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Cancer is a leading cause of death, which occurs due to 

various factors like mutations, radiation, and many other 

factors. Still, no benefit has been established worldwide. 

To overcome this problem, the current study aimed to 

evaluate the anti-hepatocellular carcinoma and anti-

hepatoblastoma potential of commonly used drugs 

against a specific type of cancer. The five most active 

alkylating agents, including melphalan 

(hepatocarcinoma), mitomycin C (anticancer and 

antibiotic), estramustine (prostate cancer), pipobroman 

(leukemia), and irofulven (prostate cancer), were 

selected for in silico molecular docking. The given 

agents were downloaded from PubChem with CID 

460612, 5746, 259331, 4842, and 148189, respectively. 

The protein targets epidermal growth factor (HER2) and 

fibroblast growth factor were retrieved from the Protein 

Data Bank with PDB IDs 1N8Z and 6NVG. The target 

and ligands were optimized or prepared to perform 

virtual screening and toxicity studies. The 

physicochemical, lipophilicity, water solubility, pharmacokinetics, and drug likeness 

were analyzed. The molecular docking results showed that estramustine exhibited 

greater inhibition against HER2 and fibroblast growth factor, with binding energies of 

-7.9 and -7.7 Kcal/mol, respectively, compared to other alkylating agents. But other 

agents also exhibited inhibitory potential against the HER2 and fibroblast growth 

factor, using strong hydrogen bonding with reasonable binding energies. The 

computational approach reflects that the specific targeted anticancer agents attenuate 

the activities of the selected targets by inhibiting the major signaling pathways, such 

as angiogenesis and cancer cell proliferation. The finding suggested that the 

specifically targeted drugs could be used against hepatocarcinoma or hepatoblastoma. 

 

Introduction 

A leading cause of mortality globally, cancer imposes an immense fiscal burden on 

public healthcare systems (Diseases GBD and Injuries C, 2024; WHO, 2024). There 
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is great variation in the incidence, mortality, and cancer DALY burden in different 

regions and nations, with large gaps between industrialized and developing nations 

(Bray et al., 2024). More than 90% of cancer fatalities are due to tumor metastases, 

which are an imperative step in malignancy development and present a great 

challenge for therapeutic management in the vast majority of advanced cancer 

patients (Welch and Hurst, 2019). This multifaceted process involves malignant cells 

crossing tissue barriers and uncontrolled expansion of primary tumor foci, both of 

which give rise to new lesions in distant organs. Quality of life and survival in 

patients are irreparably damaged by this (Quintanal-Villalonga et al., 2020). The wide 

variation in cancer incidence rate, mortality rate, and DALY burden is due to a variety 

of reasons, such as ecological, environmental, demographic, cultural, and genetic 

effects (Collaborators GBDCRF, 2020). In 2022, 19,976,499 new cancer cases 

(including non-melanoma skin cancers) were diagnosed across the world, based on 

estimated data from GLOBOCAN 2022 (Diao et al., 2025). The optimum way to 

reduce infection-related cancers, such as those of the liver, cervix, stomach, and 

nasopharynx, is prevention of chronic infections (Han-You X, 2013). In 2022, 

prostate cancer (1.47 million) and lung cancer (1.57 million new cases [95% UI: 

1.56–1.58]) were the two most common cancers that were diagnosed in men 

worldwide. Breast cancer was the most frequent cancer to be diagnosed in women in 

2022 and was expected to occur in 2.30 million (2.28–2.30) cases. The next two most 

frequent cancers to be diagnosed in women were lung cancer at 0.91 million (0.90–

0.91 million) and cervical cancer at 0.66 million (0.66–0.67). The leading causes of 

cancer deaths among women and men were breast cancer (0.67 million [0.66–0.67]) 

and lung cancer (1.23 million [1.22–1.24]), respectively (Filho AM et al., 2025). 

The liver is a multifunctional organ involved in regulating immunological response, 

protein synthesis, metabolism, and detoxification (Santos et al., 2024). Hepatocytes 

are the predominant parenchymal cells of the liver and are largely responsible for 

mediating these functions. Hepatic stellate cells (HSCs), cholangiocytes, Kupffer cells 

(KCs), liver sinusoidal endothelial cells (LSECs), and other immune cell types that 

maintain liver homeostasis contribute to these (Schulze et al., 2019). LSECs with 

unique fenestrations border the liver sinusoids, thereby providing extreme interactions 

among hepatocytes and sinusoids. Several instances of genetic alterations of Wnt 

signaling in human HCC have been reported. Mutations of the β-catenin gene 

(CTNNB-1) that result in the inhibition of β-catenin degradation and its nuclear 

translocation are found in 8–30% of patients with HCC (Rebouissou et al., 2016; 

Laurent–Puig et al., 2001). 

Due to its very high mortality rate, hepatocellular carcinoma (HCC) is the most 

common type of primary liver cancer and a significant global health issue. Hepatitis B 

and hepatitis C virus infection, alcohol consumption, and metabolic conditions such 

as metabolic dysfunction-associated steatotic liver disease (MASLD) are the primary 

etiologies of chronic liver diseases, which have an intimate association with the 

epidemiology of HCC (Singh et al., 2025). Wnt signaling is pathologically enhanced 

in human HCC tissues, as reported by integrated multi-omics studies (Sun et al., 

2024). Interestingly, in human HCC cells, Wnt-3a and Fzd-7 cooperate to stimulate β-

catenin-dependent signaling, with the ability to enhance tumor growth and cell 

migration (Kim et al., 2008). Interestingly, HCC cannot be triggered solely by β-

catenin protein activation and hepatocyte-specific overexpression (Cadoret et al., 

2001). Conversely, β-catenin activation with pathogenic signals could initiate and 

accelerate the development of HCC in mice (Nejak‐Bowen et al., 2010). But these 

data are contradicted by the fact that the liver of Ctnnb-1 conditional deletion 

develops 7-fold greater tumor cell frequency than that of the wild type, implying that 

the absence of β-catenin favors carcinogen-induced carcinogenesis. 
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The heterogeneity and complexity of cancer make it challenging to identify new drugs 

and therapeutic regimens with sustained effects in most patients despite the 

spectacular progress of the past decade. Development of targeted treatments 

compatible with the genetic and molecular characteristics of cancer will be a 

prerequisite for future progress in the treatment of cancer (Arafeh et al., 2025). We 

selected the most commonly employed alkylating agents based on earlier studies, 

most of which are employed to treat cancers other than HCC. A catalog of enzymes 

that play a role in the generation of cancer via overexpression. These enzymes are 

telomerase, lipid metabolic enzymes, tyrosine kinases, serine/threonine kinases, 

matrix metalloproteinases (MMPs), cysteine proteases, DNA polymerase, DNA 

helicases, glycolytic enzymes, and enzymes that modify histones. Cell growth and 

proliferation are mediated by the human epidermal growth factor receptor 2 (HER2). 

HER2 functioned by suppressing SMAD3 and enhancing β-catenin. HER2 

overexpression however inhibits angiogenesis, cell cycle, and apoptosis (Shi et al., 

2019). 

The past 30 years have witnessed the application of many pharmacological and 

therapy groups. Plant metabolites, synthetic drugs like alkylating agents, platinum 

drugs, hormone therapy, and chemotherapy are some of these groups. Through 

normalization of signal pathways, alkylating agents—the most promising anticancer 

agent family substantially enhance inhibition of overexpressed receptors or enzymes. 

Cyclophosphamide, ifosfamide, melphalan, and chlorambucil are the most frequently 

used alkylating agents in cancer treatment (Singh et al., 2025). The nature of cancer as 

a complex and heterogeneous disease makes it challenging to identify new treatments 

and combinations that have enduring consequences for most patients, despite the great 

strides in the past decade (Arafeh et al., 2025). 

Based on the mode of action of alkylating agents, we selected five alkylating agents 

with broad application against different types of carcinomas. These alkylating agents 

are melphalan, mitomycin C, estramustine, irofulven, and pipobroman. Melphalan is 

mostly used against hepatocellular carcinoma, myeloma, ovarian carcinoma, 

melanoma, and amyloidosis (Anafcheh et al., 2012; Pocasap et al., 2021). The 

anticancer drug mitomycin C (MMC), is an anti-cancer antibiotic derived from 

bacteria that undergo enzymatic bio-reduction in order to exert a biological effect. 

MMC is converted to a very reactive bis-electrophilic intermediate that alkylates cell 

nucleophiles. The most desirable mode of action of MMC is alkylation of DNA, but 

the drug's biological activity can be affected by other mechanisms as well, such as 

redox cycling and inhibition of rRNA. Cellular nucleophiles are alkylated by the 

extremely reactive bis-electrophilic intermediate formed from MMC. While MMC's 

preferred mechanism of action is alkylation of DNA, other mechanisms of action, 

such as redox cycling and rRNA inhibition, potentially could be implicated in the 

drug's biological activities. Herein, we show that MMC also targets the thioredoxin 

reductase (TrxR) in cells. We show that MMC inhibits TrxR in vivo with cancer cell 

cultures and in vitro with purified enzyme (Paz et al., 2012). 

The current research is designed to evaluate the anti-hepatic carcinogenic potential of 

specified alkylating agents commonly used against particular cancers via 

computational approaches. 

 

Materials and Methods 

Computational modeling nowadays is extensively used to determine the interaction of 

drugs or medicated herbs with the protein targets, which are commonly an enzyme 

responsible for inducing cancer inside the body. Various metabolic /signaling 

pathways involved in the process of cancer and their effects throughout the body, such 

pathways include cell proliferations, apoptosis, cyclic dependent pathway, Receptor 
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Tyrosine Kinase (RTK) Pathways (Yip and Papa  (2021), and PI3K/AKT/mTOR 

Pathway (McCubrey et al., 2015). 

National Center for Biotechnology Information (NCBI) database, Protein Data Bank 

(PDB), PubChem, ChemSpider, and NIST were all extensively used to retrieve the 

target and ligands with their pharmacological potential against various ailments, 

especially cancer. These databases provided 2D and 3D versions of protein targets 

and ligands and generated a file in different types of extensions, like SDF, mol, etc. 

The protein targets and ligands are optimized or prepared to perform virtual screening 

and toxicity studies. 

The five anticancer drugs, such as melphalan, mitomycin C, estramustine, irofulven, 

and pipobroman, were downloaded from PubChem. The energy minimization was 

performed using Avogadro2 and then saved in SDF format for further analysis. 

The HER2 protein target (also known as Neu, ErbB2) is a member of the epidermal 

growth factor receptor family of receptor tyrosine kinases known as the ErbB, whose 

members in humans include HER1 (EGFR, ERBB1), HER2, HER3, and HER4 

(ERBB4). The origin and virulence of most cancers are associated with the aberrant 

activation of ErbB receptors, key players in cell growth and differentiation in 

developing embryos as well as adult tissues (Rubin et al., 2024). The irrelevant 

molecules, such as water, ligand, and metallic ions, were removed using BIOVIA 

Discovery Studio, and the protein target was saved in PDB format for virtual 

screening. 

 

Molecular docking 

The virtual screening of the target and selected ligands was performed using PYRX 

(Autodock 4.0.0). In the first step, uploading the target molecule and changing it to 

macromolecules, and saving it in PDBQT format. Next step, upload the ligand 

molecule using the Open Babel tab, then minimize the energy levels, and then change 

its format to pdbqt. Then select the grid box with the appropriate axis, and then ok the 

run command. After a few seconds or minutes, the virtual screening was completed, 

and the best pose was saved in PDB format for further visualization using BIOVIA 

Discovery Studio and PyMol (Akhtar et al., 2025). 

 

Toxicity study 

The toxicity study of both alkylating agents was analyzed using PROTOX online 

tools. In a toxicity study, we study organ toxicity, toxicity end points, nuclear receptor 

signaling pathways, stress response pathways, molecular initiating events, and 

metabolism (online protox, 2024). 

 

ADME properties of alkylating agents 

The online server was used to analyze the physicochemical, lipophilicity, water 

solubility, pharmacokinetics, and drug likeness of selecting alkylating agents 

(SwissADME, 2024). 

 

Mode of Action Selected Ligands 

The mechanism of action of three ligands, such as estramustine, mitomycin, and 

irofulven, was drawn using the BioRender online server. 

 

Results 

The computational modeling of the biological properties of ligands purely depends on 

their behavior with target proteins. The NCBI provides complete information on 

protein 3D structure. The protein 3D structure was retrieved from the PDB with PDB 

id (1N8Z) in pdb format (Fig. 1A & 1B), undergoing deactivation caused by (2S)-2-
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amino-3-[4-[bis(2 chloroethyl)amino]phenyl]propanoic acid (melphalan), 

[(4S,6S,7R,8S)-11-amino-7-methoxy-12-methyl-10,13-dioxo-2,5-

diazatetracyclo[7.4.0.0
2,7

.0
4,6

]trideca-1(9),11-dien-8-yl]methyl carbamate (mitomycin 

C), [(8R,9S,13S,14S,17S)-17-hydroxy-13-methyl-6,7,8,9,11,12,14,15,16,17-

decahydrocyclopenta[a]phenanthren-3-yl] N,N-bis(2-chloroethyl)carbamate 

(Estrmustine),  (5'R)-5'-hydroxy-1'-(hydroxymethyl)-2',5',7'-

trimethylspiro[cyclopropane-1,6'-indene]-4'-one (Irofulven), and 3-bromo-1-[4-(3-

bromopropanoyl)piperazin-1-yl]propan-1-one (pipobroman) (Fig. 2). 

 

 
Fig. 1A: 3D structure 1N8Z from PDB  Fig. 1B: 3D structure 6NVG 

from PDB 
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https://pubchem.ncbi.nlm.nih.gov/compound/460612
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Fig. 2: Chemical structure of selected alkylating agents drawn using ChemSketch 

 

The results revealed that estramustine showed maximum inhibitory potential against 

the HER2 receptor with the binding energy of -7.9 Kcal/mol. The active site residue 

of HER2-B chain binds with estramustine, active site contains: Cys289, Gly 417, Ile 

413, Gly 36, Gln 84, Gln 35, Thr 290, Phe 269, Gly 270, Gln 59, Tyr 281, Thr 5, Arg 

412, Leu 414. Whereas, mitomycin C  was the second alkylating agent which showed 

strong binding with the HER2 receptor, and active site, containing Cys 316, Tyr 321, 

His 296, Cys 293, Gln 298, Glu 299, Asn 297, Phe 349, Val 319, Arg 318. The details 

on binding energies and active site residues were mentioned in Table 1 & Figure 3. 

Similarly, in the case of the fibroblast growth factor receptor, the strongest binding 

was again shown by estramustine, with a binding energy of -7.5 kcal/mol. The active 

site contained Leu 575, Gly 678, Phe 674, Pro 703, Leu 676, Pro 567, Gly 573, Leu 

580, Thr 675, Trp 671, and Pro 682. Irofulven was the second most active inhibitory 

alkylating agent that binds with 6NVG with a binding energy of -7.0 kcal/mol (Table 

2 & Figure 4). 

The results also favour the combinatorial use of medicine against different ailments. 

in this study, both alkylating agents (melphalan and mitomycin) significantly inhibit 

both chains of HER2 receptors that take part in cell proliferation. 

 

Table 1 Docking of selected alkylating agents against the HER2-receptor 

 

Alkylating 

agents 

CID Binding 

Energy 

Grid Binding 

Interactions 

Residue 

X Y Z 

Melphalan 460612 -6.9 0.84 86.85 129.18 

H-Bonding 

Hydrophobic 

ASN 466, 

GLY 442, 

HIS 468, 

LEU 443, 

https://pubchem.ncbi.nlm.nih.gov/compound/148189
https://pubchem.ncbi.nlm.nih.gov/compound/4842
https://pubchem.ncbi.nlm.nih.gov/compound/259331
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LEU 414, 

LEU 27, 

THR 5, 

VAL 3, 

PHE269, 

PRO 278, 

ASN 280, 

TYR 279, 

SER 441, 

GLN 469, 

Mitomycin 

C 
5746 7.2 

H-Bonding 

Hydrophobic 

CYS 316, 

TYR 321, 

HIS 296, 

CYS 293, 

GLN 298, 

GLU 299, 

ASN 297, 

PHE 349, 

VAL 319, 

ARG 318 

Estramustine 259331 -7.9 

H-Bonding 

Hydrophobic 

CYS289, 

GLY 417, 

ILE 413, 

GLY 36, 

GLN 84, 

GLN 35, 

THR 290, 

PHE 269, 

GLY 270, 

GLN 59, 

TYR 281, 

THR 5, 

ARG 412, 

LEU 414 

Irofulven 148189 -6.8 

H-Bonding 

Hydrophobic 

THR 5, 

TYR 279, 

HIS 468, 

SER 441, 

ASN 466, 

THR 1, 

VAL 3, 

PRO 278, 

ASN 280, 

TYR 281, 

CYS 4 

Pipobromin 4842 -6.0 

Hydrophobic GLY 411, 

ASN 280, 

LEU 29, 

TYR 281, 

SER 441, 

HIS 468, 

PRO 278, 
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ASN 466, 

THR 5, 

LEU 414 

 

 

 
 

1N8Z-Melphalan (-6.9 kcal/mol) 

 

 

 

 
1N8Z-Mitomycin C (-7.2 kcal/mol) 
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1N8Z-Estramustine (-7.9 kcal/mol) 

  
1N8Z-Irofulven (-6.8 kcal/mol) 

  
1N8Z-pipobroman (-6.0 kcal/mol) 

 

Fig. 3: Docking of selected alkylating agents against epidermal growth factor receptor 

HER2 

 

Table 2: Docking of selected alkylating agents against fibroblast growth factor 

(6NVG) 

Alkylating 

agents 

CID Binding 

Energy 

Grid Binding 

Interactions 

Residue 

X Y Z 

Melphalan 460612 -6.0 0.71 80.15 101.11 

H-Bonding 

Hydrophobic 

GLU 551, 

ALA 553, 

LEU 473, 

LEU 610, 

PHE 622, 

MET 524, 

ASP 621, 

VAL 550, 

LEU 517, 
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GLU 520, 

LYS 503, 

VAL 548, 

CYS 552, 

ILE 534, 

VAL 481, 

ALA 501 

Mitomycin 

C 
5746 -6.8 

H-Bonding 

Hydrophobic 

PHE 674, 

PRO 567, 

HIS 704, 

PRO 703, 

PHE 577, 

LEU 575, 

GLY 573, 

LEU 676 

Estramustine 259331 -7.5 

H-Bonding 

Hydrophobic 

LEU 575, 

GLY 678, 

PHE 674, 

PRO 703, 

LEU 676, 

PRO 567, 

GLY 573, 

LEU 580, 

THR 675, 

TRP 671, 

PRO 682 

Irofulven 148189 -7.0 

H-Bonding 

Hydrophobic 

GLY 573, 

PHE 674, 

PRO 567, 

LEU 575, 

LEU 676, 

LEU 580, 

PRO 703, 

HIS 704, 

PHE 577, 

SER 576 

Pipobroman 4842 -5.3 

H-Bonding 

Hydrophobic 

ALA 553, 

LYS 503, 

GLU 520, 

VAL 481, 

LEU 473, 

GLU 551, 

GLY 556, 

CYS 552, 

ALA 501, 

LEU 610, 

ASP 621, 

VAL 550 
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6NVG-Malphalan (-6.0 kcal/mol) 

 
 

6NVG-Mitomycin (-6.8 kcal/mol) 

  
6NVG-Estramustine (-7.5 kcal/mol) 
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6NVG-Irofulven (-7.0 kcal/mol) 

  
6NVG-Pipobroman (-5.6 kcal/mol) 

 

Fig. 4: Docking of selected alkylating agents against Fibroblast growth factor receptor 

(6NVG) 

 

Toxicity Evaluation 

PROTOX online tools evaluated organ toxicity, end points, signaling pathways, stress 

response pathways, molecular processes, and metabolism. The findings showed that 

all selected alkylating agents, such as melphalan, mitomycin C, estramustine, 

irofulven, and pipobroman, are susceptible to overexpression. They affect the various 

systems after taking his amount greater than his recommended minimum levels. 

(Table 3). 
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Table 3: Toxicity analysis of selected alkylating agents 

 

 

 
 

ADME properties of alkylating agents 

The ADME properties showed that melphalan, mitomycin C, irofulven, and 

pipobroman are quite soluble and exhibit lower lipophilicity than estramustine. 

Pharmacokinetic findings showed that melphalan, irofulven, estramustine, and 

pipobroman are highly absorbed via the gastrointestinal tract, while mitomycin C is 

not (Table 4). 

 

Table 4: ADME properties of selected alkylating agents 

 

Properties Physicochemical 

Melphalan Mitomycin Irofulven Estramustine Pipobroman 

Formula C13H18Cl2N2O2 C15H18N4O5 C15H18O3 C23H31Cl2NO3 C10H16Br2N2O2 

Molecular weight 305.20 g/mol 334.33 g/mol 246.30g/mol 440.40 g/mol 356.05 g/mol 

No. of heavy 

atoms 

19 24 18 29 16 
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H. bond donors 2 3 2 1 0 

H. bond acceptors 3 6 3 1 2 

Molar refractivity 78.91 86.95 68.76 117.80 77.83 

Lipophilicity 

Log p o/w 

(WLOGP) 

1.92 -2.41 1.60 5.18 0.47 

Water Solubility 

Class Very soluble Very soluble Very soluble Poorly 

soluble 

Very soluble 

Log S (SILICOS-

IT) 

-4.04 -1.19 -2.91 -6.08 -2.84 

Pharmacokinetics 

GI absorption High Low High High High 

BBB permeant Yes No Yes Yes Yes 

Log Kp (skin 

permeation) 

-8.02 cm/s -8.62 cm/s -7.94 cm/s -6.15cm/s -8.17 cm/s 

Drug likeness 

Lipinski Yes; 0 violation Yes; 0 

violation 

Yes; 0 

violation 

Yes; 1 

violation 

Yes; 0 

Bioavailability 

score 

0.55 0.55 0.55 0.55 0.55 

 

Possible mode of Action of alkylating agents against hepatocellular carcinoma 

Estramustine 

The molecular docking, ADME properties, and pharmacokinetic studies reveal that 

the best alkylating agent after the findings is estramustine, which typically inhibits the 

action of epidermal growth and fibroblast growth factors. Overexpression of both 

factors leads to the stimulation of PI3K/AKT/mTOR and MAPK/ERK pathways, 

which are involved in promoting proliferation and angiogenesis. Estramustine 

interferes with the cascade through Inhibition of EGFR phosphorylation, suppression 

of EGFR expression, inhibition of EGFR-mediated signaling, FGFR dimerization and 

phosphorylation, and FGF ligand expression. They decreased cell survival, migration, 

and proliferation, inhibited angiogenic signals and tumor vascularization, depriving 

the tumor of nutrients. So, estramustine causes Cell cycle arrest at G2/M, induces 

apoptosis, and suppresses EGF- and FGF-mediated oncogenic signaling (Fig. 5). 
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Fig. 5: Possible Mechanism of action of estramustine against HCC 

Mitomycin C 

Similarly, the second alkylating agent, which strongly inhibits the epidermal growth 

factor, is mitomycin C. Mitomycin C downregulates EGFR expression at the cell 

surface, inhibits phosphorylation (activation) of EGFR, prevents downstream 

PI3K/AKT and MAPK/ERK signaling pathways, thereby inhibiting: tumor cell 

proliferation, invasion, angiogenesis, and metastasis. Mitomycin C is activated in 

conditions of hypoxia (frequent in solid tumors); it creates DNA interstrand crosslinks 

at guanine bases. This inhibits DNA replication and transcription, resulting in Cell 

cycle arrest (G2/M phase) and apoptosis (Fig. 6). 

 

 
 

Fig. 6:  Possible Mechanism of Action of Mitomycin in HCC 

Irofulven 

Like estramustine and mitomycin, Irofulven intercalates DNA and produces covalent 

adducts (alkylation), initiates transcriptional blockade and replication fork destruction, 

causes DNA double-strand breaks, G2/M phase arrest, Apoptosis, Blocks RNA 

Polymerase II, and Suppresses FGF-induced gene transcription (e.g., cyclins, VEGF). 

The activity is accountable for Reduced cell proliferation, Impaired angiogenesis, and 

Inhibition of tumor-promoting genes downstream of FGFR (Fig. 7). 
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Fig. 7: Possible Mechanism of Action of Irofulven in HCC 

 

Conclusion 

The computational approach reflects that the selected five alkylating agents 

commonly inhibit the overexpression of the selected two target proteins that are 

involved in the progression of uncontrolled apoptosis and signaling pathways, leading 

to carcinogenesis.  The most active alkylating agent was estramustine, which 

efficiently inhibits both targeting proteins. Along with estramustine, irofulven, 

melphalan, and mitomycin C also cause the inhibition of the proteins.  The in silico 

molecular docking simulation showed that the target-specific alkylating agents might 

be used against other types of cancer, especially against hepatocellular carcinoma and 

hepatoblastoma in early age children. The findings suggested that targeted specific 

therapies may be significant against hepatocellular carcinoma in children as well as in 

adults, with appropriate concentration. Therefore, it is suggested that to confirm the in 

silico approaches, in vitro as well as in vivo trials should be performed and promote 

the use of different anticancer drugs against cancerous cells to stop carcinogenesis in 

humans. 
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