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Abstract: The use of caffeine in treating various liver diseases has made substantial progress in the past decade owing to advances in science, 
technology, and medicine. However, whether caffeine has a preventive effect on hepatocellular carcinoma (HCC) and its mechanism are still 
worth further investigation. In this review, we summarize and analyze the efficacy and safety of caffeine in the prevention of HCC. We conducted 
a review of articles published in PubMed and Web of Science in the past 2 decades until December 6, 2023, which were searched for using the 
terms “Caffeine” and “Hepatocellular Carcinoma.” Studies have found that coffee intake is negatively correlated with HCC risk, especially 
caffeinated coffee. Recent studies have found that caffeine has beneficial effects on liver health, decreasing levels of enzymes responsible for 
liver damaging and slowing the progression of hepatic fibrosis and cirrhosis. Caffeine also acts against liver fibrosis through adenosine receptors 
(ARs), which promote tissue remodeling by inducing fibrin and collagen production. Additionally, new studies have found that moderate 
consumption of caffeinated beverages can decrease various the levels of various collagens in patients with chronic hepatitis C. Furthermore, 
polyphenolic compounds in coffee can improve fat homeostasis, reduce oxidative stress, and prevent liver steatosis and fibrosis. Moreover, many 
in vitro studies have shown that caffeine can protect liver cells and inhibit the activation and proliferation of hepatic stellate cells. Taken together, 
we describe the benefits of caffeine for liver health and highlight its potential values as a drug to prevent various hepatic diseases. As a protective 
agent of liver inflammation, non-selective AR inhibitor caffeine can inhibit the growth of HCC cells by inhibiting adenosine and AR binding to 
initiate immune response, providing a basis for the future development of caffeine as an adjuvant drug against HCC. 
Keywords: coffee, caffeine, hepatocellular carcinoma, adenosine, adenosine receptor

Introduction
Caffeine, with the chemical formula C8H10N4O2, is a bitter white crystal belonging to the xanthine alkaloid compound family. 
Thus, it is chemically similar to the adenine and guanine present in deoxyribonucleic acid (DNA).1 Consuming caffeinated 
beverages can relieve or prevent drowsiness and increase energy. The part of the coffee plant that contains caffeine is extracted to 
make beverages.2 These drinks are popular in North America, where 90% of adults consume caffeine every day. Caffeine is 
a central nervous stimulant that temporarily dispels drowsiness and restores energy. Additionally, caffeine is the most widely used 
legal and unregulated psychoactive drug in the world because it is widely used clinically in coma resuscitation, as well as in 
caffeinated coffee, tea, soft drinks, and energy drinks.3 Most prominently, caffeine is a nonselective adenosine receptor (AR) 
antagonist that reversibly blocks the action of adenosine on the receptor, thereby blocking adenosine and AR binding-induced 
sleepiness in the central nervous system. Recently, emerging data suggest that coffee consumption is inversely associated with the 
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progression of liver fibrosis to cirrhosis and even hepatocellular carcinoma (HCC), although there is no evidence of a causal 
relationship.1,4

In the last decade, studies have found that caffeine has pharmacological effects, including against Alzheimer’s 
disease, in which it excites the cardiovascular system and cerebrovascular system, as well as against diabetes, liver 
cancer, and liver fibrosis.5–7 New epidemiological reports HCC is the sixth most commonly diagnosed cancer and the 
third most common cause of cancer-related death globally, with 900,000 new cases and 830,000 deaths in 2020.4 

Previous studies have explored the effects of caffeine on HCC and have attracted attention from researchers worldwide.8– 

10 Our previous studies have shown that caffeine has certain preventive and therapeutic effects on alcoholic liver fibrosis 
in rats, and that the cAMP-PKA-CREB-signaling pathway may play a role in this process. Additionally, acetaldehyde has 
been used to stimulate hepatic stellate cell-T6 (HSC-T6) in rats to establish an in vitro model of alcoholic liver fibrosis, in 
which the PLC-DAG-PKC-signaling pathway is thought to play a role.11,12 Overall, caffeine appears to benefit the liver; 
however, limiting caffeine consumption is important to avoid adverse effects. And the latest prospective analysis also 
confirmed that coffee drinking this lifestyle factors and the incidence of HCC is closely related to the lower risk.13

The last review on this field was published by Kennedy’s research team in 2017.14 We decided to update the data in this 
field and synthesize information that includes the pathophysiological mechanisms, results of experimental and clinical studies, 
mechanisms of drug resistance and ways to overcome them, adverse effects of caffeine, recent patents in this field, and future 
developments. Thus, we present this review from articles published in PubMed and Web of Science in the past decades before 
December 6, 2023, which were obtained by searching the terms “Caffeine” and “Hepatocellular Carcinoma.” We found that 
majority of literatures reported a reduced risk of HCC in people with regulated coffee consumption. Secondly, caffeine, the 
main active ingredient in coffee, inhibits the binding of adenosine to AGs, which may be the main reason for its effect. Third, 
the anti-HCC effect of caffeine at physiological dose is weak. At present, it has been reported that caffeine can assist other 
anticancer drugs in the treatment of HCC in clinical practice. The main problems are the lack of targeting of caffeine and the 
low drug concentration at the local lesion site. And future studies will focus on addressing these 2 issues.

Inhibitors of the Adenosine Pathway Alleviating HCC
Previous studies have shown that adenosine is produced by the hydrolysis of adenosine triphosphate (ATP) by the ectonu-
cleotidases CD39 and CD73 and acts as an anti-inflammatory regulator of immune responses in peripheral tissues.15 

Interestingly, A2aAR blockade with istradefylline (KW6002) has been found to inhibit tumor growth, APCP and KW6002 co- 
targeting CD73 and A2aAR respectively have synergistic inhibitory effects on the growth of HCC cells.15 Recent studies have 
shown that the immune response induced by adenosine and AR binding is central to the prevention and treatment of HCC.16 

An increased extracellular adenosine concentration induces an immune-tolerant tumor microenvironment (TME) and reduces 
the response of HCC cells to immune checkpoint inhibitors.17 Caffeine is structurally similar to adenosine and is a natural non- 
selective AR inhibitor that competently inhibits ARs in vitro and in vivo.18 In inflammatory and damaged tissues (such as 
cancer), extracellular adenosine concentrations can increase up to 100 times and accumulate, inducing an immune response 
that promotes tumor progression. Inhibiting adenosine and AR binding in inflammatory or cancer tissues has been shown to 
increase the proportions of immune cells, including dendritic cells (DCs), macrophages, natural killer (NK) cells, and CD8+ 

T cells.19 Extracellular adenosine concentrations can also decrease the proliferation and polarization of immunosuppressive 
cells, thus inhibiting tumor progression. Furthermore, inhibition of ARs can reduce differentiation of monocytes into 
macrophages, and decrease immune tolerance by inhibiting macrophage activity and reducing macrophage production of 
interleukin (IL)-12 and tumor necrosis factor-alpha (TNF-α) in patients with HCC.16,20 However, inhibition of adenosine 
increases the activity of neutrophils, thereby increasing their adhesion, transport, and degranulation.16,21 Therefore, targeted 
inhibition of adenosine and AR binding in tumor tissue is a method of anti-tumor immunity. Several drugs that target the 
inhibition of adenosine or ARs, are effective in preclinical studies and in animal tumor models.22 New antibodies and small 
molecules that target inhibition of the adenosine pathway are currently being investigated for early-stage clinical trials in 
patients with advanced cancer.23 The AR family contains four types of AR subtypes (A1AR, A2aAR, A2bAR, and A3AR), of 
which A2aAR has been studied extensively.8,24 Taken together, injury-induced release of ATP into extracellular regions is 
a dangerous alarm signal for recruitment of immune cells, which express CD39 and CD73 to clear extracellular ATP and 
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produce immunosuppressive adenosine. The mechanism by which caffeine initiates the immune response against HCC by 
inhibiting adenosine and AR binding is shown in the figure (Figure 1).

Caffeine in HCC
At present, HCC is the sixth most common cancer worldwide and the second deadliest tumor after pancreatic cancer.25,26 The 
widespread use of serum α-fetoprotein (AFP) for clinical biomarker detection of HCC has many controversies and 
limitations. Newly-developed cell-free DNA, based on its genomic and epigenetic alterations, is expected to be a hopeful 
biomarker for early HCC diagnosis in the future.26 Chronic hepatitis caused by hepatitis B virus (HBV) is considered the 
primary cause of HCC. The ingestion of food contaminated with chemical carcinogens (eg, aflatoxins), and excessive alcohol 
consumption may lead to the eventual development of HCC in HBV carriers.25,26 The prognosis of HCC is poor and 
recurrence and metastasis rates are high. Currently, in addition to sorafenib, second-generation targeted drugs, including 
regorafenib and ramvaritinib, can be used as anti-tumor angiogenesis targeted drugs for advanced HCC.27,28 The effective-
ness of the three current artificial preparations is unsatisfactory, with side effects including body rash, diarrhea, hypertension, 
hair loss, itching, nausea, vomiting, loss of appetite, and, most commonly, hand and foot syndrome.27 Many epidemiological 
studies have reported a protective effect of coffee consumption on various cancer types, including colorectal, prostate, liver, 
breast, and endometrial cancers, but HCC has been the most studied and reported.29–31 A large cohort of prostate cancer cases 

Figure 1 Caffeine protects the liver by inhibiting the binding of adenosine and adenosine receptor (ARs). In inflammatory and damaged tissues such as during cancer, 
extracellular adenosine concentrations can increase and accumulate to induce immune responses and promote tumor progression. Inhibiting adenosine and AR binding in 
inflammatory or cancer tissues increases the levels of various immune cells. However, inhibition of adenosine increases the activity of neutrophils, thereby increasing the 
adhesion, transport, and degranulation of neutrophils. Caffeine inhibits the growth of tumor cells by regulating the immune microenvironment.
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enrolled 5727 men with prostate cancer from seven US, Australian, and European studies confirmed that high coffee intake 
was in relation to overall survival and prostate cancer–specific survival, especially in that men with clinically localized 
disease and fast caffeine metabolism genotype, future studies are needed to assess coffee and/or caffeine intake in men after 
a prostate cancer diagnosis.29 A recent study found that tumor-derived adenosine promotes macrophage proliferation in 
human HCC, suggesting the possibility of inhibiting HCC by targeting tumor-derived adenosine to regulate the TME. 
However, whether caffeine plays a role through inhibiting adenosine in this process remains to be elucidated.32 But most 
current knowledge regarding targeting tumor-derived adenosine to regulate the TME has been based on murine models, 
future studies could pay more attention to human HCC.32,33 The antioxidant effect of caffeine and the inhibition of 
phosphoinositide 3-kinase (PI3K)/Akt pathway may be other explanations for its inhibitory effect on HCC.33 Small molecule 
adenosine is a potent immunosuppressive metabolite of ATP, which is often elevated in TME, so inhibiting adenosine 
binding to its receptors may be beneficial for tumor therapy by activating the immune system.33 In some cancers, the 
protective effect of caffeine remains controversial. For example, Song et al reported that coffee consumption was not 
associated with stomach cancer risk.34 And a Mendelian randomization study provided strong support for a causal associa-
tion of coffee consumption with esophageal cancer, but not for most other cancer types.30 Therefore, more extensive and in- 
depth research is needed. New research has shown that coffee and caffeine can affect the physiological function of several 
organs and/or tissues.35 Meta-analysis which was performed recently found eligible studies including 21 involving 2,492,625 
participants and 5980 cases of HCC reporting coffee intake, which provides a substantial basis for studying coffee intake and 
reduced risk of HCC.36 The effects of coffee/caffeine on liver cancer in animal experiments, cell experiments, and 
epidemiological studies are summarized in the figure (Figure 2).

Cellular Assays
Previously published studies found that caffeine inhibits DNA repair and suggested that it increased the anti-tumor effect of 
cisplatin.37–40 Caffeine administration (0.5 mM) increased the anti-tumor effect of cisplatin on the proliferation of various 
HCC cell types, decreased the half maximal inhibitory concentration (IC50) of single cisplatin administration in up to four 
types of human HCC cell lines (Li-7, HLF, Huh-7, and HepG2).27,37 Additionally, non-selective AR antagonist caffeine and its 

Figure 2 Preclinical (animal experiments and cellular assays) and clinical studies (epidemiological investigations) have confirmed that moderate coffee consumption reduces 
the risk of HCC. We suggest that these results might be, at least in part, associated with the antagonist activity of caffeine on adenosine-A2AR–mediated growth-promoting 
effects on HCC cells. Adenosine-mediated cancer pathways include those of MAPK, NF-kappa B, and PI3K/Akt.
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analog CGS 15943 (molecular weight: 285.689, CAS: 104615-18-1) inhibited the growth of human HCC cells (including 
HepG2, HLF, PLC-PRF-5, and SK-Hep-1) via targeting the PI3K/Akt signal pathway.41,42 Furthermore, another in vitro study 
demonstrated that a physiologically applicable concentration of caffeine (<412 μM) restrained the progression of HCC by 
inhibiting the activation, proliferation, migration, and invasion of HepG2 and Huh-7 through the Akt signal pathway, with a % 
inhibition invasion of 412 μM.39 The above studies suggest that a physiological dose of caffeine (<412 μM) inhibited the 
activation and proliferation of various human HCC cells. Chlorogenic acid (CGA) is an active component of coffee with well- 
known antioxidant property, Yin et al described that incubated various HCC cell lines including Huh7, Hep3B, LO2, and 
Hep1-6 with a series of concentrations of CGA (1, 10, and 20 μM) for 24 h could attenuate the therapeutic effect of 
radiotherapy through inhibiting radiation-induced apoptosis and DNA damage by scavenging excessive reactive oxygen 
species and activating NF-E2-related factor 2 antioxidant system.43 Kahweol is also a natural diterpene which extracted from 
coffee, Seo et al found that treatment with 40 µM kahweol for 24 h induced apoptosis effectively in human HCC cell lines 
including Hep3B, SNU182, and SNU423 through inhibiting Src/mechanistic target of rapamycin (mTOR)/signal transducer 
and activator of transcription 3 (STAT3) signaling pathway and kahweol was a potential inhibitor of HCC cell activation and 
proliferation.44 Many recent studies have investigated the in vitro effects of caffeine and other ingredients in coffee on the 
activation and proliferation in various HCC cells. IC50 values of caffeine and other anti-cancer drugs in different HCC cell 
lines are summarized in table (Table 1). However, the results of these cell assays still need to be further confirmed by animal 
experiments, future studies will focus on whether the concentration of these components in vivo can effectively inhibit the 
growth of HCC cells and targeting characteristics.

New studies have found that caffeine inhibits the progression of various cancers by inhibiting adenosine and AR 
binding-mediated activation of various immune factors in the TME, including HCC.45–47 Fagundes et al found that 
incubation with 39.3 µM (IC50) caffeine for 24 h enhanced the cytotoxic effect of dacarbazine on B16F10 mouse 
melanoma cells in vitro; the mechanism of which was associated with the ability of caffeine to enhance dacarbazine- 
induced cytotoxicity by increasing dacarbazine-induced biotransformation, cancer cell apoptosis, DNA damage, and the 

Table 1 IC50 Values of Caffeine and Other Anti-Cancer Drugs in Different HCC Cell Lines

IC50 Combination HCC Cell Line Incubation Ref

Caffeine 2.211 mM – SMMC-7721 48 h [10]

Caffeine 2.026 mM – Hep3B 48 h [10]

5-FU 135.2 μM – SMMC-7721 48 h [10]

5-FU 158.0 μM – Hep3B 48 h [10]

Sorafenib 8–9.9 mM – HepG2 48–72 h [22]

Sorafenib 12–31 mM – MHCC97H 48–72 h [22]

Sorafenib 5–7 mM – HepG2.215 48–72 h [22]

Sunitinib 32–49 mM – HepG2 48–72 h [22]

Lenvatinib 0.25 μM – HepG2 48 h [22]

Regorafenib 1 μM – HepG2 72 h [22]

Regorafenib 5 mM – Hep3B 72 h [22]

Cisplatin 1.24 μg/mL – Li-7 48 h [37]

Cisplatin 0.71 μg/mL – HLF 48 h [37]

Cisplatin 1.95 μg/mL – HuH-7 48 h [37]

Cisplatin 2.10 μg/mL – HepG2 48 h [37]

(Continued)
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malondialdehyde level.45 Caffeine has an anti-proliferation effect on HCC cell lines (HepG2, HLF, Huh7, and PLC/ 
PRF5), the mechanism is that caffeine inhibit the phosphorylation of extracellular signal-regulated kinase (ERK)1/2, 
while another possible mechanism is oxidative stress as malondialdehyde and superoxide dismutase levels are increased 
in cell assays.45 Plasma caffeine concentrations in adults are usually reported to be approximately 10–50 μM, depending 
on the amount of coffee consumed daily, while toxic effects are observed at plasma caffeine concentrations >200 μM.46 

The study also confirmed that 50 µM caffeine increases apolipoprotein A-1 and paraoxonase-1 protein, while 200 µM of 
caffeine obviously improves the paraoxonase-1 protein level in HepG2 cell lines, suggesting that caffeine may play a role 
in HCC progression through multiple pathways.46 A recent study further confirmed the high antioxidant and anti- 
inflammatory activity of CGA and the high anti-inflammatory activity of caffeine, which mitigated lipopolysaccharide- 
stimulated macrophage activation by inhibiting NO, superoxide anion, and the pro-inflammatory cytokines TNF-α and 
IL-6.47 Moreover, the results of in vitro assays showed that caffeine (100 and 500 µM) has no significant effect on the 
protein production of sex hormone-binding globulin (SHBG) in HepG2 cells, while in vivo experiments found that 
humanized SHBG transgenic mice administered oral caffeine (0.1 mg/mL) for 12 days clearly improved hepatic SHBG 
production, induced an increase in adiponectin, and upregulated the level of hepatocyte nuclear factor 4-alpha in human 
SHBG transgenic mice, suggesting that caffeine mediates the progression of different liver diseases through multiple 
pathways.48 Caffeine is well known to have several mechanisms of action, the most prominent of which is to bind 
reversibly to ARs, blocking their action. However, it is currently reported that caffeine has antioxidant and pro-oxidation 
properties, so more in-depth research is needed.46 Growing evidences are piling up to prove that caffeine and its 
derivatives are promising drugs for the treatment of cancer or infectious diseases.49,50 A recent study found that the 
newly synthesized Cu (II)-Caffeine Complex has potential superoxide dismutase-like activity and acts as a good 
antioxidant. Moreover, in vitro studies have shown its anti-cancer activity against colorectal adenocarcinoma (Caco-2) 
and breast cancer (Mcf-7) cell lines, demonstrating that complex A has great potential as an effective cytotoxic agent 
against colorectal and breast cancers.49 The study of the anticancer properties of the Metal-Caffeine Complex could help 
us design other related metal-drug complexes that would be more effective against drug resistance as well as chemother-
apy. In vitro studies have shown that caffeine at concentrations ranging from 0.4 mM to 20 mM can inhibit the activation, 
proliferation, migration, and invasion of various HCC cell lines.42 This concentration of caffeine can also promote the 
apoptosis of various liver cancer cells. Pharmacokinetic studies have been reported on the enhancement of caffeine 
concentration in HCC tissue sites by targeting the drug delivery system.50 Yang et al reported that the inhibition rate of 
HepG2 cell proliferation by caffeine alone was 24.36%, whereas the inhibition rate through the combination of caffeine 
and lysozyme at the same concentration was 47.21%, the mechanism of action was further explained by molecular 
spectroscopic experiments, indicating that the caffeine-lysozyme complex could inhibit the proliferation and induce 

Table 1 (Continued). 

IC50 Combination HCC Cell Line Incubation Ref

Cisplatin 0.4 μg/mL + Caffeine 0.5 mM Li-7 24–72 h [37]

Cisplatin 0.6 μg/mL + Caffeine 0.5 mM HLF 24–72 h [37]

Cisplatin 1.2 μg/mL + Caffeine 0.5 mM HuH-7 24–72 h [37]

Cisplatin 0.9 μg/mL + Caffeine 0.5 mM HepG2 24–72 h [37]

Cisplatin 3.8 ± 0.1 μg/mL – HepG2 48 h [40]

Cisplatin 3.5 ± 0.2 μg/mL + Caffeine 100 μg/mL HepG2 48 h [40]

Cisplatin 2.8 ± 0.1 μg/mL + Caffeine 200 μg/mL HepG2 48 h [40]

Caffeine 39.3 μM – B16F10 24 h [45]

Note: B16F10, a kind of murine melanoma cell. 
Abbreviation: Ref, reference.
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apoptosis of HepG2 cells.51 The use of new caffeine formulations as adjunctive therapy for cancer is being investigated, 
and caffeine has potential value as an adjunct to HCC. Therefore, combined use of caffeine and other anti-HCC drugs is 
the development direction of the future.

Using macrophage-specific CD39 knockout mice, researchers recently found that cell-specific CD39 expression in 
macrophages and CD73 expression in HCC cells synergically activate the eATP-adenosine pathway and produce more 
adenosine, which damages CD8+ T cell function and promotes anti-programmed cell death protein 1 (PD1) resistance, which 
is a novel mode of anti-PD1 resistance in HCC.21 CircTMEM181, an HCC-derived exosome, contributes to immunosuppres-
sion and anti-PD1 resistance by enhancing CD39 expression, while inhibition of the ATP-adenosine pathway by targeting 
CD39 in macrophages can reverse anti-PD1 resistance in HCC.21 Thus, CD39 on the surface of macrophages co-activates 
ATP-adenosine pathway with CD73 of HCC cells to weaken anti-tumor immunity, targeting macrophage CD39 is reverse 
potential treatment strategy of resistance to PD1 resistance of HCC. Liver inflammation is triggered and maintained by 
cytokines and chemokines secreted by innate immune cells. Indeed, the disruption of cytokine and chemokine production 
leads to severe hepatocyte damage and the development of many acute and chronic liver diseases.52 Cytokine-dependent 
lymphocyte infiltration inhibits tumor growth and enhances the efficacy of immune checkpoint blockade.52 Whether liver 
innate immune cells or blood-derived immune cells mediate the liver innate immune response through adenosine signaling 
pathway needs to be further investigated at the single-cell level. Adenosine is an important mediator that is central to the 
progression of HCC. New studies have shown that in vivo knockout of ribose nucleic acid (RNA) N6-adenosine methyl-
transferase can significantly inhibit the occurrence of HCC and lung metastasis.53 However, overexpression of RNA N6- 
adenosine methyltransferase has been found to significantly promote the growth of HCC, both in vitro and in vivo, through the 
CRISPR/dCas9-VP64 activation system.53 Currently, the diversity and reversible chemical modification of RNA have become 
the focus of research on the pathogenesis of HCC.

New research has identified anti-HCC effects of glycogen synthase kinase-3β inhibition by activating AMP-activated 
protein kinase (AMPK)/mTOR signaling, which negatively affects glycolysis and HCC cell proliferation.54 A recent study 
demonstrated that N6 methyladenosine regulation of phosphatase and tensin homolog by HBV affected innate immunity by 
inhibiting interferon regulatory factor 3 nuclear import and HCC progress via activating the PI3K/Akt signaling pathway.55 

A distinguishing feature of cancer cells is the high level of glycolysis even in the presence of oxygen, which is known as the 
Warburg effect, or metabolic reprogramming. Metabolic reprogramming is considered to be the key to tumor cell growth 
and proliferation.56 Cellular energy imbalance is considered to be a hallmark of human cancer, and the main source of 
energy in cells is ATP. Therefore, regulating ATP metabolism in HCC cells is currently an attractive anticancer method.55,56 

Therefore, different adenosine derivatives can exert anti-HCC effects through different pathways.
CD73 is an AMP hydrolytic enzyme that regulates the conversion of extracellular ATP to adenosine and acts as 

a powerful immunosuppressant, which is used to maintain tissue homeostasis and prevent immune responses during 
inflammation.20 New studies have found that CD73 expression is positively correlated with HCC metastasis and is an 
independent prognostic indicator of HCC.20 Additionally, CD73 promotes HCC progression and epithelial–mesenchymal 
transition by activating the PI3K/Akt signaling pathway in many cancer cell lines. Both in vivo and in vitro studies found 
that the combination of CD73 and A2AR inhibitors provided a more synergistic tumor inhibition in HCC than either 
regimen alone.20 New small molecule antibodies and inhibitors targeting ATP-adenosine signaling pathway have entered 
the clinical research stage. The liver has an important anti-tumor monitoring role, as evidenced by its unique immune 
profile, containing many cytotoxic CD8+ T cells and a significant innate lymphocyte population, including NK cells, γδ 
T cells, mucosal-associated invariant T cells, and invariant natural killer T (NKT) cells.57 HCC is a relatively common 
result of chronic liver infection or inflammation; blocking adenosine signaling to reverse immunosuppressive effects 
represents a potential treatment option when used in combination with other immunotherapies.57 Anti-HCC drugs that 
target the immune system are now at the forefront of cancer drug development and trial design. In HCC, CD39 and CD73 
promote tumor cell survival by creating adenosine-rich TME that allow immune cells to escape immune surveillance, in 
a process that is regulated by hypoxia inducible factor (HIF-1).58 Chiu et al showed HIF-1 promoted the accumulation of 
myeloid-derived suppressor cells via CD39 and CD73 in HCC.58 Interestingly, another new study has also confirmed that 
plasmacytoid DCs recruited by HIF-1α/extracellular adenosine/A1AR signaling induce immunosuppression in HCC, 
while targeted inhibition of HIF-1α alleviates HCC.23 TME is formed when cancer cells invade and change the structure 
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of surrounding tissues. The TME is composed of tumor cells, immune cells, and stromal cells, and is a unique ecosystem 
that provides protection for tumor cell growth. Blocking adenosine signaling in TME to reverse immunosuppression is 
a research hotspot. Caffeine activates the immune response by inhibiting the binding of extracellular adenosine and ARs, 
activating various immune cells, reducing immune escape, and improving the TME to inhibit HCC progression.

Animal Experiments
Recent studies have found that a combination of coffee and different compounds alleviates the development of early fibrosis- 
associated hepatocarcinogenesis in rodents.59,60 Highly bioavailable coffee compounds include caffeine, trigonelline (TRI), 
and CGA. Ten weeks oral administration of a caffeine (50 mg/kg) + TRI (25 mg/kg) + CGA (25 mg/kg) combination 
decreased the incidence, quantity, activation, and proliferation (Ki-67 positive) of hepatocellular preneoplastic foci, and 
increased HCC cell apoptosis (cleaved caspase-3 activity elevated) in neighboring parenchyma in a diethylnitrosamine 
(DEN)/CCl4-induced mice model.59 Interestingly, the effect of the combination of the three components was better than 
that of caffeine alone; the mechanism may be related to modulating miRNA expression profile.59 The effect of caffeine, TRI or 
CGA on the promotion of various HCC cell lines apoptosis is rarely studied, but previous studies have shown that transfection 
of miR-15b-5p can increase the number of middle and advanced apoptotic cells in human cell line Hep3B by targeting and 
inhibiting Rab1A oncogene.59,61 Previous studies had shown that 0.02% caffeine treatment for 10 and 14 weeks was well 
tolerated and significantly inhibited the occurrence of DEN induced HCC in rats, in addition, 0.025% caffeine significantly 
reduced the expression levels of HCC markers including proliferating cell nuclear antigen and placental glutathione 
S-transferase in the liver of rats.62 Moreover, ordinary coffee, decaffeinated coffee, and caffeine with 37.5 mg/kg per day 
consumption for 8 weeks decreased serum level of alanine transaminase, collagen-volume fraction, fibrosis/inflammation 
scores, oxidized glutathione, and transforming growth factor-β1 protein expression in the liver of HCC rats induced by 
thioacetamide (TAA) (200 mg/kg, intraperitoneal) twice weekly for 8 weeks.60 Clinical studies have also reported on the 
effects of caffeine and/or CGA supplementation on different liver diseases.63 Interestingly, ordinary coffee (contained 
caffeine) and 0.1% caffeine had a greater inhibitory effect than decaffeinated coffee. To sum up, most animal studies have 
confirmed that caffeine has a protective effect on hepatocarcinogenesis induced by various chemical poisons including DEN, 
TAA, and CCl4 in rodents. However, further research is needed to assess the inner mechanisms underlying the liver protective 
effects of coffee drinks or their specific ingredients.60

Recent research has found that caffeine has anti-inflammatory and anti-infection properties by stimulating macro-
phage phagocytosis. Researchers have found that intravenous caffeine administration reduced inflammation or infection 
induced by intraperitoneal inoculation of Salmonella typhimurium in Swiss mice by increasing macrophage activity and 
reducing intracellular bacterial load. Additionally, the expression of TNF-α, IL-1β, IL-6, and inducible nitric oxide 
synthase was found to be down-regulated in caffeine-treated mice after infection, suggesting that caffeine can be used in 
combination with antibiotics for treatment of bacterial infections.64 New studies have found that prenatal exposure of 
80 mg/kg caffeine can significantly reduce the average body weight of rat offspring before weaning, which may be 
related to the immune dysfunction in rats caused by excessive caffeine exposure; however, 100 mg/kg caffeine body 
weight does not cause neurobehavioral toxicity in adult mice.65 The results suggest that excessive caffeine exposure may 
lead to immune dysfunction and intrauterine growth restriction retardation in pregnant women, and coffee consumption 
before and during pregnancy is not recommended. Caffeine administration at 37.5 mg/kg per day has been shown to 
reduce inflammation and oxidative stress in rats with severe TAA-induced hepatic injury (intraperitoneal TAA 200 mg/kg 
twice a week). The dose of caffeine in rats (37.5 mg/kg/day) is equivalent to 6 mg/kg per day in human. A moderate 
coffee intake for an adult weighing 70 kg is approximately 400 mg caffeine per day, representing approximately 6 mg/kg. 
Additionally, 6 mg/kg per day of caffeine is equivalent to three cups of coffee daily in humans.60 Even low doses of 
caffeine may have a protective effect against liver damage; indeed caffeine at 5 and 10 mg/kg alleviate chronic liver 
damage in rats induced by CCl4 (0.75 mL/kg).66 Moreover, caffeine solution (0.1 mg/mL) treatment for 12 days has been 
shown to significantly increase SHBG production in the liver and adiponectin levels in the epididymal adipose tissue of 
human SHBG transgenic mice.48 Anti-fibrosis, anti-inflammatory, anti-infective, and anti-oxidant effects may explain the 
potential mechanism for the protective effect of caffeine on HCC induced by chemical poisons.
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Using macrophage-specific CD39 knockout mice, researchers found that cell-specific CD39 expression in macro-
phages and CD73 expression in HCC cells synergically activate the eATP-adenosine pathway, producing more adenosine, 
thereby impacting CD8+ T cell function and promoting anti-PD1 resistance, suggesting that targeted inhibition of 
adenosine alleviated HCC.21 Animal experiments found that macrophage-specific knockout of CD39 in mouse HCC 
model induced by subcutaneous tumor xenograft significantly reversed resistance to PD1 therapy, suggesting that CD39 
targeting macrophages may remodel the immune microenvironment.21 Overexpression of RNA N6-adenosine methyl-
transferase was found to effectively promote HCC tumor growth in a nude mouse model.53 The wide variety of gene 
knockout and immunodeficient mice provides a variety of options for studying the protective effects of caffeine and its 
derivatives against HCC. Additionally, activation of the AMPK/mTOR signaling has been found to play an anticancer 
role in a xenograft nude mouse model, suggesting that adenosine may affect HCC progression in vivo in different ways.54 

However, the relationship between metabolic reprogramming of HCC cells and ATP in HCC animal models still needs 
further study. Furthermore, the newly found CRISPR-Cas9-mediated loss of 5-methylthioadenosine 2A, a critical 
S-adenosylmethionine producing enzyme, leads to T-cell dysfunction and inhibition of mouse HCC growth. Therefore, 
targeting 5-methylthioadenosine may be a viable therapeutic strategy for improving HCC immunity.17 Reprogramming of 
methionine metabolism may be one of the resistance mechanisms of HCC to immune checkpoint inhibitors, which will 
be further investigated in the future. Furthermore, downregulation of CD73 significantly inhibited the growth of 
orthotopic xenografts in NOD/SCID/γc(null) mice liver, and the combination of CD73 and A2AR inhibitors enhanced 
synergistic tumor inhibition in HCC compared to either regimen alone.20 Mechanistically, adenosine produced by CD73 
binds to A2AR promotes HCC progression and epithelial-mesenchymal transition by activating PI3K/Akt signaling. 
Down-regulating triphosphate diphosphohydrolase-2/CD39L1 expression by inhibiting HIF-1 can inhibit the aggregation 
of myeloid-derived suppressor cells in HCC mice, which can prevent cancer from escaping immune monitoring.58 

Inhibition of HIF-1α is known to decrease the expression of CD39 and CD73 in the liver tissue of HCC mice.23,67 These 
above in vivo results indicate that down-regulation of the CD39-CD73-adenosine pathway can inhibit HCC progression. 
The rapid development and diversification of CRISPR-Cas9 gene editing technology provides strong technical support 
for further research on the protective effect of caffeine on HCC. The emergence of various monoclonal mouse antibodies 
provides a new option to study the function and role of various immune cells in immune response.

Clinical Trials
Many epidemiological studies have reported that daily oral coffee intake is associated with a lower risk of HCC.68–71 

Dietary patterns or foods with anti-inflammatory potential are associated with reduced risk of HCC and can influence 
HCC progression. Diets rich in fiber, vegetables and fruits intake, and Mediterranean diet are recommended.68,71 Ruiz 
et al reported that aflatoxin exposure was associated with a risk for HCC that is up to 30-fold higher than without 
aflatoxin exposure suggest that aflatoxin exposure was an significant inductor of HCC besides hepatitis viruses.71 

A recent systematic review explored the dose-dependent relationship between coffee or decaffeinated coffee consumed 
daily and the risk of HCC. Researchers investigated 2,272,642 subjects and 2905 cases and found that two cups of coffee 
daily was associated with a 35% decrease in the risk of HCC (95% confidence interval (CI) = 0.59–0.72, relative risk 
(RR) = 0.65),14 while an additional two cups of daily caffeinated and decaffeinated coffee consumption (two and three 
cohort trials, respectively) was connected to decreases in the risk of HCC of 27% (95% CI = 0.63–0.85, RR = 0.73) and 
14% (95% CI = 0.74–1.00, RR = 0.86), which was the strongest evidence to date of a link between decaffeinated coffee 
and HCC. The mechanism of action of caffeine against HCC has also been discussed in detail and may be related to the 
inhibition of HCC cell proliferation and amelioration of oxidative DNA damage.14 Previous studies have found that 
increasing daily intake by two cups of caffeinated and decaffeinated coffee was associated with 27% and 14% reduction 
in HCC risk, respectively.14,72,73 Coffee may have direct anti-cancer properties, with numerous research findings 
supporting this.36,72–77 The results of a meta-analysis conducted in 2023 by Yu and colleagues further confirm that 
drinking coffee or green tea may be a potentially effective way to prevent or mitigate HCC, but this needs to be 
confirmed by further well-designed observational studies and clinical trials.36 Additionally, most studies support a central 
role for caffeine, as decaffeinated coffee has a weaker association, possibly due to the different physiological effects of 
various components in coffee.42,51,62,75 In addition to caffeine, coffee contains many compounds such as cafestol, 
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kahweol, and polyphenols.38,44,59,63,69 Recent studies have identified caffeic acid and its derivatives as potential 
modulators of carcinogenic molecular pathways, providing new hope for fighting cancer.78 The main finding is that 
caffeic acid is well tolerated and safe, and it can be considered as an potential alternative to synthetic chemotherapy drugs 
that have adverse reactions and resistance of various tumor cells.78 The anti-liver cancer effect of these auxiliary 
components remains to be further explored and some results remain controversial. For example, another in vitro study 
found that a caffeine content of less than 1 mM was not poisonous to living cells and did not lead to DNA damage of the 
HepG2 cell line.79 A case-control study in Hong Kong that recruited 234 chronic HBV carriers (109 cases and 125 
controls) indicated that moderate daily coffee consumption decreased the risk of HCC in HBV carriers, although this trial 
had a small number of subjects (234 patients) and potential recall bias.77 These epidemiological studies reported that the 
biological mechanisms of coffee consumption and HCC reduction mainly include the anti-oxidant and anti-inflammatory 
effects, suppressing growth of liver tumor, improving metabolism and excretion of carcinogens, inhibiting the activity 
and replication of hepatitis virus, and decreasing the risk of type 2 diabetes of the main chemical components (CGA, 
polyphenols, diterpenes, cafestol, kahweol, and caffeine) in coffee.69 At present, computerized tomography and magnetic 
resonance imaging are still the most effective non-invasive methods for HCC diagnosis.71 In addition, more than 70% of 
HCC patients have AFP levels higher than 20 ng/mL with quite poor specificity, and liver biopsy remains the most 
effective invasive diagnostic basis for HCC.71 Results from meta-analyses, mostly from the Americas, Europe and Japan, 
further confirm the negative association between coffee intake and HCC risk.

Many recent epidemiological studies have found that people who drink coffee have a reduced risk of different types 
of cancer.29,80 A study published in 2022 investigated the relationship between coffee intake, caffeine metabolism 
genotypes, and survival in male patients with prostate cancer. The researchers examined data from 5727 patients with 
prostate cancer from seven studies in the United States, Australia, and Europe, and found that while the results were not 
statistically significant, higher coffee intake appeared to be associated with longer prostate cancer-specific survival. More 
research is needed to fully understand which population of men might benefit, and why.29 A large survey of patients with 
colorectal cancer found that coffee intake was inversely associated with cancer recurrence and mortality of stage III 
disease, levels of metabolites associated with coffee intake were associated with a lower risk of colorectal cancer 
incidence or diagnosis.29 Another epidemiological study published in 2022 investigated the association between lifetime 
caffeine intake and the risk of epithelial ovarian cancer in late adulthood.80 The results of a population-based case-control 
study of 497 cases and 904 controls in Montreal, Canada, showed no significant association between lifetime caffeine 
intake and ovarian cancer risk. However, the authors stressed that the findings are inconsistent with previous studies, so 
the link between caffeine consumption and reduced risk of ovarian cancer remains controversial and needs to be 
examined in the long term, larger epidemiological studies.80 Petrick et al found that consumption of caffeinated or 
decaffeinated coffee had null associations with intrahepatic cholangiocarcinoma.73 The majority of previous studies have 
reported the relationship between oral coffee and the reduction in HCC risk. A review in 2021 summarized caffeinated 
coffee consumption daily and various health outcomes among US citizens by conducting a meta-analysis of dose- 
response relationship and evaluation of avoided deaths and diseased cases. The review found that caffeinated coffee 
regularly decreased the incidence/mortality of different angiocardiopathies, as well as the occurrence of type 2 diabetes 
and HCC, and the largest risk reduction was observed for drinking 3–4 cups daily (approximately 120 mL/cup).81 In 
addition, the study confirmed and quantified the beneficial health effects of caffeinated coffee consumption on endo-
metrial cancer, melanoma, and non-melanoma skin cancer in the US population.81 A recent study investigating the 
protective effect of coffee consumption on HCC after liver transplantation in cirrhosis found that coffee consumption was 
associated with a reduced risk of HCC recurrence and improved survival after orthotopic liver transplantation. The results 
may be related (at least in part) to the antagonistic activity of caffeine against adenosine-A2AR-mediated growth 
promoting effects on HCC cells.18 Interestingly, some studies still report no association between coffee consumption 
and HCC risk.31,34 Indeed, a prospective cohort study of half a million Chinese adults found that caffeine, the main 
component of tea, had no protective effect on the incidence of all types of cancer, including HCC.31 Additionally, 
a recent systematic review and meta-analysis of prospective cohort studies demonstrated that coffee consumption was not 
associated with a reduced risk of stomach cancer.34 However, as it remains difficult to increase the concentration of 
caffeine in HCC tissues, it is necessary to find new ways to improve the absorption of caffeine in the human body. A new 
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double-blind randomized crossover study was conducted to evaluate the pharmacokinetics of caffeine and D9-caffeine in 
healthy subjects.50 The pharmacokinetic, pharmacological, and genotoxicity evaluation of deuterate caffeine is currently 
at the animal experimental stage, and no human studies have been reported so far.82 Modifying the negative physiological 
effects of caffeine and prolonging its effects is an active area of research. In addition to HCC, several large-scale 
observational cohort and case-control studies in humans in Europe and the Americas have investigated the association 
between coffee intake and the risk of gastric cancer, prostate cancer, lung cancer, colorectal cancer, skin cancer, ovarian 
cancer, endometrial cancer, and uterine cervix cancer, but the results have been inconsistent. Racial differences may be 
one of the reasons, the exact reason still need to be studied.

Interestingly, daily coffee consumption positively influences the prevention of HCC relapse after the operation 
orthotopic liver transplantation.18 Research evaluating human HepG2 cell lines has analyzed the proliferative and 
metastatic ability after co-culture with various concentrations of adenosine, while in vitro studies showed that adenosine 
mediated the activation and proliferation of tumor cells mainly through the mitogen-activated protein kinase (MAPK) 
and nuclear factor-kappa B (NF-kappa B) signaling pathways.18 A growing number of studies have found that caffeine 
inhibits normal growth of different types of cancer cell lines.34,80,81 On the one hand, caffeine interrupts growth cycle of 
various cancer cells, alters DNA repair processes, and disrupts apoptosis. On the other hand, the components of coffee, 
especially phenolic compounds, have antioxidant abilities that may have a protective effect against cancer. Therefore, 
further research is still needed. Future randomized studies are warranted to explore the effectiveness of increasing coffee 
intake in people at high risk of HCC, including patients with existing chronic liver disease. Additionally, future studies 
will focus on the pharmacokinetic studies of caffeine and its derivatives, which will address how to improve effective 
drug concentration and targeting specificity to tumor tissues as well as reduce its toxicity to normal tissues.

Conclusion and Future Research Perspectives
Kennedy et al reviewed the relationship between coffee and the risk of HCC before 2017, including caffeinated and 
decaffeinated coffee, and found that consuming two cups of coffee per day reduced the risk of HCC by one-third.14 Oral 
coffee intake is suggested to reduce the risk of HCC by inhibiting the activation and proliferation of HCC cells, which is 
induced by caffeine, the main component of coffee, and is considered the main mechanism by which coffee reduces HCC 
risk. Randomized trials are needed to support interventions before recommending increased coffee intake in patients at 
high risk of HCC. Our review mainly summarizes and analyzes animal experiments, cell experiments, and epidemiolo-
gical studies on the reduction of HCC risk by coffee/caffeine in the past 2 decades until December 6, 2023. Preclinical 
and/or clinical studies on the other common (and abundant) coffee compounds are summarized by our team (Table 2). We 
report that caffeine initiates a series of immune responses by inhibiting the binding of adenosine and ARs, representing 
a new mechanism for the prevention of HCC. Additionally, inhibition of the adenosine signaling pathway induces 

Table 2 Preclinical and/or Clinical Studies on the Other Common (and Abundant) Coffee Compounds

Caffee Compounds/ 
Types of Coffee

Cells/Animals/Patients Animal Model Main Finds/Mechanisms Ref

1, 7-dimethylxanthine SD rats Rat model Caffeine Pharmacokinetics in rats [3]

3, 7-dimethylxanthine SD rats Rat model Caffeine Pharmacokinetics in rats [3]

1, 3-dimethylxanthine SD rats Rat model Caffeine Pharmacokinetics in rats [3]

Chlorogenic acid Patients – Inhibitory effects on carcinogenesis [4]

Caffeinated coffee Participants – HCC risk reductions 27% [14]

Decaffeinated coffee Participants – HCC risk reductions 14% [14]

Caffeine HepG2, HLF, HuH-7, Li-7 – Caffeine assisted chemotherapy [37]

(Continued)
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Table 2 (Continued). 

Caffee Compounds/ 
Types of Coffee

Cells/Animals/Patients Animal Model Main Finds/Mechanisms Ref

Caffeine Cells, Animals, and Patients Chemical 
carcinogens

Decrease risk of chronic liver disease [38]

Cafestol and Kahweol Cells, Animals, and Patients Animal models Cancer prevention [38]

Caffeine HepG2, Huh7, Nude mice Ectopic nude mice 

model

Inhibit HCC via Akt signaling pathway [39]

Caffeine HepG2 – Synergistic anticancer via inhibiting DNA repair [40]

Caffeine HCC and PDAC cell lines – Inhibit HCC and PDAC cell lines growth by 

inhibiting the PI3K/Akt pathway

[41]

Caffeine HCC cell lines (HepG2, HLF, 

Huh7 and PLC/PRF/5)

– Inhibit HCC cells proliferation and activate MEK/ 

ERK/EGFR signaling pathway

[42]

Chlorogenic acid Huh7, Hep3B, LO2, Hep1-6 Xenograft mice 

model

Reduces radiation-induced apoptosis and DNA 

damage via NF-E2-Related Factor 2 activation

[43]

Kahweol Hep3B, SNU182, SNU423 – Induces apoptosis in HCC cells by inhibiting Src/ 

mTOR/STAT3 Signaling Pathway

[44]

Caffeine B16F10 melanoma cells – Improves the cytotoxic effect [45]

Caffeine HepG2 cells – Increases apolipoprotein A-1 and paraoxonase-1 

protein levels

[46]

Chlorogenic acid RAW 264.7 macrophages of 

mice

– Present high antioxidant and anti-inflammatory 

activities

[47]

Caffeine HepG2 cells – Upregulate hepatic SHBG expression by increasing 

adiponectin production through AKT/FOXO1 

pathway

[48]

D9-caffeine 20 healthy subjects – Safe and well-tolerated alternative to caffeine [50]

Caffeine HepG2 cells – Lysozyme increase caffeine concentration on 

HepG2 cell surface by electrostatic interaction

[51]

Caffeinated coffee Healthy subjects – Caffeinated coffee consumption reduces by ~40% 

the risk for fibrosis, cirrhosis and HCC, while 

decaffeinated coffee does not

[59]

Decaffeinated coffee Healthy subjects – Can not reduce the risk of various liver diseases [59]

Caffeine Male C3H/HeJ mice DEN/CCl4 Mild effects [59]

Caffeine + TRI Male C3H/HeJ mice DEN/CCl4 Moderate effects [59]

Caffeine + CGA Male C3H/HeJ mice DEN/CCl4 Moderate effects [59]

Caffeine + TRI + CGA Male C3H/HeJ mice DEN/CCl4 Attenuate fibrosis-associated hepatocarcinogenesis 

by modulating miRNA expression profile

[59]

Caffeine Rats TAA Decrease oxidative stress and inflammatory 

biomarkers

[60]

Caffeine Rats DEN Caffeine has preventive effect on 

hepatocarcinogenesis in DEN-induced rats

[62]

(Continued)

https://doi.org/10.2147/JIR.S424384                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2024:17 1600

Shan et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 2 (Continued). 

Caffee Compounds/ 
Types of Coffee

Cells/Animals/Patients Animal Model Main Finds/Mechanisms Ref

Caffeine T2D and NAFLD Patients – Decrease level of total cholesterol [63]

CGA T2D and NAFLD Patients – No significant differences [63]

Caffeine + CGA T2D and NAFLD Patients – Increase level of insulin [63]

Caffeine Macrophage and Swiss mice Infected with virus 
model

Anti-inflammatory and anti-infective properties [64]

Caffeine Rats CCl4 Hepatoprotective effect [66]

Caffeine – – Caffeine inhibits the activity and replication of 

hepatitis virus, thereby preventing HCC

[69]

Caffeine and other 

polyphenols

Patients – Display multiple hepatoprotective effects [70]

Caffeinated and 
decaffeinated coffee

Subjects – Reduced risk of HCC [71]

Caffeine Subjects – Have protective effect among healthy population 
and patients with chronic liver diseases

[72]

Caffeine Individuals – Coffee consumption is associated with reduced 
risk of HCC

[73]

Caffeine Subjects – Coffee, tea and decaffeinated coffee consumption 
is associated with low risk of HCC

[75]

Caffeine Men and women – Coffee consumption reduce the risk of HCC [76]

Caffeine HBV chronic carriers – Moderate coffee consumption reduces the risk of 

HCC in hepatitis B chronic carriers

[77]

Caffeic acid Various HCC cell lines, mice, 

rats

Various animal 

model of HCC, 
Xenograft model

Suppress proliferation and migration of various 

cancer cells, inhibits many types of cancer

[78]

Caffeine + Synephrine Human HepG2 cells – Promotes cytotoxicity, DNA damage and 
transcriptional modulation of apoptosis-related 

genes

[79]

Caffeine Women participants – Lifetime caffeine intake was not strongly associated 

with ovarian cancer risk

[80]

Caffeinated Coffee Numerous participants – Confirm the beneficial health effects of caffeinated 

coffee consumption in the US population

[81]

D9-caffeine HEK-293, CHO-X13, Hunter 

cell lines, Male SD rats

– The adenosine receptor antagonist potency of d9- 

caffeine was similar to caffeine

[82]

Caffeinated energy drink Adolescents – Significant public health hazard [83]

Caffeine Patients with severe caffeine 
poisoning

– Treated with high flow continuous hemodialysis [84]

Caffeine Fatal caffeine poisoning – Using labetalol and hemodialysis to treat [85]

Abbreviations: CGA, Chlorogenic acid; D9-caffeine, deuterated caffeine; DEN, diethylnitrosamine; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; NAFLD, Non- 
alcoholic fatty liver disease; Ref, reference; SHBG, sex hormone-binding globulin; T2D, type 2 diabetes; TAA, thioacetamide; TRI, trigonelline.
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changes in the TME; this is an important research direction of tumor immunity. New drugs and antibodies targeting 
adenosine signaling have appeared in recent years, as well as new caffeine preparations used in cancer adjuvant therapy. 
Additionally, inhibiting CD73 could slow down the growth of cancer and improve the efficiency and efficacy of immune 
checkpoint inhibitors, CD73 might be a good prognostic marker and therapeutic target for cancer patients, especially for 
those receiving immunotherapy.

Overall, cellular assays, animal experiments, and clinical research have demonstrated that coffee/caffeine has liver- 
protective effects and reduces the risk of HCC, suggesting that caffeine may be developed as a drug to prevent HCC in 
the future. The biggest challenge is how to increase the concentration of caffeine in the local HCC tissue. We found that 
drinking coffee may reduce the risk of HCC, with a recommended dose for adults of 2–3 cups per day, containing an 
average caffeine concentration of 60–85 mg per cup, was beneficial for human health.14,38,60,81 Additionally, studies have 
shown that if risk estimates are unbiased, coffee consumption reduce the proportion of HCC cases/deaths by 6–12%.81 

The appropriate time of drinking coffee is 1 h after mealtime and 30 min before bed.8,83 Coffee is not recommended for 
patients with cardiovascular disease, diabetes and hypertension to avoid inducing adverse reactions such as arrhythmia, 
elevated blood sugar, and elevated blood pressure. It is important to educate young people and their parents about the 
risks of excessive consumption of caffeinated beverages. The potential health consequences of excessive consumption of 
coffee represent a major public health hazard.83 A recent clinical study found that high-flow continuous hemodialysis 
successfully treated severe caffeine intoxication,84 while a new toxicology report found that the combination of labetalol 
and hemodialysis can relieve near-fatal caffeine intoxication.85 Thus, it is critical to prevent caffeine overdose. 
Educational interventions are necessary to raise awareness among adolescents regarding the potential consequences of 
excessive consumption of these popular caffeinated beverages, as serum concentrations exceeding 80–100 μg/mL can 
have fatal implications in adults. Furthermore, it is crucial to educate individuals about the detrimental effects of 
excessive caffeine on overall bodily health.

This review summarizes the progress of coffee/caffeine in the prevention and treatment of HCC in the past decades from the 
aspects of cellular assays, animal experiments, and epidemiological studies. For people with middle to high coffee/caffeine 
consumption, the recommended dose is approximately 2 to 3 cups per day. In many research papers suggesting that caffeine has 
a half-life period of approximately 1 h and 5 h in rats and humans, respectively, rats would require a larger dosage of coffee/ 
caffeine to reach a blood concentration similar to that of coffee/caffeine consumers. Thus, it can be concluded that caffeine intake 
in the form of drinking 2–3 cups/day of coffee has multidimensional beneficial effects beyond anti-fibrosis, including a reduced 
risk of HCC.
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