial. Lancet Oncol. 2017, 18, 611-622.

Sharma, A.; Subudhi, S.K.; Blando, J.; Scutti, J.; Vence, L.; Wargo, J.; Allison, J.P.; Ribas, A.;
Sharma, P. Anti-CTLA-4 Immunotherapy Does Not Deplete FOXP3+ Regulatory T Cells (Tregs) in
Human Cancers. Clin Cancer Res. 2019, 25, 1233-1238.

Schmidt, E.V.; Chisamore, M.J.; Chaney, M.F.; Maradeo, M.E.; Anderson, J.; Baltus, G.A.;
Pinheiro, E.M.; Uebele, V.N. Assessment of Clinical Activity of PD-1 Checkpoint Inhibitor
Combination Therapies Reported in Clinical Trials. JAMA Netw. Open 2020, 3, €1920833.

Montal, R.; Andreu-Oller, C.; Bassaganyas, L.; Esteban-Fabro, R.; Moran, S.; Montironi, C.;
Moeini, A.; Pinyol, R.; Peix, J.; Cabellos, L.; et al. Molecular portrait of high alpha-fetoprotein in
hepatocellular carcinoma: Implications for biomarker-driven clinical trials. Br. J. Cancer. 2019,
121, 340-343.

Zhu, A.X.; Kang, Y.K.; Yen, C.J.; Finn, R.S.; Galle, P.R.; Llovet, J.M.; Assenat, E.; Brandi, G.;
Pracht, M.; Lim, H.Y.; et al. Ramucirumab after sorafenib in patients with advanced hepatocellular
carcinoma and increased a-fetoprotein concentrations (REACH-2): A randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet Oncol. 2019, 20, 282—-296.

Galle, P.R.; Foerster, F.; Kudo, M.; Chan, S.L.; Llovet, J.M.; Qin, S.; Schelman, W.R.;
Chintharlapalli, S.; Abada, P.B.; Sherman, M.; et al. Biology and significance of alpha-fetoprotein
in hepatocellular carcinoma. Liver Int. 2019, 39, 2214-2229.

https://encyclopedia.pub/entry/14947 10/11



HCC and Molecular Targeting Therapies | Encyclopedia.pub

61.

62.

63.

64.

65.

66.

67.

68.

Li, X.S.; Li, J.W.; Li, H.; Jiang, T. Prognostic value of programmed cell death ligand 1 (PD-L1) for
hepatocellular carcinoma: A meta-analysis. Biosci. Rep. 2020, 40, BSR20200459.

Calderaro, J.; Ziol, M.; Paradis, V.; Zucman-Rossi, J. Molecular and histological correlations in
liver cancer. J. Hepatol. 2019, 71, 616-630.

Sia, D.; Jiao, Y.; Martinez-Quetglas, I.; Kuchuk, O.; Villacorta-Martin, C.; Castro de Moura, M.;
Putra, J.; Camprecios, G.; Bassaganyas, L.; Akers, N.; et al. Identification of an Immune-specific
Class of Hepatocellular Carcinoma, Based on Molecular Features. Gastroenterology 2017, 153,
812-826.

Ruiz de Galarreta, M.; Bresnahan, E.; Molina-Sanchez, P.; Lindblad, K.E.; Maier, B.; Sia, D.;
Puigvehi, M.; Miguela, V.; Casanova-Acebes, M.; Dhainaut, M.; et al. 3-Catenin Activation
Promotes Immune Escape and Resistance to Anti-PD-1 Therapy in Hepatocellular Carcinoma.
Cancer Discov. 2019, 9, 1124-1141.

Morgillo, F.; Fasano, M.; Della Corte, C.M.; Sasso, F.C.; Papaccio, F.; Viscardi, G.; Esposito, G.;
Di Liello, R.; Normanno, N.; Capuano, A.; et al. Results of the safety run-in part of the METAL
(METformin in Advanced Lung cancer) study: A multicentre, open-label phase I-11 study of
metformin with erlotinib in second-line therapy of patients with stage IV non-small-cell lung
cancer. ESMO Open 2017, 2, e000132.

Xu, J.; Shen, J.; Gu, S.; Zhang, Y.; Wu, L.; Wu, J.; Shao, G.; Zhang, Y.; Xu, L.; Yin, T.; et al.
Camrelizumab in Combination with Apatinib in Patients with Advanced Hepatocellular Carcinoma
(RESCUE): A Nonrandomized, Open-label, Phase Il Trial. Clin Cancer Res. 2021, 27, 1003-1011.

Finn, R.S.; Ryoo, B.Y.; Merle, P.; Kudo, M.; Bouattour, M.; Lim, H.Y.; Breder, V.; Edeline, J.; Chao,
Y.; Ogasawara, S.; et al. Pembrolizumab As Second-Line Therapy in Patients with Advanced
Hepatocellular Carcinoma in KEYNOTE-240: A Randomized, Double-Blind, Phase Il Trial. J. Clin.
Oncol. 2020, 38, 193-202.

Qin, S.; Finn, R.S.; Kudo, M.; Meyer, T.; Vogel, A.; Ducreux, M.; Macarulla, T.M.; Tomasello, G.;
Boisserie, F.; Hou, J.; et al. RATIONALE 301 study: Tislelizumab versus sorafenib as first-line
treatment for unresectable hepatocellular carcinoma. Future Oncol. 2019, 15, 1811-1822.

Retrieved from https://www.encyclopedia.pub/entry/history/show/35369

https://encyclopedia.pub/entry/14947 11/11



