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Abstract: The last three years have seen remarkable progress in comprehending predispos-
ing factors and upgrading our treatment arsenal concerning hepatocellular carcinoma (HCC). 
Until recently, there were no means to withstand the progression of viral hepatitis-associated 
liver cirrhosis to HCC. A deeper understanding of the molecular mechanism of the disease, 
the use of biomarkers, and the follow-up, allowed us to realize that conventional chemother-
apy failing to increase survival in patients with advanced HCC tends to be exiled from 
clinical practice. Multi-kinase inhibitors (TKIs) such as sorafenib, lenvatinib targeting 
mainly the vascular endothelial growth factor receptors 1–3 VEGFRs 1–3 provided until 
recently the standard of care for these patients, as first- or second-line treatment. Since 
May 2020, the atezolizumab plus bevacizumab combination (immunotherapy plus anti- 
VEGF) has become the new reference standard in first-line HCC treatment. Additionally, 
anti-programmed cell death protein 1 (anti-PD-1) immunotherapy can be used as a second- 
line treatment following first-line treatment’s failure. Phase III clinical trials have recently 
suggested the efficacy of novel anti-angiogenic factors such as cabozantinib and ramucir-
umab as a second-line treatment option. With considerations about toxicity arising, clinical 
trials are investigating combinations of the aforementioned targeted therapies with immu-
notherapy as first-line treatment. This paper aims to perform a systematic review describing 
the evolving treatment options for HCC over the last decades, ranging from neoadjuvant 
treatment to systemic therapy of advanced-stage HCC. With the landscape of HCC treatment 
shifting towards novel agents the forming of a new therapeutic algorithm for HCC seems to 
be imperative. 
Keywords: hepatocellular carcinoma, immunotherapy, targeted therapy, tyrosine kinase 
inhibitors, biomarkers

Introduction
Hepatocellular carcinoma (HCC) is the sixth most frequently diagnosed (5th in men 
and 7th in women) and the third most lethal malignancy. Its incidence has more 
than tripled in the last 30 years (1.5–6.7/100.000), with an average rise of 3% 
per year during 2004–2013.1–3 HCC, accounts for roughly 85–90% of primary liver 
carcinomas worldwide, being the most common histological subtype. Its five-year 
survival rate is 16.6%. Its incidence in 2020 mounted up to 905,677 new cases. Its 
incidence rate is 5.6 per 100,000 in Western Europe, 6.9 per 100.000 in America 
and up to 17% in Asia.3 It usually develops in the setting of liver cirrhosis, owing to 
chronic hepatic inflammation and fibrosis.4 Nevertheless, numerous cases of de 
novo disease in non-cirrhotic patients have led to debunking the belief that it only 
develops in cirrhotic livers. There have also been reports of HCC occurring in 
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patients not only lacking signs of cirrhosis but also without 
histological evidence of hepatitis.5,6 However, cirrhosis is 
still present at the time of diagnosis in the majority of 
cases. Leading causes of liver damage include viral hepa-
titis B (HBV) – with or without hepatitis D – and 
hepatitis C (HCV), which until recently thought to account 
for almost 80% of cases, as well as, alcohol abuse, Non- 
Alcoholic Steatohepatitis (NASH), autoimmune hepatitis, 
aflatoxins, obesity and diabetes.7 The last two consist risk 
factors for non-alcoholic fatty liver disease (NAFLD). 
NAFLD is now considered the hepatic manifestation of 
metabolic syndrome, whose incidence rate has been on the 
rise.8 HCV-related liver damage and, therefore, HCC is 
expected to drop drastically over the next few years due to 
the Direct Antiviral Agents (DAAs). The recently discov-
ered DAAs, offer a radical treatment for HCV infection. 
Thus, a major shift is imminent in the profile of patients at 
risk for HCC development, with the HCV-related subset 
being largely replaced by the concurrent rise of NAFLD- 
related disease.9,10 Constantly emerging data highlight the 
differences in the pathogenesis and the clinical presenta-
tion between NAFLD-related and HCV-related HCC. This 
suggests the dire need for further research in this particular 
subset of patients, with NAFLD-related disease. Factors 
related to disease progression must be determined leading 
to a potential alteration in the existing protocols.11,12

After a diagnosis has been established, staging will 
determine therapeutic options. As far as the early stages 
are concerned, the main objective is the cure. Thus, treat-
ment options are mainly surgical including whole or par-
tial hepatectomy and liver transplant when necessary. In 
cases where surgical excision is not feasible, radiofre-
quency (RF) or microwave ablation is recommended.13 

Treatment of choice for intermediate stages subsume che-
moembolism, radioembolism or simple embolism.14 Until 
recently, systemic treatment for advanced liver disease 
remained a grey zone despite the constant developments. 
It, first, became an option in 2008, when sorafenib, 
a targeted multi-kinase inhibitor, showed a median survi-
val benefit of 2.8 months compared to placebo. It is an 
expensive, highly toxic treatment that, nonetheless, 
became established as it was the sole therapeutic option 
available to this subset of patients until the discovery of 
regorafenib, a tyrosine kinase inhibitor, in 2017.15,16 

Another targeted agent of the same category called lenva-
tinib was recently approved (August 2018) as a first-line 
treatment for non-excisable HCCs.17 Due to the significant 
toxicity associated with sorafenib and regorafenib and 

their lower objective response rates compared to immu-
notherapy, immune checkpoint inhibitors (ICIs) such as 
nivolumab and pembrolizumab are recommended 
as second-line treatments. It is worth noting that phase 
III trials of immunotherapy regimens did not yield any 
statistically significant benefit regarding progression-free 
and overall survival rates only until recently. In May 2020, 
the IMbrave 150 study showed a survival advantage of 
atezolizumab plus bevacizumab over other options in the 
first-line treatment of aHCC patients in a network meta- 
analysis. The combination of atezolizumab plus bevacizu-
mab improved OS and PFS over sorafenib in the IMbrave 
150 trial and became the new reference standard in the 
first-line HCC treatment.18,19 Lastly, two new anti- 
angiogenic factors called cabozantinib and ramucirumab 
have recently been added as second-line treatment options, 
further expanding the growing list of therapeutic agents.20

The rapidly emerging new data has drastically changed 
the landscape when it comes to HCC. Diagnosis can now 
be achieved using non-invasive imaging techniques and 
there are a plethora of treatment options available. Proper 
use of emerging treatments remains a challenge, as the 
current holistic approach to cancer patients raises the need 
for therapies that contribute not only to the patients’ over-
all survival but to their quality of life as well. The authors 
aim to provide a comprehensive overview of the emerging 
treatment options discussing them with regard to recent 
clinical trials and contemporary clinical practice.

Methodology
Specific keywords (hepatocellular carcinoma, systematic 
therapy, cancer, biomarkers, immunotherapy, chemother-
apy) were subjected to list down and analyze the literature 
in PubMed and Google Scholar. All types of articles, 
including original research, systematic reviews, and meta 
analyses, were included besides reports regarding neuroin-
flammation dating back to 2000. We excluded outdated 
studies and studies reporting a significant conflict of inter-
est. Out of all articles, as per inclusion criteria and read-
ings, we selected 80 for further analysis and narrative to 
build.

The Emerging Biomarkers
Despite the variety of biomarkers been validated in other 
tumor types, including PDL-1 expression, MSI status, and 
tumor mutational burden, this is not the case as far as HCC 
is concerned. Unfortunately, the clinical utility of all avail-
able biomarkers is limited at this time. A plethora of 
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factors such as des-γ-carboxy prothrombin, glypican-3, 
cytokeratin 19, Next-Generation Sequencing (NGS), pro-
teomic analysis, circulating microRNAs, enumeration of 
Circulating Tumor Cells (CTCs) and quantification of cell- 
free DNA have been tested as potential biomarkers of 
early diagnosis without yielding satisfactory results.21 

AFP seems to be the only available evidence-based diag-
nostic, predictive and prognostic tool.19,22 Particularly 
since May 2019 FDA approval, it consists the only bio-
marker to guide treatment decisions (ramucirumab in 
AFP>400ng/mL).19,23

The evaluation of liver function unveils another unex-
pected, both prognostic and predictive biomarker. 
Maintenance of liver function may widen the “window 
of opportunity”, which plays a crucial role when it 
comes to the proper management of the disease.24 

Particularly, it has been demonstrated that the immediate 
initiation of treatment at the early stages of cirrhosis 
(Child-Pugh A) is beneficial. The significance of prompt 
targeting of this narrow window, before the deterioration 
of the liver function (Child-Pugh score ≥7) is illustrated by 
the studies of approval of lenvatinib, pembrolizumab and 
ramucirumab, which will be described below. It is note-
worthy that the overall survival of the recruited patients 
was significantly increased, when their Child-Pugh score 
was 5 instead of 6 or when their Albumin-Bilirubin (AL- 
BI) grade was 1 instead of 2, to wit at an earlier stage of 
the disease.25–27

As far as immune biomarkers are concerned, the 
research field of HCC yields encouraging results. In 
HCC, tumors can be divided into two basic immune cate-
gories: non-inflamed “cold” tumors, which represent 70% 
of HCCs and the remaining 30% of inflamed “hot” tumors 
(active and exhausted immune subtypes included). The 
former is mostly characterized by Wnt/CTNNB1 muta-
tions and is related to primary resistance to immune check-
point inhibitors. More particularly, the presence of Wnt/ 
CTNNB1 mutations was not associated with Progression- 
Free Survival (PFS) benefit. On the contrary, the active 
immune class may form the matrix of the development of 
new signatures of response to immunotherapy.27,28 These 
two separate categories are also confirmed by a study of 
HCC samples of 956 participants. One-quarter of them 
expressed inflammatory markers, which were indicative 
of adaptive or exhausted immune response. This renders 
this sub-group an optimal candidate for immunotherapy.29 

Furthermore, this class of HCC is not associated with β- 
catenin activation, which entails resistance to anti-PD1 

therapy through promoting immune escape. It is worth 
mentioning that β-catenin activation could be 
a promising novel biomarker when it comes to HCC 
patients’ exclusion regarding immunotherapy.28,30

In addition, linear non-coding RNAs (ncRNAs), such as 
long ncRNAs and microRNAs, have been found to affect 
the regulation of tumor immunity and immunotherapy. 
Unfortunately, the evidence regarding circRNA is still in 
infant age. A recent study pointed out their interplay with 
the tumor microenvironment (TME), suggesting TME as an 
additional therapeutic target. Merging next-generation 
sequencing technology with machine learning-based algo-
rithms is expected to provide further information regarding 
the level of involvement of ncRNAs subtypes in HCC 
progression.31 Suffice it to state that all these biomarkers 
mentioned above – Wnt/beta-catenin, non-coding RNAs 
and circRNAs – have not been validated so far, and thus 
are not routinely used in clinical practice.

Neoadjuvant Treatment
Neoadjuvant therapies are commonly used for patients 
with solid-organ malignancies other than HCC, to down-
stage advanced disease and render the patient capable of 
receiving surgical therapy. Contrariwise, the role of neoad-
juvant therapy in the management of HCC has yet to be 
established. The neoadjuvant approach may be appropriate 
in some cases, given that HCC is distinguished for some 
unique biologic characteristics. Its relatively aggressive 
nature, frequently delayed diagnosis and the presence of 
underlying cirrhosis, are characteristics that entail the 
paramount need to preserve normal liver function at the 
time of surgery.32 TACE combines transarterial emboliza-
tion (TAE) with chemotherapy infusion. Although some 
studies suggest that TACE is beneficial to some patients by 
rendering their tumors resectable and improving their 
long-term outcomes, this technique currently applies to 
a minority of patients with HCC. Further evidence is 
needed to determine which patients will reap its benefit. 
Its role in the neoadjuvant setting is not well established 
and it is not routinely recommended.33

Transarterial radioembolization (TARE) is increasingly 
being performed as an alternative to TACE for patients 
with HCC. Yttrium-90 (Y-90) loaded microspheres are 
injected, via arterial cannulation of the feeding vessel to 
the tumor. This method has fewer side effects compared to 
TACE. Another beneficial feature of this method is the 
subsequent hypertrophy of the contralateral future liver 
remnant in addition to its cytotoxic effects on the tumor, 
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introducing the concept of radiation lobectomy (RL).34 

Furthermore, it is noteworthy that it could be applied in 
cases of portal vein thrombosis in contrast to TACE. 
TARE with Y-90 may be implicated in the neoadjuvant 
setting for patients with advanced HCC who require down-
staging for resection.35 However, further research is 
needed so that neoadjuvant TARE can be included in the 
future versions of guidelines.

Finally, neither sorafenib nor any of the immunother-
apy options that are indicated for advanced HCC have 
been approved in the neoadjuvant setting up to date. 
Clinical trials regarding immune checkpoint inhibitors 
are ongoing at this time, whereas antiviral therapy before 
resection should be considered as part of the multidisci-
plinary treatment of patients with HBV or HCV-related 
HCC. However, their use in neoadjuvant treatment seems 
to be limited and questionable in contrast to their utility in 
the adjuvant setting.36,37

Postoperative Therapy
As customary in other malignancies, the utilization of 
adjuvant treatment after hepatectomy serves the purpose 
of decreasing the incidence of HCC recurrence due to 
either postoperative remnant and intrahepatic metastases 
(early recurrence) or the development of de novo tumors 
due to underlying liver disease (late recurrence). However, 
it remains highly controversial whether its effect on HCC 
is beneficial. There are a plethora of therapeutic choices 
that have been tested, such as adjuvant chemotherapy with 
5-FU, sorafenib, activated cytokine-induced killer cells 
and glypican 3 (GPC3) vaccine.37

A valuable postoperative approach to HCC seems to 
be the antiviral therapy in the case of underlying viral 
etiology of liver disease. A variety of drugs are included 
in this category, such as pegylated interferon (PEG-IFN) 
with or without ribavirin and nucleotide analogs regard-
ing HBV-related HCC, as well as, novel direct-acting 
antiviral drugs for HCV-related HCC. The former 
achieves lower HBV reactivation rates and lower HCC 
recurrence rates at 1, 2, 3 and 5 years postoperatively. 
The latter guarantees up to 90% HCV clearance, 
decreased incidence of hepatic decompensation in 
patients who achieved sustained virologic response, as 
well as a significant improvement in 5-year Overall 
Survival (OS: 64% vs 44%) and increased Recurrence- 
Free Survival (RFS: 52% vs 32%). Particularly, antiviral 
regimens may contribute to ceasing or even improving 
the decline of liver function and to reducing the 

incidence of de novo tumors (late recurrence), while 
early recurrence does not seem to be affected by antiviral 
therapy. Consequently, both types of antiviral treatments 
contribute to improved clinical outcomes when it comes 
to HBV or HCV-related HCC respectively and it seems 
to be the unique lege artis and evidence-based approach 
to the adjuvant setting of HCC in clinical practice.38,39

As far as other tested treatments are concerned, their 
clinical utility has yet to be proved and their use remains 
controversial. Specifically, trials regarding systematic 
treatment, which includes chemotherapy, sorafenib and 
immunotherapy, have not yielded any benefit in the 
recent studies. However, there are several ongoing 
phase III trials testing immune checkpoint blockers, in 
the adjuvant setting. An optimistic ongoing trial (at 
recruitment phase), is the 783TiP CA209-9DX, which 
aims to evaluate the use of adjuvant nivolumab in 
patients with HCC who are at high risk of recurrence 
after curative resection or ablation.40 Other promising, 
phase III trials in the same context are the KEYNOTE- 
937, evaluating pembrolizumab, the EMERALD-2 eval-
uating durvalumab and the IMbrave050 testing the com-
bination of atezolizumab plus bevacizumab.18 Moreover, 
the role of TACE and radiation therapy regarding adju-
vant therapy of HCCs seems to be limited, whereas, 
contrariwise, potential benefits have been documented 
regarding hepatic arterial infusion (HAI) therapy and 
tumor ablation (RF, percutaneous ethanol injection, 
microwave, irreversible electroporation).38 Finally, 
another promising method seems to be the use of radi-
olabeled lipiodol, which is a safe radiotracer that leads to 
tumor necrosis and is associated with Disease-Free 
Survival (DFS) and OS benefit.41 Despite the multiple 
clinical trials of TKIs and ICIs, that are underway, no 
systematic therapy is considered standard of care in the 
adjuvant setting.

Systemic Treatment
Systemic treatment is recommended for advanced stage 
(C) HCC involving portal hypertension, extrahepatic 
spread and preserved liver function with Eastern 
Cooperative Oncology Group Performance Status Scale 
(ECOG PS) 1–2 by the Barcelona-Clinic Liver-Cancer 
(BCLC). Patients with intermediate-stage HCC, who are 
not candidates for TACE, are also eligible for this kind of 
treatment. Targeted therapies and immunotherapy have 
recently emerged as first-line and second- or even third- 
line options.42
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First Line
Before the introduction of VEGFR TKIs, cytotoxic agents, 
hormonal therapies, or combinations of these agents were 
tested as the main systemic chemotherapeutic options for 
the treatment of advanced HCC. However, these showed 
limited value and thus, they have never really been 
a standard of care in HCC.43 In 1988, a randomized con-
trolled trial of doxorubicin showed significant survival 
benefit over best supportive care in patients with advanced 
HCC.44 However, the drug failed to be placed as 
a standard chemotherapy agent due to the severe adverse 
events it arose.44,45 Up to date, four clinical trials using the 
chemotherapeutic schedule PIAF have been published, but 
none of them managed to show an increase in overall 
survival over doxorubicin.21,45 This was not achieved by 
the ALLIANCE trial either (sorafenib vs sorafenib and 
doxorubicin). (Table 1) 23 Five randomized controlled 
trials with tamoxifen, octreotide, and interferon compared 
with best supportive care or placebo have been conducted 
worldwide, bearing ambivalent results and, thus, no clin-
ical value.23–26

In the last few years, targeted multi-kinase inhibitors 
(TKIs) would comprise the standard of care for patients 
with advanced HCC. The main target of these agents is the 
receptor VEGFR 1–3. Besides VEGFR, each one of these 
agents targets a variety of other receptors, as well as 
signaling pathways.27 Sorafenib was the first drug 
approved by the FDA in 2008 for patients with HCC 
and, until May 2020, it was the standard of care for 
patients with advanced disease.28 In May 2020, the com-
bination of atezolizumab plus bevacizumab improved OS 
and PFS over sorafenib in the IMbrave 150 trial18 and 
became the new reference standard in the first-line HCC 
treatment. Except for VEGFR, sorafenib also inhibits the 
platelet-derived growth factor receptor (PDGFR), as well 
as the BRAF protein. It is recommended for patients with 
preserved liver function (Child-Pugh A) and advanced 
disease (BCLC C) or for those with an intermediate- 
stage disease (BCLC B) and ECOG PS 0–2 that relapsed 
after locoregional therapies and have not received any 
other systematic therapy. The phase III study SHARP 
showed an increase in OS, from 7.9 months with placebo 
to 10.7 with sorafenib.28 The safety and efficacy of the 
drug were confirmed in the phase III Asia-Pacific trial.30 

The toxicity of this treatment, which includes diarrhea, 
palmar-plantar erythrodysesthesia and hemorrhage had 
raised the question of whether the risks outweigh the 

benefits, however, it became established, as for a long 
time it remained the sole therapeutic option available to 
this subset of patients.46–48 Sorafenib was the only FDA- 
approved option for aHCC until April 2017, when regor-
afenib was approved for the second-line therapy, and the 
only approved first-line medication until lenvatinib was 
approved in August 2018.49

Lenvatinib, another targeted agent of the same category, 
was approved in August 2018, as a first-line treatment for 
non-excisable HCCs, adding a further four months to the 
median survival of patients compared to sorafenib.50 Many 
phase-III trials have been carried out, comparing sorafenib 
with other drugs, but only the REFLECT study of lenvatinib 
showed non-inferiority efficacy (Table 2).50–56 Specifically, 
lenvatinib is an inhibitor of VEGFR 1 to 3, as well as 
fibroblast growth factor receptors (FGFR) 1 to 4, PDGFR 
alpha, KIT and RET. The most common side effects noted 
for both drugs were palmar-plantar erythrodysesthesia and 
hypertension, whereas more serious adverse effects asso-
ciated with lenvatinib like renal failure, anemia, thrombo-
cytopenia, dyspnoea and hepatic encephalopathy led to 
a reduction of dosage in 70% and cessation of treatment 
in 20% of patients.57

Finally, yet importantly, the IMbrave150 trial in 
May 2020 marked the emergence of immunotherapy as 
a first-line treatment for non-resectable HCC. Finn et al 
indicated the supremacy of atezolizumab combined with 
bevacizumab over sorafenib in terms of OS and PFS out-
comes than sorafenib.18 Specifically, 1-year OS was 67.2% 
(95% CI, 61.3 to 73.1) with atezolizumab–bevacizumab 
versus 54.6% (95% CI, 45.2 to 64.0) with sorafenib, 
whereas median PFS was estimated at 6.8 months (95% 
CI, 5.7 to 8.3) versus 4.3 months (95% CI, 4.0 to 5.6) in 
the respective groups (HR, 0.59; 95% CI, 0.47 to 0.76; 
P<0.001). Moreover, the ORR was higher (27.3%) with 
atezolizumab plus bevacizumab compared with sorafenib 
(11.9%). As far as the toxicity of the combination regimen 
is concerned, the two groups showed similar rates of grade 
3 or 4 adverse events (approximately 55% of patients who 
received at least one dose of each regimen). Hypertension 
was documented to be the major grade 3 or 4 side effect of 
the combination regimen, which occurred in 15.2% of 
patients who received atezolizumab plus bevacizumab. 
Of note, patients with a history of co-infection with hepa-
titis B and hepatitis C virus, incompletely treated esopha-
geal or gastric varices, high risk of bleeding or 
autoimmune diseases, such as autoimmune hepatitis, 
were excluded from this trial.18,58 The current NCCN 
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guideline recommends sorafenib or lenvatinib in the first- 
line treatment of aHCC patients who are not appropriate 
for atezolizumab plus bevacizumab.50 Nonetheless, com-
bining immunotherapy with VEGF inhibitors in the first- 
line treatment of advanced hepatocellular carcinoma is 
expected to be the next step in the management of HCC.58

Second and Third Line
It took nine years until 2017 when another agent called 
regorafenib was added in the armamentarium of HCC 
treatments. The phase-III trial, RESORCE, compared 
regorafenib with placebo and showed an advantage in 
survival (from 7.8 to 10.6 months).16 Regorafenib is 

Table 1 The History of Agents Used in the Treatment of HCC

Name of the Agent Trial Date Hazard Ratio (95% CI) and OS (Months)

1st Line

Doxorubicin vs No 

therapy

Doxorubicin vs no antitumor therapy in aHCC. 

A prospective randomized trial

1988 10.6 weeks vs 7.5 weeks (p = 0.036)44

Sorafenib vs Placebo SHARP trial (phase III) 2008 0.69 (0.55–0.87); 10.7 vs 7.928

Sorafenib vs Placebo Asia-Pacific trial (phase III) 2009 0.68 (0.50–0.93); 6.5 vs 4.230

Sunitinib vs Sorafenib SUN1170 (phaseIII) 2013 1.30 (1.13−1.50); 7.9 vs 10.251

Brivanib vs Sorafenib BRISK-FL (phase III) 2013 1.06 (0.93−1.22); 9.5 vs 9.952

Linifanib vs Sorafenib LIGHT (phase III) 2014 1.046 (0.896−1.221); 9.1 vs 9.853

Sorafenib + Erlotinib vs 

Sorafenib alone

SEARCH (phase III) 2015 0.929 (0.781–1.106); 9.5 vs 8.556

Y40 vs Sorafenib SARAH (phase III) 2017 1.15 (0.94–1.41); 8.0 vs 9.954

Y40 vs Sorafenib SIRveNIB (phase III) 2018 1.1(0.9−1.4); 8.8 vs 10.055

Lenvatinib vs Sorafenib 

(non- inferiority)

REFLECT (phase III) 2018 0.92 (0.79–1.06); 13.6 vs 12.350

Sorafenib + Doxorubicin 

vs Sorafenib alone

ALLIANCE (CALGB 80802) (phase III) 2019 1.05 (0.83–1.31); 9.3 vs 9.423

Nivolumab vs Sorafenib CheckMate 459 (phase III) 2019 0.85 (0.72–1.02); 16.4 vs 14.770

Atezolizumab plus 

Bevacizumab vs Sorafenib

IMbrave150 (phase III) 2020 0.58 (0.42–0.79); 6-mo OS: 84.8% vs 67.2% 

12-mo OS: 72.2% vs 54.6%18

2nd Line

Regorafenib RESORCE (phase III) 2016 0.63 (0.50–0.79); 10.6 vs 7.816

Nivolumab CheckMate 040 (phase I/II) 2017 OS (95% CI): 15.1 (13.2–18.2)67

Cabozantinib CELESTIAL (phase III) 2018 0.76 (0.63–0.92); 10.2 vs 8.060

Ramucirumab REACH (phase III) 2015 0.87 (0.72–1.05) 9.2 vs 7.663

Ramucirumab REACH-2 (phase III) 2018 0.71 (0.53–0.95) 8.5 vs 7.364

Pembrolizumab KEYNOTE-224 (phase II) 2018 OS (95% CI): 13.2 (9.7–15.5), 1-year OS (95% CI): 54% 

(44–63)68

Pembrolizumab KEYNOTE-240 (phase III) 2020 0.78 (0.61–1.00) 13.9 vs 10.669

Nivolumab plus 

Ipilimumab

CheckMate 040 (phase II) 2020 22.8 (9.4-not reached), 1-year OS (95% CI): 61% 

(46–73%), 2-year OS (95% CI): 48% (34–61%)80

Abbreviations: aHCC, advanced hepatocellular carcinoma; vs, versus; Y-40, Yttrium-40; OS, overall survival.
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a tyrosine kinase inhibitor with anti-angiogenic properties, 
similar to sorafenib. It was first introduced as a second-line 
treatment combined with sorafenib, where it added an 
extra 2.8 months to the overall survival of patients. It has 
been approved for patients with intermediate or advanced 
stage HCC (BCLC B or C), Child-Pugh A, ECOG PS 0–1, 
and those who have relapsed after treatment with 
sorafenib.49 Regorafenib improved OS with a hazard 
ratio of 0.63. Its median survival was 10.6 months versus 
7.8 months for placebo. The median time to progression 
was 3.2 months with regorafenib and 1.5 months with 
placebo. One percent of the patients in the regorafenib 
group versus no patients in the placebo group had 
a complete response.16,22 Hypertension, hand-foot syn-
drome, fatigue and diarrhea are some striking examples 
of the major side effects of this agent.59

At the second-line treatment status, cabozantinib, 
a TKI targeting the VEGFR2, aMET, AXL and RET 
inhibitors, has been demonstrated as an alternative to 
regorafenib. The CELESTIAL phase-III trial showed an 
increase in survival from 8 to 10.2 months. PFS was 
increased to 5.2 months with cabozantinib. The disease 
progression rate was 0.36 with cabozantinib and 0.52 with 
placebo; (P<0.001), and the ORRs were 4% and less than 
1%, respectively.60 In contrary to RESORCE, the 
CELESTIAL trial included patients with intolerance to 
regorafenib, as well as progressive disease after one or 

two systemic treatments.61 Hand-foot syndrome, hyperten-
sion, aspartate transaminase (AST) increase, weakness and 
diarrhea were amongst the most common side effects.62 

Based on this trial, cabozantinib gained FDA approval in 
January 2019 in the second-line setting.

Furthermore, ramucirumab, a human monoclonal anti- 
VEGFR 2 antibody, is included in this category of agents. 
The phase-III REACH trial showed some slight increase in 
survival in a subgroup of patients with AFP>400 ng/mL when 
they received ramucirumab as a second-line of treatment 
following sorafenib, due to either progression of the disease 
or intolerance to sorafenib.63 Based on this observation, the 
REACH-2 trial showed an increase in survival from 7.3 to 8.5 
months in this subgroup of patients, compared to placebo. 
PFS was increased to 2.8 months from 1.6 months, while no 
difference was documented in terms of OR.64 Some common 
side effects which were documented were hypertension and 
hyponatremia.65 Therefore, ramucirumab (8mg/kg once 
every 2 weeks) was approved by the FDA in May 2019 for 
patients with aHCC and AFP of ≥400ng/mL in the second- 
line setting. In a meta-analysis of HCC studies including 
REACH and REACH-2, ramucirumab provided survival 
benefit in patients who did or did not experience ascites in 
the second-line treatment of HCC. The OS was 6.7 vs 3.4 
months in ramucirumab and placebo arms with HR of 0.3 
(0.18, 0.49), and the PFS was 4.2 vs 2 months with HR 0.46 
(0.29, 0.74) in patients with aHCC who experience ascites.66

Table 2 Approved Systematic Therapies for HCC

1st Line Treatment Targets EMA FDA

Sorafenib VEGFR 1–3, PDGFR-β, KIT kinases Ѵ Ѵ

Lenvatinib VEGFR 1–3, FGFR 1–4, PDGFRα, RET, KIT Ѵ Ѵ

Atezolizumab + Bevacizumab PD-L1 + VEGF-a Ѵ Ѵ

2nd LINE TREATMENT

Regorafenib VEGFR, PDGFR, BRAF, KIT, RET, RAF-1, FGFR, Tie2 Ѵ Ѵ

Cabozantinib VEGFR 2, aMET, AXL, RET, c-MET Ѵ Ѵ

Ramucirumab VEGFR 2 Ѵ Ѵ

Nivolumab PD-1 X Ѵ

Pembrolizumab PD-1 X Ѵ

Nivolumab + Ipilimumab PD-1 + CTLA-4 X Ѵ

Abbreviations: EMA, European Medicines Agency; FDA, food and drug administration; VEGFR, vascular endothelial growth factor receptor; PDGFR-β, platelet-derived 
growth factor beta; FGFR, fibroblast growth factor receptors; PD-L1, programmed death-ligand 1; VEGF-a, vascular endothelial growth factor alpha; Tie2, a tyrosine kinase 
receptor; c-MET, tyrosine-protein kinase met or hepatocyte growth factor receptor (HGFR); PD-1, programmed cell death protein 1; CTLA-4, cytotoxic T-lymphocyte- 
associated protein 4; Ѵ, yes; X, no.
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Checkpoint inhibitors such as nivolumab and pembroli-
zumab, which have both completed Phase II trials with 
encouraging outcomes, are also recommended as second- 
line treatments given that the aforementioned anti- 
angiogenic agents are associated with significant toxicity 
compared to immunotherapy.67,68 Recently, the phase I/II 
trial CheckMate 040 of nivolumab, which included patients 
who had already received sorafenib, revealed an overall 
survival of 15.6 months. The ORR was 20% during the 
dose-expansion phase with patients treated with nivolumab 
(3 mg/kg) and 15% in the dose-escalation phase.69 However, 
so far phase III trials have failed to deliver statistically 
significant results.69,70 Moreover, it is worth mentioning 
that response rates of these immune checkpoint inhibitors 
do not exceed 25%, whereas grade 3/4 treatment of immune- 
related adverse events, such as rash, diarrhea, pruritus and 
increase of transaminases, have been documented.19 The 
FDA approved nivolumab (240mg every 2 weeks) in 
the second-line setting in September 2017.71 It is also 
recommended in the front-line setting if patients are consid-
ered ineligible or intolerant to other front-line medications. 
Pembrolizumab, on the other hand, being assessed in the 
single-arm Keynote-224 trial gained FDA approval in 
the second-line setting for patients with aHCC in 
November 2018. Recently approved, also in the second- 
line setting for the treatment of aHCC, was the combination 
of nivolumab plus ipilimumab.72,73

Implications for Clinical Practice
Currently, according to the presented evidence, it seems 
that HCC management can be vaguely divided between 
the management of resectable and non – resectable tumors. 
In the first case, surgery can be preceded or followed by 
various therapeutic modalities including TACE and TARE 
(sorafenib and ICIs are also being assessed in phase II 
trials) as neoadjuvant interventions32–35 or systematic ther-
apy, hepatic arterial infusion therapy, TACE, radiolabeled 
lipiodol, ablation and radiotherapy postoperatively.37–39 As 
far as non-resectable tumors are concerned, TKIs and 
immunotherapy have now replaced chemotherapy and hor-
mone therapy. Particularly, the novel doublet of atezolizu-
mab plus bevacizumab is indicated as a first-line option for 
patients (Child-Pugh A, ECOG PS 0–1) without a history 
of co-infection with hepatitis B and hepatitis C, autoim-
mune disease, or bleeding predisposition.18 Lenvatinib is 
considered a first-line treatment for non-excisable HCCs, 
while sorafenib is recommended for patients with pre-
served liver function (Child-Pugh A) and advanced disease 

(BCLC C) or those with an intermediate-stage disease 
(BCLC B) and ECOG PS 0–2 relapsing after locoregional 
therapies and having received no other systematic 
therapy.50 Sorafenib or lenvatinib in the first-line setting 
are recommended by the NCCN guidelines for the treat-
ment of aHCC patients who are not appropriate for atezo-
lizumab plus bevacizumab.28,50

When it comes to second-line treatment, regorafenib 
and cabozantinib have been approved for patients with 
intermediate or advanced stage HCC (BCLC B or C), 
Child-Pugh A, ECOG PS 0–1, and those who have 
relapsed after treatment with sorafenib.22,63 Similarly, 
ramucirumab is recommended as a second-line treatment 
following sorafenib, due to either progression of the dis-
ease or intolerance to sorafenib.63,64 Although nivolumab, 
pembrolizumab or ramucirumab remain second-line 
choices after failure of atezolizumab plus bevacizumab 
according to the updated ESMO guidelines, further inves-
tigation is needed for them to be established. Finally, the 
combination of nivolumab and ipilimumab has already 
been incorporated in the armamentarium of second-line 
treatments for HCC as meeting the endpoints of the com-
bination arm of the CheckMate-040 study and it was 
approved by the FDA in March 202071 (Figure 1).

The Current Issues
These advances can be discussed in the context of HCC, 
but they should also be addressed in the bigger picture. As 
far as the treatment of HCC is directly concerned, despite 
the progress in targeted therapies, immunotherapy still 
plays a minor role in HCC’s treatment. The role of immu-
notherapy, and particularly PD-1/PD-L1 ought to be 

Standard 1st line treatment  
Atezolizumab AND Bevacizumab (I,A)  

OR
Lenvatinib (I,A – MCBS 4)
Sorafenib (I,A – MCBS 4)

Option after Sorafenib
• Ramucirumab (I,A; MCBS 1)
• Cabozantinib (I,A; MCBS 3)
• Regorafenib (I,A; MCBS 4)

Option after Atezolizumab 
AND Bevacizumab

• Cabozantinib (V,C)
• Lenvatinib (V,C)
• Regorafenib (V,C)
• Ramucirumab (V,C)
• Sorafenib (V,C)

Barcelona Clinic Liver Cancer Stage C
(BCLC – C)

Figure 1 Treatment algorithm for HCC.42,66 

Abbreviation: MCBS, Magnitude of Clinical Benefit Scale.
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reassessed and upgraded. Recent studies have shown an 
increasing interest to this end. In any case, the limited 
efficacy of conventional anticancer therapies such as che-
motherapy and hormonal therapy has opened the door for 
biologics, setting an example for other types of cancer, 
where conventional means have repeatedly failed.68–71

TKIs, such as sorafenib and lenvatinib recommended as 
a first-line treatment regarding HCC, followed by a second- 
line treatment with a different TKI, such as regorafenib.74 

Moreover, the two novel anti-angiogenic factors cabozanti-
nib and ramucirumab have successfully completed phase III 
trials and have, consequently, been added as a second-line 
treatment option.75 Specifically, ramucirumab can be used in 
the subset of patients with AFP > 400ng/mL and intolerance 
to TKIs.76 The toxicity of these drugs, in addition to their 
lower objective response rates, compared to immunotherapy, 
are fields seeking improvement.19 Combinations of the 
aforementioned targeted therapies with immunotherapy are 
tested as first-line treatment in current clinical trials.58,77 The 
use of immunotherapy with PD-L1 inhibitors as single 
agents or in combination with another immune checkpoint 

inhibitor, with TKIs or with other anti-angiogenic agents 
might lead to the redefinition, not only of the therapeutic 
algorithm but of the whole therapeutic strategy. Finally, 
because of the plethora of novel therapeutic choices, the 
correct course of later lines of treatment is open to debate 
and has to be validated through further research (Figure 2).

Until recently, immunotherapy was limited to a subset of 
patients with ECOG PS 0–1 and progressive disease after 
TKI therapy.78 It is worth noting that phase III trials have yet 
to be completed for immunotherapy agents, which are 
expected to further modify the list of treatments available 
for the malignancy in question. Many phase III trials had 
failed to prove superiority and place these agents amongst the 
first-line treatment options. Particularly, the phase III 
CheckMate 459 trial, which compared nivolumab to sorafe-
nib as a first-line treatment, failed to show statistical 
significance.70 The results of the phase II KEYNOTE-224 
trial of another anti-PD-1 monoclonal antibody, named pem-
brolizumab, as a second-line treatment, were released at the 
2019 ASCO Meeting. This study failed to reach the PFS and 
OS targets that were set, despite increasing the PFS and the 

Figure 2 HCC treatment timeline.11,12,17,18 

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status; CTP, Child-Turcotte-Pugh classification.
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OS to 4.9 months.16 On the contrary of all these, IMbrave150 
managed to prove benefit and establish the atezolizumab plus 
bevacizumab combination as the new reference standard in 
the first-line. New horizons are now open for investigation 
and research in the immunotherapy setting (Figure 3).

As already mentioned, not only has immunotherapy 
been tested as monotherapy, but it has also been incorpo-
rated in combination regimens in a plethora of ongoing 
trials.79–90 A striking example is the combined treatment 
of nivolumab plus ipilimumab, which led to significant 
objective response rates (ORR: 32%) and durable responses, 
but it also revealed increased toxicity compared to mono-
therapy with nivolumab (ORR: 14%). However, the combi-
nation regimen (nivolumab 1mg/kg plus ipilimumab 3mg/ 
kg every 3 weeks for 4 cycles and then nivolumab 240mg 
every 2 weeks) received accelerated approval in the US- 
based on the phase III CheckMate-040 clinical trial.71,80 

Recently, the aforementioned IMbrave 150 study, which 
evaluates the combination of atezolizumab plus bevacizu-
mab in the first-line treatment of advanced HCC, was pub-
lished. It was the first positive phase III trial regarding 
combination therapy with an immune checkpoint inhibitor 
(PDL-1 inhibitor) and a targeted agent (VEGF inhibitor) 
compared to sorafenib, which has shown OS improvement 
since 2008.58 This practice-changing study may evangelize 
a new approach in the management of HCC, which will be 
based on the combinations between immunotherapy and 
anti-angiogenic therapy.

From a pathophysiologic perspective, simultaneous 
targeting of tumor vessels and immunity is a promising 
strategy to normalize aberrant vascular-immune crosstalk 
and potentiate immunotherapy. This may entail 
a favorable regulation of the tumor microenvironment 
(TME). Particularly, the malformed tumor vessels prevent 

Figure 3 Treatment regimens and their mechanisms of action. The Ras/Raf/MEK/ERK and PI3K/Akt/mTOR cascades are often activated by genetic alterations in upstream 
signaling molecules such as receptor tyrosine kinases.27,77,78 

Abbreviations: HCC, hepatocellular carcinoma; VEGFR, vascular endothelial growth factorrReceptor 2; PDGFR, platelet-derived growth factor; FLT3, fms-like tyrosine 
kinase 3; FGFR, fibroblast growth factor receptors; MET, tyrosine-protein kinase met or hepatocyte growth factor receptor (HGFR); Tie2, a tyrosine kinase receptor; PD-1, 
programmed cell death protein 1; PD-L1, programmed death-ligand 1.
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CD8+ T and CD4+ TH1 cells from transmigration into the 
TME, disable their effector functions and even lead to 
their apoptosis. Furthermore, VEGF is involved in the 
growth of dendritic cells, thus, suppressing T cell prim-
ing, and, finally, stimulating TOX-mediated exhaustion of 
CD8+ T cells. On the other hand, the malformation of 
tumor vessels is enabled by a plethora of innate and 
adaptive immune cells, such as pro-tumoral M2-like 
macrophages, TH2 and Treg cells. These cells secrete 
pro-angiogenic factors that promote unrestrained angio-
genesis and contribute to vascular immaturity. Preclinical 
data as those mentioned above have already been trans-
lated into clinical benefit and have shown the way to the 
future.81

Future Perspectives
Testing a variety of agents and combinations in patients 
with HCC is of paramount importance. Therefore, at pre-
sent, numerous clinical trials are underway.82–84 

Remarkably, a Phase I trial of the combination of pembro-
lizumab and lenvatinib, which was well tolerated with 
promising anti-tumor activity in patients with unresected 
HCC.85,90 Furthermore, it is worth mentioning that there 
are two ongoing phase III studies, the COSMIC-312 study 
and the HIMALAYA study, in which combination regi-
mens are being evaluated. The former study refers to the 
combination of cabozantinib plus atezolizumab versus sor-
afenib in patients with advanced HCC who receive their 
first-line of treatment and the latter regards the combina-
tion of an anti-CTLA-4 monoclonal antibody (Cytotoxic 
T lymphocyte-associated antigen), named tremelimumab, 
with an anti-PDL-1 immune agent, named 
durvalumab.86–88 The HIMALYA trial revealed tolerable 
toxicity and encouraging activity in patients with advanced 
HCC.87 Moreover, monotherapy with avelumab, an anti- 
PDL1 antibody, and single-agent ipilimumab is currently 
being tested. Notably, it is alarming that the majority of the 
ongoing clinical trials are comparing the potential treat-
ment choices with sorafenib instead for the new gold- 
standard of bevacizumab plus atezolizumab as the first- 
line treatment of advanced HCC. Finally, the experimental 
investigation of novel sophisticated treatments, such as 
adoptive cell therapy using T-cell engineering, cancer vac-
cines and oncolytic virus therapies form an evolving field, 
which promotes an unprecedented approach to the sys-
tematic management of advanced HCC (Table 3).89

As far as biomarkers are concerned, there are 
a plethora of intra-tumoral and extra-tumoral 

biomarkers, which are currently evaluated with the 
object of bridging the aforementioned biomarkers gap. 
Particularly, research seems to place primacy on biomar-
kers of response to immunotherapy. Beyond PDL-1 
expression, which is the most widely used immune 
biomarker in clinical practice: Tumor Mutational 
Burden (TMB), the density of Tumor-Infiltrating 
Lymphocytes (TILS), peripheral immune cells’ pheno-
type, cell-free DNA (cfDNA) and gut microbiome/ 
microbiota are included in the potential and emerging 
predictive biomarkers regarding multiple cancer types.91 

Nevertheless, when it comes to HCC, the intra-tumoral 
PDL-1 expression was extremely low and heterogeneous 
with a subsequent dramatic effect on its predictive 
value, according to CheckMate040 and Keynote 224 
trials.70,71 On the contrary, increased infiltration of 
CD8+ T-cell, effector T-cells, or cytolytic T-cell into 
the tumor was related to response to immunotherapy in 
HCC. What is more, lower tumor transcriptomic diver-
sity was associated with PFS and OS of patients with 
HCC who were treated with a combination of immune 
agents, whereas WNT pathway mutations were asso-
ciated with resistance to immunotherapy.89,92 As far as 
extra-tumoral biomarkers are concerned, circulating 
tumor DNA could be distinguished, given that it has 
been documented that cfDNA with high mutational bur-
den is related to clinical outcome in patients who 
received immunotherapy.93 Additionally, it is worth 
mentioning that an immune gene expression signature, 
which is called immune-mediated cancer field (ICF) is 
evaluated in liver tissues of patients with early-stage 
HCC so that the risk of HCC development in patients 
with cirrhosis can be assessed. It has been demonstrated 
that anti-inflammatory agents, such as aspirin and ninte-
danib cause loss of this gene expression in mice which 
developed less aggressive malignancies with smaller and 
fewer liver tumors.94

Another promising ally of the oncological community 
against cancer may be found in the gradually increasing 
use of biomaterials in medicine. Specifically, biomaterials 
include a wide range of nanoparticles to macroscopic 
compounds, which can facilitate both local and systematic 
delivery of HCC drugs. Consequently, besides the bioa-
vailability benefit of biomaterials, the interest of some 
HCC drugs that failed to prove any efficacy via systematic 
delivery, may then be reignited.95 Moreover, biomaterials 
may be applicable for diagnostic reasons through specific 
electrospun nanofibers, which result in capturing CTCs.96 
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Further investigation about their sensitivity and specifi-
city rates is needed. Last but not least, given the ability 
of HCC-derived organoids to illustrate the genetic com-
plexity of the tumor, they consist potential tools for 
personalized biomarker identification and drug screening. 
Thus, biomaterial-based applications may soon render 
them as one of the foremost exponents of personalized 
medicine. More specifically, tissue engineering 3D mod-
els may be beneficial for achieving a deeper understand-
ing of cancer biology and for developing effective 
therapies for HCC, following the principles of precision 
medicine.97

Conclusion
In conclusion, rapidly emerging new data have drasti-
cally changed the landscape when it comes to HCC, 
which is now well defined as an oncological entity. 

Diagnosis can now be achieved using non-invasive ima-
ging techniques and there are a plethora of treatment 
options available. Correct use of newly established treat-
ments, however, remains a challenge, as the current 
holistic approach to cancer, raises the need for “tai-
lored” treatments, that contribute not only to the overall 
survival of patients but to their quality of life as well. 
Finally, these emerging developments introduce the 
“medical community” to a new era regarding the man-
agement of HCC. An era that entails a multidisciplinary 
approach, based on genuine cooperation between medi-
cal specialties.
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Table 3 Indicative List of Ongoing Clinical Trials

Regimen Outcome Study Name

Pembrolizumab plus Lenvatinib Well-tolerated and encouraging anti-tumor activity in aHCC (mPFS: 
9.3 months per mRECIST)

(phase Ib)85,90

Tremelimumab plus Durvalumab Well-tolerated and promising activity in aHCC and BTC HIMALAYA (phase III)87,88

Nivolumab plus Ipilimumab and 

Nivolumab plus Ipilimumab plus 
Cabozantinib

Clinically meaningful responses versus nivolumab monotherapy and 

acceptable safety profile in sorafenib treated pts, (mPFS: 5.5 months 
for the doublet regimen and 6.8 months for the triplet regimen, OS 

not reached in either arm)

CheckMate-040 (phase I/II)71,80

GNOS-PV02 plus Vaccine INO- 

9012 plus Pembrolizumab

Evaluation of a Personalized Neoantigen DNA Vaccine (GNOS-PV02) 

and Plasmid Encoded IL-12 (INO-9012) in combination with 
Pembrolizumab in aHCC

Phase I/IIa83

Nivolumab plus Ipilimumab Compared to sorafenib or lenvatinib as first-line treatment in 
participants with aHCC

CheckMate-9DW (phase III)82

Cabozantinib + Atezolizumab Compared to Sorafenib as first line treatment. Primary endpoints: PFS 
and OS.

COSMIC-312 (phase III)82,84,86

Lenvatinib + Pembrolizumab Promising antitumor activity and acceptable safety profile in aHCC. LEAP-002 (phase III)82,84

Sorafenib + pexastimogene 

devacirepvac (Pexa-Vec)

Acceptable safety profile and increased OS. Response by modified 

RECIST criteria: 15% and Response by Choi: 62%. Intrahepatic DCR: 
50%. Median OS: 14.1 months with the high dose versus 6.7 months 

with the low dose (HR, 0.39; P = 0.02).

PHOCUS (phase III)84

Atezolizumab + Bevacizumab HR: 0.66 (95% CI, 0.52–0.85); 19.2 vs 13.4 IMbrave150 (phase III)18

BGB-A317 (Tislelizumab) Well-tolerated and promising antitumor activity in patients with 
advanced HCC in early phases trials. 

A Phase III, randomized, open-label study is active (compared to 

sorafenib as a first-line treatment in aHCC).

RATIONALE 301 (phase III)82,84

Abbreviations: aHCC, advanced hepatocellular carcinoma; mPFS, median progression-free survival; BTC, biliary tract carcinoma; OS, overall survival; DCR, disease control 
rate; HR, hazard ratio.
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