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In the past decade, sorafenib has been the only approved 
molecular-targeted agent for unresectable hepatocellular 
carcinoma (uHCC) without any authentic challenges. There 
has been an urging need for alternatives or superior options 
for a long while (1-3). At least 25 molecular-targeted drugs 
emerged in the past 15 years and had been tested for the 
efficacy and safety in treating uHCC, yet most of those 
trials have failed to show positive results (Table 1).

Recently, an open-label, randomized, global multi-
center, non-inferiority trial (REFLECT) was completed 
and published with exciting results that may be the greatest 
breakthrough in the last decade. The trial compared the 
efficacy and safety of lenvatinib versus sorafenib as the 
first-line systemic treatment for patients with uHCC. The 
primary endpoint was non-inferiority in overall survival (OS) 
with a predefined non-inferiority margin of 1.08, which was 
based on the results of previous phase III trials of sorafenib. 
A total of 954 patients with uHCC, Barcelona Clinic Liver 
Cancer Group stage B or C, Child-Pugh class A, and no 
prior systemic therapy, were enrolled and randomized 
into two groups (lenvatinib: 478 patients; sorafenib: 476 
patients). Starting dose of lenvatinib was 8 mg for patients 
<60 kg, or 12 mg for patients ≥60 kg once-daily, and 
sorafenib was administered at a dose of 400 mg twice-daily. 
The results showed no significant difference in OS between 
the two groups, non-inferiority in the primary OS endpoint 
was statistically confirmed (13.6 vs. 12.3 months; HR, 0.92; 
95% CI, 0.79–1.06). The progression-free survival (7.4 vs. 
3.7 months), time to progression (8.9 vs. 3.7 months) and 

overall response rate were statistically more favorable in 
the lenvatinib group comparing to the sorafenib group. 
The most common treatment-emergent adverse event 
among patients who received lenvatinib were hypertension, 
diarrhoea, dropped appetite, and decreased weight, while 
the most frequently occurred side effect in the sorafenib 
group were palmar-plantar erythrodysesthesia, diarrhoea, 
hypertension, and decreased appetite. The adverse events 
rate adjusted by patient-year was 18.9 episodes per patient-
year in the lenvatinib group and 19.7 episodes per patient-
year in the sorafenib group. The incidence of grade 3 or 
higher side effect was comparable, 3.2 and 3.3 patient-
year respectively. Fatal adverse events occurred in 11 
(2%) patients treated with lenvatinib and 4 (1%) patients 
in sorafenib group. The overall adverse events rate of 
lenvatinib group was consistent with previous phase II trial 
and was not significantly different from that of sorafenib 
group (4).

Despite of the fact that the study included experimental 
data from 154 research centers distributed in 20 countries 
across the Asia-Pacific, Europe, and North America, the 
actual population enrolled in the study was rather small. 
Among the 954 patients with uHCC that were included 
in the study, 67% were from China and Japan, while the 
proportion of patients from other area was insufficient. 
Seventy percent of the recruited patients were infected with 
hepatitis, the majority being Chinese and Japanese, with 
20% of whom infected with hepatitis C and 50% suffered 
from hepatitis B. Though the researchers conducted 
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Table 1 Molecular-targeted drugs and clinical trials in unresectable hepatocellular carcinoma (uHCC)

Drug Target

Primary indication Trial for uHCC

Disease
Trail 

time

Approved 

time
Status Phase

Primary 

endpoint
Results

First line

Apatinib VEGFR2 Advanced gastric or gastroesopha-

geal adenocarcinoma

2013 2014 Completed II TTP 4.2 months

Ongoing III OS NA

Lenvatinib VEGFR1-3, FGFR1-4, 

KIT, RET, PDGF-β
Refractory thyroid cancer 2013 2015 Completed III OS Non-inferior to sorafenib 

Advanced renal cell carcinoma 2014 2016

Dovitinib FGFR1&3, VEGFR1-3, 

PDGFR-β, c-kit

None – – Unsuccessful II OS 8 months (Dovi) vs. 8.4 months 

(Sora)

Completed I/ II MTD, TTP TTP 7.4 months (OS 18.7 

months)

Brivanib VEGFR, FGFR None – – Completed II OS 10 months

Unsuccessful III OS 9.5 months (Briva) vs. 9.9 

months (Sora)

Linifanib VEGFR, PDGFR None – – Completed II OS 9.7 months

Unsuccessful III OS 9.1 months (lini) vs. 9.8 months

Erlotinib EGFR/HER1 Metastatic non-small cell lung cancer 

(NSCLC); unresectable or metastatic 

pancreatic cancer 

2004 2004 Completed II PFS 42% at 16 weeks

Unsuccessful III OS 9.5 months (combination) vs. 

9.9 months (Sora)

Nintedanib VEGFR-2, PDGFR, 

FGFR

Idiopathic pulmonary fibrosis 2013 2014 Ongoing I/ II TTP NA

Unsuccessful II TTP 2.8 months (Nin) vs. 3 months 

(Sora)

Trametinib MEK1-2 Unresectable or metastatic melanoma 2011 2013 Ongoing Ia/Ib MTD NA

Donafenib RAF None – – Ongoing I/ II TTP NA

Ongoing II/ III OS NA

Tepotinib c-Met None – – Ongoing I/ II MTD, TTP NA

Trebananib Angiopoietin1-2 None – – Unsuccessful II PFS PFS rate at 4 months: 62%

Vandetanib VEGFR2 Symptomatic or progressive medul-

lary thyroid cancer 

2009 2011 Unsuccessful II Tumoral 

control

16% (Vande) vs. 8% (placebo)

Refametinib MEK (MAP2K1 or 

MAPK/ERK kinase1)

None – – Unsuccessful II ORR 42%

Unsuccessful II ORR 0%

Selumetinib MEK1-2 Orphan drug for undifferentiated 

thyroid carcinoma

2018 2016 Unsuccessful II ORR 0%

Cediranib VEGFR1-3 None – – Unsuccessful II 6-month 

survival

42.90%

Sunitinib PDGFR, VEGFR1-2, 

c-kit, FLT3, RET

Renal cell carcinoma 2016 2017 Unsuccessful III OS 7.9 months (Suni) vs. 10.3 

months (Sora)

Table 1 (continued)
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detailed subgroup analyses, such as body weight, region, 
etc., the response of hepatocellular carcinoma to targeted 
drugs might vary according to the hepatitis virus they 
were burdened with. That this study did not consider the 

etiology as a stratification factor is a disadvantage (5). In 
addition, the phase III clinical trial of sorafenib in 2007 
did not explicitly exclude patients with biliary invasion or 
tumor volume exceeding 50% of the total liver volume (6). 

Table 1 (continued)

Drug Target

Primary indicationw Trial for uHCC

Disease
Trail 

time

Approved 

time
Status Phase

Primary 

endpoint
Results

Second line

Regorafenib VEGFR1-3, c-Kit, TIE-

2, PDGFR-β, FGFR-1, 

RAF-1, BRAF, p38

Metastatic colorectal cancer (CRC) 2011 2012 Completed II AE NA

Unresectable or metastatic gastroin-

testinal stromal tumor (GIST)

2012 2013 Completed III OS 10.6 months (Rego) vs. 7.8 

months (placebo)

Galunisertib TGFβR-1 None – – Completed II PFS 4.16 months (21 months if 

TGFβ1 decrease)

Erlotinib EGFR/HER1 Metastatic non-small cell lung cancer 

(NSCLC); unresectable or metastatic 

pancreatic cancer 

2004 2004 Completed II PFS PFS rate at 6 months: 32%

Brivanib VEGFR, FGFR None – – Completed III OS HR 0.81, P=0.1

Axitinib VEGFR1-3, c-Kit, 

PDGFR

Advanced renal cell carcinoma 2010 2012 Unsuccessful II OS NA

Completed II TC 42.30%

Ongoing II TC NA

Cabozantinib c-Met, VEGFR2 Advanced renal cell carcinoma 2016 2017 Ongoing III OS NA

Completed II TC 68%

Tivantinib c-Met None – – Completed II TTP 1.6 months (Tiv) vs. 1.4 months 

(placebo)

Ongoing III PFS NA

Ongoing III OS NA

Capmatinib c-Met None – – Ongoing Ib/II ORR NA

Ongoing II TTP NA

Masitinib PDGFR, FGFR3, c-kit, 

Lyn, Fyn

None – – Ongoing II OS NA

Apatinib VEGFR2 None – – Ongoing III OS NA

Ongoing II TTP NA

Tepotinib c-Met None – – Ongoing Ib/II TTP NA

Tivozanib VEGFR1-3 None – – Unsuccessful II 6-month 

PFS

NA

Ongoing Ib/II PFS NA

Anlotinib VEGFR2/3, FGFR1-4, 

PDGFRα/β, c-Kit, Ret

None – – Ongoing II 12-week 

PFS 

NA

Sunitinib PDGFR, VEGFR1-2, 

c-kit, FLT3, Ret

Renal cell carcinoma 2016 2017 Unsuccessful II PFS 3.2 months

TTP, time-to-progression; OS, overall survival; ORR, overall response rate; MTD, maximum tolerated dose; PFS, progression-free survival; 
NA, not applicable; HR, hazard ratio; Dovo, dovitinib; Sora, sorafenib; Suni, sunitinib; lini, linifanib; Vande, vandetanib; Briva, brivanib; Nin, 
nintedanib; Tiv, tivantinib; Rego, regorafenib; TKI, tyrosine kinase inhibitor; HCC, hepatocellular carcinoma.
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However, this portion of the patients was excluded from 
this study, herein the safety and efficacy of lenvatinib in 
those patients were not demonstrated distinctively.

Since sorafenib had been approved for the first-line therapy 
for patients with uHCC in 2007, many other molecular-
targeted agents were developed and tested in clinical trials for 
superior efficacy or safety in the first-line treatment of uHCC. 
To date, only lenvatinib has passed Phase III clinical trial. The 
first-line treatments sunitinib, brivanib and linifanib have all 
failed the phase III clinical trials. Combination of erlotinib 
and sorafenib, doxorubicin and sorafenib, Y90 and sorafenib, 
and sorafenib with hepatic arterial infusion chemotherapy 
were unsuccessful in phase III clinical trials either. Among the 
second-line drugs, regorafenib and cabozantinib are the only 
drugs that passed phase III clinical trials, and regorafenib has 
already been approval by the Food and Drug Administration 
(FDA) as a second-line treatment for uHCC patients. Targeted 
drug apatinib has reliable safety and efficacy for patients 
with uHCC. A phase II clinical trial confirmed that apatinib 
combined with TACE displayed an exciting application 
potential for liver cancer (7), and a phase III clinical trial of 
apatinib as a second-line treatment for uHCC patients will be 
completed by the end of June, the results of which are widely 
anticipated.

In addition, immune checkpoint inhibitors have shed a new 
light on HCC treatment. In 2017, the FDA accelerated the 
approval of an anti-programmed death-1 (PD-1) antibody, 
nivolumab, as a second-line medication for patients with 
uHCC who received sorafenib treatment, and a phase III 
superiority clinical trial for nivolumab as first-line treatment 
of uHCC is underway. A phase II non-controlled clinical 
trial showed that tremelimumab, an antibody against CTLA-
4, could also benefit the patients with uHCC (8), and a 
phase III clinical trial of a combination of tremelimumab 
and durvalumab, launched officially in October 2017, is now 
recruiting.

Currently, the efficacy of targeted drugs, including 
sorafenib, on uHCC is modest, and lenvatinib is the first 
novel molecular-targeted agent to challenge sorafenib in the 
first-line treatment of uHCC for the past 10 years. With 
the emerging of innovative molecular-targeted agents and 
new therapeutic strategies (especially immunotherapy), the 

combination of different targeted agents or immunotherapy 
is also a trending topic in future research. Can those 
researches bring more benefit to liver cancer patients? We 
will find the answer in the near future.
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