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Case-Based Review

Systemic Treatment for Advanced 
Hepatocellular Carcinoma
Ravi Kumar Paluri, MD, MPH, Haris Hatic, DO, Ashish Manne, MBBS, Grant R. Williams, MD, 
Crystal Young-Smith, AOCNP, MSN, and Olumide B. Gbolahan, MBBS, MSc

Hepatocellular carcinoma (HCC) represents 90% 
of primary liver malignancies. It is the fifth most 
common malignancy in males and the ninth most 

common in females worldwide.1 In contrast to other major 
cancers (colon, breast, prostate), the incidence of and 
mortality from HCC has increased over the past decade, 
following a brief decline between 1999 and 2004.2 The epi-
demiology and incidence of HCC is closely linked to chronic 
liver disease and conditions predisposing to liver cirrhosis. 
Worldwide, hepatitis B virus infection is the leading cause of 
liver cirrhosis and, hence, HCC. In the United States, 50% 
of HCC cases are linked to hepatitis C virus (HCV) infection. 
Diabetes mellitus and alcoholic and nonalcoholic steato-
hepatitis are the other major etiologies of HCC. Indeed, the 
metabolic syndrome, independent of other factors, is asso-
ciated with a 2-fold increase in the risk of HCC.3 

Although most cases of HCC are predated by liver 
cirrhosis, in about 20% of patients HCC occurs without 
liver cirrhosis.4 Similar to other malignancies, surgery in 
the form of resection (for isolated lesions in the context 

of good liver function) or liver transplant (for low-volume 
disease with mildly impaired liver function) provides the 
best chance of a cure. Locoregional therapies involving 
hepatic artery–directed therapy are offered for patients 
with more advanced disease that is limited to the liver, 
while systemic therapy is offered for advanced unresect-
able disease that involves portal vein invasion, lymph 
nodes, and distant metastasis. The Barcelona Clinic Liver 
Cancer (BCLC) staging system is the most widely used 
for staging and treatment in HCC. It not only considers 
the size of the tumor, but also incorporates the degree 
of liver dysfunction and the patient’s functional status.5,6

Molecular Pathogenesis 
Similar to other malignancies, a multistep process of car-
cinogenesis, with accumulation of genomic alterations at 
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ABSTRACT

Objective: To review systemic treatment options for patients 
with locally advanced unresectable hepatocellular 
carcinoma (HCC).

Methods: Review of the literature.

Results: The paradigm of what constitutes first-line treatment 
for advanced HCC is shifting. Until recently, many patients 
with advanced HCC were treated with repeated locoregional 
therapies, such as transartertial embolization (TACE). 
However, retrospective studies suggest that continuing TACE 
after refractoriness or failure may not be beneficial and 
may delay subsequent treatments because of deterioration 
of liver function or declines in performance status. With 
recent approvals of several systemic therapy options, 

including immunotherapy, it is vital to conduct a risk-
benefit assessment prior to repeating TACE after failure, so 
that patients are not denied the use of available systemic 
therapeutic options due to declined performance status or 
organ function from these procedures. The optimal timing 
and the sequence of systemic and locoregional therapy 
must be carefully evaluated by a multidisciplinary team.

Conclusion: Randomized clinical trials to improve patient 
selection and determine the proper sequence of 
treatments are needed. Given the heterogeneity of HCC, 
molecular profiling of the tumor to differentiate responders 
from nonresponders may elucidate potential biomarkers to 
effectively guide treatment recommendations.
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the molecular and cellular levels, is recognized in HCC. In 
about 80% of cases, repeated and chronic injury, inflam-
mation, and repair lead to a distortion of normal liver archi-
tecture and development of cirrhotic nodules. Exome 
sequencing of HCC tissues has identified risk factor– 
specific mutational signatures, including those related to 
the tumor microenvironment, and defined the extensive 
landscape of altered genes and pathways in HCC (eg, 
angiogenic and MET pathways).7 In the Schulze et al study, 
the frequency of alterations that could be targeted by 
available Food and Drug Administration (FDA)–approved 
drugs comprised either amplifications or mutations of FLTs 
(6%), FGF3 or 4 or 19 (4%), PDGFRs (3%), VEGFA (1%), 
HGF (3%), MTOR (2%), EGFR (1%), FGFRs (1%), and MET 
(1%).7 Epigenetic modification of growth-factor expres-
sion, particularly insulin-like growth factor 2 and trans-
forming growth factor alpha, and structural alterations 
that lead to loss of heterozygosity are early events that 
cause hepatocyte proliferation and progression of dys-
plastic nodules.8,9 Advances in whole-exome sequenc-
ing have identified TERT promoter mutations, leading to 
activation of telomerase, as an early event in HCC patho-
genesis. Other commonly altered genes include CTNNB1 
(B-Catenin) and TP53. As a group, alterations in the MAP 
kinase pathway genes occur in about 40% of HCC cases.

Actionable oncogenic driver alterations are not as 
common as tumor suppressor pathway alterations in 
HCC, making targeted drug development challenging.10,11 
The FGFR (fibroblast growth factor receptor) pathway, 
which plays a critical role in carcinogenesis-related cell 
growth, survival, neo-angiogenesis, and acquired resis-
tance to other cancer treatments, is being explored as a 
treatment target.12 The molecular characterization of HCC 
may help with identifying new biomarkers and present 
opportunities for developing therapeutic targets.

CASE PRESENTATION
A 61-year-old man with a history of chronic hepatitis 
C and hypertension presents to his primary care 

physician due to right upper quadrant pain. Laboratory 
evaluation shows transaminases elevated 2 times the 
upper limit of normal. This leads to an ultrasound and fol-
low-up magnetic resonance imaging. Imaging shows dif-
fuse cirrhotic changes, with a 6-cm, well-circumscribed 

lesion within the left lobe of the liver that shows rapid arte-
rial enhancement with venous washout. These vascular 
characteristics are consistent with HCC. In addition, 2 sat-
ellite lesions in the left lobe and sonographic evidence of 
invasion into the portal vein are present. Periportal lymph 
nodes are pathologically enlarged. 

The physical examination is unremarkable, except 
for mild tenderness over the right upper quadrant of the 
abdomen. Serum bilirubin, albumin, platelets, and inter-
national normalized ratio are normal, and alpha fetopro-
tein (AFP) is elevated at 1769 ng/mL. The patient’s family 
history is unremarkable for any major illness or cancer. 
Computed tomography scan of the chest and pelvis 
shows no evidence of other lesions. His liver disease 
is classified as Child–Pugh A. Due to locally advanced 
presentation, the tumor is deemed to be nontransplant-
able and unresectable, and is staged as BCLC-C. The 
patient continues to work and his performance status is 
ECOG (Eastern Cooperative Oncology Group) 0. He is 
referred to the liver tumor clinic for further evaluation and 
management. The tumor board consensus is to initiate 
systemic treatment.

What systemic treatment would you recommend 
for this patient with locally advanced 
unresectable HCC with nodal metastasis?

First-Line Therapeutic Options
Systemic treatment of HCC is challenging because of 
the underlying liver cirrhosis and hepatic dysfunction 
present in most patients. Overall prognosis is therefore 
dependent on the disease biology and burden and on 
the degree of hepatic dysfunction. These factors must 
be considered in patients with advanced disease who 
present for systemic therapy. As such, patients with 
BCLC class D HCC with poor performance status and 
impaired liver function are better off with best support-
ive care and hospice services (Figure). Table 1 and  
Table 2 outline the landmark trials that led to the 
approval of agents for advanced HCC treatment. 

Sorafenib 
In the patient with BCLC class C HCC who has preserved 
liver function (traditionally based on a Child–Pugh score 
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of ≤ 6 and a decent functional status [ECOG perfor-
mance status 1-2]), sorafenib is the first FDA-approved 
first-line treatment. Sorafenib is a small-molecule tyrosine 
kinase inhibitor that targets vascular endothelial growth 
factor receptor (VEGFR) kinase signaling, in addition 
to many other tyrosine kinase pathways (including the 
platelet-derived growth factor and Raf-Ras pathways). 
Evidence for the clinical benefit of sorafenib comes from 
the SHARP trial.13 This was a multinational, but primarily 
European, randomized phase 3 study that compared 
sorafenib to best supportive care for advanced HCC in 
patients with a Child–Pugh score ≤ 6A and a robust per-
formance status (ECOG 0 and 1). Overall survival (OS) 
with placebo and sorafenib was 7.9 months and 10.7 
months, respectively. There was no difference in time to 
radiologic progression, and the progression-free survival 

(PFS) at 4 months was 62% with sorafenib and 42% with 
placebo. Patients with HCV-associated HCC appeared 
to derive a more substantial benefit from sorafenib.14 In a 
smaller randomized study of sorafenib in Asian patients 
with predominantly hepatitis B–associated HCC, OS in 
the sorafenib and best supportive care arms was lower 
than that reported in the SHARP study (6.5 months vs 
4.2 months), although OS still was longer in the sorafenib 
group.15 

Significant adverse events reported with sorafenib 
include fatigue (30%), hand and foot syndrome (30%), 
diarrhea (15%), and mucositis (10%). Major proportions 
of patients in the clinical setting have not tolerated the 
standard dose of 400 mg twice daily. Dose-adjusted 
administration of sorafenib has been advocated in 
patients with more impaired liver function (Child–Pugh 

Figure. Scheme for staging and management of hepatocellular carcinoma (HCC) based on Barcelona Clinic Liver Cancer staging sys-
tem. CP, Child–Pugh class; PS, performance status. (Adapted from reference 6).
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class 7B) and bilirubin of 1.5 to 3 times the upper limit 
of normal, although it is unclear whether these patients 
are deriving any benefit from sorafenib.16 At this time, in 
a patient with preserved liver function, starting with 400 
mg twice daily, followed by dose reduction based on 
toxicity, remains standard.

Lenvatinib 
After multiple attempts to develop newer first-line treat-
ments for HCC, lenvatinib, another small-molecule mul-
tikinase inhibitor of VEGFR signaling, was approved 
by the FDA in August 2018. Approval was based on 
a noninferiority study of lenvatinib versus sorafenib in 
patients with unresectable, treatment-naïve HCC who 
had preserved liver function and excellent performance 
status.17 Lenvatinib was noninferior to sorafenib, with an 
OS of 13.6 months versus 12.3 months for sorafenib. 
Lenvatinib was associated with an improved response 
rate (24% vs 9%), increased time to disease progression, 
and longer PFS (7.3 months vs 3.6 months). Patients 
with a performance status of 0 and 1 were allowed in 

this trial. Lenvatinib is associated with a more favor-
able adverse effect profile and is desirable in patients in 
whom tumor shrinkage is important. Compared to those 
treated with sorafenib, patients treated with lenvatinib 
reported a somewhat higher incidence of higher-grade 
hypertension (42% vs 30%), loss of appetite (34% vs 
27%), and weight loss (31%), but lower rates of diarrhea 
(39% vs 46%) and skin toxicity (27% vs 52%). 

Second-Line Therapeutic Options
Following the sorafenib approval, clinical studies of sev-
eral other agents did not meet their primary endpoint and 
failed to show improvement in clinical outcomes com-
pared to sorafenib. However, over the past years the treat-
ment landscape for advanced HCC has been changed 
with the approval of several agents in the second line. The 
overall response rate (ORR) has become the new theme 
for management of advanced disease. With multiple ther-
apeutic options available, optimal sequencing now plays 
a critical role, especially for transitioning from locoregional 
to systemic therapy. Five drugs are now indicated for sec-

Table 1. Key Clinical Trials in Advanced Hepatocellular Carcinoma: Results

Trial Design Agent OS PFS ORR, % AE (> Grade 3), %

SHARP13

(NCT00105443)

International, randomized double-
blind, multicenter, phase 3 trial

Sorafenib  
vs placebo

10.7 vs 7.9 mo  
(HR, 0.69; 95% CI, 
0.55-0.87)

5.5 vs 2.8 mo (HR, 
0.58; 95% CI, 0.45-
0.74)

2.3 vs 0.7 Weight loss (2 vs 0), fatigue (4 vs 3), HFS reaction (8 vs < 1), diarrhea  
(8 vs 2), vomiting (1 vs 1), abdominal pain (2 vs 1)

REFLECT17

(NCT01761266)

Global, randomized, phase 3, 
noninferiority study

Lenvatinib  
vs sorafenib

13.6 vs 12.3 mo  
(HR, 0.92; 95% CI, 
0.79-1.06)

7.4 vs 3.7 mo (HR, 
0.66; 95% CI, 0.57-
0.77)

24.1 vs 9.2 Hypertension (23 vs 14), diarrhea (4 vs 4), reduced appetite (5 vs 1), 
fatigue (4 vs 4), HFS (3 vs 11), proteinuria (6 vs 2), thrombocytopenia  
(6 vs 3)

RESORCE19

(NCT01774344)

Randomized, double-blind,  
phase 3 trial

Regorafenib  
vs placebo

10.6 vs 7.8 mo  
(HR, 0.63; 95% CI, 
0.50-0.79)

3.1 vs 1.5 mo (HR, 
0.46; 95% CI, 0.37-
0.56)

10.6 vs 4.1 Hypertension (13 vs 11), HFS (11 vs 5), fatigue (10 vs 7), increased  
AST (8 vs 16), increased blood bilirubin (6 vs 12)

CELESTIAL22

(NCT01908426)

Randomized, double-blind,  
phase 3 trial

Cabozantinib  
vs placebo

10.2 vs 8.0 mo (HR, 
0.76; 95% CI, 0.63-
0.92)

5.2 vs 1.9 mo (HR, 
0.44; 95% CI, 0.36-
0.52)

3.8 vs 0.4 Diarrhea (10 vs 2), vomiting (< 1 vs 3), fatigue (10 vs 4), asthenia  
(7 vs 2), decreased appetite (6 vs <1), hypertension (16 vs 2), dyspnea 
(3 vs <1)

REACH-224

(NCT02435433)

Randomized, double-blind,  
phase 3 trial

Ramucirumab  
vs placebo

8.5 vs 7.3 mo (HR, 
0.71; 95% CI, 0.53-
0.95) 

2.8 vs 1.6 mo (HR, 
0.45; 95% CI, 0.34-
0.60)

4.6 vs 1.1 Hypertension (13 vs 5), fatigue (5 vs 3), ascites (4 vs 1), hyponatremia  
(16 vs 5), thrombocytopenia (8 vs 1), neutropenia (8 vs 3)

CheckMate 45926

(NCT02576509)

Randomized, multicenter, open-
label, phase 3 trial

Nivolumab  
vs sorafenib

16.4 vs 14.7 mo  
(HR, 0.85; 95% CI, 
0.72-1.02)

3.7 vs 3.8 mo (HR, 
0.93; 95% CI, 0.79-
1.10)

28 vs 9; in  
PD-L1 > 1%

Grade 3/4 AEs were reported in 81 patients (22%) in the nivolumab 
arm and 179 patients (49%) in the sorafenib arm 

IMbrave15029

(NCT03434379)

Randomized, open-label, 
multicenter, phase 3 trial

Atezolizumab plus 
bevacizumab  
vs sorafenib 

Not reached vs  
13.2 mo (HR, 0.58; 
95% CI, 0.42-0.79)

6.8 vs 4.3 mo (HR, 
0.59; 95% CI, 0.47-
0.76)

27 vs 12  
(P < 0.0001)

Grade 3-4 AEs occurred in 57% of combination group and 55% of 
sorafenib group; grade 5 AEs occurred in 5% and 6% of  
patients, respectively

AE, adverse event; HFS, hand-foot syndrome; ORR, objective response rate; OS, overall survival; PFS, progression-free survival.
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ond-line treatment of patients who progressed on or were 
intolerant to sorafenib: regorafenib, cabozantinib, ramu-
cirumab, nivolumab, and pembrolizumab.

Regorafenib
Regorafenib was evaluated in the advanced HCC setting 
in a single-arm, phase 2 trial involving 36 patients with 
Child–Pugh class A liver disease who had progressed 
on prior sorafenib.18 Patients received regorafenib 160 
mg orally once daily for 3 weeks on/1 week off cycles. 
Disease control was achieved in 72% of patients, with sta-
ble disease in 25 patients (69%). Based on these results, 
regorafenib was further evaluated in the multicenter, phase 
3, 2:1 randomized, double-blind, placebo-controlled 
RESORCE study, which enrolled 573 patients.19 Due to the 
overlapping safety profiles of sorafenib and regorafenib, 
the inclusion criteria required patients to have tolerated a 
sorafenib dose of at least 400 mg daily for 20 of the past 28 
days of treatment prior to enrollment. The primary endpoint 
of the study, OS, was met (median OS of 10.6 months in 
regorafenib arm versus 7.8 months in placebo arm; haz-

ard ratio [HR], 0.63; P < 0.0001). Serious adverse events 
occurred in 44% of the patients who received regorafenib; 
the most common were hypertension (15%), hand-foot-
skin reaction (HFSR, 13%), fatigue (9%), bleeding events 
(6%), and diarrhea (3%). Seven (2%) deaths in the rego-
rafenib group were attributable to this drug. HFSR due to 
regorafenib was found to be associated with better survival 
outcomes.20 In the selected subpopulation for the study, 
treatment with the sequence of sorafenib followed by rego-
rafenib resulted in a median OS of 26 months.21

Cabozantinib
CELESTIAL was a phase 3, double-blind study that 
assessed the efficacy of cabozantinib versus placebo 
in patients with advanced HCC who had received prior 
sorafenib.22 In this study, 707 patients with Child–Pugh 
class A liver disease who progressed on at least 1 prior 
systemic therapy were randomized in a 2:1 ratio to treat-
ment with cabozantinib at 60 mg daily or placebo. Patients 
treated with cabozantinib had a longer OS (10.2 months 
vs 8.0 months), resulting in a 24% reduction in the risk of 
death (HR, 0.76), and a longer median PFS (5.2 months 
versus 1.9 months). The disease control rate was higher 
with cabozantinib (64% vs 33%) as well. The incidence 
of high‐grade adverse events in the cabozantinib group 
was twice that of the placebo group. Common adverse 
events reported with cabozantinib included HFSR (17%), 
hypertension (16%), increased aspartate aminotransfer-
ase (12%), fatigue (10%), and diarrhea (10%). 

Ramucirumab
REACH was a phase 3 study exploring the efficacy of 
ramucirumab that did not meet its primary endpoint; how-
ever, the subgroup analysis in AFP-high patients showed 
an OS improvement with ramucirumab.23 This led to 
the phase 3 REACH-2 trial, a multicenter, randomized,  
double-blind biomarker study in patients with advanced 
HCC who either progressed on or were intolerant to 
sorafenib and had an AFP level ≥ 400 ng/mL.24 Patients 
were randomized to ramucirumab 8 mg/kg every 2 weeks 
or placebo. The study met its primary endpoint, showing 
improved OS (8.5 months vs 7.3 months; P = 0.0059). 
The most common treatment-related adverse events in 
the ramucirumab group were ascites (5%), hypertension 
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0.71; 95% CI, 0.53-
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0.45; 95% CI, 0.34-
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(16 vs 5), thrombocytopenia (8 vs 1), neutropenia (8 vs 3)
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16.4 vs 14.7 mo  
(HR, 0.85; 95% CI, 
0.72-1.02)

3.7 vs 3.8 mo (HR, 
0.93; 95% CI, 0.79-
1.10)

28 vs 9; in  
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arm and 179 patients (49%) in the sorafenib arm 
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Randomized, open-label, 
multicenter, phase 3 trial

Atezolizumab plus 
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vs sorafenib 

Not reached vs  
13.2 mo (HR, 0.58; 
95% CI, 0.42-0.79)

6.8 vs 4.3 mo (HR, 
0.59; 95% CI, 0.47-
0.76)

27 vs 12  
(P < 0.0001)

Grade 3-4 AEs occurred in 57% of combination group and 55% of 
sorafenib group; grade 5 AEs occurred in 5% and 6% of  
patients, respectively

AE, adverse event; HFS, hand-foot syndrome; ORR, objective response rate; OS, overall survival; PFS, progression-free survival.
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(12%), asthenia (5%), malignant neoplasm progression 
(6%), increased aspartate aminotransferase concentra-
tion (5%), and thrombocytopenia.

Immunotherapy 
HCC is considered an inflammation-induced cancer,  
which renders immunotherapeutic strategies more 

appealing. The PD-L1/PD-1 pathway is the critical 
immune checkpoint mechanism and is an important 
target for treatment. HCC uses a complex, overlapping 
set of mechanisms to evade cancer-specific immunity 
and to suppress the immune system. Initial efforts to 
develop immunotherapies for HCC focused on anti-PD-1 
and anti-PD-L1 antibodies. CheckMate 040 evaluated 

Table 2. Key Clinical Trials in Advanced Hepatocellular Carcinoma: Inclusion/Exclusion Criteria

Trial Key Inclusion and Exclusion Criteria

SHARP13 Inclusion: histology-proven HCC, advanced HCC, ≥ 1 measurable untreated lesion, ECOG 0-2, CPC A, no prior 
treatment 

Exclusion: prior treatment, ECOG > 2, CPC B, platelets < 60 × 109/L, INR > 2.3, Hgb < 8.5 g/dL, AST/ALT > 5× ULN, 
creatinine > 1.5× ULN, life expectancy < 12 wk

REFLECT17 Inclusion: unresectable HCC, no prior systemic therapy, > 1 measurable target lesion, ANC > 1500, Hgb > 8.5 g/dL, 
platelets > 75 × 109/L, albumin > 2.8 g/dL, AST/ALT < 5× ULN, INR < 2.3, BCLC stage B/C, CPC A, ECOG 0-1 

Exclusion: HCC with > 50% liver occupation, clear invasion into bile duct, any prior systemic treatment, history of 
congestive heart failure (> NYHA Class II), corrected QT interval > 480 ms, bleeding or thrombotic disorders, another 
active malignancy, meningeal carcinomatosis, proteinuria > 1 g/24 hr, HIV infection, liver transplant and major surgery 
within 3 wk prior to randomization

RESORCE19 Inclusion: macrovascular invasion, extrahepatic disease, progressed on sorafenib, BCLC stage B/C, CPC A,  
ECOG 0-1 

Exclusion: sorafenib treatment within 2 wk of randomization, prior systemic treatment for HCC, metastatic brain or 
meningeal tumors, uncontrolled hypertension, uncontrolled ascites, thrombotic events, patient unable to swallow oral 
medication, active interstitial lung disease

CELESTIAL22 Inclusion: pathologic diagnosis of HCC not amenable to curative treatment, CPC A, received prior sorafenib, prior 
treatment with 1 or 2 systemic therapies and progression, ECOG 0-1 

Exclusion: fibrolamellar carcinoma or mixed hepatocellular cholangiocarcinoma, > 2 prior systemic therapies, 
radiation within 3 wk of randomization, prior cabozantinib treatment, known brain metastases, thrombotic events,  
any bleeding disorder, moderate/severe ascites, pregnant 

REACH-224 Inclusion: macrovascular invasion, progressed on sorafenib, BCLC stage B/C, CPC A, ECOG 0-1, total bilirubin  
< 1.5× ULN, AST/ALT < 5× ULN, urinary protein ≤ 1+, Hgb > 9 g/dL, platelets > 75 × 109/L, creatinine clearance  
> 60 mL/min, baseline AFP > 400 ng/mL

Exclusion: fibrolamellar carcinoma or mixed hepatocellular cholangiocarcinoma, concurrent malignancy, previous 
brain metastases, current hepatic encephalopathy, recent/current hepatorenal syndrome, liver transplant, major 
surgery within 28 days, radiation within 14 days, discontinued from prior study, uncontrolled hypertension, any 
bleeding episode, any arterial thrombotic event/myocardial infarction, HIV, gastrointestinal perforation within 6 mo 
prior to randomization, pregnant 

CheckMate  
45926

Inclusion: macrovascular invasion, histologically confirmed HCC, no prior systemic therapy, BCLC stage B/C,  
CPC A, ECOG 0-1 

Exclusion: known fibrolamellar HCC, sarcomatoid HCC, mixed cholangiocarcinoma, prior liver transplant, active/
known/suspected autoimmune disease

IMbrave15029 Inclusion: naive to prior systemic therapy for HCC, have ≥ 1 measurable untreated lesion, adequate hematologic/end 
organ function, women/men agree to remain abstinent, CPC A, ECOG 0-1 

Exclusion: history of leptomeningeal disease, idiopathic pulmonary fibrosis, any other malignancy, or hepatic 
encephalopathy; active/history of autoimmune disease; known active tuberculosis; pregnancy or breastfeeding; 
moderate/severe ascites; HBV/HCV co-infection; uncontrolled pain; symptomatic hypercalcemia; inadequately 
controlled arterial hypertension; any bleeding disorders; treatment with NSAID; local therapy within 28 days 

AFP, alpha fetoprotein; ALT, alanine aminotransferase; ANC, absolute neutrophil count; AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver Cancer 
stage; CPC, Child–Pugh classification of liver function; ECOG, Eastern Cooperative Oncology Group performance status; HBV, hepatitis B virus; HCC, hepato-
cellular carcinoma; HCV, hepatitis C virus; HgB, hemoglobin; INR, international normalized ratio; ULN, upper limit of normal.
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nivolumab in 262 sorafenib-naïve and -treated patients 
with advanced HCC (98% with Child–Pugh scores of 5 or 
6), with a median follow-up of 12.9 months.25 In sorafenib-
naïve patients (n = 80), the ORR was 23%, and the disease 
control rate was 63%. In sorafenib-treated patients (n = 
182), the ORR was 18%. Response was not associated 
with PD-L1 expression. Durable objective responses, a 
manageable safety profile, and promising efficacy led the 
FDA to grant accelerated approval of nivolumab for the 
treatment of patients with HCC who have been previously 
treated with sorafenib. Based on this, the phase 3 ran-
domized CheckMate-459 trial evaluated the efficacy of 
nivolumab versus sorafenib in the first-line. Median OS 
and ORR were better with nivolumab (16.4 months vs 
14.7 months; HR 0.85; P = 0.752; and 15% [with 5 com-
plete responses] vs 7%), as was the safety profile (22% vs 
49% reporting grade 3 and 4 adverse events). 26 

The KEYNOTE-224 study27 evaluated pembrolizumab 
in 104 patients with previously treated advanced HCC. 
This study showed an ORR of 17%, with 1 complete 
response and 17 partial responses. One-third of the 
patients had progressive disease, while 46 had stable 
disease. Among those who responded, 56% maintained 
a durable response for more than 1 year. Subsequently, 
in KEYNOTE 240, pembrolizumab showed an improve-
ment in OS (13.9 months vs 10.6 months; HR, 0.78;  
P = 0.0238) and PFS (3.0 months versus 2.8 months; HR, 
0.78; P = 0.0186) compared with placebo.28 The ORR 
for pembrolizumab was 16.9% (95% confidence interval 
[CI], 12.7%-21.8%) versus 2.2% (95% CI, 0.5%-6.4%;  
P = 0.00001) for placebo. Mean duration of response was 
13.8 months. 

In the IMbrave150 trial, atezolizumab/bevacizumab 
combination, compared to sorafenib, had better OS 
(not estimable vs 13.2 months; P = 0.0006), PFS (6.8 
months vs 4.5 months, P < 0.0001), and ORR (33% vs 
13%, P < 0.0001), but grade 3-4 events were similar.29 
This combination has potential for first-line approval. The 
COSMIC–312 study is comparing the combination of 
cabozantinib and atezolizumab to sorafenib monotherapy 
and cabozantinib monotherapy in advanced HCC.

Resistance to immunotherapy can be extrinsic, asso-
ciated with activation mechanisms of T-cells, or intrinsic, 
related to immune recognition, gene expression, and 

cell-signaling pathways.30 Tumor-immune heterogeneity 
and antigen presentation contribute to complex re-
sistance mechanisms.31,32 Although clinical outcomes 
have improved with immune checkpoint inhibitors, the 
response rate is low and responses are inconsistent, 
likely due to an immunosuppressive tumor microenviron-
ment.33 Therefore, several novel combinations of check-
point inhibitors and targeted drugs are being evaluated 
to bypass some of the resistance mechanisms (Table 3). 

Chemotherapy
Multiple combinations of cytotoxic regimens have been 
evaluated, but efficacy has been modest, suggesting 
the limited role for traditional chemotherapy in the sys-
temic management of advanced HCC. Response rates 
to chemotherapy are low and responses are not dura-
ble. Gemcitabine- and doxorubicin-based treatment and 
FOLFOX (5-fluorouracil, leucovorin, oxaliplatin) are some 
regimens that have been studied, with a median OS of 
less than 1 year for these regimens.34-36 FOLFOX had a 
higher response rate (8.15% vs 2.67%; P = 0.02) and lon-
ger median OS (6.40 months versus 4.97 months; HR, 
0.80; 95% CI, 0.63-1.02; P = 0.07) than doxorubicin.34 With 
the gemcitabine/oxaliplatin combination, ORR was 18%, 
with stable disease in 58% of patients, and median PFS 
and OS were 6.3 months and 11.5 months, respectively.35 
In a study that compared doxorubicin and PIAF (cispla-
tin/interferon a-2b/doxorubicin/5-fluorouracil), median 
OS was 6.83 months and 8.67 months, respectively (P = 
0.83). The hazard ratio for death from any cause in the 
PIAF group compared with the doxorubicin group was 
0.97 (95% CI, 0.71-1.32). PIAF had a higher ORR (20.9%; 
95% CI, 12.5%-29.2%) than doxorubicin (10.5%; 95% CI, 
3.9%-16.9%).

The phase 3 ALLIANCE study evaluated the combina-
tion of sorafenib and doxorubicin in treatment-naïve HCC 
patients with Child–Pugh class A liver disease, and did 
not demonstrate superiority with the addition of cytotoxic 
chemotherapy.37 Indeed, the combination of chemother-
apy with sorafenib appears harmful in terms of lower OS 
(9.3 months vs 10.6 months; HR, 1.06; 95% CI, 0.8-1.4) 
and worse toxicity. Patients treated with the combination 
experienced more hematologic (37.8% vs 8.1%) and non-
hematologic adverse events (63.6% vs 61.5%). 
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Table 3. Ongoing Clinical Trials in Advanced Hepatocellular Carcinoma

Trial Design Agents Key Inclusion and Exclusion Criteria Primary Endpoint

HIMALAYA 
(NCT03298451)

Randomized, 
open-label, 
multicenter phase 
3 study 

Sorafenib vs 
durvalumab + 
tremelimumab vs 
durvalumab

Inclusion: histology-proven HCC, no prior 
systemic therapy for HCC, BCLC stage B or 
stage C disease, CPC A, ECOG 0 or 1 

Exclusion: hepatic encephalopathy within 
past 12 mo, clinically meaningful ascites, main 
portal vein tumor thrombosis, active or prior 
documented GI bleeding within 12 mo, HBV/
HCV co-infection or HBV/HDV co-infection

Overall survival; 
key secondary 
endpoints are PFS 
and ORR

LEAP-002 
(NCT03713593)

Randomized, 
double-blind, 
multicenter, 
active-controlled 
phase 3 study

Lenvatinib vs 
lenvatinib + 
pembrolizumab

Inclusion: age > 18, CPC A, ECOG 0 or 1, 
BCLC B or C, predicted life expectancy > 3 
mo, histological HCC diagnosis 

Exclusion: esophageal or gastric variceal 
bleeding in past 6 months, prior grade > 3 GI 
fistula, cardiovascular impairment within 12 
mo, major surgery within 4 wk prior to study 
intervention, prior systemic therapy, history 
of immunodeficiency, severe hypersensitivity 
reactions, HIV; known brain metastases, active 
tuberculosis, pregnant/breastfeeding

PFS and OS

EMERALD-1, 
(NCT03778957)

Randomized, 
multicenter, 
double-blind, 
placebo-
controlled, global 
phase 3 study

TACE in 
combination with 
either durvalumab 
monotherapy or 
with durvalumab 
plus bevacizumab 
therapy compared to 
TACE therapy alone

Inclusion: no evidence of extrahepatic disease, 
disease not amenable to curative surgery/
transplant, CPC A/B, ECOG 0 or 1, adequate 
organ and marrow function

Exclusion: history of nephrotic or nephritic 
syndrome, clinically significant cardiovascular 
disease, history of arterioembolic event 
including a stroke/MI, any prior or current 
evidence of coagulopathy, active GI bleeding 
within 6 mo prior to enrollment, Vp3 and Vp4 
portal vein thrombosis on baseline imaging 

PFS for TACE 
+ durvalumab 
compared with 
TACE + placebo 

CheckMate 9DW 
(NCT04039607)

Randomized, 
multicenter phase 
3 study

Nivolumab + 
ipilimumab vs 
sorafenib or 
lenvatinib 

Inclusion: CPS 5 or 6, ECOG 0 or 1, advanced 
HCC, histological HCC diagnosis 

Exclusion: fibrolamellar carcinoma, 
sarcomatoid HCC or mixed hepatocellular 
cholangiocarcinoma, prior systemic anticancer 
therapy, prior liver transplant, known brain 
metastases, hepatic encephalopathy, 
concomitant anticoagulation

OS 

COSMIC-312 
(NCT03755791)

Randomized, 
multicenter, open-
label, controlled 
phase 3 trial

Cabozantinib + 
atezolizumab vs 
sorafenib 

Inclusion: CPC A, ECOG 0 or 1, BCLC B or C, 
disease not amenable to curative treatment 
approach (transplant, surgery) or locoregional 
therapy (TACE), histological HCC diagnosis 

Exclusion: fibrolamellar carcinoma, 
sarcomatoid HCC or mixed hepatocellular 
cholangiocarcinoma, prior systemic anticancer 
therapy, radiation therapy for bone metastasis 
within 2 wk, known brain metastases, 
concomitant anticoagulation

OS and PFS for 
cabozantinib + 
atezolizumab vs 
sorafenib

BCLC, Barcelona Clinic Liver Cancer stage; CPC, Child–Pugh classification of liver function; ECOG, Eastern Cooperative Oncology Group performance status; 
GI, gastrointestinal; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HDV, hepatitis D virus; MI, myocardial infarction; OS, overall 
survival; PFS, progression-free survival; TACE, transarterial chemoembolization.
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Locoregional Therapy 
The role of locoregional therapy in advanced HCC remains 
the subject of intense debate. Patients with BCLC stage C 
HCC with metastatic disease and those with lymph node 
involvement are candidates for systemic therapy. The opti-
mal candidate for locoregional therapy is the patient with 
localized intermediate-stage disease, particularly hepatic 
artery–delivered therapeutic interventions. However, the 
presence of a solitary large tumor or portal vein involvement 
constitutes gray areas regarding which therapy to deliver 
directly to the tumor via the hepatic artery, and increasingly 
stereotactic body radiation therapy is being offered. 

Transarterial Chemoembolization
Transarterial chemoembolization (TACE), with or without 
chemotherapy, is the most widely adopted locoregional 
therapy in the management of HCC. TACE exploits the 
differential vascular supply to the HCC and normal liver 
parenchyma. Normal liver receives only one-fourth of 
its blood supply from the hepatic artery (three-fourths 
from the portal vein), whereas HCC is mainly supplied 
by the hepatic artery. A survival benefit for TACE com-
pared to best supportive care is widely acknowledged 
for intermediate-stage HCC, and transarterial emboliza-
tion (TAE) with gelatin sponge or microspheres is non-
inferior to TACE.38,39 Overall safety profile and efficacy 
inform therapy selection in advanced HCC, although 
the evidence for TACE in advanced HCC is less robust. 
Although single-institution experiences suggest survival 
numbers similar to and even superior to sorafenib,40,41 
there is a scarcity of large randomized clinical trial data 
to back this up. Based on this, patients with advanced 
HCC should only be offered liver-directed therapy within 
a clinical trial or on a case-by-case basis under multidis-
ciplinary tumor board consensus. 

A serious adverse effect of TACE is post-embolization 
syndrome, which occurs in about 30% of patients and 
may be associated with poor prognosis.42 The syndrome 
consists of right upper quadrant abdominal pain, malaise, 
and worsening nausea/vomiting following the embolization 
procedure. Laboratory abnormalities and other complica-
tions may persist for up to 30 days after the procedure. 
This is a concern, because post-embolization syndrome 
may affect the ability to deliver systemic therapy.

Transarterial Radioembolization 
In the past few years, there has been an uptick in the 
utilization of transarterial radioembolization (TARE), which 
instead of delivering glass beads, as done in TAE, or 
chemotherapy-infused beads, as done in TACE, deliv-
ers the radioisotope Y-90 to the tumor via the hepatic 
artery. TARE is able to administer larger doses of radi-
ation to the tumor while avoiding normal liver tissue, as 
compared to external-beam radiation. There has been 
no head-to-head comparison of these different intra- 
arterial therapy approaches, but TARE with Y-90 has been 
shown to be safe in patients with portal vein thrombosis. 
A recent multicenter retrospective study of TARE demon-
strated a median OS of 8.8 to 10.8 months in patients 
with BCLC C HCC,43 and in a large randomized study of 
Y-90 compared to sorafenib in advanced and previously 
treated intermediate HCC, there was no difference in 
median OS between the treatment modalities (8 months 
for selective internal radiotherapy, 9 months for sorafenib; 
P = 0.18). Treatment with Y-90 was better tolerated.44 A 
major impediment to the adoption of TARE is the time it 
takes to order, plan, and deliver Y-90 to patients. Radio- 
embolization-induced liver disease, similar to post-embo-
lization syndrome, is characterized by jaundice and asci-
tes, which may occur 4 to 8 weeks postprocedure and 
is more common in patients with HCC who do not have 
cirrhosis. Compared to TACE, TARE may offer a better 
adverse effect profile, with improvement in quality of life. 

Combination of Systemic and  
Locoregional Therapy
Even in carefully selected patients with intermediate- and 
advanced-stage HCC, locoregional therapy is not cura-
tive. Tumor embolization may promote more angiogen-
esis, and hence tumor progression, by causing hypoxia 
and upregulation of hypoxia-inducible factor.45 This upreg-
ulation of angiogenesis as a resistance mechanism to 
tumor embolization provides a rationale for combining 
systemic therapy (typically based on abrogating angio-
genesis) with TACE/TAE. Most of the experience has 
been with sorafenib in intermediate-stage disease, and 
the results have been disappointing. The administration 
of sorafenib after at least a partial response with TACE did 
not provide additional benefit in terms of time to progres-
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sion.46 Similarly, in the SPACE trial, concurrent therapy 
with TACE-doxorubicin-eluting beads and sorafenib com-
pared to TACE-doxorubicin-eluting beads and placebo 
yielded similar time to progression numbers for both treat-
ment modalities.47 While the data have been disappoint-
ing in intermediate-stage disease, as described earlier, 
registry data suggest that patients with advanced-stage 
disease may benefit from this approach.48

In the phase 2 TACTICS trial, 156 patients with unre-
sectable HCC were randomized to receive TACE alone 
or sorafenib plus TACE, with a novel endpoint, time to 
untreatable progression (TTUP) and/or progression to 
TACE refractoriness.49 Treatment with sorafenib following 
TACE was continued until TTUP, decline in liver function 
to Child–Pugh class C, or the development of vascular 
invasion or extrahepatic spread. Development of new 
lesions while on sorafenib was not considered as pro-
gressive disease as long as the lesions were amenable to 
TACE. In this study, PFS was longer with sorafenib-TACE 
compared to TACE alone (26.7 months vs 20.6 months; 
P = 0.02). However, the TTUP endpoint needs further 
validation, and we are still awaiting the survival outcomes 
of this study. At this time, there are insufficient data to rec-
ommend the combination of liver-directed locoregional 
therapy and sorafenib or other systemic therapy options 
outside of a clinical trial setting.

Current Treatment Approach for  
Advanced HCC (BCLC-C) 
Although progress is being made in the development of 
effective therapies, advanced HCC is generally incurable. 
These patients experience significant symptom burden 
throughout the course of the disease. Therefore, the 
optimal treatment plan must focus on improving or main-
taining quality of life, in addition to overall efficacy. It is 
important to actively involve patients in treatment deci-
sions for an individualized treatment plan, and to discuss 
the best strategy for incorporating current advances in 
targeted and immunotherapies. The paradigm of what 
constitutes first-line treatment for advanced HCC is shift-
ing due to the recent systemic therapy approvals. Prior 
to the availability of these therapies, many patients with 
advanced HCC were treated with repeated locoregional 
therapies. For instance, TACE was often used to treat 

unresectable HCC multiple times beyond progression. 
There was no consensus on the definition of TACE fail-
ure, and hence it was used in broader, unselected pop-
ulations. Retrospective studies suggest that continuing 
TACE after refractoriness or failure may not be benefi-
cial, and may delay subsequent treatments because of 
deterioration of liver function or declines in performance 
status. With recent approvals of several systemic ther-
apy options, including immunotherapy, it is vital to con-
duct a risk-benefit assessment prior to repeating TACE 
after failure, so that patients are not denied the use of 
available systemic therapeutic options due to declined 
performance status or organ function from these proce-
dures. The optimal timing and the sequence of systemic 
and locoregional therapy must be carefully evaluated by a 
multidisciplinary team.

CASE CONCLUSION
An important part of evaluating a new patient with 
HCC is to determine whether they are a candidate 

for curative therapies, such as transplant or surgical 
resection. These are no longer an option for patients with 
intermediate disease. For patients with advanced disease 
characteristics, such as vascular invasion or systemic 
metastasis, the evidence supports using systemic ther-
apy with sorafenib or lenvatinib. Lenvatinib, with a better 
tolerance profile and response rate, is the treatment of 
choice for the patient described in the case scenario. 
Lenvatinib is also indicated for first-line treatment of 
advanced HCC, and is useful in very aggressive tumors, 
such as those with an AFP level exceeding 200 ng/mL.

Future Directions
The emerging role of novel systemic therapeutics, includ-
ing immunotherapy, has drastically changed the treatment 
landscape for hepatocellular cancers, with 6 new drugs 
for treating advanced hepatocellular cancers approved 
recently. While these systemic drugs have improved sur-
vival in advanced HCC in the past decade, patient selec-
tion and treatment sequencing remain a challenge, due 
to a lack of biomarkers capable of predicting antitumor 
responses. In addition, there is an unmet need for treat-
ment options for patients with Child–Pugh class B7 and C 
liver disease and poor performance status. 
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The goal of future management should be to achieve 
personalized care aimed at improved safety and efficacy 
by targeting multiple cancer pathways in the HCC cas-
cade with combination treatments. Randomized clinical 
trials to improve patient selection and determine the 
proper sequence of treatments are needed. Given the 
heterogeneity of HCC, molecular profiling of the tumor to 
differentiate responders from nonresponders may eluci-
date potential biomarkers to effectively guide treatment 
recommendations. 
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