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Abstract

Coffee is one of the most widely consumed beverages worldwide. It is a complex chemical mixture composed of
thousands of physiologically active compounds, including caffeine, chlorogenic acid, and diterpenes (cafestol and
kahweol). Recently, coffee has emerged as a beverage with various health benefits, in particular in liver disease.
Several epidemiological and observational studies demonstrated an inverse association between coffee
consumption and primary liver cancer risk. The biological mechanisms underlying the hepatoprotective effect of
coffee are still not completely understood. This article reviews the current available literature about the association
between coffee consumption and hepatocellular carcinoma risk and the proposed mechanisms by which coffee
exerts its chemopreventive properties.
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INTRODUCTION

Coffee is one of the most commonly consumed beverages worldwide, with approximately 500 billion cups
drunk every year globally". Its widespread use is not only related to its aroma and flavor but also to its
stimulating properties.

Being coffee a rich source of antioxidants and other bioactive compounds', its long-term consumption has
been associated with various health benefits, including a decreased risk of type 2 diabetes", stroke,
symptomatic gallstone disease!”, Parkinson’s disease'”, and cardiovascular disease®. Overall, coffee intake
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has been inversely associated with all-cause and disease-specific mortality'.

Over the past 20 years, several studies reported a beneficial effect of coffee on liver health. Its consumption
has been associated with reduced liver enzymes"""”, decreased incidence of chronic liver disease!*'*,
improved response to retreatment in patients with chronic HCV infection"”, and lower risk of
cirrhosis"*"".. Coffee is protective against the development and progression of non-alcoholic fatty liver
disease (NAFLD)!"*"!. Patients with alcoholic and non-alcoholic chronic liver disease who habitually
consume coffee have a decreased mortality risk!"***". In addition, a reduced incidence of liver cancer has
been repeatedly reported in coffee drinkers”™'. The biological plausibility of this inverse association found

32,33]

in observational studies has been confirmed by experimental data'

Primary liver cancer is the sixth most common cancer and the fourth leading cause of cancer-related death
globally, with an incidence of 841,000 new cases/year and a mortality of 782,000 deaths/year in 2018"*.
Hepatocellular carcinoma (HCC) is the most frequent primary liver malignancy, constituting a major global
health problem™. HCC usually develops on a background of inflammation and oxidative stress, which is
elicited by several etiologic factors, such as chronic HBV or HCV infections, excessive alcohol consumption,
aflatoxin exposure, and NAFLD development"®.

In this paper, we review the current available evidence in the literature linking coffee consumption to
decreased HCC risk and explore the possible biological mechanisms underlying the protective effect of
coffee.

WHAT ARE WE TALKING ABOUT WHEN WE SAY COFFEE?

Coffee contains more than one thousand physiologically active compounds, the concentrations of which
can be influenced not only by species, variety of plant, and cultivation method but also by preparation
processes (e.g., roasting, blending, and brewing)””**. The main water-soluble constituents of coffee are
phenolic polymers (8%), polysaccharides (6%), chlorogenic acids (4%), minerals (3%), water (2%), and
caffeine (1%)"". In addition, coffee contains a lipid fraction made of triacylglycerols, tocopherols, fatty acids,
and diterpenes (mainly, cafestol and kahweol)™'. Caffeine is considered the major active ingredient of
coffee*>"), but several other components (e.g., chlorogenic acid, cafestol, and kahweol) have strong

antioxidant properties'*>*,

Among the most commonly used methods to prepare coffee there are: (1) filtration, in which hot water is
passed through ground coffee beans kept on a filter; (2) boiling, in which ground coffee beans in water are
brought to boil (as in Turkish coffee); and (3) forced pressurization, in which water is forced under pressure
through ground coffee (as in espresso). The methods used in the preparation are relevant because they
influence the chemical composition of coffee. Filtered coffee contains negligible amount of diterpenes
(cafestol and kahweol are removed by paper filters), but filtration better preserves chlorogenic acid than
forced pressurization*. Diterpenes levels are also affected by brewing strength (i.e., the concentration of
coffee grounds per liter of water)"“”. Compared to filtered coffee, espresso has higher concentration of
caffeine*>*, but it is typically consumed in much smaller quantities. Beyond the brewing method, the

47]

addition of milk or cream to coffee could also potentially affect the bioavailability of its compounds'

COFFEE AND THE RISK OF HEPATOCELLULAR CARCINOMA

A recent large population-based cohort study, aimed at investigating the association between coffee intake
and digestive tract cancer incidence, reported a risk reduction in coffee consumers only for HCC [adjusted
hazard ratio (HR) = 0.5, 95%CI: 0.29-0.87, compared to non-drinkers]"*?. These results confirm several
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previous reports of an inverse relationship between coffee consumption and risk of HCC [Table 1].

The first two case-control studies investigating the effect of coffee consumption on HCC incidence failed to
demonstrate a significant decrease in primary liver cancer risk among coffee drinkers'**. However, when
data included in these two studies were reanalyzed by Gallus et al.”” in a follow-up study, an odds ratio
(OR) for the risk of develop HCC of 0.7 (95%CI: 0.5-1.0) was demonstrated in subjects with an intake of 2 3
cups/day compared to non-drinkers. Other more recent case-control studies confirmed the reduction of
HCC risk among coffee consumers, with a dose-response relationship®*?. In particular, Tanaka et al."™”
investigated the effect of coffee intake in the risk of HCC using three different control groups [healthy
subjects, hospital controls, and patients with chronic liver disease (CLD)]. A significant risk reduction was
observed in comparison to all the three control groups when coffee intake in the previous 1-2 years was
considered, but only with respect to community and CLD controls when the last 10 years consumption
were assessed.

In addition to these case-control studies, several prospective cohorts confirmed the reduction in incidence
of liver cancer among coffee drinkers. The multivariate-adjusted relative risk (RR) in a Japanese pooled
analysis of two cohorts (Shimazu et al.*”) was 0.58 (95%CI: 0.36-0.96) in patients consuming one or more
cups/day, compared to subjects who never consume coffee. Inoue et al.*” showed that subjects who drank
coffee almost every day had a 51% lower HCC risk than those who almost never drank (HR = 0.49, 95%CI:
0.36-0.66), and the risk was inversely proportional to the amount of coffee intake (compared to no coffee
intake, HR = 0.52, 0.48, and 0.24 for 1-2, 3-4, and 2 5 cups/day, respectively; P,,.., < 0.001). In a Singapore
cohort, the risk of HCC in patients consuming 2 3 cups/day, compared to non-drinkers, was decreased by
44% (HR = 0.56, 95%CI: 0.31-1.0, P = 0.049), after adjustment for many variables including tea
consumption®. A similar inverse association was observed between HCC risk and the amount of caffeine
consumed, and the further adjustment for HBV and/or HCV serology did not alter these results.

Several prospective cohorts from United States and Europe further confirmed this inverse association.
Petrick et al.””’ pooled together nine United States cohorts (the Liver Cancer Pooling Project) finding that
subjects consuming at least three cups of coffee per day had a 27% lower risk of HCC (HR = 0.73, 95%CI:
0.53-0.99), with an inverse dose-response relationship (HR_,, 4, = 0.90, 95%CI: 0.85-0.94). The risk
reduction for every cup of coffee consumed per day was quite similar in males and females [HR = 0.90
(95%CI: 0.86-0.96) P,..q = 0.0004 for males and HR = 0.87 (95%CI: 0.79-0.96) P,..q = 0.004 for females]. A
second study from the United States, performed in the Multiethnic cohort, demonstrated that, compared
with non-coffee drinkers, individuals who consumed 1, 2-3, and 2 4 cups of coffee per day had a 13% (RR =
0.87, 95%CI: 0.67-1.11), a 38% (RR = 0.62, 95%CI: 0.46-0.84), and 41% (RR = 0.59, 95%CI: 0.35-0.99)
reduction in risk of HCC, respectively'™*..

These data were confirmed also in Europe. In a prospective study conducted in Finland by Hu et al.®”, the
multivariate-adjusted HRs of liver cancer in subjects who drank 0-1, 2-3, 4-5, 6-7, and 2 8 cups/day were 1.0
(reference), 0.66, 0.44, 0.38, and 0.32, respectively (P, = 0.003). Note that, in this study, the definition of
“liver cancer” included not only HCC but also cholangiocarcinoma, adenocarcinoma, and unspecified
primary liver cancer. In a cohort of male smokers, Lai et al.*” obtained comparable results (18% reduction
in liver cancer risk for every other cup of coffee drunk per day, RR per cup per day = 0.82, 95%CI: 0.73-
0.93), even when only HCC patients were considered.

Two studies from the European Prospective Investigation into Cancer and Nutrition (EPIC) cohort further
confirmed the inverse association between coffee drinking and reduced liver cancer risk”***”. In particular,
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Table 1. Studies evaluating the association between coffee consumption and primary liver cancer incidence and mortality

N of N of
Ref. Year Country Design controls/size of Results
cases
cohort
La Vecchia et al.”™*" 1989 ltaly Case-control 151 1,944 No significant association between coffee
and liver cancer
Kuper et al?>% 2000 Greece Case-control 333 360 Coffee not positively associated with HCC
risk
Gallus et al.”*? 2002 ltaly Case-control 834 1,912 Inverse association between coffee
drinking and liver cancer incidence
Inoue et al.”* 2005 Japan Prospective 334 90,452 Coffee drinking associated with a reduced
cohort risk of HCC
Gelatti et al.”™ 2005 ltaly Case-control 250 500 Coffee intake inversely associated with
HCC, with a dose-effect relationship
regardless of its etiology (alcohol, HCV,
HBV)
Kurozawa et al."® 2005 Japan Prospective 401 110,688 Inverse association between coffee and
cohort HCC mortality
Shimazu et al.”*"! 2005 Japan Prospective 70 22,404 Coffee consumption decreases the risk of
cohort 1 47 38,703 liver cancer
Prospective
cohort 2
Ohfuji et alle? 2006 Japan Case-control 73 253 Coffee may be a protective factor among
patients with chronic HCV-related liver
disease
Montella et al.®" 2007 ltaly Case-control 185 412 Inverse relation between caffeinated
coffee consumption and HCC risk
Wakai et al.”®’ 2007 Japan Case-control 96 420 (HCV") Coffee associated with a decreased HCC
3,024 (HCV") mortality in all subjects and in those
infected with HCV
Tanaka et al.”” 2007 Japan Case-control 209 1,308 Dose-dependent inverse association
(Community) between coffee consumption and HCC
275 (Hospital) risk, in particular in community and CLD
381 (CLD) controls
Hu et al.”® 2008 Finland Prospective 128 60,323 Significant dose-dependent inverse
cohort association between coffee drinking and
the risk of primary liver cancer
Inoue et al.”®®”? 2009 Japan Prospective 10 18,815 Coffee consumption may reduce the risk
cohort of liver cancer regardless of HCV and HBV
infection status
Johnson et al.”*¥ 2011 China Prospective 362 61,321 Coffee and caffeine consumption inversely
cohort associated with the risk of HCC
Leung et alte" 2011 Hong Case-control 109 125 Coffee reduces the risk of HCC in HBV
Kong chronic carriers
Jang et alt” 2013 Korea Case-control 258 480 (Healthy) Coffee associated with a reduced risk of
626 (CLD) HCC in subjects with and without CLD;
protective effect of coffee not proven in
HBV patients
Lai et al.”™ 2013  Finland Prospective 194 27,037 Lower risk of liver cancer and mortality
cohort from CLD in male smokers who consumed
more coffee
Petrick et al.”””] 2015 United 9 US cohorts 860 1,212,893 Inverse association between coffee
States pooled together consumption and HCC risk; stronger
association observed for women
Setiawan et al.®¥ 2015 United Prospective 451 162,022 Coffee associated, in dose-dependent
States cohort manner, with lower risk of incident HCC
and mortality from CLD
Aleksandrova et al.”*”} 2015 Europe® Case-control 125 250 Coffee intake associated with a lower risk
of HCC
Bamia et al.”® 2015 Europe’ Prospective 201 486,799 Inverse association between coffee
cohort consumption, in a dose-dependent

pattern, and HCC risk

Tran et al™*® 2019 United Prospective 88 471,779 Inverse association between coffee
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Kingdom  cohort consumption and HCC (similar by coffee
type)

*These data were reanalyzed by Gallus et al 2% Pthis study duplicated data previously presented (Inoue et al”* 2005); “Denmark, France,
Germany, Greece, Italy, Netherlands, Norway, Spain, Sweden, and the United Kingdom. HBV: Hepatitis B virus; HCV: hepatitis C virus; HCC:
hepatocellular carcinoma; CLD: chronic liver disease; US: United States.

Bamia et al.*” found that, compared to those with minimal or no consumption of coffee, participants in the
highest quintile of coffee intake had a 72% reduction in the HCC risk (HR = 0.28, 95%CI: 0.16-0.50).

Similarly, the effect of coffee was confirmed in Japan. Data deriving from the Japan Collaborative Cohort
Study for Evaluation of Cancer Risk (JACC) demonstrated that coffee consumption reduces liver cancer
mortality®™*). In a large cohort study, Kurozawa et al.”* found a 50% reduction in risk of death for HCC
(95%CI: 0.31-0.79) in coffee drinkers compared with non-drinkers. This mortality reduction was similar to
that found in the nested case-control study by Wakai et al.*” (taking coffee non-drinkers as reference group,
the multivariate-adjusted OR in drinkers of > 1 cup/day was 0.49, 95%CI: 0.25-0.96). The analysis restricted
to HCV-positive patients confirmed the result achieved in all patients (OR = 0.31, 95%CI: 0.11-0.85), while,
despite the OR below unit for daily coffee drinkers, the statistical significance was not obtained in HCV-
negative group. This study supported the previous findings by Gelatti et al.””, Ohfuji et al.*”, and Inoue
et al.” who demonstrated an inverse association between coffee drinking and HCC risk in HCV-positive
patients. However, not all studies are concordant on that point"*'’.

On the other hand, when patients with HBV infection are considered, available data on the protective role
of coffee on HCC incidence are conflicting. Using as control groups healthy subjects and CLD patients, Jang
et al.*” found that high lifetime coffee consumption (> 20,000 cups) lowered HCC risk by 44% (OR = 0.56,
95%Cl: 0.33-0.95) and 45% (OR = 0.55, 95%Cl: 0.36-0.85), respectively, regardless of etiology. However, in
the 519 HBV patients included in this study, coffee drinking was not an independent protective factor
against HCC (OR = 0.64, 95%CI: 0.36-1.14, P = 0.129). By contrast, another case-control study conducted in
HBV chronic carriers demonstrated that coffee drinking reduced HCC risk by almost half (OR = 0.54,
95%CI: 0.30-0.97), with a dose-response effect (subjects drinking 2 4 coffee/week had a risk reduction of
almost 60% compared to those without coffee-drinking habit; P, = 0.02)!”. The many epidemiological
data produced have been included in several metanalysis over the last 15 years, all confirming the inverse
association between coffee consumption and HCC risk™ "> [Table 2].

Are all types of coffee equally protective against HCC?

Interestingly, only filtered coffee (one of the main types of coffee consumed in United States) has been
significantly correlated with reduction in liver fibrosis, cirrhosis, and HCC; neither espresso (widely
consumed in Europe) nor boiled coffee (i.e., Turkish coffee) has been negatively correlated with fibrosis
progression*”. Filtered coffee, but not espresso, was independently correlated with liver fibrosis in severe
obese women with NAFLD™. Considering that fructose has been associated with the development of
fibrosis in non-alcoholic steatohepatitis (NASH)"™, in this study, the authors postulated that the lack of
beneficial effect of espresso was probably due to the addition of sucrose (composed of glucose and fructose)
to coffee. Moreover, brewing methods influence the chemical composition of coffee, and this may explain
why different types of coffee are not equally beneficial on liver health.

The early studies evaluating the association between coffee consumption and HCC did not consider the
type of coffee consumed®***>****%*) Firstly, Huet al.” reported a liver cancer risk reduction irrespective of
the coffee preparation method (inverse trend in risk in both filtered and boiled coffee drinkers). A second
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Table 2. Metanalyses evaluating the association between coffee consumption and HCC risk

Studies RR or OR

Ref. Year included (95%CI) Notes

Larsson et al.”*®! 2007 5 case-control  0.57(0.49-  RRfor anincrement of 2 cups of coffee per day
4 prospective  0.67)
cohorts

Bravi et al.””’ 2007 7 case-controla 0.59 (0.49-  RR for coffee drinkers for an increment of 1 cup per day of coffee the
3 prospective  0.72) RR was 0.77 (0.72-0.82)
cohorts”

Bravi et al.*” 2009 7 case-controla 0.57 (0.49-  RR for coffee drinkers vs. non-drinkers
7 prospg}ctive 0.67)
cohorts

Sang et al. 2013 9 case-control  0.50 (0.42-  OR for high drinkers compared to no/almost never drinkers
6 prospective  0.59)
cohorts”

Bravi et al.® 2013 7 case-controla 0.60 (0.50-  RR for coffee drinkers vs. non-drinkers; for an increment of 1 cup per
7 prospective  0.71) day the RR was 0.80 (0.77.0.84)
cohorts”

Bai et al.” 2016 8 case-control 0.49 (0.46-  OR for coffee drinkers compared to non-drinkers. Only studies in
3 prospective  0.52) which the outcome was HCC were included in the metanalysis
cohorts

Yuet al'® 2016 10 prospective  0.55(0.44-  RRof liver cancer for highest vs. lowest (0-1 cup/day) coffee
cohorts 0.67) consumption; an inverse association between coffee consumption

(cups/day) and liver cancer risk

Bravi et al.*" 2017 1 prospective  0.66 (0.55-  RR for coffee drinkers compared to non-drinkers; for an increment of 1
cohorts® 0.78) cup per day of coffee the RR was 0.85 (0.81-0.90)

Kennedy et alt®” 2017 7 case-control  0.65(0.59-  RR of HCC for an increment of 2 cups of coffee per day
9 prospbective 0.72)
cohorts

Bhurwal et al.’® 2020 8 case-controla 0.69 (0.56-  RR of primary liver cancer for coffee consumers compared to non-
12 prospective  0.85) drinkers; drinking 2 3 cups/day significantly decreases the risk of liver
cohorts cancer (RR = 0.51,95%Cl: 0.38-0.69)

?One case-control study (Gallus et al.[22],2002) included data from two previous case-control studies (La Vecchia et a/.[49],1989; Kuper et a/.[SOJ,
2000) that were considered separately; ®One prospective study (Shimazu et al®¥,2005) presented data from two cohorts that were considered
separately. RR: Relative risk; OR: odds ratio; HCC: hepatocellular carcinoma.

large prospective Finnish study™ confirmed that both filtered and boiled coffee were inversely associated
with liver cancer, although the risk reduction was higher for the former (RR = 0.82, 95%CI: 0.69-0.98). In a
more recent study, the risk reduction in different brewed coffee ranged from 49% to 53%, with instant coffee
providing the highest protection against liver cancer (adjusted HR = 0.51, 95%CI: 0.28-0.93); however, there
was no evidence of a difference in the risk of HCC by type of coffee (P = 0.53)"*"..

Although non-coffee caffeinated sources (i.e., tea) have not been associated with hepatoprotective
effects!>'", a considerable chemopreventive role of caffeine could not be excluded". Indeed, all studies
addressing the question about the role of decaffeinated coffee in reducing the risk of HCC gave the same
answer: decaffeinated coffee is not protective against liver cancer”"*>**l, Petricket al.”” demonstrated that,
compared to non-drinkers, subjects consuming decaffeinated coffee had an HR for the HCC development
of 1.16 (95%CI: 0.88-1.53). In the US Multiethnic cohort, compared to patients who never drink
decaffeinated coffee, those drinking one cup/day had a RR = 0.93 (95%CI: 0.75-1.14), quite similar to that of
patients drinking = 2 cups/day (RR = 0.96, 95%CI: 0.62-1.50)"". The inverse association between
decaffeinated coffee and HCC risk was considerably weaker compared to caffeinated coffee and statistically
nonsignificant in the study of Bamia et al.*. Despite caffeine having a central role in the chemoprevention
of HCC, it is likely that not one coffee compound in particular, but the synergistic effect of the multiple
coffee constituents, provides the described benefits to liver health.
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Limitations in the interpretation of epidemiological studies

There are numerous limitations when interpreting the studies evaluating the health benefit of drinking
coffee. All observational (cohort and case-control studies) are subject to different sources of bias and
confounding, the main one being the difficulty in establishing whether the inverse relationship between
coffee consumption and liver cancer risk is causal. This inverse relation may simply be due to the fact that
subjects with digestive disorders, chronic liver diseases, and cirrhosis reduce spontaneously their coffee
consumption, because of impairment in caffeine metabolism (reverse causation bias)”””. Indeed, systemic
caffeine clearance correlates with liver disfunction, and its measurement, even in saliva, has been suggested
). Moreover,

[73-78

as a non-invasive test to evaluate residual liver function in patients with chronic liver disease
in compensated cirrhotics, some authors have reported that the total overnight salivary caffeine assessment

could be useful in distinguishing between viral and metabolic etiology””.

The reverse causation bias could not be excluded in observational studies, even though obviously it is higher
in retrospective case-control?*>5 than prospective cohort studies, which evaluate the exposure of
interest years before the liver cancer occurrence”?”******), Several attempts have been made to minimize this
bias. Lai et al.”” excluded patients with self-reported cirrhosis at baseline, and the inverse association found
in the whole cohort did not change even after the removal of the first two and five years of follow-up, and it
was similar in cases occurring during the first or last 10 years. Moreover, the HCC risk reduction
demonstrated in coffee consumers with CLD was similar to that found in studies using subjects with no
liver disease as controls'™. When coffee consumption was evaluated before and after the first diagnosis of
liver disease, a protective effect of coffee was demonstrated in both cases™. In addition, several studies
reported an inverse relation between coffee consumption and liver cancer risk among patients with
serological evidence of hepatitis*>*>*»*>*'),

Many studies collected data at a single time point, failing to capture the long-term coffee consumption and
not considering that coffee intake may have varied over time®********_ Other limitations derive from the
lack of standardization among different studies. Coffee is a complex mixture of many compounds, and
different types of coffee may vary in their chemical composition"". Moreover, all studies failed to define
coffee cup size'*”, which leads to ambiguity regarding the exact amount of coffee intake necessary to achieve
health effects. In addition, the duration of coffee consumption required to decrease the risk of HCC is

unknown.

Even after considering all the limitations of observational studies, it is unlikely that such a consistently and
repeatedly reported inverse association between coffee consumption and liver cancer risk is explained by
chance. Publication bias (the selective publication of studies with positive results) could be another concern,
but it is unlikely to account for such a strong relation. Therefore, it can be concluded that the inverse
relation between coffee and liver cancer is real.

While the inverse association between coffee consumption and liver cancer risk could be considered as a
fact, the protective effect on the development of other tumors has not yet been fully demonstrated”™. A
large prospective cohort study and a recent review of metanalyses did not found a risk reduction in coffee
consumers for cancers other than HCC"*”. Primary liver cancer develops almost invariably on a
background of chronic liver disease. Coffee exerts its “hepatoprotective” health benefits in the whole
spectrum of liver diseases: it reduces transaminases and g-glutamiltransferase (GGT) levels, slows the
progression of chronic liver disease and fibrosis, and decreases the risk of cirrhosis*”. In HCC, coffee
consumption prevents the development and progression of pre-neoplastic conditions (i.e., chronic liver
diseases), which should be considered when interpreting the strong and peculiar inverse association
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between the risk of this tumor and coffee compared to other cancers.

PROPOSED MECHANISMS FOR COFFEE PROTECTIVE EFFECTS

The biological mechanism behind coffee consumption and HCC risk reduction is still unclear. As
mentioned above, coffee is a complex beverage composed of thousands of physiologically active chemical
compounds™¥. Firstly, caffeine is proven to be able to prevent hepatic stellate cell adhesion and
activation'™, exerting its protective effects by beta oxidative stimulation of lipolysis, lipogenesis, and
oxidative stress suppression®*.. It has been demonstrated to be protective against the progression liver
fibrosis: in a rat model of alcohol-induced liver fibrosis, it inhibited the cAMP/protein kinase A/cAMP
response element-binding protein signal pathway, decreased malondialdehyde (MDA) levels, and increased
glutathione peroxidase (GPx) activity in the liver®*.,

Moreover, caffeine emerged in several studies as an important substance with chemopreventive properties,
including in liver carcinogenesis®*. In vitro studies demonstrated that caffeine causes cell cycle arrest and
inhibits cell proliferation, by blocking the PI3K/Akt pathway®*”. Two studies investigated the effect of
caffeine in liver carcinogenesis in vivo, demonstrating a reduced incidence and number of HCC lesions in
caffeine-treated rats™.

Other coffee components have been investigated for their role as chemopreventive substances. Chlorogenic
acid was able to reduce the number of hyperplastic liver cell foci in methylazoxymethanol-treated
hamsters™. Subsequently, Yan et al.®™ demonstrated that chlorogenic acid reduced mitogen-activated
protein kinase activation and phosphorylation of ERK1/2 in vitro; moreover, its intraperitoneal
administration reduced liver tumor volume and weight in HepG2 xenografts in vivo. Chlorogenic acid, and
its metabolite caffeic acid, showed potent antioxidant activity in vitro and in animal models, as suggested by
the reduced levels of hepatic lipid peroxidation and glutathione in a rat model with ischemia/reperfusion
injury . Diterpenes (cafestol and kahweol) may have an antioxidant action by increasing the levels of
glutathione-S-transferases (GSH)™**, a glutathione catalyzing enzyme inversely associated with liver
carcinogenesis”™. An increased expression of enzymes involved in the synthesis of endogenous antioxidants
has been demonstrated in animals treated with coffee diterpenes®”’. Cafestol and kahweol are able to
promote the transcription of g-glutamyl cysteine synthetase and heme oxygenase-1, two proteins involved
in cellular antioxidant response'*”. Their antioxidant properties have also been demonstrated in mice with
carbon tetrachloride-induced liver damage: cafestol and kahweol pretreatment reduced glutathione content
and lipid peroxidation in the liver, and the two molecules exerted superoxide scavenging activities™.
Cafestol and kahweol administration was associated with a 50% decrease in DNA adduct formation,
potentially reducing cancer-driver mutations””. Melanoidins, brown-colored compounds in coffee, exert
antioxidant activity by reducing tumor necrosis factor (TNF)-alpha, tissue transglutaminase, and

[100,101]

transforming growth factor (TGF)-beta in the liver .

It is likely that no one of these constituents alone could explain the preventive effect of coffee on the risk of
liver cancer observed in epidemiological studies, but the benefit of coffee consumption derives from the
beverage as a whole. Among the studies conducted to evaluate the effect of whole coffee consumption in
liver carcinogenesis, only Hasegawa et al."*” found no differences in dimethylnitrosamine-induced tumor
frequency and location in coffee-treated rats, while all other studies demonstrated a reduction in tumor
number and size"”*”. In the antineoplastic properties of coffee, the induction of the apoptotic process
seems to be of central importance!*>'*,
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Coffee is one of the major sources of antioxidants in the diet"*™. It is a strong inducer of nuclear factor
erythroid-related factor (NrF2), a transcription factor that controls antioxidant defense, as well as
glutathione synthetases and reductase*. Some data demonstrate the upregulation of antioxidant enzymes,
in particular superoxide dismutase, and the reduction of DNA-damage caused by reactive oxygen radical as
a consequence of coffee administration"'*. Among the beneficial effects of coffee intake, the protection from
oxidative stress, which emerged as a key factor in the progression of liver fibrosis, appears to be of particular

[111-113

importance. As demonstrated by data published by our research group , the status of oxidative stress is
a central inducer of liver damage and progression into hepatic fibrosis in various chronic liver disorders. In
liver injuries caused by alcohol consumption, NASH, and chronic viral hepatitis, the overproduction of
reactive oxygen species (ROS) by damaged hepatocytes causes the depletion of endogenous antioxidants;
the consequent activation of Kupffer cells and hepatic stellate cells leads to the induction of fibrogenic
cytokines, such as TGF-beta, platelet-derived growth factor (PDGF)-beta, and TNF-alpha, and to the

accumulation of extracellular matrix!**.

Some studies investigating the protective effect of coffee consumption on oxidative stress have been
conducted in humans, with erratic results. Shaposhnikov ef al."**! conducted a placebo-controlled trial in
160 healthy volunteers administering three or five cups of coffee per day for eight weeks (vs. water), finding
comparable levels of liver enzymes (except a small increase in GGT in coffee drinkers) and biomarkers for
oxidative stress or inflammation. A few years ago, we also conducted a randomized study with a cross-over
design (four coffee cups/day consumption or abstinence for one month, with cross-over at the end of this
period) to investigate antioxidant properties of coffee in patients with chronic HCV infection"'. Chronic
hepatitis C is characterized by increased ROS production"""”, with antioxidants depletion and
accumulation of oxidative DNA damage, which is a significant and independent risk factor for progression
to HCC""*"*"\. This may be due to the formation of 8-hydroxydeoxyguanosine from guanine residues: this is
an adduct marker of oxidative DNA damage that accumulates, causing mispairing and DNA mutation, with
ROS damaging in particular telomeric segments, in which guanine is more represented"*”. The consequent
telomere shortening leads to chromosome instability in the early phases of carcinogenesis, while late
reactivation of telomerase activity causes telomere elongation and cell immortalization"*’. In our study, the
consumption of four cups/day of coffee was associated with a lower level of AST and GGT and a two-fold
decreased level of 8-hydroxydeoxyguanosine. Moreover, in patients drinking at least four cups of coffee per
day, we demonstrated a reduction in collagen synthesis and oxidative DNA damage and an increase in
telomere length and circulating apoptotic markers"'” [Figure 1]. The reasons coffee has beneficial effects
only in the prevention of hepatocarcinogenesis, and not other types of cancer, are hardly explainable.
Oxidative stress damage, with depletion in antioxidants and accumulation of DNA damage''?, is one of the
key factors promoting liver diseases progression and evolution to HCC™"'*'*****'*l_Moreover, oxidative
DNA damage is an independent risk factor for HCC"'.. Considering the pivotal role of oxidative stress
damage in liver carcinogenesis might explain why coffee, an important source of antioxidants, is particularly
effective in preventing this tumor.

In addition to antioxidant properties, coffee also has other beneficial effects on liver health, in particular
anti-inflammatory activities. In humans, coffee intake has been inversely associated with inflammatory
marker levels, such as E-selectin and c-reactive protein*”, this being probably due to coffee inhibiting
expression of genes involved in inflammatory process, such as TNF-alpha, interleukin (IL)-6, and interferon
(IFN)-gamma!"”.

In a study conducted in a dimethylnitrosamine-induced liver fibrosis model, coffee administration
significantly reduced necrosis, inflammation, and fibrotic septa, at histopathological examination.
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Figure 1. Representative scheme of the randomized trial by Cardin et al.™"®, investigating the protective effects of coffee in 40 patients
with HCV-related chronic liver disease. Patients were divided in two groups, the first consuming four cups of coffee/day for 30 days
and the second abstaining from coffee intake. At the end of this period, there was a cross-over between the two groups. After the
withdraw of three patients, the analyses were performed in the remaining 37. Compared to no coffee intake, consuming 4 cups of
coffee/day for one month resulted in: a decrease of AST and GGT (A); a reduction in DNA oxidative damage, as demonstrated by the
decreased levels of circulating 8-hydroxydeoxyguanosine (8-OH-dG) (B); a reduced telomere shortening, with DNA stabilization (C);
an increase in apoptosis, with an increased level of the apoptotic marker CK-18 (D); and reduced collagen deposition, as demonstrated
by reduced circulating pro-collagen IlI (E).

Moreover, accumulation of hydroxyproline and production of malondialdehyde (an oxidative index) were
inhibited, and gene expressions of inducible nitric oxide synthase (responsible for ROS production), TGF-
beta, TNF-alpha, IL-1, and PDGF-beta, as fibrogenic cytokines, were reduced. In addition, coffee avoided in
part the depletion of glutathione, superoxide dismutase, and catalase in liver tissue"””.

The role of microRNAs in modulating the chemopreventive properties of coffee is emerging. MicroRNAs
are small non-coding single-stranded RNA molecules, extensively involved in the regulation of gene
expression. They may act as onco-suppressors or oncogenes, acting on major tumor-related genes involved
in human carcinogenesis"*®. In a recent study on a mice model"”, the combination of three coffee
compounds (caffeine, trigonelline, and chlorogenic acid) attenuated preneoplastic lesion development,
decreased proliferation in preneoplastic foci, increased apoptosis, induced antioxidant response, and
reduced fibrosis and oxidative stress. All these beneficial effects were obtained by all three substances by
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upregulating miR-144-3p, miR-376a-3p, and miR-15b-5p. As the authors reported, these results allow
speculating that the beneficial effect of coffee on liver health may be partially due to the modulation of
tumor-suppressor and antifibrotic microRNAs"*\. In light of these results, we are planning to evaluate the
role of some microRNAs, in particular miR-21, in oxidative stress and inflammation, as well as their
possible modulation by coffee consumption in humans.

CONCLUSION

Coftee is beneficial for liver health, and several epidemiological studies demonstrate a dose-response inverse
association between coffee intake and HCC risk. However, translating these observations into clinical
practice and specifically into the prevention of liver cancer by giving indications to increasing coffee
consumption is still far away. Randomized controlled trials should be performed in order to provide
evidence of causation, eliminate the confounding and bias inherent to observational studies, and define the
standard doses necessary to prevent HCC development. Additional in vitro and in vivo experiments are
necessary to elucidate the biological mechanism behind these chemopreventive properties of coffee.

On the basis of what is currently known, we can conclude that coffee intake should not be considered a “bad
habit”. There is no sufficient evidence to prescribe coffee in patients at risk of developing HCC, but
moderate daily consumption of coffee should be encouraged in patients who are already doing so. Coffee
consumption has proved to be beneficial in reducing the risk of NAFLD"***" and the development of

S[19,44]

hepatic fibrosis"**/, and it may be also useful in reducing HCC risk in patients with metabolic-associated
liver disease. Additional studies should be performed to evaluate the effect of coffee on HCC risk reduction
in patients with NAFLD. However, considering the recently mutated epidemiological scenario, with the
decreased incidence of HCC in chronically infected HCV patients and the increase of liver tumor related to

metabolic diseases**"””, recommending a moderate coffee intake in these patients could be reasonable.
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