
Sorafenib and Lenvatinib in the Management of Hepatocellular Carcinoma (HCC) 

 Hepatocellular carcinoma (HCC) is the most common malignancy of the liver 

and ranks high among cancer-related complications and death globally. In the United 

States alone, HCC represents the 9th leading cause of cancer-related deaths. It is 

particularly prevalent in Asia and Africa, and results in around 21,000 deaths annually 

(Ferlay et al., 2010). As with other cancers, the diagnosis of HCC is often made when 

the disease has progressed to a significant stage and this limits suitable treatment 

strategies. Therefore, therapeutic drugs are often compared based on their overall 

survival duration and time taken for the tumour to progress (Balogh et al., 2016). This 

review compares the therapeutic efficacies of one of the earlier drugs, sorafenib, and 

one of the more recent drugs, lenvatinib. It throws light on the results obtained in 

different phases of clinical trials in terms of survival duration, tumour response rate, 

recurrence rate, and time taken for the tumour to progress. It also compares the 

adverse drug reactions of the two drugs as demonstrated in different studies and their 

therapeutic efficacies in intermediate and advanced stages of HCC.  

 Intermediate HCC is more challenging as compared to early stage HCC in 

terms of prognosis and treatment options, as most of the treatment strategies that work 

for early stage HCC have proved to be unsatisfactory for intermediate stage HCC. For 

several decades, transarterial chemoembolization (TACE) has proved to be the most 

widely used treatment for intermediate HCC; however, its prognosis has been mostly 

poor and there is a higher rate of recurrence with this treatment option (Forner et al., 

2018). Additionally, it lowers the functioning capacity of the liver and leads to an 

ineffective body response in fighting intermediate stage HCC (Hiraoka et al., 2017). As 



a result, several other treatment strategies have been considered for treating 

intermediate HCC (Ikeda et al., 2014). 

 One of the earliest and widely used treatment strategies for intermediate HCC 

is the oral multi-tyrosine kinase inhibitor (TKI), sorafenib (Raoul et al., 2018). As it is a 

potent TKI, it functions by inhibiting receptor tyrosine kinases such as KIT, RET, 

PDGFR, and VEGFR1-3 and other signaling molecules such as B-Raf and Raf-1 that 

are involved in important pathways of apoptosis, angiogenesis, and tumour proliferation 

(Chang et al., 2007). It is not only beneficial for intermediate stage HCC, but also an 

effective treatment strategy for advanced HCC as shown by a phase III study (Llovet et 

al., 2008). It has also been shown that in patients who have had a recurrence of HCC 

following TACE, sorafenib has increased the time of progression of the disease and the 

overall survival duration of patients (Ogasawara et al., 2014). 

 Since its development, several clinical trials have been conducted to assess its 

efficacy, safety, and adverse reactions in patients suffering from different stages of 

HCC. Phase I trials have been conducted in patients with advanced stages of HCC 

using 400 mg of sorafenib twice a day. These trials identified toxicities related to skin 

and digestive system in patients with the use of this drug (Strumberg et al., 2006). A 

phase II trial that was conducted in patients who had not previously received any 

treatment for HCC using the same dosage as the Phase I trials revealed drug toxicities 

such as diarrhea, fatigue, and hand-foot skin reactions. Considering the efficacy of the 

treatment, the response rate of the tumour was quite low with only 2.2% of patients 

showing any decipherable tumour response. Expert assessments showed that the 

survival duration of sorafenib was 9.2 months and the time of progression of the tumour 



was 5.5 months (Abou-Alfa et al., 2006). Despite the fact that the results of the Phase I 

and Phase II clinical trials were not very promising, due to lack of effective alternative 

strategies, Phase III clinical trials were conducted. These trials were conducted in 

patients with advanced HCC and used the same dosage of sorafenib as the first two 

clinical trials. These studies found that although the time of progression was not greatly 

affected, the survival benefit offered by sorafenib was definitively higher when 

compared to placebo, leading to its approval for HCC treatment (Cheng et al., 2009). 

 Following these clinical trials and the approval of sorafenib for management of 

HCC, several studies have been conducted to evaluate the efficacy of this drug in 

patients with varying stages and symptoms of HCC. One such hallmark study is the 

GIDEON study that tested the efficacy and safety of sorafenib in a total of 3202 patients 

residing in 39 countries around the world. This study found similar survival and tumour 

progression rates as the clinical trials, while reporting regional differences in the 

responses and management of HCC in patients (Marrero et al., 2016). Similarly, other 

studies have compared the differences in efficacy between sorafenib and TACE and 

found that treatment with sorafenib offered a survival advantage to patients, which was 

not seen in patients on TACE therapy (Arizumi et al., 2015). 

 According to global treatment guidelines and the BCLC staging system, 

sorafenib has been used for the past decade as the first line of treatment for advanced 

stages of HCC (Bruix and Sherman, 2011). According to European guidelines, sorafenib 

has been recommended for patients with intermediate HCC who have not responded to 

TACE or have experienced recurrence after TACE therapy (European Association for 

the Study of the Liver, 2012). In contrast, Japanese guidelines have considered 



disease-related factors such as liver function, extrahepatic spread, vascular invasion, 

and tumour size for recommending sorafenib as a treatment strategy for HCC (Kudo et 

al., 2014). 

 Due to limitations of the efficacy and safety of sorafenib in HCC patients, 

several studies have compared the effects of combinations of sorafenib with other drugs 

over sorafenib therapy alone. The categories of molecular targeting drugs that have 

been combined with sorafenib include anti-angiogenic agents, mTOR pathway 

inhibitors, MEK/ERK pathway inhibitors, EGF/EGFR pathway inhibitors, histone 

deacetylase inhibitors, and interferons; however, none of the agents that have been 

used in combination with sorafenib have proven to be particularly effective over 

sorafenib alone in phase III clinical trials (Huang et al., 2020). A European phase III trial 

that investigated the effectiveness of sorafenib combined with TACE showed that this 

combination did not eliminate tumour progression in the treated patients, nor did it 

provide any additional survival benefit to the patients (Meyer et al., 2017). In contrast, 

studies conducted in the Chinese population have found that adding sorafenib to TACE 

increased the survival time of patients by at least 50% (Zhu et al., 2014). The Japanese 

TACTICS trial that tested the effectiveness of TACE and sorafenib combination therapy 

found that the tumour progression incidence in the treated patients was significantly 

lower as compared to patients who were treated with TACE alone (Wu et al., 2017). 

 Over about a decade after the approval of sorafenib for the treatment of HCC, 

lenvatinib emerged as the first line of treatment for different stages of HCC. The 

REFLECT trial was conducted by Kudo et al. (2018) that showed the effectiveness and 

safety of lenvatinib for advanced stage HCC. This result was confirmed by different 



studies conducted around the world which showed that lenvatinib monotherapy had 

potent anti-tumour activity especially in patients who had portal vein invasion (Hiraoka 

et al., 2019; Takeda et al., 2019). In patients with intermediate stages of HCC who had 

previously been exposed to TACE therapy, treatment with lenvatinib demonstrated a 

survival duration of 37.9 months and a tumour progression duration of 16 months (Kudo 

et al., 2019). These numbers are comparatively much higher than those achieved by 

sorafenib and hence, lenvatinib has a stronger efficacy as compared to sorafenib for the 

treatment of intermediate HCC. 

 The pharmacokinetics of lenvatinib is quite different from that of sorafenib and 

so, its appropriate dosage for treatment varies with the patient’s body weight. As a 

result, the body weight is used to calculate an appropriate therapeutic dose that can 

improve prognosis of the tumour, protect liver function, and eliminate the chances of 

tumour progression (Ueshima et al., 2019). An important side effect during the use of 

lenvatinib is thyroid toxicity and therefore, thyroid abnormalities need to be continually 

monitored in HCC patients who are being treated with lenvatinib. Specifically, continued 

use of lenvatinib can lead to hypothyroidism, destructive thyroiditis, and thyrotoxicosis; 

however, lenvatinib is still considered safer than sorafenib in terms of adverse drug 

reactions in patients (Kobayashi et al., 2019). 

 Similar to sorafenib, lenvatinib is a multi-tyrosine kinase inhibitor (TKI) and its 

molecular targets are VEGF receptors, fibroblast growth factor receptors, platelet-

derived growth factor receptor, RET, and KIT (Boss et al., 2012). The REFLECT trial 

has sufficiently proved the effectiveness of lenvatinib over sorafenib in terms of both 

primary and secondary endpoints such as time to progression and survival duration, 



and this result has been replicated by several other studies conducted by different 

groups around the world (Kudo et al., 2018). It also has better outcomes for HCC 

patients with major portal vein tumour thrombosis as compared to sorafenib (Kuzuya et 

al., 2020). Another study conducted by Kudo (2018) found that in patients who were 

previously unresponsive to TACE, treatment with lenvatinib showed statistically 

significant results in terms of a considerable decrease in tumour size in around 61% of 

the patients. Additionally, systemic treatment with lenvatinib and even sorafenib is much 

more valuable than TACE and therefore, the preferred treatment strategy for HCC 

(Kudo, 2018). Therefore, lenvatinib has been considered a suitable treatment option for 

patients who do not respond to TACE or who face recurrence after treatment with TACE 

(Arizumi et al., 2017). In case of advanced stages of HCC, lenvatinib has been shown to 

have a tumour response rate of about 40% with no significant damage to liver function 

(Kudo et al., 2018). 

 Phase I trials of lenvatinib conducted in various countries around the world 

have shown the beneficial effects of the drug not only for HCC, but also for thyroid 

cancer, colon cancer, melanoma, and endometrial cancer. These trials reported various 

drug toxicities such as fatigue, proteinuria, and hypertension, and the therapeutic 

dosage of lenvatinib that was determined from these trials was 12 mg per day (Boss et 

al., 2012; Hong et al., 2015). Following the success of phase I trials, phase II trials of 

lenvatinib were conducted using the dosage of 12 mg per day and these trials revealed 

a survival duration of 18.7 months, a tumour progression time of 7.4 months, and a 

recurrence rate of 37% for metastatic HCC (Ikeda et al., 2017). Phase III trials were 

conducted in advanced stage patients who had no previous exposure to systemic 



chemotherapy and in whom the efficacies of sorafenib and lenvatinib were compared. 

This trial proved the potent efficacy of lenvatinib over sorafenib in increasing survival 

duration, reducing the incidence of progression, increasing the time taken for the tumour 

to progress, and reducing the recurrence rate of HCC in patients (Ann-Lii et al., 2017). 

 The toxicity profile of lenvatinib is quite similar to sorafenib; however, it is 

different in being toxic to the thyroid gland. Some of its toxic effects in cancer patients 

have been documented to be hand-foot syndrome, hypertension, diarrhea, and 

thrombocytopenia. Out of these, thrombocytopenia has been documented in about 25% 

of the patients, hypertension in about 17% of the patients, and peripheral edema in 

about 15% of the patients (Zhu et al., 2016). Additionally, some of the less common side 

effects of the drug are proteinuria, nephrotic syndrome, cardiac dysfunction, and 

delayed wound healing (Suyama and Iwase, 2018). 

 As per current international guidelines, lentavinib is recommended as the 

preferred drug of choice for treating intermediate and advanced stages of HCC in 

patients. Following clinical trials, several real-world studies have been conducted to 

check the efficacy, safety, and adverse reactions of the drug in HCC patients. A clinical 

study conducted with 92 Korean patients demonstrated a tumour response rate of 21%, 

time for tumour progression of about 4.6 months, and survival duration of 10.7 months. 

These results show a lower efficacy of lentavinib as compared to the results obtained 

from phase III trials; however, the differences in the results have been attributed to 

differences in tumour characteristics and liver function of patients (Cheon et al., 2020). 

Another study conducted by Fuchigami et al. (2020) on the efficacy of lenvatinib in HCC 

patients found that the tumour response rate was 48%, which was closer to the results 



obtained in the phase III clinical trials. This study also reported that the efficacy of the 

drug varied greatly with the extent of the HCC in patients. For instance, the tumour 

response rate was around 63% in patients with stage B HCC and the rate was around 

21% in patients with stage C HCC. Additionally, the tumour response rate was 75% in 

patients with stage A HCC and 66% in patients who were experiencing a recurrence 

following TACE therapy (Fuchigami et al., 2020). 

 However, despite the considerably higher beneficial effects of lenvatinib over 

sorafenib, some studies have noticed drug resistance in a small group of patients who 

were treated with lenvatinib. Fu et al. (2020) found c-Met is a predictive biomarker for 

drug resistance against lenvatinib, and activation of the MAPK/ERK and the PI3K/AKT 

pathways by the HGF/c-Met axis contributes to lenvatinib resistance in susceptible 

patients. 

 In conclusion, both sorafenib and lenvatinib have proven efficacies for 

intermediate and advanced stages of HCC. However, lenvatinib has demonstrated 

better survival durations, better tumour response rates, lower tumour progression rates, 

and lower recurrence rates. As per current guidelines, lenvatinib is a preferred drug of 

choice for treatment of HCC and it is one of the most widely used drugs for treatment of 

various types of cancers such as thyroid, endometrial, and HCC. The greatest 

disadvantage of lenvatinib is its thyrotoxic reactions in as many as 25% of patients. 

However, with continual monitoring and targeted strategies, lenvatinib continues to be 

the preferred drug for the treatment of HCC. 
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