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A Review On The Protective Effects Of Vitamin D3 And It's Analog Against Hepatocellular Carcinoma, in vivo and in vitro



ABSTRACT
Hepatocellular carcinoma (HCC) has significant gender differences in incidence and prognosis, indicating the sex-specific pathogenic process. Vitamin D3, aside from its traditional function in calcium homeostasis, has pleiotropic actions with possible anti-cancer effects. This review discusses the therapeutic potential of vitamin D3 in hepatocellular carcinoma, particularly its gender-dependent functions. Here we discuss the preclinical and clinical research on the differential effects of vitamin D3 on hepatocellular carcinoma development and subsequent progression in male and female human subjects. Evidence suggests a modulation by the vitamin D3 of sex hormone signalling, inflammatory processes, and immune responses in either gender, which in turn, affects hepatocarcinogenesis. Elucidating the sex-specific actions of vitamin D3 has the promise of opening up targeted therapeutic approaches to perturb hepatocarcinogenesis. This review underscores the therapeutic potential of vitamin D3 as a gender-sensitive drug in the treatment of hepatocellular carcinoma, that needs to be explored for future clinical applications. 
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INTRODUCTION 
Hepatocellular carcinoma is a major cause of morbidity and mortality worldwide, and the major risk factors include viral hepatitis, alcohol, metabolic syndrome etc. (Nevolaet al., 2018). The global burden of HCC varies with the distribution of risk factors; the burden of viral hepatitis is decreasing and that of metabolic syndrome is increasing (Stella L et al., 2022). Men are reported affected more frequently than women, which is probably related to hormonal and lifestyle factors (Yang et al., 2019). HCC has been found to be more common in males and the hormonal factors are important for the differential responses between men and women. The men hormone, androgen stimulates early tumor growth, but estrogens may protect (Nevolaet al.,2023). 
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The incidence and mortality due to HCC is higher in males and the major global cancer with a strong male bias is associated factors include toxins like alcohol, tobacco smoking, aflatoxins.(Li et al., 2020)(Leung et al., 2019). There are prognostic systems, but there are questions about the role of sex in survival.  0
Sex hormones have a profound effect on liver health, affecting both benign and malignant tumor development (Zhang, Y et al., 2019). HCC is a lethal cancer that disproportionately affects men. Hepatocytes express estrogen and androgen receptors together, and both hormones can stimulate cell proliferation (Li et al., 2020) and this finding suggests to a complex interplay between sex hormones and liver tumorigenesis. HCC is considered to be the most prevalent primary liver cancer, and the incidence can be expected to increase with increasing chronic liver diseases.  
Vitamin D3 and its metabolites (calcidiol, calcitriol, eldecalcitriol, calcipotriol etc) (Fan Hz et al.,2019) can inhibit liver cancer cell growth, induce apoptosis, and suppress angiogenesis, potentially hindering tumor development and progression. They also modulate inflammatory  
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Fig 2: Structure of Vitamin D2 & D3(Adapted from Singh et. al., 2022)
pathways that contribute to HCC. HCC and Vitamin D3 have a relationship as Vitamin D3 can potentially check the growth of HCC through the regulation of cell growth, death, and angiogenesis (Ebrahim et al., 2018). Its therapeutic applications are investigated using individual factors such as gender and receptor differences as a basis for tailored treatment procedures (Karmakar et al. ,2002). More investigation is focused on maximizing Vitamin D3's utilization in the care of liver cancer. The deficiency of Vitamin D3 (Vit D) in the Vit D receptor gene have been implicated in the progression of HCC (Tseng et. al., 2024), and this response prompts studies into its therapeutic potential. Vit D3 metabolism is a complex and it requires UV exposure and hydroxylation for its biological activity. Studies have produced conflicting results on the influence of Vit D on the HCC risk and survival (Yi, Z., et. al., 2021). Vitamin D3’s role in cell processes such as apoptosis and differentiation suggests it may have anti-cancer effects. Vitamin D3 deficiency is prevalent worldwide, which highlights the need for further research into its therapeutic applications in HCC. Further studies are required to identify the most appropriate approach to vitamin D3 for HCC prevention and treatment (Adelani et. al., 2021). 
BACKGROUND OF THE WORK
HCC is the fourth most common cause of cancer-related death worldwide. HCC represents a significant global health challenge. Despite the clinical prevalence of this malignancy, current pharmacological interventions often face limitations due to systemic toxicity and the emergence of drug resistance. Recent investigations have identified the VDR as a pivotal molecular target in liver tissue, suggesting that Vitamin D3 signaling can exert potent anti-proliferative effects. By synthesizing data from both in vitro hepatoma cell lines and in vivo animal models, this review evaluates the capacity of Vitamin D3 and its synthetic analogs to induce cell cycle arrest and inhibit metastasis. The high dose, off-label use of oral vitamin D3 has has been shown to significantly accelerate the resolution of cutaneous inflammation and swelling in both chemotherapy and radiation-induced tissue injury.
GENDER DIFFERENCES IN HCC: EPIDEMIOLOGY AND CLINICAL OUTCOMES
HCC is more prevalent in men worldwide. Alcohol and HBV (Hepatitis B Virus)-associated HCC is greater in men (Nevolaet. al., 2023). HCV (Hepatitis C Virus) and metabolic-associated HCC is greater in women. Women have greater overall survival and lower recurrence rates. Better results in therapeutic aspects are observed if women are diagnosed at earlier stage (Choi et. al., 2022). Male gender is a risk factor for early recurrence independent of other factors. 
Men are less compliant with surveillance programs. HCC is responsible for more than 80% of primary liver tumors. In 2020, liver cancer was responsible for 6.3% of new male cancer diagnoses and 3.0% of new female cancer diagnoses (Behbahani et. al., 2020) Mortality is 2-3 times lower in women. Early detection in women is a factor in the improved prognosis. There are clinical and prognostic differences between the two genders that are pertinent (Liu et. al., 2019).
In women, estrogen may have a protective effect and the use of oral contraceptives enhances the prognosis (Rich et. al., 2020). Sex hormones significantly influence HCC metastasis, with androgens promoting and estrogens generally inhibiting progression (Zhang et. al., 2022). Androgens act through direct and indirect mechanisms, while estrogens induce apoptosis and immune responses. Established differences in hormone signaling contribute to observed sex disparities in HCC (Lai et. al., 2019). 

CLINICAL STUDIES 
Clinical trials on Vitamin D3 for liver cancer are limited, despite promising preclinical data. Early studies explored safe Vitamin D3 dosages and administration routes, with some success in minimizing hypercalcemia (Cheng et. al., 2016). Vitamin D3 analogs like seocalcitol show antitumor potential, possibly by restoring tumor growth factor-b expression (Mauryaet. al., 2016). Eldecalcitriol can inhibit the hepatoma agent proliferation by increasing the E-cadherin expression and decreasing Akt expression. Calcipotriol reduce liver fibrosis in a CCl4 induced rat model, inhibit deposition of ECM and activation of hepatic stellate cells which is negatively correlated with degree of liver fibrosis.
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Figure 3: Calcipotriol inhibits the NF-κB pathway through VDR to suppress the development of liver fibrosis (Hong et.al., 2022)
PROTECTIVE MECHANISMS AGAINST HCC
ROLE OF ESTROGEN SIGNALING PATHWAY  
Estrogen-ERα (Estrogen receptor) signaling generally protects against hepatocellular carcinoma development by promoting apoptosis. It inhibits interleukin -6 (IL-6) production from Kupffer cells of liver, reducing inflammation crucial for HCC progression (Xiao et. al., 2020). Estrogen ERα can suppress STAT3 (Signal transducer and activator of transcription 3) activity and increase TNFα (Tumor necrosis factor) expression, both leading to apoptosis. It enhances p53 (Tumor suppressor gene) activation and miR-23a expression, which lowers XIAP (X-linked inhibitor of apoptosis protein) levels, increasing caspase-3 activity (Fuentes et. al., 2019). This pathway interacts with noncoding RNAs, to inhibit HCC cell invasion. This signaling pathway effectively acts as a brake on HCC progression. These protective mechanisms contribute to the observed gender differences in HCC incidence. These mechanisms give insight into potential therapeutic targets for HCC (Huang et. al., 2015). 
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Figure 4: Schematic presentation of sex hormone signaling in HCC: Estrogens (via ER/GPER) and androgens (via AR) modulate oncogenic pathways like PI3K/AKT/mTOR, IL-6/STAT3, and MAPK/ERK to influence tumor risk.

ACTIVATION OF HCC 
ROLE OF ANDROGEN SIGNALING PATHWAY   
Androgen receptor (AR) plays a paradoxical function in advanced HCC metastasis, activating it through ID1 and TLR4 (Han et. al., 2020) and impacting pro-metastatic neutrophils (Tang et. al., 2022). Alternatively, AR represses metastasis through repression of Angpt2 (Zhou et. al., 2021), triggering anoikis and suppressing p38/MMP9/NF-κB. It also regulates adhesion and impacts miRNAs (Liu et. al., 2020), with dissimilar metastatic effects. AR may suppress vasculogenic mimicry (Baoet. al., 2020). These controversies stem from the heterogeneity of HCC as well as variation in experiments. Typically, AR seems suppressive in late metastasis (Tang et. al., 2021), requiring stage-specific AR-targeted therapies. The AR-tumor microenvironment interaction further complicates its function. Understand the dual mechanisms of AR for effective treatment strategies. 
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Figure 5: Regulation and function of the AR signaling pathway in HCC. Androgens drive hepatocarcinogenesis by upregulating CCRK to activate beta-catenin signaling and inducing miR-216a to suppress tumor-suppressor genes. These coordinated pathways stimulate cell cycle progression, migration, and invasive activity in early-stage hepatocytes (adapted from Liu et al., 2014).
PROTECTIVE ACTIVITY Of VIT D3 AGAINST HCC 
IN VITRO STUDIES
HCC remains a highly aggressive malignancy characterized by significant morbidity and mortality rates worldwide. In this context, Eldecalcitol (ED-71), a vitamin D analog, is extensively used as anti-cancer agent in vitro model. HCC cell, SMMC-7721 cell lines to evaluate the anti-tumor potential of the ED-71. Transwell assay study demonstrated that ED-71 treatment significantly restricted the ability of cancer cells to migrate and invade surrounding tissues. Flow cytometry revealed that ED-71promoted programmed cell death (apoptosis) and induced cell cycle arrest, notably increasing the S-stage population. Molecular analysis via RT-PCR confirmed that the treatment inhibited tumor progression by modulating the Akt signaling pathway and E-cadherin expression. These findings establish that ED-71 effectively suppresses hepatoma cell proliferation and metastatic behavior at a cellular level (Ye et. al., 2020). Vitamin D3 (VD) can overcome HCC resistance by modulating EMT (Epithelial to mesenchymal transition) and miRNA-375 expression. Vitamin D3 inhibits HCC growth by silencing Histone deacetylase 2 (HDAC2) and promoting p21 expression, affecting cell cycle regulation (Huang et. al., 2016). It enhances apoptosis through increased Thioredoxin Interacting Protein (TXNIP) and reduced thioredoxin activity. Combination therapies with Vitamin D3 and other drugs, like Astemizole or Sorafenib, show synergistic antitumor effects (Xu et. al., 2018). Vitamin D3 reverses Aflatoxin B1-induced alterations in hepatic progenitor cells, attenuating protein kinase B(Akt) activation (XuFs et. al., 2007). Calcitriol suppresses HGF and c-met, further demonstrating its anti-tumor roles. Vitamin D3 regulates tumor growth and progression through cell cycle modulation and mTOR inhibition (Ferron et. al.,2020). In vitro studies consistently highlight VD’s anti-tumor properties in HCC. Vitamin D3 enhances the effectiveness of standard HCC therapies. Further research is needed to translate these in vitro findings into effective clinical treatments. 
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Figure 6: ED-71 (0.2 µg/kg) markedly inhibited the expression of Aktand E-cadherin. (a) ED-71 increased the E-cadherin mRNA expression and decreased the Akt expression; (b) expression of Akt (Rabbit antiAkt) and E-cadherin (Rabbit anti-E-cadherin) was measured by immunohistochemistry staining after treatment with ED-71 (scale bar: 50 µm). *P < 0.05 compared with the control group (Ye et. al., 2020).

IN VIVO STUDIES
Liver fibrosis is confirmed through elevated liver coefficients and significant fibrous tissue formation in the CCl4-induced ( SpragueDawley) SD rat  model group. While fibrotic livers showed significantly depleted Vitamin D receptors (VDR) expression, calcipotriol treatment successfully restored these levels and improved overall tissue morphology. This therapeutic intervention effectively reversed fibrosis by suppressing pro-fibrotic markers like α-SMA andCol-1 while concurrently enhancing the expression of MMP-1. Further analysis showed that calcipotriol downregulated key inflammatory and fibrogenic factors, such as TGFβ-1, desmin, IL-6, CTGF, PDGF, and TIMP-1, within the isolated liver tissues. Ultimately, the study demonstrates that VDR-mediated calcipotriol treatment exerts a potent anti-fibrotic effect byregulating these critical molecular pathways in vivo ( Gong et. al.,2022).
Vitamin D3 exhibits anti-inflammatory properties, mitigating cytokine production and countering Vitamin D3 deficiency-induced STAT3 activation (Fu & Chung, 2018). Anti-tumor effects of Vitamin D3 are linked to p27kip1, a tumor suppressor that reduces inflammation and promotes apoptosis. VDUP1 loss enhances carcinogenesis by increasing TNF-α and NF-κB activation (Kwon H-J et. al., 2010). Vitamin D3 effectively attenuates oxidative stress, a key factor in HCC pathogenesis, by modulating antioxidant enzyme activity. VD interacts with and enhances apoptotic pathways, increasing caspase 3 activity and down regulating Transforming growth factor (TGF-β Ebrahimet. al., 2018). Combination therapies with Vitamin D3 and 5-fluorouracil demonstrate synergistic benefits, reducing liver enzyme and AFP levels. Anti-inflammatory, antioxidative, and pro-apoptotic mechanisms of Vitamin D3 collectively contribute to Hepatocellular Carcinoma regulation (Adelaniet. al., 2020). In vivo studies consistently demonstrate ability of Vitamin D3 to modulate key pathways involved in HCC progression. These findings suggest Vitamin D3 as a promising agent for HCC prevention and therapeutic strategies. Further research is necessary to translate these in vivo results into effective clinical applications. 

THERAPEUTIC IMPLICATIONS OF VITAMIN D3
Vitamin D3, a secosteroid hormone, has multifaceted roles beyond the regulation of calcium (Demeret. al.., 2018). Its active metabolite, calcitriol, acts on the VDR, regulating gene transcription. There is increasing evidence of anti-proliferative, anti-inflammatory, and antifibrotic activity. These actions are pertinent to chronic liver disease, including NAFLD (Kitson and Roberts, 2012; Barchettaet. al.., 2020). However, the clinical and experimental evidence for the role of Vitamin D3 in NAFLD, is conflicting. Deficiency of Vitamin D3 is common and linked to numerous health problems. This deficiency can be responsible for the onset and progression of NAFLD. Supplementation options include cholecalciferol (D3) and ergocalciferol (D2). Cholecalciferol is usually preferable because it is more potent. Calcitriol, the hormonally active metabolite, is utilized in renal failure. Calcitriol has a risk of causing hypercalcemia, necessitating close monitoring. There is sparse study comparing directly cholecalciferol and calcitriol in NAFLD. There are mixed findings in the studies on the efficacy of calcitriol for NAFLD. One study demonstrated beneficial treatment effects with calcitriol on cholesterol and liver enzymes. A second study found no benefit with calcitriol treatment. The best Vitamin D3 form and dosage for NAFLD are still unclear. Additional studies are required to elucidate Vitamin D3’s role in NAFLD. This study will assist in deciding the optimal supplementation methods. Additional studies are needed to establish the optimal vitamin D3 form to supplement (Zhang et. al.., 2019c).

ROLE OF VITAMIN D3-METABOLIZING ENZYMES 
Vitamin D3’s effects involve gene modulation, notably CYP24A1 (25-hydroxyvitamin D-24hydroxylase, a mitochondrial enzyme). CYP24A1 is crucial for regulating the levels of active vitamin D3 and preventing vitamin D toxicity. 1,25 (OH)2 D3(calcitriol, is the biologically active form of vitamin D3) increases CYP24A1 expression in liver cancer cells.  CYP27B1 further enhances CYP24A1, potentially inhibiting tumor growth (Fan et. al., 2019). CYP27B1 can induce cell cycle arrest through p21/p27.  CYP24A1 gene variations are linked to increased HCV risk. Specific CYP24A1 polymorphisms correlate with chronic HCV. This suggests a genetic link between Vitamin D3 metabolism and viral infection (Chiang et. al., 2015). Combining VD3 with CYP24A1 inhibitors may be a therapeutic strategy. This would help control the increased cytoplasmic expression of CYP24A1. These genetic level changes have influence on cellular growth and disease risk (Fedirkoet. al., 2014). 

MOLECULAR MECHANISMS OF PROTECTING ACTIVITY OF VITAMIN D3 IN HCC 
· 1,25 (OH)2D3 binding to VDR (Vitamin D3 Receptor): The active form of Vitamin D3, 1,25(OH)2D3, binds to its primary intracellular receptor, the VDR.   
· VDR-RXR Heterodimerization and Nuclear Translocation: Upon ligand binding, the VDR forms a heterodimer with the Retinoid X Receptor (RXR). This complex then translocates into the nucleus of the cell. 
· Binding to VDREs (Vitamin D Response Elements): In the nucleus, the VDR-RXR heterodimer binds to specific DNA sequences called Vitamin D Response Elements (VDREs) located in the promoter regions of target genes. 
· Transcriptional Regulation: The binding of the VDR-RXR complex to VDREs recruits co-activator or co-repressor proteins, leading to the modulation of gene transcription. This can result in either the upregulation or downregulation of a wide array of genes involved in various cellular processes. 
· Signaling Pathways Influenced by Gene Transcription: The genes regulated by the 1,25 (OH)2D3-VDR axis mediate diverse downstream effects, (Fan et. al., 2019) including: 
· Inflammation: Vitamin D3 can regulate the expression of pro- and antiinflammatory cytokines and signaling molecules (indicated by the arrow leading to "Inflammation"). 
· Tumorigenesis: By influencing genes involved in cell cycle control, proliferation, and survival, Vitamin D3 can impact tumor development (indicated by the arrow leading to "Tumorigenesis") (Zhang et. al., 2019) 
· Cell Differentiation: Vitamin D3 plays a crucial role in the differentiation of various cell types (indicated by the arrow leading to "Cell Differentiation") (Li et. al., 2020) 
· Cell Senescence & Apoptosis: Vitamin D3 can promote cellular senescence (growth arrest) and apoptosis (programmed cell death) in certain cell types, including cancer cells (indicated by the arrow leading to "Cell Senescence Apoptosis") (Ebrahimet. al., 2018).
· Invasion: Vitamin D3 can affect the expression of genes involved in cell migration and invasion, impacting the metastatic potential of cancer cells (indicated by the arrow leading to "Invasion"). 
· EMT (Epithelial-Mesenchymal Transition): This process is crucial in cancer metastasis, and Vitamin D3 can influence the expression of EMT-related transcription factors and markers (indicated by the arrow leading to "EMT") (Ferrinet. al., 2020). 
· Oxidative Stress: Vitamin D3 can modulate the expression of antioxidant enzymes and other factors involved in cellular redox balance (indicated by the arrow leading to "Oxidative stress") (Mohamed et. al., 2020). 

Thus, Vitamin D3 and its metabolites exert anti-HCC effects by modulating key molecular pathways, including inhibiting cell proliferation, inducing apoptosis, and suppressing angiogenesis and metastasis. These actions involve binding to the vitamin D receptor (VDR), leading to downstream alterations in gene expression related to cell cycle control, inflammation, and immune regulation within the tumor microenvironment. 
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Figure 7: 1,25 (OH)2D3 signaling pathway involved in the regulation of HCC through apoptosis, invasion, proliferation, differentiation, tumorigenesis, oxidative stress, and inflammation. (Adapted from Adelani et.al.Front Oncol. 2021.)

THERAPEUTIC LIMITATIONS OF VITAMIN D3
Vitamin D3 treatment is constrained by hypercalcemia (elevated calcium). Vitamin D3 analogs are synthesized to minimize this toxicity. Large doses of Vitamin D3 lead to renal failure and heightened fracture risk (Liu et. al., 2018). Use of supplements has not provided a survival advantage in liver cancer. One-time, large-dose overdoses can have delayed, but severe, consequences. Hypercalcemia is treated by withholding Vitamin D3 and decreasing calcium intake. Glucocorticoids, hydration, diuretics, and calcitonin are also beneficial. Combination therapy with chemo may reduce Vitamin D3 dosage. Vitamin D3 intoxication is a severe threat (Lee et. al., 2015). Long term consequences of high dose Vitamin D3 are harmful. Dosage monitoring must be careful. Analogs are a good method to derive Vitamin D3’s advantage with fewer risks. High-dose long-term administration may augment fracture risk. Short-term single high doses are minimally toxic. Treatment for hypercalcemia involves Vitamin D3 withdrawal, low calcium/phosphorus diet. Combined therapy with chemo agents might reduce Vitamin D3 dosage. Use of supplements does not provide any survival advantage in HCC patients. 27-OH BCI-210, a metabolite of Vitamin D3, suppresses growth of cancer cells (Marinset. al., 2014). The dosage of Vitamin D3 has to be carefully selected to prevent adverse effects. Calcium status must be monitored while on therapy with Vitamin D3. 
INDIAN PERSPECTIVE ON HCC:
• HCC Related Mortality in General Population
An important survey was published, to identify the cancer related mortality in India (Dikshit et al., 2012). The study was conducted by verbal autopsy method in 1.1 million homes, representing the whole nation. People who died between the years 2001 and 2003 were included in this study and deaths were projected for the year 2010. For both sexes, a total of 122,429 deaths were attributable to cancers. In 2010, cancer deaths were estimated to be more than 556,000 and 72% of the deaths were between the ages 30 and 69 years. For men the 2010 cancer death rates were about 59/100,000 while that for women were about 52/100,000. The first four causes among men included oral, stomach, lung and liver cancers. 2010 witnessed approximately 14,000 deaths occurring due to liver cancer with an age standardized mortality rate (ASMR) of 6.8/100,000 population. Among women, liver cancer was the 8th common cause of cancer related death that accounted for 12,000 deaths in 2010 with an ASMR of 5.1/100,000 population.
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Figure 8: Age distribution of patients with HCC (AIIMS1990-2012). The figure indicates that the age distribution and 55% of these 1062 patients were above the age 62 years at the time of diagnosis (Acharya& S.K. 2014)
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Figure 9: Year wise distribution of patients with HCC (AIIMS 1990-2012)(Acharya & S.K.2014)
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Figure 10: Population Based Cancer Registry(PBCR), ICMR (ncrpindia.org). (Report on First 20 PBCR in India (2006- 2008)- 25 Geographical Area Population 3.81 Lakhs-156 Lakhs:Mizoram/Delhi,[ 1st Jan 2006-31st December 2008] (Acharya& S.K. 2014)

DISCUSSION:
There are several risk factors in hepatocellular carcinoma associated pathogenesis namely alcohol consumption, viral hepatitis, cirrhosis and smoking. 
Alcohol abuse is a major HCC risk factor and induces oxidative stress and DNA damage (Nevola et. al., 2018). Traditionally, higher male alcohol consumption explains higher male HCC risk, but in case of female consumption is also rising. Alcohol-induced liver injury is more prevalent in women, but HCC is more common in men with alcohol-related cirrhosis (Baecker et. al., 2018) Male gender is an independent risk factor for HCC in alcohol-related cirrhosis. A number of factors other than alcohol consumption account for the large gender differences in HCC (Liu et. al., 2021) 
Cirrhosis arises after prolonged inflammation that leads to replacement of the normal liver parenchyma with fibrotic and regenerative nodules, which cause portal hypertension. The condition progresses from an asymptomatic period (compensated cirrhosis) to symptomatic (decompensated cirrhosis), the complications of which frequently cause hospitalization, compromised quality of life, and substantial mortality (Galoosian et. al., 2020) Progressive portal hypertension, systemic inflammation, and liver failure propel disease progression. The treatment of liver cirrhosis is focused on the treatment of the cause and complications, and liver transplant may be necessary in certain instances. Future challenges will be improved screening for early fibrosis or cirrhosis, early detection and reversal of the causative factors, and prevention of complications (Premkumaret. al., 2021) 
Smoking is a confirmed HCC risk factor, with current smokers having a significantly elevated risk. Tobacco carcinogens induce DNA damage and inflammation, driving Hepatocellular Carcinoma development. Male smoking prevalence is substantially higher globally, particularly in Asia and Africa. This smoking disparity directly contributes to the higher incidence of HCC in men. The impact of smoking on HCC is more significant in men than in women due to these prevalence differences (Premkumar et. al., 2021). 
As liver shows sexual dimorphism (distinct differences in its function and gene expression between males and females, particularly related to metabolism, detoxification, and disease susceptibility) and hormonal influences, HCC develops and progresses differently in men and women. Estrogens exert protective effects in women and androgens increase HCC risk in men, highlighting the need for gender-specific approaches (Wu et. al., 2007). The synergistic effects of sex hormones with other risk factors call for gender-specific surveillance and prevention strategies, particularly in men. The evidence of a hormonal influence is compelling, yet effective hormone-based therapies for HCC remain elusive, emphasizing the need for further research. A better understanding of the mechanisms linking sex hormones to hepato carcinogenesis is important for developing improved and gender-sensitive treatments for HCC. 
Sex hormones (androgens and estrogens) exert complex, stage-dependent effects in HCC, with androgen signaling having both promoting and inhibiting effects. FOXA factors are at the heart of HCC sexual dimorphism, mediating hormonal effects (Li et. al., 2012). Hormone-targeted therapies for HCC are heterogeneous, with results varying due to model variations, AR splice variants, and stage-specific effects. AR splice variants are a major cause of anti-AR drug resistance (Daukiet. al., 2020). Stage-specific therapeutic strategies are critical for effective hormone-based interventions. Understanding sex bias in hepatitis-related HCC is critical for personalized medicine. Refinement of hormonal therapies and overcoming challenges posed by Androgen Receptor mutations will require further research (Zhang et. al., 2021). 
Vitamin D3 has therapeutic potential both in vitro, in vivo and some clinical data support its role in the treatment of HCC. Conflicting reports and research gaps, particularly over the mechanism of action of Vitamin D3, restrict its current therapeutic use. Clinical trials in combination therapies are key to standardize dosage and overcome research deficiencies. Future studies should prioritize combination therapies with Vitamin D3 analogs targeting relevant genes and pathways ( Wuet. al., 2019).
CONCLUSION:
This review points to the new therapeutic promise of vitamin D3 in HCC and highlights its gender-specific functions in disease etiology. Preclinical evidence indicates vitamin D3's role in regulating pivotal processes such as proliferation, apoptosis, and inflammation, which are frequently dysregulated in HCC. The review points to the promise of vitamin D3 to affect HCC development differently in males and females, perhaps because of hormonal and physiological differences. More research is needed to clarify these gender-specific mechanisms and to convey these observations into sex-specific therapeutic strategies. Grasping these subtleties may be the first step toward individualized vitamin D3-based treatments and improving HCC treatment in both genders. 
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Fig 1: Liver cirthosis (Mamoet. al, 2020)
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