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Abstract

Hepatocellular carcinoma (HCC) is most commonly found in the context of liver
cirrhosis and, in rare cases, in a healthy liver. Its prevalence has risen in recent years,
particularly in Western nations, due to the increasing frequency of non-alcoholic fatty
liver disease (NAFLD). Advanced HCC has a poor prognosis. For many years, the only
proven therapy for unresectable HCC (uHCC) was sorafenib, a tyrosine kinase inhibitor
(TKI). Recently, the synergistic effect of an immune checkpoint inhibitor, atezolizumab,
and bevacizumab outperformed sorafenib alone in terms of survival, making it the
recommended first-line therapy. Other multikinase inhibitors, lenvatinib and
regorafenib, were also recommended as first and second-line drugs, respectively.
Intermediate-stage HCC patients with retained liver function, particularly uHCC
without extrahepatic metastasis, may benefit from trans-arterial chemoembolization.
The current problem in uHCC is selecting a patient for the best treatment while
considering the preexisting liver condition and liver function. Indeed, all study patients
had a Child-Pugh class A, and the best therapy for other individuals is unknown.
Additionally, in the absence of a medical contraindication, atezolizumab could be
combined with bevacizumab for uHCC systemic therapy. Several studies are now
underway to evaluate immune checkpoint inhibitors in combination with anti-
angiogenic drugs, and the first findings are encouraging. The paradigm of uHCC
therapy is changing dramatically, and many obstacles remain for optimum patient
management in the near future. The purpose of this commentary review was to give an
insight into current systemic treatment options for patients with uHCC who are not

candidates for surgery to cure the disease.
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Core Tip: Hepatocellular carcinoma (HCC) is a major health problem that is the fourth
leading cause of cancer-related mortality worldwide. The five-year survival rate was
nearly 19%, but only 2% in metastatic HCC. The first oral multikinase inhibitor for the
systemic treatment of advanced a unresectable HCC (uHCC) was sorafenib. However,
when compared to sorafenib, the combination of atezolizumab and bevacizumab
increased survival rates and was authorized as first-line treatment for uHCC.
Regorafenib and cabozantinib are suggested for use as second-line drugs in the event
that the disease progresses. Transarterial chemoembolization for palliative care or
downstaé'mg is also suggested. This review focused on systemic therapy for uHCC

patients who are not appropriate for liver-directed therapy.

INTRODUCTION

Hepatocellular carcinoma (HCC) is the most commonkind of primary liver cancer and
a serious public health concern globally. With 905,677 new cases and 830,180 fatalities in
2020, liver cancer is the sixth most common malignancy and the third major cause of
cancer mortality. The age-adjusted global incidence is 9.5 deaths per 100,000 and the
mortality rate is 8.7 per 100,000 peoplelll. HCC typically develops in the presence of
cirrhosis, less frequently in chronic liver disease that is not cirrhotic, and very rarely in a
healthy liver. The risk factors for HCC are well-known and vary by geographic location.
In Asia and Africa, viral hepatitis is the main cause of HCC, but in North America and
western Europe, fatty liver disease and obesity are the main causes. The length of time
that these risk factors have been detected in human populations is strongly correlated
with the global increase in HCC incidencel24l. Depending on the tumor stage and liver
function, the prognosis and treatment plan for HCC in cirrhotic livers are determined
(Child-Pugh score). With a 5-year relative survival rate of 18.4%, overall survival is

poor. Patients with localized, regional, and metastasis have 5-year survival rates of 33%,




10%, and 2%, respectively®l. HCC may be treatable in its early stages by resection, liver
transplantation, or ablation. However, patients are typically identified at intermediate
or advanced stages due to a lack of symptoms.

For patients with HCC, the Barcelona Clinic Liver Cancer (BCLC) staging system
employs many factors to direct the treatment course of action. The Child-Pugh score is
comprised of the Eastern Cooperative Oncology Group (ECOG) performance status,
tumor burden (including portal invasion status and hepatic spread), and an estimation
of the underlying liver function that should be estimated in addition to the Child-Pugh
score using the Model for End-Stage Liver Disease (MELD) score in cases of
decompensated cirrhosis or the alpha-fetoprotein (AFP) concentration and albumin-
bilirubin score {ALain cases of compensated liver disease. HCC patients are classified
into four stages: very early (BCLC 0), early (BCLC A), intermediate (BCLC B),
unresectable (BCLC C), and end-stages (BCLC D). Nearly 40% of HCC patients have an
early diagnosis, making them eligible for curative procedures such local radiofrequency
ablation or surgery (liver transplantation or hepatic resection). A systemic,
chemoembolizing, or radioembolizing treatment is necessary for more than half of
them, which is in the intermediate stage and is unresectable (BCLC B and C)!l.

Unfortunately, systemic therapy is the only treatment available for individuals
with HCC because more than 50% of cases are discovered at an advanced stage. In
addition, recurrences occur in around 70% of individuals who have had their main
tumor surgically removedl7). When liver-directed medicines are not a possibility or the
patient has experienced a significant recurrence, systemic therapy is chosen. Systemic
treatments, including tyrosine kinase inhibitors, monoclonal antibodies, and immune
checkpoint inhibitors, have been made possible by recent technological advancements.
The FDA has officially authorized sorafenib and lenvatinib as first-line therapies for
advanced HCC. Second-line treatments for individuals who advanced or did not
tolerate sorafenib include cabozantinib, regorafenib, ramucirumab, nivolumab, and
pembrolizumab. The US FDA recently approved the use of neurotrophic tyrosine

receptor kinase (NTRK) inhibitors, larotrectinib or entrectinib, in HCC patients with




NTRK fusion-positive solid tumors. Although cytokine treatment (interferon alpha-2b,
interleukin-12) produced disappointing results, nivolumab and pembrolizumab have
shown promising outcomes in phase II studies in terms of progression-free survival
(PFS)I8-111. Nivolumab in first-line treatment and pembrolizumab in second-line therapy
phase III trials' primary endpoints, however, were not achieved!!213]. The preliminary
findings of a phase III study showed that atezolizumab with bevacizumab improved
overall survival (OS)and PFS when compared to sorafenib as first-line therapy for
HCCM,

The development of effective HCC therapeutics is complicated by tumor
heterogeneity caused by multiple risk factors. Greaar understanding of the heterogenic
tumorigenic pathways should provide information on tumor biomarkers, genomes, and
other tumor characteristics that predict response to targeted treatment in HCC. In this
review, we aimed to address the carcinogenesis of HCC, clinical trials that assessed
medications targeting these tumorigenic pathways, and future directions of targeted

treatment in advanced HCC.

PATHOGENESIS

Several pathways have been associated with the development of HCC. These pathways

have served as the primary targets for systemic therapy development.

MITOGEN-ACTIVATED PROTEIN KINASE (MAPK) PATHWAY

In order to activate or deactivate their target, the mitogen-activated protein kinases

(MAPK) phosphorylate either their own dual serine and threonine residues or those
present on their substrates. As a common downstream pathway for numerous tyrosine
kinase receptors, the MAPK pathway is a biological signaling system that controls
crucial physiological processes such cell proliferation, cell differentiation, stress
responses, apoptosis, and immune defense. When external growth stimuli bind to these
tyrosine kinase receptors, the MAPK cascade is initiated. A MAP3K stimulates a
MAP2K, which in turn activates a MAPK, in a MAPK module. @APK protein

phosphatases (MKPs), which dephosphorylate both phosphothreonine and




phosphotyrosine residues on MAPKSs, can inhibit MAPK phosphorylation processes.
The most prevalent tyrosine kinase receptors are the insulin-like growth factor receptor
(IGFR), platelet-derived growth factor receptor (PDGFR), vascular endothelial growth
factor receptor (VEGFR), and epidermal growth factor receptor (EGFR). Growth factors
that bind to these receptors caus& phosphorylation cascade, which in turn activates the
adaptor molecular complex [growth factor receptor-bound protein 2 (GRB2)-Src
homology and collagen (SHC)-son of sevenless (SOS)]. The proto-oncogenes rat
sarcoma virus (Ras), rapidly accelerated fibrosarcoma (Raf), and guanosine
triphosphatas%GTPases) are subsequently activated by this complex, leading to the
activation of mitogen-activated protein kinase (MEK) 1/2 and extracellular signal-
regulated kinase (ERK) 1/2 downstream. Eventually, this pathway results in the
upregulation of gene transcription, which encourages cell proliferation, through the
transcriptional activators c-Jun and c-Fos['51l, It has also been demonstrated that ERK
phosphorylates proteins involved in cell proliferation, apoptosis resistance, and
angiogenesis in HCCI718]. Ras mutations were discovered to occur often in HCC,
according to several studies, and overexpression of this pathway, particularly in high-
grade tumors, has been reported in HCC?2. Sorafenib, which inhibits the Raf
serine/ threonine kinase as well as several other receptors, was developed on the basis
of this pathway21.22],

PHOSPHOINOSITIDE 3-KINASE-AKT-MAMMALIAN TARGET OF RAPAMYCIN
PATHWAY

Cell development and regulation also depend on the phosphoinositide 3-kinase (PI3K)-

Ak strain transforming (AKT)-mammalian target of rapamycin (mTOR) signaling
pathway. Growth factors including epidermal growth factor (EGF) and interleukin-2
(IL-2) bind to their associated tyrosine kinase receptors to activate PI3K.

osphoinositol triphosphate (PIP3), a lipid second messenger produced by PI3K,
activates the serine/threonine kinase AKT (protein kinase B). After that, AKT
phosphorylates a number of proteins, including the proapoptotic protein Bcl-2

opponent of cell death, to activate the mammalian target of rapamycin (mTOR) family




of proteins (BAD). To promote cell cycle progression and unrestricted growth and
proliferaﬁm, mTOR regulates the phosphorylation of the translational repressor
proteins ribosomal protein S6 kinase beta-1 (P70S6 kinase) and eukaryotic translation
initiation factor 4E-binding protein 1 (EIFAEBP1 or 4E-BP-1)[2-25]. Studies have shown
that cancers with abnormal expression of the pathway including phosphatase and
tensin homolog (PTEN), AKT, and PS6 are more severe and have a poorer prognosis
overall than tissues with normal expression/2627l. In approximately half of all HCC
patients, expression of the tumor suppressor gene product PTEN, which generally
suppresses PI3K activity, is sia‘nificantly decreased. Due to the gene deletion process,
PTEN is inactivated, which results in uncontrolled PI3K activity and downstream

phosphorylation of proteins that inhibit apoptosis and encourage tumor growth(22],

WNT/B-CATENIN PATHWAY

The WNT (Wingless and Int-1)/p-catenin signaling system regulates embryonic
development, cellular proliferation, and differentiation. It is a highly conserved and
carefully regulated molecular process. Notably, growing data suggests that abnormal
WNT/B-catenin signaling increases the formation and progression of HCC. The two
distinct WNT signaling pathways, known as non-canonical and canonical, with the
latter including p-catenin activation. Comprehensive genomic analyses have revealed
that p-catenin-encoding CTNNB1 and AXIN1 gain-of-function mutations are present in
about 35% of human HCC samples. Human HCCs with activated WNT/ p-catenin
pathways display unique gene expression patterns and malignant properties. Through
its downstream effectors, activated WNT/ B-catenin interacts with a variety of signaling
pathways to encourage the development of HCC. As a result, medications that target

WNT/ p-catenin have being looked into as possible HCC treatments(3031],

SYSTEMIC TREATMENT FOR UNRESECTABLE HCC
FIRST-LINE SYSTEMIC THERAPY

SINGLE DRUG MULTIKINASE INHIBITOR

Sorafenib




A multikinase inhibitor (MTKI), sorafenib blocks tyrosine kinases and pathways
essential for angiogenesis and cell proliferation. VEGFR-1, VEGFR-2, VEGFR-3, PDGFR-
B, KIT, RET, RAS/RAF/MAPK, FLT-3, and Janus kinase (JAK)/signal transducer and
activator of transcription protein are among the receptors that it inhibits (STAT)32. The
multicenter phase III European Sorafenib Hepatocellular Carcinoma Assessment
Randomized Protocol (SHARP) research and the Asia-Pacific trial on overall survival
(OS) benefit compared with placebo both supported the efficacy of first-line sorafenib
for uHCC patients with Child-Pugh class A cirrhosis. The inclusion criteria for both
studies were the same: advanced HCC with detectable illness, mostly Child-Pugh class
A cirrhosis, no prior systemic therapy, adequate hematological, renal, and hepatic
function, and a life expectancy of at least 12 wk. Six hundred and two untreated uHCC
patients from Europe, North America, South America, and Australia were included in
the SHARP study. Two groups of patients were randomly treated with either sorafenib
400 mg (n= 299) twice daily or a placebo (n = 303). Treatment with sorafenib was
continued until the illness became worse, the toxicity was too much, or someone passed
away. Patients receiving sorafenib experienced response rates of just 2%, compared
with only 1% in the placebo group. Clinical outcomes were achieved in 43% and 32% of
patients in the sorafenib and placebo groups, respectively (P = 0.002). The project was
halted after a second planned interim analysis showed that the median OS with
sorafenib was significantly longer at 10.7 months compared to 7.9 months with placebo
(P < 0.01). With sorafenib, one-year survival rates were 44%, while with placebo, they
were 33% (P < 0.01). The most common treatment-related side effects in people taking
sorafenib were diarrhea, weight loss, hand-foot syndrome (HFS), and
hypophosphatemial®! (Table 1).

The Asia-Pacific study, which ran alongside the SHARP trial, was designed to look
at the safety and activity of sorafenib in uHCC patients. They randomly assigned 150 of
the 226 participants who were drawn from 23 locations in China, South Korea, and
Taiwan to treat with sorafenib 400 mg twice daily or a placebo (n = 76). Similar to the

SHARP study, sorafenib had a low response rate (3.3% vs 1.3% for placebo). Sorafenib




had a disease control rate of 35.3% whereas a placebo had a rate of 15.8% (P < 0.001).
The median OS periods for sorafenib and the placebo were 6.5 and 4.2 mo, respectively
(P = 0.014). Despite the fact that both studies utilized the identical eligibility standards
and treatment strategy, the Asia-Pacific trial's patients had more extrahepatic disease,
more hepatic lesions, a worse performance status (PS), more advanced disease, and a
higher rate of AFP elevation. Because of this, their sorafenib-related survival in the
Asia-Pacific study (6.5 mo) was lower than in the P trial (10.7 mo). In the
subgroup analysis, sorafenib showed higher efficacy in patients without extrahepatic
spread (EHS; HR, 0.55 vs 0.84), with hepatitis C-associated illness (HR, 0.47 vs 0.81), and
with a low neutrophil-to-lymphocyte ratio (NLR; HR, 0.59 vs 0.84)[34].

In a subset analysis of the SHARP trial, Bruix et all®®! looked at how the etiology of
the illness, the tﬁ'nor load, PS, the tumor stage, and past treatments affected survival,
disease control, time to progression (TTP), and safety. Compared to placebo, sorafenib
treatment significantly enhanced survival and disease control regardless of the etiology,
tumor load, PS, tumor stage, or previous therapy. Except for individuals who were
hepatitis B virus (HBV) positive, sorafenib also reliably reduced the median time to
progression (MTP). The relationship between the pre-study liver state and the effects of
sorafenib on liver function were ima'ﬁtigated in a second subgroup analysis of the
SHARP trial data. Individuals with baseline transaminase, AFP, or bilirubin levels
elevation showed shorter survival periods than those with normal baseline values,
regardless of therapy. Patients with normal or high liver markers experienced the same
level of safety. The investigators came up with the conclusion that sorafenib was safe
and efficient independent of the liver biomarkers present at baseline and that bilirubin
levels, which are used to evaluate hepatic function, were consistent during sorafenib
treatment. It should be highlighted that the majority of the trial participants had Child-
Pugh class A cirrhosis. Therefore individuals with more severe cases (Child-Pugh class
B and C) should not extrapolate from these findingsl3I.

Sorafenib was also further studied in two large prospective observational trials,

GIDEON and INSIGHT. The GIDEON research, or Global Investigation of Therapeutic




DEcisions in Hepatocellular Carcinoma and Of its Treatment with Sorafenib, examined
the safety and tolerability of sorafenib in patients with advanced HCC in actual clinical
settings. All treatment choices in this study were made by the patient's attendi
physician. When therapy first started, out of 2,708 people, 72.7% were categorized as
Child-Pugh class A, 24.5% as class B, and 2.7% as class C. Sorafenib's starting dosage
was 400 mg twice daily. Child-Pugh class A, B, and C patients experienced adverse
events at rates of 69%, 64%, and 39%, respectively, whereas 9%, 14%, and 3% of patients
experienced serious medication responses. The most frequent adverse events were HFS
(32%, 17%, and 5%), diarrhea (28%, 26%, and 11%), and exhaustion (16%, 14%, and 14%)
in patients with Child-Pugh classes A, B, and C scores. Patients in Child-Pugh class A
had a longer median OS (13.6 mo) than those in Child-Pugh class B or C (5.2 mo) (2.6
mo). The GIDEON study showed that the most prevalent drug-related side effects, as
well as sorafenib tolerance, were comparable between Child-Pugh class A and Child-
Pugh class B patients. They discovered that some individuals with Child-Pugh class B
cirrhosis might receive sorafenib safely. Because of the variety of individuals with
Child-Pugh class B conditions, patients should be carefully selected for sorafenib
treatment based on a thorough evaluation of their hepatic condition/7]

The INSIGHT study was a prospective multicenter trial that recruited 788 uHCC
patients who were treated with sorafenib. The main objective was to assess sorafenib's
safety and efficacy, especially TTP and OS. Sorafenib was generally given at g dosage of
800 mg daily. The prevalence of cirrhosis among the patients was 56.7% Child-Pugh
class A, 23.3% Child-Pugh class B, and 3.3% Child-Pugh class C. Patients in Child-Pugh
classes A, B, and C experienced an OS of 17.6, 8.1, and 5.6 mo, respectively (P < 0.01).
Sorafenib-related adverse events occurred in 64.9% of patients and were regarded as
severe in 9.8%. The most frequent serious adverse medication event (5.2%) was
diarrhea. HFS (16.5%), nausea (8.0%), and exhaustion (7.9%) were other notable
medication side effects. Both MTP and survival decreased dramatically when Child-

Pugh scores increased. Patients having a Child-Pugh score of 7 and those with a score of




8 had comparable MTP and survival rates. Patients with a 9 on the Child-Pugh scale
had substantially reduced MTP and survival (P <0.01 and P = 0.003, respectively)I3l.

McNamara et all®] performed a meta-analysis of sorafenib therapy in patients with
Child-Pugh class B cirrhosis, including 30 trials and 8,678 participants. The most of the
investigations were retrospective or prospective single-institution studies. Child-Pugh
class A participants had an objective response rate of 4.6%, whereas Child-Pugh class B
participants ha objective response rate of 4.2%. The distribution of Child-Pugh
status was 79% Child-Pugh class A and 19% Child-Pugh class B. The assessed median
OS for Child-Pugh class A patients was 8.8 mo and 4.6 mo for Child-Pugh class B
patients. There was an inverse relationship between OSand Child-Pugh class B
hepatic dysfunction. Child-Pugh class B patients had considerably lower survival,
according to four studies that compared patients with Child-Pugh classes A and B using
several variables (p < 0.001). In 35% of individuals with Child-Pugh class A or B, there
was grade 3 or 4 toxicity. The rates of treatment termination without progress and
treatment-related mortality were comparable. The study's findings revealed that while
sorafenib response, safety, and tolerability were unaffected by the Child-Pugh score,
survival was strongly impacted by these factors. No research involving patients with
Child-Pugh class B cirrhosis were controlled trials, despite the large number of such
studies that have been done, and the information that is now available is insufficient to
draw firm conclusions on the use of sorafenib in such individuals. This meta-analysis
proved that certain individuals with Child-Pugh class B cirrhosis can get sorafenib
safely. Patients with Child-Pugh scores of 7 or less seem to be the safest group to treat
with sorafenib, and patients with Child-Pugh scores > 8 should be cautioned. Selected
Child-Pugh class B patients may benefit from sorafenib even if Child-Pugh class A
patients have much higher survival rates than Child-Pugh class B patients.

Other MTKIs such as brivanib, sunitinib, linifanib, erlotinib, and everolimus were
also investigated, but none of them demonstrated superiority over sorafenibl*0-44]. Prior

to regorafenib's approval for second-line therapy in April 2017 and lenvatinib's




approval for first-line therapy in August 2018, sorafenib was the sole FDA-approved
therapeutic option for uHCCI45, 461,
Lenvatinib

Lenvatinib is a MTKI t targets VEGFR-1, VEGFR-2, VEGFR-3, PDGFR-3, FGFR-
1, FGFR-2, FGFR-3, FGFR-4, KIT, and RET. Lenvatinib is approved as the first-line
treatment for uHCC patients. Patients who weigh 60 kg or more should take 12 mg
daily, while those who weigh less should take 8 mg. Patients with uHCC who have
Child-Pugh class A cirrhosis should not have their doses reduced, and there is no
suggested dose for those with Child-Pugh class B or C cirrhosis. Based on the REFLECT
trial, a noninferiority phase 3 research, lenvatinib was authorized. In this trial, there
were 954 untreated patients with uHCC with Child-Pugh class A cirrhosis from 154
locations in 20 nationg throughout the Asia-Pacific, European, and North American
continents. Lenvatinib at a daily dose of 12 mg (n =478) (for patients” weight > 60 kg) or
8 mg (fgr patients weighing 60 kg) was given to patients at random, while sorafenib (n
= 476) was given at a dose of 400 mg twice daily. OS was the primary aim, and patients
were treated up until their radiological state worsened or they developed significant
toxicity. Response rate, TTP, and PFS were secopdary endpoints. Lenvatinib was
comparable to sorafenib in terms of survival, with a median OS of 13.6 mo and 12.3 mo,
respectively (HR, 0.92; 95%ClI, 0.79-1.06). According to baseline features, these effects
were discovered to be constant across all patient groupings. In terms of all secondary
objectives, lenvatinib was considerably more successful than sorafenib, according to an
independent imaging analysis. Response rates were 40.6% vs 124% (P < 0.001) for
lenvatinib vs sorafenib; disease control rates were 73.8% wvs 58.4%; MTP rates were 7.4
mo vs 3.7 mo (P <0.001); and median PFS rates were 7.3 mo vs 3.6 mo (P < 0.001). When
compared to sorafenib, lenyatinib was related with more incidences of hypertension
associated with treatment (42% vs 30%), proteinuria (25% vs 11%), and hypothyroidism
(16% vs 2%), and lower rates of alopecia (3% wvs 25%), HFS (27% wvs 52%), and diarrhea
(39% w©vs 46%). The reductions dosage, treatment suspensions, and drugs

discontinuations were reported by 40%, 37%, and 9% of lenvatinib-treated patients,




respectively, and 32%, 38%, and 7% of patients who were treated with sorafenib,
respectively. During the REFLECT trial's follow-up period, 33% of patients who were
treated with lenvatinib and 39% of patients who were treated with sorafenib received
antineoplastic drugs. The median survival time among patients who did not get further
treatment with lenvatinib was 11.5 mo and 9.1 mo with sorafenib. Patients who
underwent further therapy following lenvatinib therapy and sorafenib therapy had
median survival lengths of 20.8 mo and 17.0 mo, respectively. This was one of the
earliest signs that sequential treatment might enhance survivall’l.

Finn et al*8] investigated the relationships between serum or tissue biomarkers and
effectiveness outcomes from the REFLECT study. ELISA was used to assess serum
biomarkers [VEGF, angiopoietin-2 (ANG2), FGF19, FGF21, and FGF23]. The nCounter
PanCancer Pathways Panel assessed gene expression in tumor tissues.
Pharmacodynamic variations in serum biomarker levels from baseline were
investigated, as were clinical outcome relationships with baseline biomarker levels.
They included 407 people in the serum analysis group (lenvatinib n = 279, sorafenib n =
128) and 58 people in the gene-expreaion analysis group (lenvatinib n = 34, sorafenib n
= 24). They observed that, whereas both treatments were associated with increases in
VEGF, only lenvatinjb was associated with increases in FGF19 and FGF23 across the
whole study period. Responders had greater levels of FGF19 and FGF23 on cycle 4, day
1 than non-responders (FGF19: 55.2% vs 18.3%, P = 0.014; FGF23: 48.4% vs 16.4%, P =
0.002, respectively). In both therapy groups, higher baseline VEGF, ANG2, and FGF21
Levels were associated with a shorter OS. With greater baseline FGF21, lenvatinib had a
longer OS than sorafenib [10.9 vs 6.8 mo, respectively; HR, 0.53; 95%CI, 0.33 - 0.85; P =
0.0397]. a biomarker examination of tumor tissue, VEGF/FGF-enriched groups
outlived the intermediate VEGF/FGF group (HR, 0.39; 95%CI, 0.16 - 0.91; P = 0.0253).
They concluded that shorter OS may be predicted by increased baseline levels of VEGF,
FGF21, and ANG2. Lenvatinib's superior OS vs sorafenib may be predicted by higher

baseline FGF21, but further research is required to prove this.




Now, uHCC has an additional first-line MTKI option in lenvatinib. In March 2018, it
was approved in Japan. It was also approved ig_the US in August 2018. The European
Association for the Study of the Liver (EASL), European Society for Medical Oncology
(ESMO), National Comprehensive Cancer Network (NCCN), American Society of
Clinical Oncology (ASCQO), and all agreed that lenvatinib should be used in the first-line
setting but only for patients with Child-Pugh class A cirrhosis/4-52l.

COMBINATION THERAPY OF IMMUNE CHECK-POINT INHIBITOR (ICI) AND
VEGF INHIBITOR
Atezolizumab plus bevacizumab

The importance of VEGF and VEGEFR signaling pathways in angiogenesis and
tumor formation has been highlighted through research into the etiology of HCC. Both
healthy and pathological angiogenesis are regulated by the VEGF protein family >3l
When VEGF overexpression was observed in these tumors, their function as therapeutic
targets in uHCC was found. It is not unexpected that the idea of targeting tumor
angiogenesis as a potential therapeutic method was offered as early as 1971 given the
knowledge that a significant phase in tumor development requires oxygen and
nourishment supply for sustained growth. As previously stated, VEGF expression is
increased in HCC. Sorafenib targets the VEGF signaling system via MTKI, resulting in
the therapeutic advantage already documented. However, the tangible benefit of
sorafenib in terms of VEGF inhibition prompted researchers to look for other pathways
targeting tumor angiogenesis and VEGF inhibition.

Because it develops in persistently inflamed livers from both viral and non-viral
origins, HCC is usually referred to as an immunogenic malignancy. Furthermore,
tumor-associated antigen expression and particular gene alterations that result in
unique neoantigens lead to HCC immunogenicity. Innovative immunomodulation
treatment options in uHCC have emerged as a result of investigations into the tumor
microenvironment in HCC. Hepatitis viruses' persistent inflammation and the
parenchyma's production of cytokines and growth factors coexist in a complex

microenvironment. Due to restricted T cell activation that results in the generation of




tumor-related antigens, the liver is also known to have an intrinsic immunosuppressive
environment. The majority of the immune system's anti-tumor defenses are T cells, and
tumor cells that have overexpressed the programmed cell death ligand 1 (PD-L1) have
created an immunosuppressive milieu. Immunological checkpoints are coinhibitory
membrane glycoproteins that largely block T cell immune overactivation during
inflammatory and infectious conditions. Normally, this avoids collateral tissue damage,
but in the tumor microenvironment, their expression plays a critical role in encouraging
T cell exhaustion and immunological tolerance. The presence of CTLA-4 and PD-1,
immunological checkpoints involved in T cell activation and other inflammatory
responses in malignancies, is well understood. In tumor expression on T cell activation
and other inflammatory responses, CTLA-4 and PD-1 are immunological checkpoints
that have been thoroughly studied. Additionally, expressed on regulatory T cells,
CTLA-4 prevents T cells from co-stimulating when antigen is given. This is
accomplished by the competitive binding of CD80 and CD86 receptors on antigen-
presenting cells, which results in decreased CD28 stimulation and immune escape. As
PD-1 binds to its ligands, PD-L1 and PD-L2, the CD28 pathway is also affected, which
prevents CD8+ T cell activation and results in immunological inactivation. By
expressing PD-L1 and PD-L2, cancer cells use this strategy to escape immune
monitoring. Enduring antigen T cell tiredness is caused by exposure to the tumor
microenvironment and is demonstrated by an increase in PD-L1 in tumor cells and
antigen-presenting cells, which is induced by reactive T cells that express PD-1. As a
result, the prognosis is poorer and the tumor grows larger with less effective tumor
suppression!>-2¢l:

Bevacizumab, a VEGF monoclonal antibody and atezolizumab, an anti-PD-L1
antibody, have been used in combination therapy for uHCC patients, which has
resulted in the most recent and notable advancement in the treatment of HCC['. In the
tumor microenvironment (TME), VEGF overexpression has been seen to support
immunological tolerance and evasion in malignancies. The main function of VEGEF is

angiogenesis, which paradoxically results in a hypoxic and acidotic TME and attracts




immune-suppressive cells like regulatory T cells. VEGF also increases the expression of
PD-1 on tumor-iﬁiltrating T cellsl5-%1. Targeting VEGF lowers immune suppression,
and combining immune checkpoint inhibitors leads in enhanced immunological
reactivation via increased T cell activity and tumor cell penetration. The phase III
IMbravel50 research randomly allocated 501 patients who had not previously
undergone systemic treatment to atezolizumab-bevacizumab or sorafenib in a 2:1 ratio.
The study found that atezolizumab-bevacizumab improved OS by 67.2% (95%CI = 61.3-
73.1%) at 12 mo while sorafenib improved OS by 54.6% (95%CI = 45.2-64.0%)PL.
Atezolizumab-bevacizumab had an ORR 7.3% (95% CI = 22.5-32.5%) and sorafenib
had an ORR of 11.9% (95% CI = 7.4-18.0%) according to Response Evaluation Criteria in
Solid Tumors 1.1 (RECIST 1.1). This combination's adverse event profile was consistent
with the established safety profiles of each medication and the underlying condition.
Proteinuria, tiredness, and an increase in AST levels were also observed in 15% of
patients with grade 3-4 hypertension. In the atezolizumab-bevacizumab arm,
approximately 15% of patients withdrew therapy due to side effects, compared to 10%
in the sorafenib arm. The most common reported reason for withdrawal was
gastrointestinal side effects. Bleeding is a recognized consequence of bevacizumab due
to its anti-angiogenic properties. A typical consequence of cirrhosis is upper
gastrointestinal bleeding, which has t otential to be a life-threatening hemorrhage.
This was observed in 7% of patients in the atezolizumab-bevacizumab group versus
45% in the sorafenib group. Due to the increased risk of catastrophic bleeding with
bevacizumab, patients must not have esophagogastric varices prior to beginning
treatment. This encouraging advancement has rendered this combination the FDA-
approved preferred strategy for treating uHCC and is currently advised as first-line
treatment in uHCC following the 2021 recommendationsl6l.

Atezolizumab plus cabozantinib

Kelly et all®ll conducted an open-label, randomized, phase 3 study (COSMIC-312) in 837
uHCC patients from 178 centers in 32 countries to compare cabozantinib +

atezolizumab against sorafenib as first-line systemic therapy. Patients required to have




Child-Pugh class A, ECOG performance status 0 or 1, detectable illness as defined by
RECIST 1.1, BCLC stage B or C, and adequate organ and marrow function. Through a
web-based interactive Esponse system, they were randomly assigned (2:1:1 =
432:217:188) to receive cabozantinib 40 mg once daily plus atezolizumab 1,200 mg
intravenously every 3 weeks, sorafenib 400 mg twice daily, or cabozantinib 60 mg once
daily. Intention to treat (ITT) population had a median follow-up of 13.3 mo, whereas
the progression-free survival ITT group had a median follow-up of 15.8 mo (IQR 14.5-
17.2)dQR 10.5-16.0). The authors showed that median PFS in the combination therapy
arm was 6.8 mo (9% CI = 5.6-8.3) vs 42 mo (99% CI= 2.8-7.0) in the sorafenib
arm (HR 0.63, 99% CI = 0.44-0.91, P = 0.0012). In the combination treatment group, the
median OS was 15.4 months, compared to 15.5 months in the sorafenib group (HR 0.90,
96% CI = 0.69-1.18; P = 0.44). The most frequent grade 3 or 4 adverse events included a
9% (38/429) increase in alanine aminotransferase in the combination treatment arm,
compared to 3% (6/207) in the sorafenib arm, and 6% (12/188) in the cabozantinib arm.
Hypertension was found in 9%, 8%, and 12%, HFS was found in 8%, 8%, and 9%,
serious treatment-related adverse events occurred in 18%, 16%, and 13% of the
combination treatment arm, sorafenib arm, and_cabozantinib arm, respectively.
Treatment-related grade 5 events occurred in 1% of the combination treatment arm,
<1% of the sorafenib arm, and <1%) of the cabozantinib arm. They suggested that
cabozantinib in combination with atezolizumab might be a therapy option for some

uHCC patients/®2l.

COMBINATION THERAPY OF ANTI-PD-L1 AND CTLA-4 ANTIBODY

Durvalummab and Tremelimuinab

Several studies have shown that extended exposure to CTLA-4 inhibitors may not be
required for long-term anti-tumor effects. In metastatic melanoma, Eroglu et all®®l found
that a single dosage of the CTLA-4 inhibitor tremelimumab might result in
exceptionally extended durations of objective anti-tumor responses lasting more than 12

years. In advanced non-small cell lung cancer, a phase Ib research discovered that




tremelimumab 1 mg/kg plus durvalumab 20 mg/kg every 4 provided an anti-
tumor action while being tolerated. In a recent phase I/1I study, durvalumab 20 mg/kg
with tremelimumab 1 mg/kg every 4 wk for 4 doses was evaluated. The results showed
acceptable tolerability and encouraging early efficacy in the second-line setting. The T-
300/D-1500 high-dose had the highest risk and benefit outcome with a median OS and
ORR of 18.7 and 22.7 mo, respectively, in the expanded phase 2 study that examined
combinations of 75 mg tremelimumab with 1,500 mg durvalumab (T-75/D-1500) and T-
300/D-1500. In the phase 3 HIMALAYA study, the T-300/D-1500 group was examined
as first-line treatment. Patients with uHCC were divided into four groups: (1) T-300/D-
1500 followed by D-1500 every 4 wk (STRIDE); (2) D-1500 every 4 wk; (3) sorafenib 400
mg twice daily; and (4) T-75 every 4 wk followed by D-1500 every 4 wk (T-75/D). T-
75/D enrollment was halted due to a planned analysis found no significant difference
between D-1500 and T-75/D. D was noninferior to sorafenib alone in terms of OS (16.6

s 13.8 mo; HR, 0.86; 96% CI, 0.73-1.03). The T-300/D-1500 ORR was 20.1%, 17% with
durvalumab alone, and 5.1% with sorafenib alone. Nevertheless, no statistically
significant change in PFS was seen. Durvalumab showed a ggod safety profile and
wasn't worse than sorafenib. Durvalumab generated grade 3/4 adverse events in 12.9%
of patients treated with the combo group, and sorafenib in 25.8% of patients(®*%l. As a
result, the combination of durvalumab plus tremelimumab is a realistic first-line option
for patients who are not candidates for atezolizumab or bevacizumab, such as those
with a high risk of bleeding!®7l.

For uHCC patients with a gild-l’ugh class A cirrhosis without anticoagulant
therapy, an Eastern Cooperative Oncology Group (ECOG) score of 0 or 1, and treatment
for esophageal varices, current ASCO and ESMO guidelines recommend atezolizumab-
bevacizumab combination therapy rather than lenvatinib or sorafenib monotherapy.
Tremelimumab plus durvalumab is an alternative to bevacizumab for ﬁatients who are
unsuitable to receive it. Monotherapy with sorafenib or lenvatinib is an alternative
treatment for Child-Pugh class B cirrhosis patients with no worse than score 7, or when

double immunotherapy is considered unsafe, or when the clinical condition of the




patients is less fit, or with multiple comorbidities with predicted poor acceptance to
combined immunotherapy. Only individuals with cirrhosis that is no worse than Child-
Pugh class A are advised to take lenvatinib. Lenvatinib often causes fewer HFS and
alopecia than sorafenib and has a lower overall toxicity profile. According to the
REFLECT study, it also had a higher ORR, better PFS, and a longer TTP. As a result, if
monotherapy is indicated, the majority of physicians now choose to begin with
lenvatinib. However, considering the extended amount of experience and the
noninferior median OS observed in the REFLECT study, sorafenib may still be
preferable (Figure 1).

SECOND-LINE SYSTEMIC THERAPY

SINGLE DRUG-MULTIKINASE INHIBITOR

Regorafenib

Regorafenib was proposed as a possible second-line therapy for uHCC in the
RESORCE study in patients who had progressed on sorafenib. The EGFR and VEGF
receptors are the targets of the MTKI regorafenib._The phase III, randomized, double-
blind trial compared overall survival to placebo in 567 Child-Pugh class A patients who
had been receiving sorafenib and tolerated treatment for at least 20 of the 28 days prior
to discontinuation. After enrollment, patients were randomized to receive regorafenib
160 mg daily or a placebo. When compared to the placebo, the median OS with
regorafenib was 10.6 mo as opposed to 7.8 mo (HR = 0.63, 95%CI: 0.50 - 0.79; P < 0.01).
Hypertension, hand-foot skin reactions, tiredness, and diarrhea were all grade 3 or 4
adverse events. They stated that regorafenib is the only systemic therapy that has been
demonstrated to improve survival in HCC patients who are advancing on sorafenib
treatment. Regorafenib should be studied in combination with more systemic
medications in the future, as well as third-line therapy for patients who do not respond

or tolerate the sorafenib-regorafenib regimenl4sl.

Cabozantinib

In uHCC patients who had previously been treated with sorafenib and had suffered

disease progression on at least one systemic therapy, the MTKI cabozantinib has




demonstrated clinical effectiveness with good outcomes. Cabozantinib acts by targeting
the VEGF, MET, and AXL receptors. Antiangiogenic resistance, epithelial mesenchymal
transition, invasion, and metastasis have all been related to MET and AXL receptors.
High levels of MET and AXL expression have been associated wiE a poor prognosis in
HCC, and higher levels of MET activity have been observed in previously treated
patients who develop sorafenib resistance. In this double-blind, randomized phase III
study (CEI_ESTIAL), 707 patients who had previously taken sorafenib, who had
progressed on at least one systemic therapy for HCC, or who had received up to two
prior systemic therapies, were randomly assigned to receive cabozantinib 60 mg daily
as opposed to a placebo. OS was the main objective, with PFS and objective response
rate (QRR) as additional endpoints. Patients who received cabozantinib showed a
longer OS (10.2 vs 8.0 mo; HR =0.76; 95%CI: 0.63-0.92; P = 0.005). When cabozantinib
and placebo have been used, PFS was 5.2 vs 1.9 mo, and ORR was 4% and 1%,
respectively. Sixty-eight percent of cabozantinib patients developed grade 3 or 4
adverse effects, with hand-foot skin reactions, hypertension, fatigue, diarrhea, and an
increase in liver AST levels being the most frequent. They concluded that in patients
with advanced hepatocellular carcinoma who had already had treatment, cabozantinib
therapy produced longer overall survival and progression-free survival than placebo.
Nearly twice as many major side events occurred in the cabozantinib group than they

did in the placebo groupl®sl.

SINGLE DRUG-VEGF INHIBITOR
Ramucirumab

For the treatment of uHCC patients who have previously had sorafenib therapy and
have an AFP of 400 ng/mL or more, ramucirumab has a li«'ﬁnse. Inhibiting ligand-
stimulated VEGFR2, cell proliferation, and angiogenesis, ramucirumab binds to
VEGFR2 and blocks the binding of VEGFR ligands VEGF-A, VEGF-C, and VEGF-D. The
dose for uHCC patients is 8 mg/kg intravenously (IV) every two weeks until the

condition progresses or there is significant toxicity. For those with mild to moderate




hepatic impairment, the manufacturer advises against dose adjustment, but it also notes
that clinical deterioration has been observed in_patients with Child-Pugh class B and
class C cirrhosis who received ramucirumab. Child-Pugh class B or class C cirrhosis
patients should only consider ramucirumab if the potential benefits are deemed to
exceed the risks of clinical worsening. In a phase ﬁrial including 42 uHCC patients,
ramucirumab was used as a first-line treatment. Ramucirumab was administered to
patients at a dose of 8 mg/kg every 2 weeks until the condition progressed or
unacceptable toxicity developed. PFS was the primary objective, with response and
survival serving as additional goals. The median PFS, MTP, and survival were each 4.0,
4.2, and 12.0 mo, respectively. The median response time was 14.1 mo, and the disease
control rate was 69.0%. There were 4 partial responses (9.5% of patients)l®’l. The main
ramucirumab trial was the phase 3 REACH trial, which included uHCC patients who
were unresponsive to locoregional treatment. All of the patients had previously
undergone sorafenib treatment. In addition to best supportive care (BSC), patients were
randomly treated with ramucirumab 8 mg/kg IV (n = 283) or a placebo (n = 282) every
2 wk, or until disease progresses, intolerable toxicity, or death. PFS, response, and
disease control were secondary goals, with OS serving as the primary objective. The
median survival time with ramucirumab was 9.2 mo compared to 7.6 mo with placebo
(P = 0.14). In the ramucirumab and placebo groups, the median PFS times were 2.8 and
2.1 mo, respectively (P < 0.01). MTP for ramucirumab was 3.5 months and 2.6 months
for the placebo (P < 0.01). In comparison to the placebo group, which only saw two
partial responses (1% of patients), the ramucirumab group showed a full resolution and
19 partial responses (7% of patients) (P < 0.01). Fifty six percent of ramugirumab-treated
individuals and 46% of placebo receivers achieved disease control (P = 0.011). The
reductions of dosage were required in 7% of patients who were treated with
ramucirumab and less than 1% of placebo patients, with dose omission rates of 22% and
10%, respectively; 10% and 3% of patients in the ramucizumab and placebo groups were
discontinuation due to unfavorable drug side effects. The most frequent grade 3 or 4

adverse events were ascites (5% of patients who were treated with ramucirumab vs 4%




of placebo patients), AST elevation (5% wvs 8%), thrombocytopenia (5% wvs 1%),
hypertension (12% vs 4%), asthenia (5% wvs 2%), and hyperbilirubinemia (1% vs 5%).
Investigations were conducted on a predetermined sample of individuals having a
baseline AFP level of 400 ng/mL. With ramucirumab, the median survival time was 7.8
mo as opposed to 4.2 mo with a placebo (P = 0.006). Survival was 11.8 mo with placebo
and 10.1 mo with ramucirumab in patients with an AFP value less than 400 ng/mL (P =
0.51). These results led the researchers to propose that a high baseline AFP level may be
a predictor of who may respond favorably tg ramucirumab treatment70l.

The objective of the phase 3 study (REACH-2) was to address the efficacy of
ramucirumab treatment in baseline AFP levels of 400 ng/mL or above patients. They
were recruited because they had an ECOG PS of 0 or 1, intolerance to sorafenib, Child-
Pugh class A cirrhosis, a history of disease progression, and they weren't candidates for
locoregional therapy or resistant to it. Every two weeks, patients were treated with
ramucirumab 8 mg/kg (n = 197) or a placebo (n = 95), along with BSC, until the illness
progressed or the side effects became unbearable. When ramucirumab was used instead
of a placebo, the response rates were 5% and 1%, respectively (P = 0.1697), while the
rates of disease control were 59.9% and 38.9%, respectively (P < 0.001). When compared
to placebo, treatment with ramucirumab was related with significantly prolonged
median PFS (2.8 mo vs 1.6 mo, P < 0.001) and median survival (8.5 mo vs 7.3 mo, P =
0.019). The REACH-2 study revealed that ramucirumab gave significantly better
survival than placebo when taken as follow-up treatment following sorafenib in
patients with an AFP value of 400 ng/mL or more. Ramucirymab did not cause HFS, a
well-known side effect of other targeted medications/”l. Post hoc analysis of the
REACH and REACH-2 studies confirmed the relevance of AFP as a predictive
indicator, with AFP response considerably greater in individuals treated with
ramucirumab than placebo (p < .0001). Survival was considerably enhanced with an
AFP response (13.6 vs 5.6 mo; HR, 0.45; p < .0001)[72. Ramucirumab is advised by
NCCN as a category 1 medication for further therapy following sorafenib usage in

individuals with an AFP level of 400 ng/mL or morel52l.




SINGLE DRUG-IMMUNE CHECK-POINT INHIBITOR

Pembrolizumab

In the phase II KEYNOTE-224 research, pembrolizumab, an anti-PD1 monoclonal
antibody, demonstrated comparable clinical antitumor effectiveness and safety when
given to patients who had previously taken sorafenib for uHCC patients('!l. Finn ef all*3]
performed a phas randomized, double-blind trial at 119 healthcare centers in 27
countries. With a follow-up length of 13.8 mo for pembrolizumab and 10,6 mo for
placebo, they randomly allocated 413 patients to receive pembrolizumab plus best
supportive care (BSC) or placebo plus BSC. The median OS for pembrolizumab was 13.9
mo compared to 10.6 mo for placebo. At the end of the study, the median PFS for
pembrolizumab was 3.0 mo vs 2.8 mo for placebo. Pembrolizumab was used in 147
(52.7%) and 62 (46.3%) patients, respectively; treatment-related events occurred in 52
(18.6%) and 10 patients (7.5%), respectively. No new cases of hepatitis C or B were
discovered. They concluded that OS and PFS did not satisfy the criteria for statistical
significance. Pembrolizumab offers a positive risk-to-benefit ratio in this population,

according to the results, which are similar to those of KEYNOTE-224.

DRUG-COMBINATION OF PD-1 AND CTLA-4 ANTIBODY

Nivolumab and Ipilimumnab

The CTLA-4 molecule, a crucial signaling checkpoint required for T-cell activation, is
the target of the ICI ipilimumab. They successfully target two different immunological
checkpoints when combined with nivolumab, inducing the modify immune response.
The US FDA approved nivolumab with ipilimumab as a second-line therapy in March
2020. The efficacy of combination treatment was proven in the phase
1/2 CHECKMATE-040 trial, which included 148 patients who were treated with
sorafenib and clinial were better than Child-Pugh class A. The study evaluated 3
different regimens: Arm A: nivolumab 1 mg/kg plus ipilimumab 3 mg/kg every 3 wk
for 4 cycles, followed by biweekly nivolumab 240 mg; Arm B: nivolumab 3 mg/kg plus
ipilimumab 1 mg/kg every 3 wk for 4 cycles, followed by biweekly nivolumab 240




mg; Arm C: nivolumab 3 mg/kg every 2 wk plus ipilimumab 1 mg/kg every 6 wk. The
suggested regimen is Arm A. According to the findings, the proposed regimen had the
best ORR of 32%. CR was obtained by 8% of patients, and PR by 24%. The duration of
response (DOR) was 17 mo on average. The disease control rate (DCR) was comparable
among the three groups. However, larger sample size experiments are required to
corroborate this conclusion!”™l. In this CHECKMATE-040 cohort, individuals with or
without hepatitis B or C had similar patterns of adverse events (AEs), however Arm A
was associated with higher TRAEs. Due to TRAEs, treatment was stopped in 18% of
Arm A patients, 6% of Arm B patients, and 2% of Arm C patients. Rashes, adrenal
insufficiency, hypothyroidism or thyroiditis, colitis, pneumonitis, and infusion-related
complications were all observed in 35%, 18%, 22%, 10%, 10%, and 8% of patients,
respectively.

In conclusion, the appropriate second-line therapy regimen and sequencing are not
well established and rely on the patient's performance status, liver function, and choice
of first-line therapy. TKIs like sorafenib, lenvatinib, or cabozantinib are suggested as
second-line treatments for patients who have previously received atezolizumab plus
bevacizumab or durvalumab plus tremelimumab. Given the possibility for a greater
ORR than single medications, combination immunotherapy with nivolumab-
ipilimumab is preferred for patients who have become worse on TKIs such sorafenib or
lenvatinib. Pembrolizumab is an alternative if the patients are unable to take double
ICIs. Regorafenib or cabozantinib may be considered as second-line options if sorafenib
or lenvatinib have been chosen as the first-line therapy and the patients have a
contraindication to ICIs. Patients with an AFP level > 400 ng/mL are advised to use

ramucirumabl”! (Figure 2).

FUTURE TRENDS IN SYSTEMIC COMBINATION THERAPY

Since the rapid FDA approval of atezolizumab and bevacizumab, combining checkpoint
inhibitors with multikinase inhibitors —especially anti-angiogenesis therapy—has

gained widespread acceptance. Numerous studies have shown that the synergistic




interaction of ICIs and TKIs promotes vascular remodeling and tumor immune
activation[’>71. In a phase Ib study, lenvatinib and pembrolizumab were investigated.
The median PFS, OS, and ORR for this combination were 9.7, 204 mo, and 46%,
respectively, showing substantial antifumor effectiveness. Most of the AEs might be
controlled by changing the dosagel”s]. The combination of camrelizumab, an anti-PD-1
antibody, and apatinib, an orally active VEGFR-2 inhibitor, was also investigated in a
dose-expansion and escalation phase I research. The suggested dosage of camrelizumab
200 mg every two weeks with apatinib 250 mg daily showed therapeutic advantages
with a 50% ORR. This regimen was thus investigated in the phase 2 RESCUE study. For
the treatment of naive uHCC patients or those who had previously failed or were
intolerant to TKIs, apatinib 250 mg was administered orally every day combined with
camrelizumab 200 mg intravenously (body weight >50 kg) or 3 mg/kg (body weight 50
kg) every 2 wk. A total of 70 patients and 120 patients, who were mainly HBV-infected
(88.3%) in the first-line and second-line settings, respectively, were included. The
median time since the cutoff for the data was 29.1 mo. The 2-year OS was 43.3% and the
median OS was 20.1 moin the first-line setting. The median OS in the second-line
condition was 21.8 mo, with a 2-year OS of 44.6%. A phase 3 study is underway to
evaluate its effecéveness in the first-line situation compared to that of sorafenib(*.

To assess the effectiveness and tolerability of lenvatinib plus camrelizumab
vs lenvatinib monotherapy as first-line therapy, Li et all8 performed a multicenter,
retrospective cohort investigation of 92 uHCC patients. In contrast, 44 patients received
oral lenvatinib 12 mg or 8 mg daily and 48 patients received intravenous camrelizumab
200 mg every three_weeks. The ORR in the combination group was shown to be
significantly higher than in the monotherapy group (RECIST 1.1: 37.5% vs 13.6%, P =
0.009). The median OS in the monotherapy group was 13.9 mo (95%CI 13.3-18.3), but
not in the combination group (P = 0.015). Lenvatinib with camrelizumab had a 1-year
survival rate of 79.2%, compared to lenvatinib monotherapy's 56.8%. Lenvatinib with
camrelizumab had a significantly longer median PFS than lenvatinib monotherapy (10.3

vs 7.5 mo, P = 0.009). Subgroup analysis revealed that combination therapy was




associated with a longer OS in males, patients with a Child-Pugh score <7, patients
with three or more tumors, patients with AFP levels greater than 200 ng/mL, HBV-
positive patients, patients with vascular invasion, and patients without hypertension. In
the lenvatinib plus camrelizumab and lenvatinib monotherapy groups, the AEs that
affected more than 20% of patients were hand-foot syndrome (22.9% vs 25.0%, P = 0.81),
hypertension (33.3% vs 38.6%, P = 0.59), diarrhea (31.2% vs 31.8%, P = 0.95), and loss of
appetite (41.7% vs 40.9%, P = 0.90). There were no statistically significant variations in
the occurrences of any AEs between the two groups. They concluded that first-line
lenvatinib with camrelizumab treatment may benefit patients with uHCC better than
lenvatinib alone. There were no new safety signals, and the toxicity and tolerance
profiles of the two treatment protocols appeared to be comparable. Further research is
necessary before deciding if lenvatinib and camrelizumab treatment together can

provide uHCC patients a unique therapeutic alternative.

DISCUSSION

Systemic therapy for HCC has significantly advanced with a major breakthrough since
the FDA approved sorafenib in 2007. Although several MTKIs have shown promise in
the therapy of uHCC, the discovery of ICIs has completely changed the field, bringing
about remarkable ORR and OS benefit. This is demonstrated by the innovative
outcomes from the HIMALAYA trial, the IMbravel50 study, and the CHECKMATE-040
trial for the second-line combination of nivolumab-ipilimumab, atezolizumab-
bevacizumab, durvalumab-tremelimumab, and atezolizumab-bevacizumab,
respectively. Each of the aforementioned regimens has a somewhat distinct toxicity
profile, and combination therapy is correlated with greater toxicities. In clinical practice,
single-agent therapies are explored for patients who are less fit or have severe medical
comorbidities, whereas combination treatments are studied for very fit patients, such as
those with a status of performance 0 to 1 and no importance medical comorbidities.
Additionally, an esophago-gastro-duodenoscopy must be performed before starting

atezolizumab-bevacizumab therapy in order to address any esophageal varices due to




the relatively high dose of bevacizumab used —15 mg/kg— which is associated with a
higher bleeding risk.

Because of this, it is still unclear which patient groups may benefit from or tolerate a
certain combination of therapies better than others. Additionally, there are very few
clinical trials investigating the function of future therapy in individuals who respond to
ICIs. This topic is being actively investigated by a number of current studies, including
a phase II study looking at cabozantinib in the post-ICI situation and other studies
comparing the combination of atezolizumab-lenvatinib to sorafenib in the post-
atezolizumab-bevacizumab scenario. Recently, anti-PD-1 medication has been
controversially used in patients with non-alcoholic steatohepatitis-related HCC (NASH-
HCC)BU. In addition, Pfisker et all®? examined anti-PD-1 therapy animal models with
NASH in both therapeutic and preventative contexts. They demonstrated that anti-PD-1
therapy accelerated hepatocarcinogenesis and produced hepatic fibrosis in NASH-mice
without tumors. Treatment with anti-PD-1 did not result in tumor regression in NASH-
mice carrying HCC. Surprisingly, it has, on the contrary, sped up the tumor's growth.
They conducted a meta-analysis of 1,656 patients from 3 significant studies to determine
whether similar outcomes were also observed in human HCC (CHECKMATE-459,
IMBravel50, and KEYNOTE-240). In accordance with the underlying etiology of HCC,
they also evaluated the survival results of HCC treated with immungtherapy.
Individuals with viral HCC had a longer survival time with immunotherapy (HR: 0.64;
95% CI: 0.48-0.94), but those with non-viral HCC did not (HR: 0.92; 95% CI: 0.77-1.11).
According to a research, non-viral HCC patients who received anti-PD-1 medication
had the same ORR and PFS as patients with viral HCC. Alternative explanations have
been developed in response to these seemingly incongruous findings, including the
varied population with non-viral HCC and the dearth of knowledge surrounding
follow-up therapies!®l. It's also essential to remember that these worse outcomes for
immunotherapy-treated non-viral HCC patients were retrospectively determined. As a

result, based on the etiology of HCC, this cannot result in a shift in clinical management




for uHCC patients. To clarify these concerns, more clinical studies with predetermined
stratification should be planned.

Unanswered questions about therapeutic drug resistance and predictive biomarkers
still exist. Drug resistance is prevalent and is generally believed to be the leading cause
of therapeutic failure. EGFR activation, the existence of cancer stem cells, tumor-
initiating cells, and the epithelial-mesenchymal transition (EMT) are examples of
potential pathways. Cancer stem cells are created when EMT signals are activated, and
these cancer stem cells have the ability to self-renew and differentiate. In human liver
cell lines, prolonged sorafenib exposure results in EMT, which is characterized by
changes in cell shape, logs of E-cadherin, and elevated vimentin expression(55l In a
genetically engineered mouse model of HCC, it was discovered that p-catenin
activation encourages immune evasion and resistance to PD-1 inhibitors!®¢l. Although
additional study is required to translate this bench-to-bedside data, these biomarkers
have the potential to affect treatment choices. Our knowledge of tumor biology is still
lacking, and there is an unmet need for cutting-edge drugs to deal with these resistance
mechanisms. To accurately predict prognosis and the therapeutic response to target
treatment or immunotherapy, there are yet no meaningful molecular indications. In
actuality, imaging methods are used to identify the majority of HCCs, and the available
treatments are much the same. It makes sense to look at biomarkers that might inform
treatment choices in the era of personalized medicine. The most extensively researched
immunotherapy biomarkers, including as tumor mutational burden (TMB),
microsatellite instability, and PD-L1 expression, are presently employed very seldom in
uHCCI#¥I, Although it has been shown that circulating markers including AFP, tumor
necrosis factor-alpha (TNF-a), and IL-6 associated with HCC treatment outcomes,
further studies are required to confirm these findings. A gene expression test has also
recently been investigated as a possible biomarker for predicting immunotherapy
responselssl.

Ultimately, more research is necessary to determine any potential indirect drug

interactions between antibiotics, proton pump inhibitors, ICls, or multiple therapies. It




is known that administering immunotherapy and antibiotics at the same time has a
detrimental impact on the effectiveness of anti-cancer treatment. Numerous studies
have shown the close relationship between ICIs and gut flora. Intestinal homeostasis
and the reduction of systemic inflammation are crucially dependent on the microbiota.
Antibiotics have a deleterious effect by causing dysbiosis, which changes the immune
system's systemic anti-tumor response during, or in the first few weeks before

commencing ICIs[#I,

CONCLUSION

Since sorafenib was the only first-line therapy option for uHCC for fifteen years, three
alternative first-line therapeutic options have emerged. This represents a significant
improvement in the management of uHCC (atezolizumab-bevacizumab, sorafenib, and
lenvatinib). Cabozantinib, regorafenib, and ramucirumab are now included in the
second-line therapy alternatives (AFP >400 ng/mL). Nivolumab and pembrolizumab,
ICIs, have been suggested as second-line treatments for individuals who are intolerant

to MTKIs.
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