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ABSTRACT

Liver cancer presents a significant global health burden, with most cases diagnosed at advanced stages, leading to poor
outcomes. Identifying modifiable risk factors is essential for primary prevention. Established risk factors include chronic
hepatitis B and C infections, heavy alcohol consumption, obesity, diabetes, and aflatoxin exposure. However, many cases
remain unexplained, suggesting dietary and other environmental influences. Vitamin D, traditionally recognized for its role in
bone health, has been increasingly studied for its regulatory effects on inflammation and immune function. Over the past
decade, research has explored vitamin D’s potential in cancer prevention, particularly in colon, breast, pancreatic, prostate,
and liver cancers. This systematic review examines the role of vitamin D in liver cancer, including its metabolism, molecular

pathways, treatment possibilities, and limitations.
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Introduction:

Liver cancer is one of the leading causes of cancer
mortality worldwide. As the sixth most common cancer,
it ranks the second leading cause. The other cancers for
which the data are available are colon, breast, pancreatic,
prostate, and liver [1] .The common inciting factor for
hepatocellular cancer includes Hepatitis B and C viruses.
Over-consumption of alcohol is also a cause of this.
Other notable elements include aspergillus toxin and
metabolic diseases like al antitrypsin, hemochromatosis,
tyrosinemia, porphyria, and Von Gierke Disease [2].

In its early stages, liver cancer is often asymptomatic,
leading to late-stage diagnoses. In the United States, the
overall 5-year survival rate for HCC is approximately
20%, a significant improvement from just 3% four
decades ago. Survival rates vary depending on disease
stage: early-stage diagnosis has a 35% survival rate,
while regional spread reduces it to 12%, and distant
metastasis lowers it to 3% [3]. Advances in treatment
have improved the quality of life even for patients with

advanced diseases. Surgery, when feasible, remains the
preferred option for better outcomes. Common but often
vague symptoms of liver cancer include upper abdominal
discomfort, a palpable mass under the right rib cage, right
shoulder pain, jaundice, easy bruising or bleeding, nausea,
fatigue, and unexplained weight loss [4].

Beyond its role in immune defense, vitamin D influences
cellular proliferation, differentiation, autophagy,
inflammation, invasion, metastasis, angiogenesis, apoptosis,
and miRNA regulation [5]. HCC is particularly prevalent in
Japan. Nearly 80 years ago, an inverse relationship between
vitamin D levels and cancer incidence was first reported in
North America. Subsequent studies in 1980 and 1992 linked
low sunlight exposure to increased prostate and colon cancer
risks, suggesting that vitamin D may have a protective
effect. Further research has reinforced this hypothesis by
demonstrating a direct association between vitamin D levels
and cancer risk [6]. Given that the liver plays a central role
in vitamin D metabolism—serving as the primary site for
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Vitamin D-binding protein and 1,25-dihydroxy vitamin D
synthesis—we hypothesized a potential link between
vitamin D and liver cancer. Animal models suggest that
vitamin D exerts pro-differentiating, antiproliferative, and
anti-inflammatory effects on malignant cells, indicating a
possible chemopreventive role. Ecological studies have
explored the relationship between circulating vitamin D
levels and liver cancer risk, though findings remain
inconclusive. Therefore, we conducted a systematic
review to assess this association further.

Methodology

2.1 Information Source and Keyword Search:

The following items were used in PubMed searches to
find relevant articles: “(vitamin D in liver cancer),
(vitamin D receptor polymorphism). In addition, the
reference lists of reports identified by this search strategy
were also searched to select relevant articles.

2.2 Inclusion & exclusion criteria:

Review articles were selected and reviewed. The related

literature reviewed the titles and abstracts and was further
assessed by examining the full texts. Reports before 2000
were excluded. In animal studies, the pediatric population
was excluded from the study.

2.3 Data Collection and Extraction:

An initial search on PubMed for vitamin D in Liver cancer,
vitamin D receptor polymorphism, and Vitamin D showed
533 and 289 articles, respectively. Literature research was
limited to articles published within the last 24 years.
Modifying the article search to the previous twenty-four
years resulted in a combined 462 pieces. Adding only
review articles, meta-analysis, and other relevant articles
that matched our objective showed 40 results. Adding all
the keywords and filters, 29 papers were finalized. Six
independent authors screened the titles and abstracts of the
records to analyze possibly eligible reports. They were
standardized using a data extraction table.

Results

A flow chart of included articles is shown in Fig. 1.

Electronic Database Search.

From PubMed under the title (Vitamin D in liver
cancer), (Vitamin D receptor polymorphism),
(future possibilities in Hepatocellular Carcinoma
treatment), and Vitamin D metabolism) (N=533)

Limiting the article search to 22 years
resulted in (N=462)

Adding only reviewed
and meta-analysis
showed (N=40) results

Animal studies,
pediatric
—»|  population were
excluded from the

study.

Adding all the
keywords and filters,
(N=29) articles were

finalized

Six Independent
authors screen the titles
and abstracts of
records and were
standardized using a
data extraction table.

Figure 1. PRISMA flow diagram illustrating the result.
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3.1 Vitamin D levels in Liver Cancer:

The global prevalence of vitamin D deficiency is
primarily driven by insufficient sun exposure and
inadequate consumption of natural dietary sources. If left
uncorrected, vitamin D deficiency may contribute to liver
cancer progression through B-catenin activation and toll-
like receptor 7 signaling pathways. Over the past decade,
numerous studies have highlighted a significant
association between vitamin D deficiency and liver cancer
incidence; however, these findings remain debated.
Recent research has suggested several potential
mechanisms underlying this relationship, including Notch
signaling inactivation, p27 accumulation, and inhibition of
tyrosine-protein kinase Met/extracellular signal-regulated
kinases [7, 8].

In a meta-analysis, Xiao-Fei Guo et al. proposed that
lower circulating vitamin D levels may be linked to liver
disease. They demonstrated a significant linear correlation
between higher vitamin D levels and reduced liver cancer
incidence. However, a key limitation of their study was
the predominance of data from Western countries [9].

This meta-analysis further established a strong association
between vitamin D levels and hepatocellular carcinoma
(HCC), revealing that patients with HCC exhibited
remarkably low vitamin D levels. The study suggested
that maintaining sufficient serum vitamin D levels could
be beneficial for liver cancer prevention. Given the
established link between vitamin D deficiency and liver
cancer, addressing the widespread deficiency—primarily
caused by limited sun exposure and inadequate dietary
intake—may be crucial in reducing liver cancer risk [10].

3.2 Vitamin D Binding Protein and Vitamin D
Receptor:

Vitamin D binding protein (DBP) is a Group-Specific
component (GC). DBP was identified due to its genetic
variability across different populations globally [11]. DBP
is a multifunctional protein. The primary function of DBP
is to carry vitamin D metabolites from the site of synthesis
to the site of action [12]. DBP maintains the balance of
vitamin D in the blood. DBP's other most crucial function
is linked to macrophage activation and neutrophil
chemotaxis, which play a role in immune regulation.
Furthermore, its circulating levels may be related to the
regulation of inflammation. Over time, DBP has been
found to have strong associations with various
malignancies. Despite this, research is scarce on the role of
DBP in hepatocellular carcinoma (HCC), and their
relationship remains unclear. Additionally, few studies
indicate that DBP expression is crucial in HCC, revealing
that DBP can inhibit the malignant progression of HCC
[13].

The vitamin D receptor (VDR) plays a significant role in
hepatocellular carcinoma (HCC), influencing tumor
development and  progression  through  various
mechanisms. VDR is expressed in human liver cancer

cell lines, particularly HepG2 cells and human HCC
specimens. However, VDR expression may be reduced in
liver cancer tissue in certain circumstances, providing an
escape mechanism from vitamin D effects [13]. The
Pathway of the Vitamin D-vitamin D receptor is shown in
Figure 2.
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Figure 2: Step-by-step Vitamin D signaling pathway in tumor progression. Note: VD: Vitamin D; VDR: Vitamin D receptor.
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3.3 Vitamin D in different subsets of Liver Cancer
3.3.1 Hepatocellular carcinoma and Vitamin D

Hepatocellular carcinoma (HCC) is the predominant
primary liver malignancy. The worldwide incidence of
HCC has been on the rise, in part due to the increasing
prevalence of chronic hepatitis B and C infections. HCC is
ranked in the sixth position on a global scale of
malignancies, and it is the third most significant cause of
cancer-related mortality [14, 15]. Over the past decade,
vitamin D has garnered significant attention for its roles in
inhibiting cell proliferation, promoting differentiation and
apoptosis, reducing inflammation, and regulating immune
function. Numerous studies have suggested that vitamin D
and its analogs could serve as potential therapeutic targets
for various cancers, including HCC. While in vitro and in
vivo studies have demonstrated the critical role of vitamin
D in carcinogenesis, clinical evidence, and comprehensive
reports on its impact on HCC remain limited [16].

3.3.2 Angiosarcoma:

Angiosarcomas are rare neoplasms arising from the
endothelial cells lining blood and lymphatic vessels,
accounting for only 2-3% of adult soft tissue sarcomas
[17,18] . These tumors can develop in various body
regions, including the skin, breast, soft tissues, bones, and
internal organs, with the skin and breast being the most
affected sites.

Hepatic angiosarcoma carries the poorest prognosis
among angiosarcomas and has been linked to exposure to
vinyl chloride and other chemical carcinogens [16—18]. Its
clinical presentation is often nonspecific, with symptoms
such as abdominal mass, fatigue, weight loss, and
abdominal pain [17,19]. Due to its rarity and aggressive
nature, no standardized treatment protocols exist.
Chemotherapy provides only palliative benefits, and
surgical resection is considered only for cases with a
single, localized tumor. However, liver transplantation is
not recommended as a treatment option [17].

3.3.3 Cholangiocarcinoma:

Cholangiocarcinoma is a rare malignancy arising from the
epithelial lining of the bile ducts, accounting for
approximately 2% of all malignant tumors [20] . It can
develop at any point along the biliary tree and is classified
based on its anatomical location into intrahepatic (within
the liver parenchyma), perihilar (around the bile duct
hilum), and distal (near the head of the pancreas) subtypes
[21, 22]. The primary prognostic factors following surgical
resection are margin status and the presence of lymph node
metastases [23]. While liver transplantation can provide a
cure for  specific  individuals  with  perihilar
cholangiocarcinoma, it is not an effective treatment for
those with intrahepatic or distal cholangiocarcinoma
[21,22] . Other observed effects of Vitamin D analogs,
include TXNIP expression, Notch signaling inactivation,
and p27(kip1l)-dependent suppression of pro-inflammatory
cytokine secretion [24].

3.4 Vitamin D receptor (VDR) expression in different
hepatic cells and malignant hepatocytes:

Normal Hepatocytes have low VDR expression. VDR
expression increased in NAFLD and reduced in NASH,
which indicates that vitamin D is associated with fatty acid
accumulation.

In Kupffer cells, high levels of VDR have an anti-
inflammatory effect by inhibiting LPS and downregulating
IL-1, IL-6, and TNF-a. In Stellate cells, increased
expression of VDR exerts anti-apoptotic properties by
inhibiting TGF-B/Smad signaling. In Cholangiocytes,
increased expressions of VDR exert anti-microbial
functions by upregulation of cathelicidin.

In Malignant Hepatocytes, VDR is expressed exclusively
via Kriippel-like factor 4 (KLF4), which has a central role
in the activity of vitamin D in cancer management as
shown in Table 1 [24].

Table 1: Vitamin D receptor expression in different cells.

Different cells Effects of increased Vitamin D receptor expression Reference
Hepatocytes Disease states like NAFLD [24]
Malignant VDR is expressed exclusively via Kriippel-like factor 4

hepatocytes (KLF4)

Kupffer cells Anti-inflammatory effect by inhibiting LPS and

downregulating IL-1, IL-6, and TNF-a

Stellate cells

signaling

Anti-apoptotic properties by inhibiting TGF-f/Smad

Cholangiocytes

Anti-microbial functions by upregulation of cathelicidin.
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3.5 Relationship of vitamin D receptor polymorphism
with liver cancer:

A distinct relationship exists between vitamin D receptor
(VDR) polymorphisms and liver cancer. The active form
of vitamin D, 1,25-dihydroxycholecalciferol, binds to
VDR, initiating transcriptional activation that inhibits
target genes. These genes are expressed in various
tissues, including the liver, colon, breast, ovaries, lungs,
bones, kidneys, parathyroid glands, pancreas, T
lymphocytes, monocytes, keratinocytes, melanocytes,
and cancer cells.

VDR polymorphisms—such as Bsml, Fokl, Apal,
Taql, and Cdx2—can be identified using restriction
fragment length polymorphism (RFLP) analysis, which
stratifies findings based on genetic variation, vitamin D
status, and ethnicity. Among these, Bsm1, located at the
3; end of the VDR gene, has been associated with liver
cancer. Although Bsml is intronic and does not alter the
gene sequence during transcription, studies have shown
strong linkage disequilibrium with the poly(A) tail in the
3; untranslated region (UTR) in Caucasian and non-
Caucasian populations.

Bsml has two genotypes: homozygous (BB) and
heterozygous (Bb). The BB genotype has been linked to
an increased risk of pancreatic cancer but a reduced risk
of multiple myeloma. In contrast, the Bb genotype has
been associated with an elevated risk of non-Hodgkin &
lymphoma, gallbladder cancer, and liver cancer [25].

Future possibilities of vitamin D in HCC treatment:

The continuous development of new techniques and
therapeutics offers hope for advancing hepatocellular
carcinoma (HCC) treatment. There are unprecedented
opportunities to enhance treatment outcomes with
various  options, including naturally occurring
compounds, chemotherapeutics, immunotherapies, and
innovative drug delivery methods. Combination
therapies promise to improve the efficacy of existing
agents [26].

Vitamin D analogs have shown potential in HCC
treatment by targeting multiple pathways. Their
administration leads to the inhibition of the HGF/c-
Met/ERK pathway through c-Met and ERK suppression,
upregulation of E-cadherin, and downregulation of Akt.
Additionally, they promote p27 accumulation, inducing
cell cycle arrest, increase p21 (WAF1/Cipl), reduce
HDAC2 activity, and regulate key apoptotic and
inflammatory markers such as Bax, p53, caspase 8, DRS,
Bcl-2, TLR7, and B-catenin activation. Other observed
effects include TXNIP expression, Notch signaling
inactivation, and p27(kipl)-dependent suppression of
pro-inflammatory cytokine secretion [24].

This article highlights the future potential of vitamin D
in HCC treatment. Further research is needed to explore
additional strategies for managing the disease, such as

vitamin D  supplementation and CYP27B1 gene
transfection therapy [27, 28]. A recent randomized clinical
trial demonstrated that vitamin D supplementation
significantly reduced liver cancer mortality, though its
impact on cancer incidence was not statistically significant
[29].

Limitations:

The study presents findings from animal models but does
not stress the importance of conducting human studies to
validate the applicability of these results to human liver
cancer. The prevalence of vitamin D deficiency differs
across geographic regions and is based on sun exposure,
complicating the development of universal guidelines.
Additionally, the impact of vitamin D receptor
polymorphisms on liver cancer risk may differ among
various populations and ethnic groups, warranting further
research. Although experimental studies suggest a
potential role for vitamin D in liver cancer prevention,
large-scale clinical trials are necessary to confirm its
effectiveness and safety.

In vitro and In Vivo use of Vitamin D and its analogs in
Liver Cancer:

A study has demonstrated that in vitro cell division can be
modulated by clinical anti-cancer drugs, with the Vitamin
D analog Eldecalcitol (ED-71) increasing the percentage
of cells in the S phase and reducing those in the G2 phase,
like other treatments. Additionally, ED-71 was found to
enhance the cell apoptosis rate, confirming its inhibitory
effects, although the precise mechanisms remain unclear.
In vivo experiments using a mouse tumor model further
showed that ED-71 significantly reduced tumor growth
and tumor tissue expression, supporting its anti-cancer
properties. Moreover, RT-PCR results confirmed that ED-
71 inhibited hepatoma cell invasion and migration by
increasing E-cadherin and decreasing Akt expression.
Further research is needed to investigate additional protein
pathways through western blotting and structural analysis
techniques [30].

Conclusion:

The study demonstrates a linear association between
higher vitamin D levels and a reduced risk of
hepatocellular carcinoma. However, future research on a
multinational scale involving diverse populations is needed
to address heterogeneity and thoroughly evaluate the
relationship between circulating vitamin D levels and liver
cancer risk. While substantial evidence supports vitamin D
& anti-inflammatory, immunomodulatory, and anticancer
effects, its therapeutic potential is still being explored.
Numerous laboratory studies have consistently shown that
vitamin D or its Analogs can effectively inhibit the growth
of various liver cancer cell lines and reduce tumor size in
mice. However, further research is required to understand
humans & therapeutic responses better.
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