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ABSTRACT

Hepatocellular carcinoma (HCC) is the most common liver malignancy worldwide. HCC patients are diagnosed in 
advanced stages, due to its poor prognosis. Currently, immunotherapy and chemotherapy are the best treatment options in 
>90 cases of liver cancer. Therefore, new treatment options are urgently needed for the cure of liver cancer.  Use of 
nanotechnology and/or some natural compounds may become better options for liver cancer patients with minimum side 
effects and lower toxicity. This review focuses on present available treatment approaches for the management of liver 
cancer in patients.
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INTRODUCTION
Hepatocellular carcinoma is the most common liver 
disease and major cause of cancer related death worldwide. 
Risk factors for HCC include chronic liver disease, 
cirrhosis, virus infections (hepatitis C and hepatitis B 
virus), alcohol, diabetes, obesity, iron- overload, smoking 
and other dietary factors. (Center and Jemal, 2011; 
Masroor et al., 2020). Due to poor prognosis of HCC, only 
5 to 20 percent patients are eligible for surgical treatment. 
Surgical removal is suitable for early stage liver cancer 
patients. For advanced stage HCC patients treatment 
approaches are the following: (i) trans-arterial 
chemoembolization (TACE) (only 23 percent 
improvement and increase in 2 years survival rate) for 
intermediate stage liver cancer patients. (ii) Oral 
administration of sorafenib, (a kinase inhibitor) that is the 
best treatment option for late-stage of HCC. However, drug 
resistance is reported (within 6 months) and only one-third 
of patients can be cure with this drug (El-Serag et al., 
2008). Sorafenib and other chemotherapeutic drugs, have 
adverse side effects (toxicity and inefficacy of drug) in 

liver cancer patients after long- term treatment. Therefore, 
neither surgical therapies nor chemotherapy is effective for 
the treatment of this devastating liver disease. To find better 
treatment options for HCC further research is needed.  Our 
diet play very crucial role in development, progression, 
prevention and treatment of HCC. A study reported that a 
higher dietary intake of vegetables and fruits decreases the 
risk of tumor development (Soerjomataram et al., 2010). 
Several natural compounds of vegetables, fruits and spices 
suppress mechanisms that are responsible for cancers 
development, and they also help in the prevention of this 
devastating disease. Natural compounds have anti-tumor, 
anti-inflammatory, immunomodulatory, anti-proliferative 
and anti-oxidant properties that provide better treatment 
option for any cancer (Banerjee et al., 2017; Singh et al.; 
2017; Li et al., 2019; Saha et al., 2020). Piperine is a natural 
compound that kills only tumor cells without affecting 
other non cancerous cells (Zhou et al., 2016). It inhibits the 
activity of enzymes responsible for metabolism of drugs 
(Bhardwaj et al., 2002). Many other natural compounds are 
also reported for their anti- cancerous properties. They can 
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enhance the efficacy of anti-cancer drugs without 
causing any kind of toxicity in HCC patients.  Our 
immune system plays an important role in destroying 
tumor cells. For the prevention of tumor progression 
biomarkers of uncontrolled growth can be targeted 
(Chen et al., 2014). A serious drawback of 
chemotherapeutic agents is multidrug resistance. 
Cancer stem cells and /or cancer cells are responsible 
for drug resistance. They initiate pathway for tumor 
development and metastasis. Immunotherapy is a good 
treatment approach for liver cancer (Pan et al., 2015). 
Some other approaches, through cancer vaccines and 
checkpoint inhibitors of immune system, (eg.PD-1 and 
PD-L1 targeting), inhibit tumor progression and 
des t roy  tumor  ce l l s .  Sorafen ib  he lps  in  
immunosuppression,  therefore can be use for 
combination therapy (Kudo et al., 2016; Zhao et al., 
2015). Recently, nanotechnology can be a possible 
treatments approach for the better cure of neoplasms 
by targeting and destroying cancer cells. 
Nanotechnology is accomplished by standardizing 
surface properties and size of the drugs for targeting 
tumor cells with no adverse effects and low systemic 
toxicity (Reddy et al., 2011). Current combination 
therapy approaches can be change by using 
nano technology fo r  the  improvement  o f  
pharmacokinetic profile   retention, permeability and 
reduction of side effects (Singh et al., 2017; Davis et 
al., 2008). For the improvement of efficacy of drugs, 
nanoparticle techniques may provide promising 
results in liver cancer (Singh et al., 2018; Livney, and  
Assaraf, 2013).  The late diagnosis of HCC leads 
physicians and scientist to search new treatment 
approach for the improvement of survival rate of 
cancer patients. An alteration in drug delivery system 
and new combination therapy approaches may give 
new outcomes for the management of this devastating 
liver malignancy.  In this review, we discuss some of 
the most common possible approaches including 
natural  agents, immunotherapies, chemotherapies and 
nanoparticles for the treatment of advanced 
hetaocellular carcinoma. 

Hepatocellular carcinoma: development and 
progression 
HCC is generally characterized by hepatocellular 
injury/death, inflammation followed by liver fibrosis 
and cirrhosis. Initially, these damages are reversible.   
However, if the injury is persistent for long time, liver 
chronic diseases (alcoholic fatty liver diseases, viral 
hepatitis and haemochromatosis) may progress to last-

stage medical complications ( e.g. cirrhosis and HCC) 
(Fig. 1).
Natural compounds for treatment of HCC  
Several natural compounds have reported for the 
management of liver cancer. Piperine (an alkaloid- 
extracted from long and black peppers) has anti-
mutagenic, anti-tumor,   anti-proliferative and anti-
oxidant activities (Tawani et., 2016). It inhibits activity 
of enzymes (UDP glucuronyl transferase and aryl 
hydrocarbon hydroxylase) during drug metabolism and 
decreases lipid peroxidation, results into increase in 
bioavailability of phytochemicals and drugs 
(Srinivasan, 2007). It helps in intestinal absorption by 
interacting with the lipid molecules of the gut (Johri et 
al., 1992).  Drug resistance is a very common problem 
for many drugs of liver cancer treatment. Otherwise 
these drugs could be very effective treatment approach 
for liver cancer. Piperine has no side effect on normal 
hepatocyte cells of liver. Moreover, this alkaloid 
increases the activity of caspase-3 and caspase-9 and 
inhibits catalase, resulting to mitochondria- mediated 
programmed cell death.

Curcumin (constituent of turmeric) has many 
biological functions in many diseases, including HCC 
(Gupta et al., 2013). Curcumin increased the function 
of piperine on diethylnitrosamine- induced liver 
cancer in rats. A phenolic compound  (Oleocanthal) of 
olive oil (extra-virgin) stimulates  programmed cell 
death and kills tumor cells (Polini  et al., 2018). 
Additionally, chronic inflammation may develop liver 
fibrosis, cirrhosis, and end-stage HCC (Bishayee, 
2014). COX-2 up-regulation is reported in HCC cells 
as compared to normal cells and at higher 
concentrations cancer cells differentiated (Koga et al., 

Figure 1: Development and progression of 
hepatocellular carcinoma (HCC).
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1999). Oleocanthal has immunomodulatory and anti-
inflammatory functions by COX-1 and COX-2 
inhibition. It blocked metastasis of HCC by reducing 
migration and invasion of HCC cell in vivo. This 
natural compound reduced the nuclear translocation of 
many transcription factor/genes   responsible for 
metastasis (Pei et al., 2016). Another natural 
compound, allium also have cancer-inhibiting 
functions and are related with reduced risk of many 
other cancers (Petrovic et al., 2018). The different 
flavanols and organosulfur agents of allium extracts 
block different stages of cancer (Khazaei et al., 2017). 
Diallyl sulfide and S-allyl cysteine (SAC) 
(constituents of allium extract) have shown anti-
p r o l i f e r a t i v e  f u n c t i o n s  a n d  i n h i b i t e d  
diethylnitrosamine-induced HCC (Sengupta et al., 
2004). Methanolic extracts of allium denonstrated 
G0/G1 blockade in liver cancer cells (HepG2) and 
increased apoptosis. Allium extract with combination 
of doxorubicin drug is commonly used for 
chemotherapy in HCC patients. Viscum album var 
(VAV) is used as an herbal drug for chronic liver 
diseases. Thus, natural plants and their compounds are 
promising for treatment of HCC.

Chemotherapy for treatment of HCC 
Several clinical trial reports suggested that sorafenib (a 
multi-kinase inhibitor) can be used for the treatment of 
late stages of HCC patents (Jelic and Sotiropoulos 
2010; Kane et al., 2009). Oral administration of 
sorafenib induces apoptosis of tumor cells by 
inhibiting cascade of MAP kinase and reduces cell 
division,  proliferation and angiogenesis of tumor.  
Sorafenib is a FDA approved drug (2007).  It increases 
survival rate   (three to five months) of HCC patients as 
compared to untreated patients (Bruix et al., 2012; 
Cheng et al., 2009). Long term use of this medicine is 
not effective because cancer become resistant to this 
drug.  Furthermore, its administration causes side 
effects in HCC patients.  An increase in serum 
concentration of amylase and lipase, hemorrhage, 
leukopenia, hypertension, vomiting, diarrhea, nausea 
and carcinomas have been reported (Anwanwan et al., 
2020; Zhu et al . ,  2017).  Sorafeib with 
chemoembolization is a new and better treatment 
approach for HCC (Choi et al., 2017).  The 
combination of doxorubicin with sorafenib could be 
better treatment option for HCC due to their synergistic 
effect. Another drug tivozanib, known for the 
treatment of breast, renal and other cancers has limited 

reports for/on HCC. Tivozanib inhibits angiogenesis 
by suppressing VEGF receptor—1 and 2 in colorectal 
cancers and other cancers (Jamil et al; 2015). Liver 
cancer stem cells play important role in the 
development of chemoresistance and growth of tumor 
due to higher rate of cell survival in HCC (Huo et al., 
2017). In HCC patients, combination of cisplatin  and 
5-FU used for chemotherapies and increased 14 
months survival as compared to single drug treated 
patients (Nouso et al., 2013). 

Immunotherapy for treatment of HCC
Immunotherapy is another treatment option for liver 
cancer patients.  In this approach immune sytem can be 
modify by blocking the checkpoints of signaling 
responsible for immunosuppression. To prevent 
inflammatory response and infection specific vaccines 
and immunotherapies can be used. These therapies 
may boost immune system of liver cancer patients. 
Immunotherapy can give synergistic effect with 
currently used drugs for the treatment of liver cancer 
patients (Zhao et al., 2015). In combination therapeutic 
approach of immunotherapy and chemotherapy, 
monoclonal antibodies  (Bevacizumab, and 
ramucirumab ) are under clinical trial for the treatment 
of liver cancer (Morse et., 2019). Programmed cell 
death 1 ligand 1 (PD-L1) and programmed cell death 
protein 1 (PD-1) are checkpoints of immune system 
(Ho et al., 2019). PD-L1 is expressed in nonimmune 
cells as well as on T-cells, B-cells, macrophages, 
dendritic cells, myeloid-derived suppressor cells, 
antigen-presenting cells, and tumor cells.  A protein 
(PD-1) is expressed on active B-cells, CD4+ and CD8+ 
T-cells, natural killer cells, Treg cells,  monocytes, 
myeloid cells, and dendritic cells (Greten et al., 2017; 
Gao et al., 2009). T-cell activity is suppressed by 
interaction of PD-1 proein and PD-L1 which decreases 
secretion of some cytokines, interleukin-2 and IFN-γ  
and inhibit immune signal. Therefore, HCC patients 
develops anti-cancerous response as well as survival 
rate of cancer cells also decreases (Gao et al., 2009). 

In HCC, PD-L1 can be used as a biomarker due to its 
association with cancer aggression and recurrence in 
patients. The combination of sorafenib and anti-PD-1 
causes immunosuppression and reduces and 
metastasis and tumor growth in HCC patients (Zhao et 
al., 2015). PD-1 /PD- L1 blockade reduces other risk 
factors of HCC (hepatitis C and hepatitis B). 
Nivolumab (PD-1 inhibitor) is a FDA approved drug. 
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For HCC patients, nivolumab is a promising treatment 
option.  

Nanotechnology based approaches for treatment of 
HCC 
Recently, nanotechnology based treatment approaches 
has improved the efficacy of drugs for treatment of 
HCC. In this approach, scientists are using different 
nano carrier-based drug delivery systems for the 
treatment of liver cancer cells. It has less systemic 
toxicity. 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. An in vitro study 
reported that fluorescent silica nanoparticles 
effectively seek out liver cancer cell (HepG2) (He et., 
2004). This treatment option is very useful for well 
know chemotherapeutic drug. Several investigators 
have taken advantage of these techniques to 
demonstrate improved outcomes in treating liver 
cancers (Ballout et al., 2018; Xia et al., 2017).  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 therapy 
showed very low systematic toxicity and high anti-
tumor activity (Li et al., 2010). A lipid-based 
nanoparticles (MTLCEBPA), restores transcription by 
targeting the CCAAT enhancer binding protein alpha 
(CEBPA) gene; which is tumor suppressor gene and 
results into inhibition of metastasis, cellular 
proliferation and liver cell function. The gene is down 
regulated in hepatic cancer cells. The mRNA and 
protein expression levels are increased due to 
upregulation of  CEBPA gene resulting in to  decrease 
in proliferation of tumor cells. It increases albumin 
levels and prevents liver failure. Several therapeutic 
approaches are associated for the treatment of liver 
cancer by decreasing function of liver.

Conclusion and future prospective 
Liver cancer is the most common and fatal malignancy. 
New drugs and new therapeutic techniques are 
providing better treatment approach for HCC patients. 
Now days many treatment approaches are available, 
including, chemotherapeutics, natural compounds, 
immunotherapies, and new drug delivery methods for 
liver cancer. Combination therapy improves the 
efficacy of available agents. This review provides an 
overview of current treatment approaches for liver 
cancer. Although new combination therapy could be 
beneficial for HCC treatment but to find an ideal 

combination of the drugs is still challenge for 
physicians and scientists. Since the HCC cases and 
death rates are increasing, scientists / physicians 
should continue to work on the possible treatment 
options for the management of HCC. 
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