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Abstract

Globally, liver cancer is the most frequent fatal malignancy; in the United States, it ranks fifth. 

Patients are often diagnosed with liver cancer in advanced stages, contributing to its poor 

prognosis. Of all liver cancer cases, >90% are hepatocellular carcinomas (HCCs) for which 

chemotherapy and immunotherapy are the best options for therapy. For liver cancer patients, new 

treatment options are necessary. Use of natural compounds and/or nanotechnology may provide 

patients with better outcomes with lower systemic toxicity and fewer side effects. Improved 

treatments can lead to better prognoses. Finally, in this review, we present some of the problems 

and current treatment options contributing to the poor outcomes for patients with liver cancer.
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1. Introduction

As the most frequent cause of cancer deaths across the globe and fifth most common in the 

United States, liver cancer is the only one of the top five deadliest cancers to have an annual 

percentage increase in occurrence [1]. Developing counties have more incidence of liver 

diseases [2]. Risk factors include hepatitis B virus, hepatitis C virus, fatty liver disease, 

alcohol-related cirrhosis, smoking, obesity, diabetes, iron overload, and various dietary 
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exposures [3]. The prognosis for liver cancer is poor. Only 5% to 15% of patients are 

eligible for surgical removal, which is suitable only for early-stage patients and due to 

diminished hepatic regenerative capacity, typically without cirrhosis; right hepatectomy 

carry a higher risk for post-operative complications compared to left hepatectomy. Treatment 

options for more advanced stages include the following: (a) Trans-arterial 

chemoembolization (TACE), which leads to a 23% improvement in the 2-year survival in 

comparison to conservative therapy for intermediate stage HCC patients. (b) Oral dosing 

with sorafenib, a kinase inhibitor and the most accepted option for late-stage cases. 

However, fewer than one-third of patients benefit from the treatment, and drug resistance is 

evident within six months of initiating the regimen [4]. With long-term use, 

chemotherapeutic drugs, such as sorafenib, have additional issues such as toxicity and/or 

drug inefficacy. As a result, neither current ablation therapies nor chemotherapy is 

appreciably effective in improving outcomes of this devastating disease. Further research to 

find better methods for treating liver cancer are necessary.

Prevention, development, progression, and treatment of cancers is associated with the diet of 

patients. A European study showed that a higher dietary intake of fruits and vegetables is 

associated with a lower risk of cancer development [5]. Diverse natural compounds in fruits, 

vegetables, and spices function in suppressing mechanisms that are involved in development 

of cancers, and they stimulate mechanisms that are associated with prevention of the disease. 

These compounds activate anti-tumor, anti-proliferative, anti-inflammatory, and anti-oxidant 

systems that may provide therapeutic options for new cancer treatment regimens [6–8]. 

Some compounds demonstrate selectivity in causing cytotoxicity to cancer cells, leaving 

non-cancerous cells unaffected [9]. For instance, compounds such as piperine, inhibit 

enzymes necessary for drug metabolism, which may indicate a future use of co-

administration with current or potential chemotherapeutic drugs to increase plasma 

concentrations [10]. Other natural compounds may enhance the efficacy of current drug 

regimens without increasing host toxicity. As an example, for H22 cells, polysaccharides 

from Lentinus edodes and Tricholoma matsutake enhance the inhibitory effect of 5-

fluorouracil (5-FU)[11].

The immune system is commonly involved in killing cancer cells. In this process, antigen-

presenting cells present the peptides of tumor fragments to class I and II major 

histocompatibility complex (MHC) molecules. However, this mechanism may be ineffective 

due to the capacity of malignancies to evade these functions [12, 13]. Moreover, biomarkers 

of tumor growth and desmoplasia can be targeted to prevent tumor progression [14]. With 

chemotherapeutic agents, multidrug resistance is an issue. Cancer stem-like cells/cancer-

initiating cells are responsible for resistance, providing a pathway for tumor recurrence and 

metastasis. Immunotherapy helps fight resistance to common chemotherapies by targeting 

stem cells [15]. Other useful approaches, through immune checkpoint inhibitors, such as 

PD-1 and PD-L1 targeting, and cancer vaccines hinder cancer progression and kill cancer 

cells. Sorafenib prevents immunosuppression, giving reason to consider combination therapy 

with this drug [16, 17].

Nanotechnology, which may be utilized to create or enhance treatments that lead to better 

results for neoplasms, can improve the activity of minimally effective drugs in targeting and 
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killing cancer cells. This is accomplished by optimizing the size and surface properties of 

drugs and/or utilizing tissue-specific homing devices to target sites that lower the likelihood 

of systemic toxicity and side-effects [18]. Nanotechnology may alter current combination 

therapy approaches and improve permeability, retention, and pharmacokinetic profiles, and 

thereby reduce side effects [19, 20]. Nanoparticle techniques provide a promising future 

through treatment programs that combine separate agents to improve the effects of drugs 

[21, 22].

The poor prognosis for liver cancer leads scientists and physicians to search for novel 

treatment options to improve patient survival. Combining medications and altering drug 

administration/delivery methods give new horizons to improving the outcomes for 

malignancies. In this study, we describe some of the most common agents used for treatment 

of advanced HCCs, including chemotherapies, immunotherapies, and nanoparticles, and the 

rationale behind some current clinical trials.

2. Natural compounds and their outcomes in liver cancer

Piperine, an alkaloid extracted from black and long peppers, has anti-tumor, anti-mutagenic, 

anti-oxidant, and anti-proliferative activities [23]. It lowers lipid peroxidation and inhibits 

enzymes involved in drug metabolism, such as aryl hydrocarbon hydroxylase and UDP-

glucuronyl transferase, which increase the bioavailability of drugs and phytochemicals [24]. 

It also improves intestinal absorption upon interaction with the lipid environment of the gut 

[25].

Drug resistance is an issue for a variety of drugs that could otherwise be more effective in 

the treatment of cancers. Concentrations of piperine that were toxic to liver cancer cells were 

nontoxic to normal hepatocytes, showing selectivity. Moreover, in cells, the alkaloid 

increased caspase-3 and caspase-9 activity and inhibited catalase, leading to stimulation of 

peroxi-dedriven, mitochondria-mediated apoptosis. Furthermore, piperine inhibited receptor 

tyrosine kinase and human HCC progression; in rats with diethylnitrosamine-induced HCC 

cells, piperine therapy caused increases of apoptotic cell death [26]. By suppressing 

cytochrome P450-mediated bioactivation of mycotoxin, piperine counteracted the toxicity of 

aflatoxin B1 and the formation of micronuclei in hepatoma cells of rats [27]. Thus, piperine 

may contribute to the activity of other natural compounds and thereby aid in the treatment of 

liver cancer.

Curcumin, a component of turmeric, has numerous biological effects in various diseases, 

including liver cancer [28]. For rats, curcumin enhanced the effect of piperine on 

diethylnitrosamine-induced HCC. Fewer morphological, biochemical, apoptotic, and 

proliferative changes occurred with the combination compared to curcumin alone or to a 

placebo, an indication of synergistic activity in the liver and serum of the rats [29].

Oleocanthal is a phenolic compound present in extra-virgin olive oil, the main source of oil 

in the Mediterranean diet. There is a negative correlation between the intake of extra-virgin 

olive oil and the incidence of cancer, metabolic, cardiovascular, Alzheimer’s, and 

osteoporosis diseases [30]. Oleocanthal kills cancer cells and stimulates apoptosis [31]. 
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Additionally, Chronic inflammation may lead to the development of fibrosis, cirrhosis, and 

HCC, due to its correlation with persistent hepatic injury and regeneration [32]. 

Inflammation, associated with HCC, worsens liver cancer. Compared to normal cells, 

COX-2 is up-regulated in HCC cells, and higher concentrations are evident as cancer cells 

differentiate [33]. Oleocanthal has anti-inflammatory effects via inhibition of COX-1 and 

COX-2. Oleocanthal caused more growth inhibition of HCC cells than ibuprofen, 

indomethacin, and nimesulide, which are NSAIDs and COX inhibitors. With oleocanthal 

treatment, inhibition of colony formation and induction of apoptosis were associated with 

PARP cleavage, caspase-3/caspase-7 activation, and chromatin condensation. Expression of 

γH2AX, a marker of DNA damage, increased, resulting in elevated production of 

intracellular reactive oxygen species and mitochondrial depolarization. Oleocanthal was 

toxic to HepG2, Huh7, and Hep3b cells, but normal human hepatocytes were unharmed, 

showing selectivity [34]. Various concentrations of oleocanthal increased PARP cleavage 

and caspase cleavage with G0/G1 cell cycle arrest. For HepG2, Huh-7, and Hcclm3 HCC 

cells, oleocanthal inhibited cell progression via cell cycle arrest and apoptosis yet had no 

evident effect on normal human (LO2) cells. For HCC cells, oleocanthal reduced migration 

and invasion, and HCC metastasis was blocked in vivo. This herbal extract reduced the 

nuclear translocation of STAT3 and DNA binding activity, causing decreases of Bcl-2 

family, survivin, cyclin D1, and MMP 2. Furthermore, the treatment decreased p-JAK1 and 

p-JAK-2m, which are positive regulators of STAT3, and increased the negative STAT3 

regulator, SHP-1. mRNA and protein expression of the transcription factor, Twist, were 

decreased, leading to suppression of the epithelial-mesenchymal transition (EMT), a 

contributor to metastasis [35].

Allium extracts have tumor-inhibiting properties and are associated with decreased risk for 

various cancers [36]. These extracts are composed of various organosulfur compounds and 

flavanols that block various stages of carcinogenesis [37]. One constituent, diallyl sulfide, 

inhibited hepatocarcinogenesis and diethylnitrosamine-induced hepatocellular adenomas 

[38]. S-Allyl cysteine (SAC), another component of allium extracts, demonstrated anti-

proliferative effects. Treatment of MHCC97L cells with SAC showed complete inhibition of 

colony formation by down-regulation of the proliferation biomarkers, Ki-67 and 

proliferation cell nuclear antigen. In the presence of SAC, an increased number of cells were 

necrotic or in early/late apoptotic stages; increased levels of caspase-3 and caspase-9, with 

lower levels of Bcl-xL and Bcl-2, were evident. Higher levels of S-phase cells were 

apparent, along with lower levels of G2/M phase cells. These observations were supported 

by suppression of cell cycle proteins (cdc2, cdc25c, and cyclin B1). For the treated cells, 

migration and invasion were reduced. This was accompanied by up-regulation of E-cadherin 

and down-regulation of vascular endothelial growth factor (VEGF) mRNA, two factors 

associated with metastasis. Similarly, in animals, there was inhibition of metastasis [39]. 

Methanol extracts of allium bulbs caused a G0/G1 block in HepG2 cells but not in other 

cancer cells. For the other cells, there was S and G2/M phase arrest. In addition, treatment of 

cancer cells with allium bulb extract increased the number of apoptotic cells. These cells 

showed an elevated caspase-9 activity and expression of the tumor suppressor, p53. 

Combination of an allium extract with doxorubicin, a common cancer chemotherapeutic 
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drug, produced a synergistic effect and led to decreases in plasma concentrations necessary 

to induce cytotoxicity. This effect was seen for HepG2 cells but not for normal cells [37].

An herb used in traditional medicine, Cnidium officinale Makino, is native to China, where 

it is utilized to manage pain, inflammation, menstrual disturbances, and depressed blood 

pressure. Extracts of this herb reduce tumor angiogenesis and metastasis [40] and inhibit 

human oral and colorectal cancers [41, 42]. HepG2 cells exposed to Makino extracts showed 

reductions of cell viability and an increase in apoptotic bodies, but these effects were not 

evident for Chang liver cells. For HepG2 cells, the extract increased the number of cells in 

the G0/G1 phases, in turn, reduced the number of cells in the S-phase, indicating cell cycle 

arrest. This was accompanied by up-regulation of p53, caspase-3 in a dose-dependent 

manner, and lower expressions of Bcl-2, CDK4, and cyclin D [43].

The plant Viscum album var (VAV), commonly known as the Korean or European mistletoe, 

is used in Asia as an herbal medicine for chronic hepatic disorders. Extracts of the herb 

stimulate proliferation of normal liver cells, without cytotoxicity. However, for SK-Hep-1 

cells, there were anti-proliferative effects at the same concentrations as for the normal liver 

cells. In addition, for cancer cells, these were more cells in the G0/G1 phases, with lower 

numbers in the S and G2/M phases. Moreover, with treatment, there was down-regulation of 

the S-phase regulator, Cdk2, and cyclin D1 levels and up-regulation of p21 gene expression. 

Thus, in addition to inhibition of proliferation, cell cycle arrest was evident [44].

For both HepG2 and Hep3B cells, two congeners isolated from Juglans mandshurica Maxim 

had moderate cytotoxicity (compound 4) or caused 50% cell death (compound 5) [45]. One 

of its alkaloids had anti-hepatoma properties, such as stimulation of apoptosis and autophagy 

of HepG2 cells, and induced autophagic death of Hep3B cells [46]. Isolated from extracts of 

Maxim, juglanthraquinone proved to be a promising drug for treatment of liver cancer, 

showing cytotoxic effects and reduced cell viability of HepG2 cells in comparison with 

normal L02 cells. An anti-proliferative effect was confirmed with S phase arrest and reduced 

G2/M populations, along with lowered expression of Ki67, cyclin A, and cdk2, and 

increased expression of Cip1/p21. Apoptosis was evident, as determined by the presence of 

DNA fragmentation, chromatin condensation, caspase-3 and −9 activation, higher levels of 

Bax, and lower levels of Bcl-2 [47]. Thus, these natural herbs contain compounds that are 

promising agents for treating liver cancer.

3. Chemotherapy for treating liver cancer

Oral administration of the multi-kinase inhibitor, sorafenib, is recommended worldwide as 

the first-line therapy for advanced stages of HCC supported by the results of several 

trials[48, 49]. This clinically approved drug suppresses tumor angiogenesis, cell division, 

and proliferation through inhibition of the MAP kinase cascade, and it induces apoptosis of 

cancer cells. Proteins inhibited by sorafenib include serine-threonine kinase Raf-1, platelet-

derived growth factor receptor-β, c-KIT, FLT-3, VEGF receptor-2 and −3, and RET [50, 51]. 

In 2007, FDA approved sorafenib as an agent for treatment of HCC, although the average 

survival time of patients increased by only 3 to 5 months compared to the placebo group, an 

outcome far below ideal [52–54]. With extended administration of sorafenib, cancer cells 
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become resistant to the drug, making it ineffective. Furthermore, sorafenib, administered to 

cancer patients causes adverse side effects. There are increased concentrations of serum 

lipase and amylase, hypertension, hemorrhage, neuropathy, leukopenia, lymphopenia, 

diarrhea, nausea, vomiting, and dyspnea. Moreover, 10% of patients treated with sorafenib 

may develop cutaneous squamous cell carcinomas [55, 56]. A new treatment, transarterial 

chemoembolization plus sorafenib, is superior to sorafenib alone [57].

Due to the marginal improvement in HCC prognosis by sorafenib, current clinical trials 

involve combinations of this multi-kinase inhibitor with other drugs to produce more 

favorable outcomes for patients, including treatment effectiveness and fewer side effects 

(Table 1). In several cell lines, including HepG2 cells, vorinostat and sorafenib 

synergistically induce apoptosis by up-regulating activity of Bax, Bid, Bak, Bim, and Bad 

and down-regulation of the anti-apoptotic proteins, Bcl-xl, Bcl-2, and MCL-1 [58]. The 

combination of sorafenib and doxorubicin, which is well tolerated by HCC patients, shows a 

synergistic effect in control of the disease. Studies with cultured cells indicate a reduced 

likelihood of development of resistance, partially by inhibition of Raf-1 by sorafenib. With 

the combination, progression-free and overall survival increased in compared to individual 

treatments of the two agents [59]. An ongoing phase II trial of Sorafenib + doxorubicin () is 

expected to be completed by April 2019.

Evaluations of tivozanib, which downregulates VEGF receptor-1, −2, and −3, have been 

accomplished for renal, breast, and colorectal cancers, but there is limited research on liver 

cancers [60]. This drug inhibits angiogenesis suppressing VEGF receptor activity in selected 

forms of solid tumors in mice with HCC and shows low sensitivity in another set of HCC 

mice due to the variation of genetic oncogenic pathways and tumor suppressor genes which 

is consistent in human HCC patients. These limited positive effects are similar to those of 

sorafenib for patients with HCC [61]. Nonetheless, there is a current trial testing the effect of 

tivozanib for advanced HCC, although a previous phase 2 trial was terminated due to not 

meeting the set primary endpoint (, ).

5-FU, a drug used to inhibit the growth of various cancers, inhibits cell progression at the S-

phase and up-regulates p53. Moreover, miR-22, which is down-regulated in HCCs, is 

elevated by 5-FU treatment, enhancing the growth inhibition of HepG2 and Huh7 cells 

compared to normal cells [62]. However, for many cancers, including liver cancers, 

chemoresistance to 5-FU is an issue. Acting through long non-coding RNAs, HCC cells 

activate protective autophagy against the drug. Liver cancer stem cells, which are associated 

with resistance to chemotherapy, have a higher survival rate compared to SK-Hep-1 cells, 

indicating their involvement in chemoresistance development and tumor growth [63]. Still, 

the efficacy of 5-FU can be enhanced by combining it with other chemotherapies. Hepatic 

arterial infusion of 5-FU with cisplatin increased survival (14 months) of HCC patients 

compared to patients who did not receive the combination (5.2 months) [64]. HCC patients 

who have developed sorafenib resistance are presently being recruiting for a clinical trial 

involving co-administration of cisplatin and 5-FU (NTC02967887).
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4. Immunotherapy for Liver Cancer

Cancers can be treated by modifying the immune systems of patients so that they recognize 

specific antigens on cancer cells, by enhancing immune activity through blocking immune 

checkpoints responsible for immunosuppressive signaling, by cancer vaccines to prevent 

infection or inflammatory responses, and by non-specific cancer immunotherapies that 

provide a general boost to the immune system. In 2013, this field of research was selected as 

the Advance of the Year by the American Society of Clinical Oncology [65]. A benefit of 

this area of study is that immunotherapy may be combined with drugs currently used to treat 

liver cancer to give a combined/synergistic effect [17]. Clinical trials are underway for the 

monoclonal antibodies (mAbs), ramucirumab, which targets VEGF receptor-2, and 

bevacizumab, which inhibits VEGF receptor binding, in combination therapy with 

chemotherapeutic, immunotherapeutic, or other agents used in cancer treatment (, , ) [66].

Immune checkpoint inhibitors target proteins that are responsible for decreasing the activity 

of the human immune system in attacking cancer cells that express these proteins. These 

checkpoints occur by the way of programmed cell death protein 1 (PD-1) and programmed 

cell death 1 ligand 1 (PD-L1) binding to cells [67]. PD-1 is a protein expressed on active 

CD8+ and CD4+ T-cells, B-cells, Treg cells, natural killer cells, myeloid cells, monocytes, 

and dendritic cells; PD-L1 is expressed on a variety of nonimmune cells as well as on B-

cells, T-cells, dendritic cells, macrophages, antigen-presenting cells, myeloid-derived 

suppressor cells, and some tumor cells [68, 69]. The interaction of PD-1 and PD-L1 inhibits 

T-cell activity and suppresses release of IFN-γ, interleukin-2, and other cytokines, resulting 

in temporary immune-inhibiting signals and lessening the ability for a patient to develop 

antitumor responses that reduce the survival of cancer cells (Fig. 1) [69]. Accordingly, tumor 

aggression and recurrence are associated with PD-L1 expression, which leads to activated 

tumor-specific T-cell apoptosis. Thus, PD-L1 can be viewed as a biomarker. T-Cell evasion 

is enhanced when PD-L1 levels are high in patients. The prognosis for HCC patients is poor 

when there is high expression of PD-L1 (PD-L1 positive) compared to patients with low PD-

L1 expression (PD-L1 negative). In addition, PD-L1 positive patients, in comparison with 

PD-L1 negative patients, are twice as likely to undergo relapse and have greater numbers of 

tumors with vascular invasion [69]. Immunosuppression enhances therapeutic outcomes, as 

demonstrated by the triple combination of anti-PD-1, anti-CXCR4, and sorafenib, which 

causes a reduction in metastasis and HCC growth [17].

Targeting the PD-L1/PD-1 blockade may reduce hepatitis B and hepatitis C infections, 

which are the risk factors for HCC. Since these viral infections are partially responsible for 

the recurrence of HCC, this therapy may prevent relapses. However, autoimmune disease 

may occur due to an overactive immune system bypassing the PD-1/PD-L1 and PD-L2 

systems; there is a possible association between autoimmune liver diseases, primary biliary 

cirrhosis, and chronic hepatitis type C [70]. Despite this possibility, these checkpoint 

inhibitors enhance the immune systems of patients and kill cancer cells, while showing few 

signs of autoimmune diseases. As a result, PD-1 checkpoint inhibitor, nivolumab, has shown 

promising results and is now FDA approved for numerous malignant neoplasms including 

HCC. An ongoing clinical trial is co-administering nivolumab with ipilimumab, a CTLA-4 

negative regulator, in HCC [71]. Previous, positive clinical outcomes of ipilimumab gained 
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FDA’s approval for melanoma, colorectal cancer, and renal cell carcinoma treatment () [71–

73].

The use of mAbs to treat cancer is an example of how specific cancer antigens can be 

targeted to kill cells. To be efficacious, these synthetic antibodies must bind to the 

appropriate antigens. Due to variation among cancer types, this approach is suitable for only 

some cancers. Even with proper antibody-antigen interactions, the effects vary by cancer 

type. Designing mAbs against the immune checkpoint regulator, PD-1, reduces T-cell 

apoptosis, potentiates antitumor immunity, and inhibits cell proliferation [74, 75]. Anti-PD-1 

or anti-PD-L1 drugs stimulate T-cell activity and boost the immune system to attack cancer 

cells. Nivolumab and ipilimumab, utilized as immune checkpoint inhibitors, are mAbs that 

target PD-1 and CTLA-4 antigens, respectively, blocking their interaction on neoplastic cells 

and allowing the immune system to attack tumor cells. These immune checkpoint inhibitors 

are currently in clinical trials to assess their efficacy in comparison with sorafenib ().

Multidrug resistance can be reduced by attacking cancer stem-like cells/cancer-initiating 

cells, which are resistant to cancer treatments and responsible for metastasis and tumor 

recurrence. This is relevant for many of the therapeutic options for HCC. Annexin A3-

transfected dendritic cells induce T cell activation to kill the stem cells in populations of 

HCC cells and in animal models [15], allowing current treatments to be effective for 

extended times. Cancer vaccines are useful for cancers that are caused by viruses. Vaccines 

against these Hepatitis B and C viruses reduce the likelihood of contracting liver cancers. 

However, some viruses promote neoplastic destruction. Oncolytic immunotherapeutics 

vaccinia virus such as Pexa-Vec (pexastimogene devacirepvec, JX-594) involve viruses that 

replicate and lyse cancer cells, induces antitumor immune responses, and disrupts tumor 

vascularity [76]. With high-dose treatment, Pexa-Vec improved the survival of HCC patients 

(14.1 months) compared to those on low-dose treatment (6.7 months) [77]. This virus can be 

also be used in combination with common therapies. Patients are presently being recruited 

for a clinical trial to test Pexa-Vec with nivolumab for treatment of advanced HCC as a first-

line treatment (NTC03071094); another trial will utilize Pexa-Vec with sorafenib for patients 

with advanced HCC (NTC02562755).

5. Nanotechnology based approaches for treating liver cancer

Nanotechnology has allowed scientists to improve the effectiveness of drugs in treating liver 

cancers. This is accomplished by utilizing various nanocarrier-based drug delivery systems 

that, in turn, allow for decreases in the amounts of drug necessary to elevate the therapeutic 

index, lower occurrences of systematic toxicity, extended release of the medication for days 

after a single administration, and enhanced selective targeting of liver cancer cells. An in 
vitro study utilized luminescent, organic dye-doped, core-shell nanoparticles that leach 

minimally and are photostable to bind covalently with anti-human liver cancer mAbs. 

Fluorescent silica nanoparticles efficiently and selectively seek out HepG2 liver cancer cells 

[78]. This approach is useful for common chemotherapeutic drugs, since toxicity and drug 

resistance due to efflux pumps are common problems. Several investigators have taken 

advantage of these techniques to demonstrate improved outcomes in treating liver cancers 

[79, 80].
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Silica with a mesoporous and rattle-type structure was loaded with docetaxel to measure its 

effectiveness for killing HepG2 cells and for treating mice. This method required only 7% of 

the amount of docetaxel compared to free docetaxel to kill liver cancer cells. Also, the 

therapy showed low systematic toxicity for ICR mice with increased anti-tumor activity and 

a 15% improvement in tumor inhibition for mice subcutaneously transplanted with 

hepatocarcinomas [81]. Another study demonstrated that drug-eluting microspheres/beads 

minimized the amount of doxorubicin needed to treat hepatic tumors compared to intra-

arterial administration. These microspheres resulted in plasma concentrations of doxorubicin 

ranging from 9–50 nmol/L, which were 70% to 85% lower compared to intra-arterial 

administration of doxorubicin. Tumor necrosis increased from one hour after treatment and 

reached optimum levels at seven days, indicating further elution of the drug from the 

microspheres; there were minimal side effects [82].

Combination therapies are used to chemo-sensitize cancer cells that have become resistant to 

drugs and to enhance the performance of drugs in treating tumors [83]. Nanoparticles have 

improved these outcomes by adding another element to the agents’ mechanism of action 

(Fig. 2). For HepG2 cells, delivery of doxorubicin and the chemosensitizer curcumin as lipid 

nanoparticles allowed for sustained release over 48 hours and led to possible synergy, as 

suggested by higher cytotoxicity, enhanced apoptosis, and decreased IC50, and, for L02 

cells, to a reduction in cytotoxicity compared to free doxorubicin and doxorubicin-

nanoparticles. For diethylnitrosamine-induced liver cancers, a synergistic inhibition of 

growth of tumors was evident with the doxorubicin/curcumin approach compared to free 

doxorubicin/curcumin [17].

A clinical trial, underway for HCC patients with liver metastases, involves a single 

administration of NBTXR3, a nanoparticle formulation of hafnium oxide crystals, which is 

activated by stereotactic body radiation therapy (SBRT) at 24 hours post-injection. At 

present, patients are not experiencing dose-limiting toxicity, and the NBTRX3 injection is 

well-tolerated. Since the nanoparticles are safe and have anti-tumor activity, six other 

clinical studies are using the method [84]. Another trial is taking the advantage of lipid-

based nanoparticles, called MTL-CEBPA, which target the CCAAT enhancer binding 

protein alpha (CEBPA) gene and restores transcription; the region is a tumor suppressor 

gene which involved in inhibition of cellular proliferation, metastasis, and hepatocyte 

function. The gene is downregulated in liver cancer cells. Upregulation of the CEBPA gene 

leads to increased mRNA and protein expression levels, causing a decline in cell 

proliferation; it prevents liver failure yet promotes normal liver function and increases 

albumin levels. These results were first demonstrated for HepG2 cells and cirrhotic/HCC 

rats with multifocal liver tumors [85]. Although many therapeutic methods to treat liver 

cancer are associated with decreased liver function, MLT-CEBPA improves liver function.

6. Conclusion

In some countries, there has been an improvement in the survival rates for patients with liver 

cancer [86]. Improvements in HCC patient outcomes are attributed to clinical trials 

optimizing individual treatment strategies and to the development of more complex 

therapeutic modalities. Constant development of new techniques and new drugs is providing 
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hope of further advances. Given the various treatment options now available, including 

natural compounds, chemotherapeutics, immunotherapies, and new methods for delivery of 

drugs, there are now unprecedented opportunities to treat liver cancers, including use of 

combination therapy that can improve the effects of current agents. This report provides an 

overview of the rationales behind some current clinical trial interventions. Although new 

drugs could be useful, finding the ideal combinations will challenge scientists and 

physicians. Since the adjusted incidence rates and death rates have continued to increase, 

researchers must continue to work to reduce these rates and to remove liver cancer from the 

list of the most commonly diagnosed and fatal cancers.
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Fig. 1: Schematic demonstrating HCC cells inducing T-cells;
inactivating T-cells, leaving B-cells unstimulated necessary for class switching. T-cells are 

activated to induce the immune response via IFN-gamma, IL-2, cytokine release, and 

stimulating B-cells to undergo class switching.
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Fig. 2. Schematic of nanoparticle therapy on HCC cells.
Top-middle, ODDCSN (organic dye-doped core-shell nanoparticle) releasing contents while 

bound to antibody, inducing apoptosis. Bottom-left, MTL-CEBPA binds to the CEBPA gene, 

increasing transcription and leading to an increase in tumor suppressor proteins causing 

decreased cell proliferation and metastasis. Top-right, NBTXR3 activated by SBRT, leading 

to intracellular release of the drug and inducing cell death. Middle-left, silica nanoparticles 

with a mesoporous and rattle-type (SNMRT) structures provide center of a hollow 

mesoporous shell to be loaded with drug and released through pores upon stimuli. Here, the 

silica nanoparticle is releasing chemotherapeutics inside cell to induce apoptosis.

Anwanwan et al. Page 17

Biochim Biophys Acta Rev Cancer. Author manuscript; available in PMC 2021 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Anwanwan et al. Page 18

Table 1:

Current ongoing clinical trials overview on liver cancer

Patient Intervention Current Phase Initiation date Identifier

Advanced hepatocellular 
carcinoma

Sorafenib tosylate + vorinostat Phase 1 August 2010

Primary hepatic malignancy Floxuridine + dexamethasone w/ 
bevacizumab

Phase 2 May 2007

Advanced hepatocellular 
carcinoma

Bevacizumab + erlotinib Phase 2 April 2011

Advanced hepatocellular 
carcinoma Leucovorin + 5-FU + oxaliplatin + sorafenib

January 2013

Advanced hepatocellular 
carcinoma, non-resectable

5-FU + cisplatin Phase 2 November 2016

Fibrolamellar carcinoma -Everolimus -Letrozole + leuprolide -
Everolimus + letrozole + leuprolide

Phase 2 July 2012

Advanced/metastatic 
hepatocellular carcinoma

-MLN0128 -MLN0128 (RP2D) -Sorafenib Phase 1/Phase 2 July 2016

Hepatocellular carcinoma -BMS-986183
-Nivolumab

Phase 1/Phase 2 August 2016

Advanced/non-resectable 
hepatocellular carcinoma

Tivozanib Phase 1/Phase 2 July 11, 2013

Advanced hepatocellular 
carcinoma

-Nivolumab + ipilimumab Sorafenib
-Cabozantinib

Phase 1/Phase 2 September 26, 2012

Advanced hepatocellular 
carcinoma

Sorafenib + doxorubicin Phase 2 April 2013

Advanced hepatocellular 
carcinoma

-LY2157299
-Sorafenib
-LY2157299 + sorafenib

Phase 2 August 2014

Hepatocellular carcinoma -Ethiodized oil + doxorubicin Phase 3 August 2011

Advanced hepatocellular 
carcinoma

-Regorafenib Phase 3 May 14, 2013

Advanced hepatocellular 
carcinoma

Temsirolimus + sorafenib Phase 2 October 5, 2012

Hepatocellular carcinoma LY2157299 + sorafenib LY2157299 + 
ramucirumab

Phase 2 March 2011

Advanced hepatocellular 
carcinoma

Pexa-Vec + nivolumab Phase 1/Phase 2 July 27, 2017

Advanced hepatocellular 
carcinoma

Pex-Vec + sorafenib Phase 3 October 2015

Hepatocellular carcinoma NBTXR3, intralesional or intra-arterial 
injection + SBRT

Phase 1/Phase 2 November 2015 NTC02721056

Advanced hepatocellular 
carcinoma

MTL-CEBPA Phase 1 March 1, 2016 NTC02716012
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