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Abstract
Treatment for hepatocellular carcinoma (HCC) has been challenging as most patients present with late, advanced 
disease, where curative options are limited. For years, locoregional therapy (LRT) has been the first-line therapy for 
intermediate-stage HCC and sorafenib for advanced HCC. However, these treatments are often palliative since 
they are plagued by tumor recurrence or progression. Therefore, there is growing interest in combined therapy to 
utilize their respective strengths to produce synergistic effects. This review outlines past and current research on 
the efficacy and safety of combined LRT and systemic therapy.
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INTRODUCTION
Primary liver cancer is the seventh most occurring cancer and the second most common cause of cancer 
mortality worldwide[1]. Hepatocellular carcinoma (HCC) accounts for 75% of all liver cancers and is often 
diagnosed at an advanced stage associated with a poor prognosis and high mortality rate[2].

Liver transplantation (LT) is the best treatment option and is potentially curative, but it is only 
recommended in early-stage HCC. Surgical resection and radiofrequency ablation (RFA) are also options 
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for early-stage HCC but require either a single nodule or small tumor sizes, respectively. However, for those 
who are not surgical candidates, treatment with RFA has shown to be just as effective and less invasive[3].

Unfortunately, HCC often presents in advanced stages not amendable for transplantation or resection. 
Current guidelines for the treatment of unresectable HCC recommend either locoregional therapy (LRT) or 
systemic therapy. The recommendations do not specify one treatment over the other due to inadequate 
evidence regarding the balance of benefits vs. harm[4,5]. Trans-arterial chemoembolization (TACE), a form of 
LRT, is the standard treatment for intermediate-stage HCC up to Child-Pugh class B without vascular 
invasion or extrahepatic spread. TACE has been shown to significantly delay tumor progression and 
improve median survival compared to best supportive care[6]. However, multiple sessions of TACE increase 
the risk of systemic toxicity[7].

Historically, there was no effective therapy for the treatment of advanced HCC in patients who have failed 
local therapies until sorafenib, which was the first systemic agent to show an increase in survival when 
compared to a placebo[8,9]. Although sorafenib was the standard of care and first-line agent for advanced 
HCC for over a decade [Figure 1], interest in other systemic agents such as immune checkpoint inhibitors 
and immunotherapy has grown rapidly -either as a single or a combined agent- which have become 
standard therapy in advanced HCC. Immunotherapy enhances the immune system response against tumor-
associated antigens (TAA) and has become the first-line agent in advanced unresectable HCC. For instance, 
the combination of atezolizumab plus bevacizumab has demonstrated improved overall survival (OS) and 
progression-free survival (PFS) compared to sorafenib[11]. Tremelimumab and durvalumab combination has 
also demonstrated superior outcomes compared to Soreafinib in the HIMALAYA trial[12].

In addition to monotherapy, there have also been efforts in clinical trials to evaluate the efficacy of 
combined systemic therapy and LRT therapies to take advantage of their synergistic effects. Although LRT 
is the standard therapy for early and intermediate-stage HCC, clinical trials have shown its use is associated 
with a brief upregulation of vascular endothelial growth factor (VEGF), which is vital in HCC pathogenesis. 
The upregulation of VEGF is likely from the ischemic injury to the surrounding arteries following LRT 
treatment, and higher levels of VEGF have been shown to correlate with poorer outcomes after 
treatment[13,14]. It could be for this reason that high rates of tumor recurrence occur after LRT treatment for 
HCC. Therefore, antiangiogenic agents, such as sorafenib, were proposed as an adjuvant treatment to LRTs 
to combat its angiogenic properties and inhibit tumor growth post-treatment. Furthermore, LRT has also 
been used with immunotherapy to boost the body’s immune response against TAAs. Although the 
mechanism is unclear, supposedly, the post-LRT necrotic area releases tumor antigens that induce dendritic 
cells, inflammatory cytokines, and T-cells to infiltrate and stimulate the antitumor response. Therefore, 
when done in conjunction with immunotherapy, the synergistic effects strengthen the immune response to 
residual tumors[15].

Here, we review the available clinical trials assessing the combined therapeutic efficacy of LRTs and 
systemic therapy.

LOCOREGIONAL THERAPIES
Locoregional therapies include two major types: local ablative techniques and intra-arterial therapies.

Local ablative techniques for HCC involved the percutaneous insertion of a needle into the tumor to deliver 
chemical or thermal ablation. These methods of percutaneous ablation are often curative treatments for 
early-stage HCC. The most commonly used ablative therapy is RFA, which is the first-line option for non-
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Figure 1. Barcelona Clinic Liver Cancer (BCLC) staging. PS: Performance status; BSC: best supportive care. Adapted with permission 
from Reig et al. (Journal of Hepatology 2022)[10].

transplant, non-surgical candidates with early-stage HCC tumors < 5 cm. The best results are in tumors 
< 2 cm in size, with a study showing a 5-year survival rate of 68.5% and sustained complete response in 97% 
of patients during a median follow-up of 31 months[3]. However, the rate of tumor progression and 
recurrence sharply increase as tumor size increases[15].

In contrast, intra-arterial therapies are largely palliative as they are used in intermediate to advanced HCC 
unless they are used to bridge to transplant. Intra-arterial therapies encompass TACE and hepatic arterial 
infusion chemotherapy (HAIC), which utilize tumor hypervascularity and allow for selective delivery of 
chemotherapeutic agents to the tumor. TACE is conventionally performed by injection of an oil emulsion of 
a chemotherapeutic drug, such as cisplatin or doxorubicin, followed by embolization. Alternatively, it can 
be performed by delivery of embolic drug-eluting beads (DEB). Historically, the survival benefit of TACE 
yielded contradictory survival benefits due to the heterogeneous selection of patients for treatment. A meta-
analysis showed an improved 2-year survival of unresectable HCC receiving arterial embolization or 
chemoembolization compared to conservative treatment[16]. On the contrary, another meta-analysis 
reported no significant increase in overall survival in patients treated with TACE vs. placebo, sham, or no 
intervention[6]. TACE seems to offer a tolerable safety profile with low adverse events-related mortality. 
However, increased TACE sessions lead to an increased risk of hepatic injury[17].

A relatively more recent method is selective internal radiation therapy (SIRT) or trans-arterial 
radioembolization (TARE). Instead of causing ischemia to the tumor, TARE delivers smaller particles to 
deliver radiation to the tumor, most popularly Y90 b-emitting isotope. Radioembolization is advantageous 
due to lower toxicity and being an option in patients with portal vein thrombus. A comparative analysis 
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showed a longer time to progression (TTP) with 13.3 months vs. 8.4 months, respectively. However, median 
survival times were not different[18]. Further evolution of TARE has led to radiation lobectomy (RL) and 
radiation segmentectomy (RS) for earlier-stage disease[18]. Because surgical intervention is often limited by 
insufficient future liver remnant (FLR), RL was developed as a means to apply neoadjuvant TARE to the 
hepatic lobe containing the tumor, which causes atrophy but also causes hypertrophy in contralateral liver 
parenchyma as a compensatory mechanism. This effectively increases FLR prior to hepatectomy and is safe 
with a low incidence of post-hepatectomy liver failure[19]. RS delivers high doses of Y90 to particular hepatic 
segments to minimize the risk of damage to surrounding parenchyma. Results for TTP, median OS, and 
survival probability were promising in early-stage HCC[20]. Finally, HAIC infuses high levels of 
chemotherapeutic agents, such as 5-fluorouracil (5-FU) and cisplatin, into the hepatic artery in hopes of 
direct drug delivery to the tumor while reducing the risk of systemic effects. Historically, large studies and 
randomized controlled trials were lacking in demonstrating the role of HAIC[21]. However, given recent 
developments, HAIC has been an effective and safe therapy for locally advanced HCC when compared to 
sorafenib[22,23].

As LRT is used more widely for bridging to transplant or palliative treatment for advanced HCC, it is 
plagued by the risk of progression and recurrence due to the release of angiogenic factors and the risk of 
liver injury with repeated treatments. Therefore, it becomes increasingly relevant to explore the adjunct of 
systemic therapy with the hopes of increasing its efficacy and decreasing the risk of tumor recurrence.

SYSTEMIC THERAPIES
For patients with advanced HCC, systemic therapy remains the only option. Sorafenib was the first systemic 
therapy recognized as the first-line agent for advanced HCC based on the SHARP and Asia-Pacific 
trials[9,11]. Since then, other systemic therapeutic agents have shown survival benefits and even superiority, 
such as atezolizumab plus bevacizumab.

Systemic therapies can be divided into two categories: molecularly targeted agents (MTAs) and 
immunotherapy. The MTAs include multikinase inhibitors with antiproliferative and antiangiogenic 
properties by inhibiting receptors, for instance, platelet-derived growth factor receptor (PDGFR) and 
vascular endothelial growth factor receptor (VEGFR) -β tyrosine kinases. These agents include sorafenib, 
lenvatinib, cabozantinib, and regorafenib[24]. In phase III multicenter non-inferiority REFLECT trial, the 
median survival for lenvatinib of 13.6 months showed non-inferiority to sorafenib as first-line treatment for 
unresectable HCC. More importantly, secondary endpoints of the trial demonstrated a significant increase 
in PFS by 3.7 months and TTP by 5.2 months in levatinib compared to sorafenib[25]. Later on, regorafenib 
was approved as a second-line treatment in Child-Pugh class A patients with HCC that progressed on 
sorafenib based on the RESORCE study. This phase III trial showed an increase in median overall survival 
by 2.8 months compared to the placebo[26]. The standard dose of 160 mg was associated with an increase in 
adverse events-related dose reduction, interruption, and permanent discontinuation; therefore, dose 
personalization is recommended[27]. Following results from the CELESTIAL trial, cabozantinib was 
approved for patients with HCC who were given sorafenib in the past. Cabozantinib demonstrated a 
significant improvement in median OS of 10.2 months compared to the placebo of 8.0 months. In addition, 
the treatment of cabozantinib also resulted in improved median PFS and objective response rates. It is 
important to note that the rate of high-grade adverse events was approximately twice that of the placebo 
group[28].

Other MTAs are the monoclonal antibodies that inhibit the VEGF/VEGFR pathway. Such examples include 
bevacizumab (anti-VEGF-A) and ramucirumab (anti-VEGFR2)[24]. Ramucirumab was shown to improve 
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median OS in patients with HCC with progression despite treatment with sorafenib and AFP ≥ 400 
compared to the best supportive care in the REACH-2 trial[29]. This trial was significant for being the first 
trial to select a patient population based on biomarkers. Most recently, the combination of atezolizumab-
bevacizumab was approved and recommended as first-line treatment for patients with advanced HCC, 
performance status of 0-1, Child- Pugh A, and lack of active esophageal varices[30]. This was based on a 
global phase III trial looking at treatment with atezolizumab plus bevacizumab or sorafenib for unresectable 
HCC without prior treatment. Treatment with atezolizumab-bevacizumab resulted in a significant 
improvement in OS at 12 months with 67.2% vs. sorafenib with 54.6%. Median PFS was also improved in 
the atezolizumab-bevacizumab group. The percentage of grade 3 or 4 adverse events was similar in both 
groups[11].

Lastly, immunotherapy in HCC aims to strengthen the antitumor immune response through different 
tumor microenvironments (TME) which can be divided into four subclasses (C1-C4). The C1 subclass lacks 
priming T cells, and C2 is characterized by macrophages, CD4+, and CD8+ T cells, and B cell infiltration. C3 
is associated with worse outcomes and displays M2 macrophages and C4 promotes epithelial-mesenchymal 
transition (EMT)[31]. Currently, immune checkpoint inhibitors (ICI), which serve to boost the existing 
immune response, are the most commonly used. Agents include PD-L1 antibodies (durvalumab, 
atezolizumab, and avelumab), anti-PD-1 antibodies (nivolumab, pembrolizumab, and camrelizumab), and 
anti-CTLA-4 antibodies (ipilimumab and tremelimumab). Nivolumab, a PD-1 inhibitor, is currently 
approved as a second-line systemic treatment in advanced HCC patients who are ineligible for tyrosine 
kinase inhibitors. The landmark CheckMate 459 trial showed a better safety profile of Nivolumab 
monotherapy compared to Sorafenib but no significant OS (16.4 months with nivolumab vs. 14.7 months 
with sorafenib) (HR, 0.85; 95%CI: 0.72-1.02; P = 0.075)[32]; as a result, the FDA Oncologic Drugs Advisory 
Committee (ODAC) opposed the accelerated approval of Nivolumab monotherapy for patients with 
advanced HCC. As mentioned previously, the combination of atezolizumab plus bevacizumab has led to 
better overall and progression-free survival outcomes than sorafenib, leading the dual MTA and 
immunotherapy to be a standard first-line therapy in advanced HCC. Finding biomarker predictors for ICI 
response in HCC is one of the main unanswered questions. To date, several biomarkers have been studied, 
including PD-L1, Tumor mutational burden (TMB), and Microsatellite instability (MSI) status[33]. Further 
research in this area is critical to allow for treatment response and disease monitoring.

COMBINATION OF LOCOREGIONAL AND SYSTEMIC THERAPIES
RFA and molecular targeting agents
Combined RFA and sorafenib was initially demonstrated in animal models to increase volumes of 
coagulation with a significant decrease in tumor size after treatment[15]. Since then, few studies have been 
performed that have demonstrated some efficacy of RFA and sorafenib compared to RFA alone. Small 
retrospective studies have shown that sorafenib-RFA treatment had a significantly larger ablated area, lower 
incidence of recurrence, and better OS after treatment than RFA alone in early to intermediate stage HCC, 
barcelona clinic liver cancer (BCLC) 0-B[34,35]. Furthermore, a randomized controlled trial looked at the TTP 
and recurrence rate in medium-sized single HCC (3.1-5.0 cm) in hepatitis B virus (HBV) infected patients 
treated with sorafenib-RFA and RFA alone. Results showed that the combined group with sorafenib 
significantly decreased recurrence rates (56.7% vs. 87.5%) and increased TTP (17 months vs. 6.1 months) 
compared to RFA alone. In addition, the combination therapy was relatively safe, and the addition of RFA 
did not increase the risk of adverse effects compared to using sorafenib alone[36]. However, the phase III 
STORM trial demonstrated that there was no difference in the median recurrence-free survival between 
adjuvant sorafenib and placebo after response with local ablation[37]. A recent 2021 meta-analysis looking 
into physical thermal ablation, including RFA and microwave ablation (MWA), combined with sorafenib 
showed that the RFA + sorafenib group showed longer OS at one, two, and three years, lower two-year 
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recurrence rates, and higher overall efficacy [defined by the World Health Organization as (complete 
remission + partial remission)/total number × 100%] than RFA-alone[38]. These studies show that combined 
sorafenib and RFA has the potential to increase the treatment area of the tumor in intermediate-stage HCC 
with improved overall survival and decreased recurrence rates.

Lenvatinib is a relatively newer MTA that became available in 2018. Because of recent studies that have 
shown potential success in RFA and lenvatinib in the treatment of intermediate HCC, Wang et al. 
conducted a retrospective study that enrolled patients to be treated with lenvatinib with sequential RFA vs. 
lenvatinib alone[39]. Enrolled patients must have intermediate-stage HCC, Child-Pugh class A, heavy tumor 
burden, and not have received any prior systemic treatment. Compared to lenvatinib alone, the 
combination group had longer PFS and OS without a significant increase in adverse events[39]. Therefore, 
this combination treatment may be a viable option in patients with high tumor burden but good liver 
function.

RFA and immunotherapy
Currently, there are few clinical trials involving combined RFA with other molecular targeting agents or 
immunotherapy. A comparative study looked at combined RFA-CIT and RFA alone in patients with 
primary HCC who received RFA with curative intent. Results showed a significant increase in PFS in the 
RFA-CIT compared to RFA alone[40]. There was a randomized trial that looked at one and two-year 
recurrence rates and median time to overall tumor recurrence in BCLC 0-B HCC patients treated with 
combined RFA-[(131)I] metuximab and RFA alone. Results demonstrated that the combined group had a 
greater anti-recurrence benefit than RFA alone, with overall tumor recurrence at 17 months vs. 10 months, 
respectively[41]. A phase III randomized controlled trial conducted in Korea showed that patients who 
underwent curative treatment for HCC (surgery, RFA, or percutaneous ethanol injection) had a longer 
recurrence-free and overall survival with adjuvant immunotherapy with activated CIK cells (CD3 +/CD56 + 
and CD3 +/CD56 - T cells and CD3-/CD56 + natural killer cells) than without[42]. The same institution then 
followed up with a retrospective study to look at the efficacy of this combination treatment in real-world 
clinical practice. During a median follow-up of 28 months, adjuvant immunotherapy in patients who have 
had curative treatment (surgery or RFA) had a significantly longer RFS[43]. Both of these studies 
demonstrated a good safety profile. This combination of immunotherapy after RFA was also seen in a 
retrospective study looking at patients with established recurrent HCC. Patients were included in the study 
if they were diagnosed with recurrent HCC that was previously treated with hepatic resection or RFA. 
Recurrence had to be a solitary tumor or no more than three nodules, each < 3 cm in size. They were treated 
with either RFA alone or RFA with anti-PD-1 therapy. The 1-year recurrence-free survival rate was 
significantly higher in the anti-PD-1 plus RFA group than in RFA alone, 32.5% and 10.0%, respectively, after 
propensity score matching[44]. Overall, these studies imply that the safety and efficacy of immunotherapy 
after RFA treatment may reduce the recurrence of HCC more than RFA therapy alone. However, most of 
these studies are small and lacking in a large multicenter randomized controlled trial.

SIRT/TARE and systemic therapy
There are few studies examining combined SIRT and systemic therapy. The SORAMIC randomized 
controlled trial compared the efficacy and safety of SIRT with sorafenib vs. sorafenib alone in patients with 
advanced HCC. The combination of SIRT and sorafenib did not result in a significantly higher median OS 
than sorafenib alone. However, a subgroup analysis showed that there was a survival benefit in certain 
groups: non-cirrhotics, non-alcoholic cirrhotics, and patients less than 65 years of age[45]. A prospective 
phase II trial evaluated the safety and efficacy of Child-Pugh class A patients with advanced or metastatic 
HCC treated with sorafenib followed by Y90 glass microspheres. Median PFS was 10.3 months and OS was 
13.2 months. Safety analysis showed that the therapy was well tolerated[46]. Further studies may look into this 
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combined therapy in specific subgroups.

Given the synergistic immunomodulatory effects of SIRT and immunotherapy, there have been a couple of 
recent clinical trials to test the efficacy and safety of this combined therapy. Two small retrospective trials 
examined patients with advanced HCC but preserved liver function (Child-Pugh class A-B7) who had 
received nivolumab and SIRT. Both of these studies documented that the most common adverse event was 
hepatobiliary toxicity; otherwise, the therapy appears to be safe[47,48]. Zhan et al noted that PFS was 5.7 
months and median OS after the first immunotherapy and first radioembolization was 17.2 and 16.5 
months, respectively[47]. Furthermore, a phase II single-arm trial evaluated the objective response rate (based 
on the RECIST 1.1 criteria) of Child-Pugh class A cirrhotics with advanced HCC not amenable to resection, 
who were treated with nivolumab and Y90SIRT. The objective response rate was 30.6%. Five out of 40 
patients had serious adverse events, including Steven-Johnson syndrome, hepatitis E infection, fever, liver 
abscesses, and ascites[49]. There are more ongoing clinical trials evaluating SIRT and immunotherapy, 
including two-arm prospective trials.

TACE and sorafenib
The promise of adding sorafenib to prior TACE treatment was first suggested by a subgroup analysis of the 
SHARP trial. In this subanalysis, sorafenib treatment in patients with prior TACE resulted in longer median 
OS and TTP than placebo[50]. However, many clinical trials since then have attempted to demonstrate the 
efficacy of this combined treatment without success.

The phase III post-TACE trial took Japanese and Korean Child-Pugh class A cirrhotics with unresectable 
HCC, who had > 25% tumor shrinkage with TACE 1-3 months prior, and randomized them to sorafenib or 
placebo. The primary endpoint looked at median TTP in the sorafenib and placebo groups, which was 5.4 
and 3.7 months, respectively, P = 0.252[51]. Therefore, the addition of sorafenib was not shown to prolong 
TTP. Although it was thought that the results could be due to the delay in sorafenib administration after 
TACE, a smaller single-center randomized controlled trial demonstrated a significantly longer TTP in 
Child-Pugh class A intermediate-stage chronic hepatitis C virus (HCV) HCC, who received sorafenib 30 
days after TACE compared to placebo[52]. Both studies did not have any unexpected adverse events.

The phase II SPACE trial randomized patients with intermediate-stage multinodular HCC without 
macrovascular invasion or extrahepatic spread to DEB-TACE plus sorafenib or placebo. Sorafenib was 
administered continuously, starting about one week prior to the first TACE. The median TTP in DEB-
TACE plus sorafenib was 169 days vs. 166 days in the placebo group, and the median OS was not 
significantly prolonged in the group with sorafenib[53]. Another similar study, phase III TACE 2, also looked 
at the efficacy of continuous sorafenib plus DEB-TACE and placebo plus DEB-TACE in Child-Pugh class A 
unresectable, liver-confined HCC. The primary endpoint was PFS, which was not significantly different 
between the sorafenib and placebo groups[54]. Therefore, studies evaluating continuous administration of 
sorafenib with TACE in intermediate-stage HCC amenable to TACE have not shown any increased efficacy 
compared to TACE alone.

Furthermore, some studies also looked at interrupted administration of sorafenib in combination with 
TACE. Interrupted schedule focused on briefly holding sorafenib around the time of TACE therapy to 
minimize the combined toxicity of the two drugs. The phase II SOCRATES trial showed TPP of 16.4 
months and median OS of 20.1 months in locally advanced unresectable HCC treated with sorafenib-TACE. 
Overall, there did not seem to be any additional toxicity with the combined therapy compared to sorafenib 
or TACE alone[55]. Another phase II trial, START, evaluated interrupted dosing of sorafenib with TACE in 
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intermediate unresectable HCC. Median PFS was 384 days and TTP was 415 days. The estimated 3-year OS 
was 86.1%. Only 8.1% of patients discontinued the trial due to adverse events (AEs), and although 52 of 192 
patients experienced serious AEs, only four were considered to be related to sorafenib[56]. Similar 
conclusions were also reached by the single-arm phase II study showing promising efficacy and tolerable 
safety profile with treatment with sorafenib-TACE[57]. Although these results suggest the interrupted 
administration of sorafenib plus TACE is efficacious with a relatively tolerable safety profile, randomized 
comparative studies were lacking until the recent TACTICS trial.

So far, the larger randomized controlled trials mentioned previously (post-TACE, SPACE, TACE-2) have all 
been negative trials, showing no benefit of the addition of sorafenib to TACE. The multicenter randomized 
controlled TACTICS trial examined the efficacy and safety of TACE plus sorafenib compared with TACE 
alone in unresectable HCC and is the first positive trial, demonstrating the efficacy of the combined 
treatment. Sorafenib was given 2-3 weeks prior to the first TACE session in an interrupted administration. 
The primary endpoint was met with PFS significantly higher in sorafenib-TACE (25.6 months) than in 
TACE alone (13.5 months) with a hazard ratio (HR) of 0.59. In addition, time to cancer progression and 
spread was also significantly higher in the combined therapy group than in TACE alone. The reasons why 
the TACTICS trial was able to demonstrate improved clinical outcomes stem largely from two concepts. 
First, it was shown in exploratory analyses of the post-TACE and SPACE trial that a longer duration of 
sorafenib treatment was associated with significantly favorable TTP than shorter durations. The shorter 
duration of treatment was due to utilizing the RECIST1.1 or modified RECIST (mRECIST) criteria for 
tumor progression, which resulted in earlier termination of therapy even though it is thought that patients 
meeting these criteria still have disease amendable to further treatment of TACE. Therefore, the TACTICS 
trial used the Response Evaluation Criteria in Cancer of the Liver (RECICL), which resulted in a longer 
duration of treatment (38.7 weeks) compared to previous trials (17-21 weeks). Second, although there is no 
good data currently out on the preferred timing of sorafenib administration prior to and after TACE, the 
TACTICS trial started sorafenib considerably earlier than previous trials, 2-3 weeks and 3-7 days, 
respectively. The earlier pe-treatment with sorafenib likely allowed for reduced vascular ischemic injury and 
reduced upregulation of VEGF[58].

So far, the studies of TACE plus sorafenib have largely included intermediate-stage HCC that qualify for 
locoregional therapy. Although, the phase III STAH trial, a large Korean multicenter study, included 
patients with advanced HCC indicated for palliative systemic therapy (including those refractory to TACE, 
with vascular invasion, or with extrahepatic spread). Patients were randomized to receive sorafenib alone or 
in combination with TACE. Results showed no significant improvement in OS in sorafenib-TACE vs. 
sorafenib alone, 12.8 vs. 10.8 months, respectively (HR 0.91; P = 0.290). However, sorafenib-TACE did 
significantly improve TTP, PFS, and tumor response rates compared to sorafenib alone[59].

TACE with bevacizumab
Bevacizumab is a human monoclonal anti-VEGF alpha antibody that is FDA-approved for use in multiple 
metastatic tumors such as renal cancer, lung cancer, and colon cancer[60]. Bevacizumab was associated with 
strong angiogenesis inhibition in pre-clinical HCC models.[61]

There have been several data on the use of Bevacizumab alone in unresectable HCC. A systematic review of 
phase II clinical trials involving bevacizumab for the treatment of advanced HCC showed promising results. 
8 trials (n = 300 patients) were included in this review which showed overall median progression-free 
survival and overall survival (5.3-9.0) months and (5.9-13.7) months, respectively[62].Bevacizumab plus 
TACE combination was examined in a pilot study of IV bevacizumab (intravenous) plus TACE, and there 
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was a statistically significant improvement in progression-free survival at 16 weeks [0.19 in TACE group vs. 
0.79 in the combination group (P = < 0.05)]. Overall, bevacizumab was well tolerated, without significant 
bleeding risk. The Authors concluded that the addition of bevacizumab to TACE was a feasible and safe 
option in selected HCC patients[63].

Unfortunately, the AVATACE-1 trial (ClinicalTrials.gov Identifier: NCT00280007), which compared TACE 
with Bevacizumab vs. TACE alone, was terminated early due to safety concerns in the treatment arm, but 
the sample size was only 32 participants. However, a large clinical trial combining Bevacizumab with 
Atezolizumab was compared to sorafenib and showed improved overall survival at 12 months 67.2% 
(95%CI: 61.3-73.1) with atezolizumab-bevacizumab vs. 54.6% (95%CI: 45.2-64.0) with sorafenib[11]. 
Currently, Bevacizumab is being studied in combination with Atezolizumab following TACE 
(ClinicalTrials.gov: NCT04224636)

TACE with lenvatinib
In a retrospective study involving 120 patients, the overall survival rates were significantly higher in the 
TACE + lenvatinib arm (88.4% and 79.8%) than in the TACE arm alone (79.2% and 49.2%, P = 0.047)[64].

An Open-label, Single-arm, Phase 2 Trial (Thalen) will analyze the safety and efficacy of TACE plus 
Lenvatinib for patients with unresectable HCC; the study is currently recruiting new subjects. 
(ClinicalTrials.gov Identifier NCT04531228). Data from the Phase Ib study of lenvatinib + Pembrolizumab 
showed promising results with a median Progression-free survival of 9.3 months, and median Overall 
survival of 22.0 months[65].

TACE with axitinib
Axitinib is an oral multi-targeted receptor TKI, binding vascular endothelial growth factor receptor 
(VEGF), PDGFR, and c-KITR. Axitinib is FDA-approved for use as a second-line age for advanced renal 
cell carcinoma[66]. A phase II trial examined the efficacy of the TACE plus axitinib combination in the 
treatment of unresectable HCC. The 2-year overall survival rate was 43.7%, and the median OS was 18.8 
months which is better than the average overall survival in the TACE monotherapy (31%)[67]. Although the 
overall survival was not different from the placebo, Axitinib showed improvement in progression-free 
survival and time to tumor progression[68].

TACE with other molecular agents
Multiple trials that combined TACE with other agents have been done. There are several that did not show 
survival benefits, including TACE, BRISK-TA, SPACE, ORIENTAL, and TACE-2. The BRISK-TA 
compared TACE with placebo vs. TACE with Brivanib - a fibroblast growth factor receptor and VEGF 
receptor inhibitor- the endpoint was overall survival which was not different among the two arms[69].

The ORIENTAL trial examined orantinib- a VEGF and PDGF inhibitor- compared to a placebo. The 
overall survival was not significantly different among both groups. OS was 31.1 and 32.3 months in the 
orantinib and placebo groups, respectively (HR: 1.090; 95%CI: 0.878-1.352; P = 0.435)[70].

TACE with immunotherapy
In recent years, the combination of TACE and immunotherapy has emerged as a promising therapy as it has 
demonstrated a favorable antitumor immune response. A study looked at the efficacy and safety of 
tremelimumab (anti-CTLA4) combined with TACE in BCLC stage B patients with HCC. Median TTP was 
7.4 months median OS was 12.3 months during a follow-up of 18.8 months (this included an additional 
BCLC stage C group treated with thermal ablation instead of TACE)[71]. A more recent study by Ji et al. 
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evaluated the efficacy and safety of RFA and TACE combined with postoperative cytokine-induced killer 
(CIK) cell immunotherapy in Child-Pugh class A or B cirrhotics with HCC meeting Milan’s criteria[72]. The 
median OS of patients was 42.1 ± 5.6 months and 37.8 ± 4.8 months and the 5-year OS rate was 29.3% and 
13.8% in RFA + TACE + CIK vs. RFA + TACE, respectively[72]. The study found that RFA and TACE 
combined with postoperative autologous CIK cell reinfusion have significant efficacy in the treatment of 
primary HCC, enhancing the immune function, improving the postoperative quality of life, and raising the 
patient’s survival rate with tolerable adverse reactions[72]. Multiple studies to assess the efficacy of TACE and 
other immunotherapies are underway. Two trials are set to study the combined effects of TACE and 
Nivolumab (NCT03143270 and NCT03572582). Another trial (NCT03397654) is exploring the sequential 
use of TACE and Pembrolizumab[73]. The combination of 2 immunotherapies (Durvalumab and 
Bevacizumab) with TACE is considered in another emerging study (NCT03937830). Using the combination 
of LRTs and immune checkpoint inhibitors may provide promising options for patients with HCC.

HAIC with sorafenib
A couple of studies were conducted to evaluate the effect of adding HAIC to sorafenib therapy in advanced 
HCC. A recent single-arm phase II study demonstrated favorable outcomes of OS and PFS in HAIC with 5-
FU and sorafenib in HCC ineligible for curative treatment[74]. In a phase II trial by Ikeda, patients with 
advanced HCC were randomized to receive sorafenib with HAIC with cisplatin or sorafenib alone[75]. There 
was a significant improvement in OS with HR 0.6. Both studies had tolerable adverse events. More 
randomized trials need to be conducted to further evaluate the efficacy of this combined method.

FUTURE CONSIDERATION AND STUDIES
With the emergence of multiple new tyrosine kinase inhibitors along with immunotherapy, the future 
perspective is focusing on finding combination therapies and the best sequential therapeutic options 
[Table 1]. The success with Atezolizumab/ Bevacizumab combination therapy has led to new perspectives. 
Currently, multiple different combination therapies are being studied. For example, a German multicenter 
phase II trial is evaluating Pembrolizumab and Lenvatinib in patients with advanced HCC who failed 
Atezolizumab/ Bevacizumab (NCT05101629). Toripalimab with Bevacizumab is being evaluated for first-
line therapy for HCC (NCT04605796). The combination of TACE with sorafenib and Tislelizumab is also 
being studied (NCT04599777). The START-FIT trial is currently examining sequential transarterial 
chemoembolization and stereotactic radiotherapy with immunotherapy; the study is being done in China 
and recruiting patients (NCT03817736). Arginine hydrochloride is a new anticancer drug that is being 
evaluated for the treatment of HCC. Levamisole may play an antitumor role by inhibiting the reverse TCA 
cycle (NCT03950518). The results of multiple ongoing trials will be unexpected to be revealed in the 
upcoming years, and it is anticipated to have guidelines-changing outcomes.

CONCLUSION
HCC is a devastating disease with grim outcomes, as it is often diagnosed during an advanced stage. For 
many decades, the treatment options for patients with HCC who are not transplant or surgical candidates 
were limited to bridging-to-transplant or palliative therapy. Currently, we have LRT for early to 
intermediate-stage HCC and sorafenib for advanced HCC. Awareness of the shortcomings of each modality 
and the potential for increasing their efficacy has prompted the exploration of combined therapy, most 
notably LRT and systemic treatment. The intent of combining LRT with MTAs is to reduce the post-
ischemia upregulation of angiogenic antigens with MTAs. More and larger studies need to be conducted to 
see if MTA administration after RFA results in improved survival benefits. TACE had probably been the 
most studied agent in combination with MTAs, mainly sorafenib. Although past studies have largely 
demonstrated no improvement in OS or PFS in combined therapy, the recent TACTICS trial did show 
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Table 1. Ongoing clinical trials

Study Title Aim Interventions Locations

TACE, Sorafenib and PD-1 Monoclonal 
Antibody in the Treatment of HCC 
(NCT04518852)

Prospective study assessing objective response rate 
and overall survival as primary outcomes

● Combination Product: 
TACE combined with 
sorafenib and PD-1 mAb

Sichuan Cancer 
Hospital and 
Research Institute, 
China

DEB-TACE Plus Lenvatinib or Sorafenib 
or PD-1 Inhibitor for Unresectable 
Hepatocellular Carcinoma 
(NCT04229355)

This is a prospective study aiming to investigate the 
safety and efficacy of DEB-TACE plus sorafenib or 
lenvatinib or PD-1 Inhibitor for unresectable HCC.

● Drug: DEB-TACE plus 
Sorafenib 
● Drug: DEB-TACE plus 
Lenvatinib 
● Drug: DEB-TACE plus 
PD-1 inhibitor

Guangxi Medical 
University Cancer 
Hospital, China

A Novel Immunotherapy PD-1 Antibody 
to Suppress Recurrence of HCC 
Combined With PVTT After Hepatic 
Resection 
(NCT03914352)

The use of novel immunotherapy using the PD-1 
antibody could suppress postoperative recurrence 
and prolong HCC patients survival period effectively.

● Drug: PD-1 antibody 
● Procedure: TACE

Affiliated Tumor 
Hospital of Guangxi 
Medical University, 
China

IMMULAB - Immunotherapy With 
Pembrolizumab in Combination With 
Local Ablation in Hepatocellular 
Carcinoma (HCC) 
(NCT03753659)

● Drug: Pembrolizumab 
● Procedure: Radio 
Frequency Ablation (RFA) 
● Procedure: Microwave 
Ablation (MWA)

Hannover Medical 
School, Germany 

Autologous Immune Cell Therapy in 
Primary Hepatocellular Carcinoma 
Patients Following Resection and TACE 
Therapy 
(NCT01828762)

To assess the safety of Autologous Immune Cell 
Therapy in Primary Hepatocellular Carcinoma 
Patients Following Resection and TACE Therapy

● Biological: DC-TC + 
GM-CSF

Shanghai, China

Tremelimumab With 
Chemoembolization or Ablation for 
Liver Cancer 
(NCT01853618)

To assess the safety and feasibility of combining 
Tremelimumab with trans-arterial catheter 
chemoembolization (TACE) radiofrequency ablation 
(RFA) or cryoablation in patients with advanced HCC

● Drug: Tremelimumab 
● Procedures: RFA, TACE 
and cryoablation

National Institutes of 
Health Clinical 
Center, Maryland, 
USA

improved efficacy with TACE and sorafenib, which highlights the importance of timing the administration 
of therapy and evaluation of tumor progression. Further studies may adopt the methods used in the 
TACTICS trial to determine if there is a further significant improvement. Combining LRT and 
immunotherapy works to create a synergistic boost in the existing immune response. Given 
immunotherapy in HCC is relatively new, the combination of these agents with LRT is up and coming as 
multiple studies are currently underway. Combined therapy is a promising direction in the treatment for 
HCC and future studies are encouraged to reveal the patient population who will best benefit from these 
therapies.
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