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Abstract
Coffee has long been recognized as having hepatopro
tective properties, however, the extent of any beneficial 
effect is still being elucidated. Coffee appears to reduce 

risk of hepatocellular carcinoma, reduce advancement of 
fibrotic disease in a variety of chronic liver diseases, and 
perhaps reduce ability of hepatitis C virus to replicate. 
This review aims to catalog the evidence for coffee as 
universally beneficial across a spectrum of chronic liver 
diseases, as well as spotlight opportunities for future 
investigation into coffee and liver disease. 

Key words: Coffee; Hepatocellular carcinoma; Liver; 
Hepatitis; Fatty liver

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Coffee is one of the most popular beverages 
consumed in the United States, with about 75% of 
the population reporting consuming it. Coffee has also 
long been associated with hepatoprotective effects, the 
extent of which there appears to be an ever growing 
body of benefits as well as a wide variety of etiologies of 
chronic liver disease it may positively affect. This article 
reviews recent available literature and summarizes the 
potential positive or preventive effects of coffee on liver 
malignancy as well as chronic liver disease secondary 
to alcohol, viral hepatitis, and fatty infiltration. These 
studies collectively suggest a simple lifestyle modification 
patients may be able to incorporate to enhance their 
own health. 

Heath RD, Brahmbhatt M, Tahan AC, Ibdah JA, Tahan V. 
Coffee: The magical bean for liver diseases. World J Hepatol 
2017; 9(15): 689-696  Available from: URL: http://www.
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INTRODUCTION
With 1.4 billion kilograms of coffee consumed yearly 
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in the United States alone, coupled with 74.7% of 
the population being coffee drinkers some may call 
drinking coffee the national pastime[1,2]. Beyond the 
taste and stimulating effects, coffee has been associated 
with improved outcomes with chronic liver disease, 
hepatocellular cancer (HCC), cirrhosis, colorectal cancer, 
esophageal cancer, breast cancer, prostate cancer, 
pancreatic cancer, ovarian cancer, kidney cancer, hepatitis 
B virus (HBV), hepatitis C virus (HCV), and non-alcoholic 
fatty liver disease (NAFLD). A recent 2015 meta-
analysis of 16 case-control and cohort studies of Western 
populations demonstrated significantly reduced incidence 
of cirrhosis amongst coffee drinkers when compared to 
those who did drink the beverage[3]. As coffee continues 
to grow in popularity, with daily consumption of coffee-
based beverages increasing from 19% to 41% in the 
25-39 years old age group from 2008, the documented 
benefits of increased coffee intake have also grown[4,5]. 
Furthermore, coffee is generally considered to have a 
wide safety profile, with the American Food and Drug 
Administration noting caffeine as a substance generally 
recognized as safe, not known to be a health hazard[6]. 
Many countries’ health agencies set no upper limit for 
daily caffeine intake; in 2006 Health Canada did set an 
upper limit of 450 mg per day as safe[6]. Over 30 million 
Americans have chronic liver disease and about 31000 
deaths have been attributed to it yearly[7]. Studies 
evaluating coffee’s potential hepatoprotective effect on 
liver disease are important as they may represent a 
simple lifestyle modification patients can incorporate to 
enhance their own health. 

COFFEE AND AN ASSOCIATION WITH 
DECREASED LIVER ENZYMES
In numerous studies, it has been noted that coffee con
sumption has been associated with decreased levels of 
aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), gamma-glutamyltransferase (GGT), and alkaline 
phosphatase (ALP). One of the first studies to document 
consumption of coffee with relatively decreased GGT 
was in 1985 in the Tromsø Heart Study[8]. That same 
year, another study noted an inverse relationship 
between coffee consumption and AST and ALT levels 
amongst both Korean and Japanese immigrants[9]. 
These studies began an investigation into elucidating 
a more direct relationship between coffee and possible 
hepatoprotective properties. The Tromsø study looked at 
multiple beverages, notably including green tea. Since 
1985 multiple other studies have been performed with 
similar findings when testing specifically for the possible 
effect of coffee consumption on liver disease. 

One such study, performed in 1993, tested an Italian 
population of 2240 with findings indicating not only a 

decrease in GGT but also ALT and ALP in drinkers of three 
or more cups of coffee daily when compared to groups 
that drinking less than this amount[10]. Another Japanese 
study in 1998 of 12687 participants with no history of 
liver disease or abnormal serum aminotransferases 
indicated significantly decreased levels of GGT, ALT, and 
AST in men; however, this finding was unable to replicate 
in women greater than 50 years of age in the study. 
Another noteworthy aspect of this study was the lack of 
similar effect on green tea, suggesting a specific role for 
coffee in liver disease. 

A later 2000 Japanese study of 1353 men demon
strated lower GGT levels in coffee drinkers[11]. A follow-
up study by this same group noted lower AST and ALT 
in Japanese men aged 35-56 years of age[12], noting a 
decrease in these liver enzymes over a 4 year period 
with increased coffee consumption. A 1998 amongst 
Japanese men and women, excluding those with a 
history of chronically elevated liver enzymes or chronic 
liver disease, evaluated GGT levels amongst subgroups 
of alcohol drinkers, body mass index (BMI), and cigarette 
smoking, and green tea consumption[13]. While coffee 
consumption was not associated with significantly 
decreased GGT activity in male non-alcohol drinkers, 
the response was noted to be significant in male alcohol 
consumers. Results published in 2014 from the National 
Health and Nutrition Examination Survey utilized self-
reported dietary logs, demonstrating individuals drinking 
> 3 cups of coffee daily demonstrated significantly lower 
levels of AST, ALT, ALP and GGT[14]. A 2001 Japanese 
study evaluated AST and ALT levels amongst 7313 men, 
excluding former alcohol drinkers or a history of a chronic 
liver disease, examining for a dose related response by 
subgrouping men amongst self-reported drinking of < 1, 
1-2, 3-4, or > 5 cups of coffee daily[15]. Transaminases 
were significantly lower in groups reporting increased 
coffee usage. Of note, men reporting ongoing alcohol 
use with concurrent coffee consumption exhibited a 
relatively reduced rise in AST compared to non-coffee 
drinking alcohol users. A 2010 study in Japan evaluated 
levels of AST, ALT, and GGT amongst various subgroups 
of men and women with high BMI, low BMI, and high 
and low alcohol consumption. Transaminases were noted 
to be lower amongst men and women with higher coffee 
consumption, the relationship appearing to be stronger in 
those with higher alcohol consumption and lower BMI[16]. 

While studies had been performed previously testing 
for coffee consumption and its association with liver 
enzyme levels, one study evaluated effect of coffee 
in patients with risk factors for chronic liver disease: 
consumption of greater than two alcoholic beverages 
daily, positive serum HBV antigen, positive serum HCV 
antibody, transferrin saturation > 50%, elevated BMI, 
and uncontrolled diabetics[17]. This study demonstrated 
relatively reduced levels of ALT amongst these higher 
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risk groups.

COFFEE AND LIKELY PROTECTIVE 
EFFECTS AGAINST DEVELOPMENT OF 
FIBROSIS
Given the above information the association between 
coffee and relative reduction of liver enzymes appears 
clear, however, the benefits of coffee appear to extend 
further. In a 2015 population-based prospective cohort 
study demonstrated coffee intake with reduced mortality 
from chronic liver disease[18]. In fact, as little as 1 cup 
of coffee consumed daily resulted in 15% reduction in 
risk of death from chronic liver disease; 4 cups daily 
was associated with 71% reduction, suggesting a dose-
dependent response. This study appears to reaffirm 
findings of an earlier 2005 study noting that consumers 
of coffee and tea exhibited significantly decreased risk 
of chronic liver diseases[19]. The study followed 9849 
participants for a median of 19 years and a decreased 
risk of hospitalization or death with a chronic liver 
disease; a dose-dependent response was seen again in 
this group, with consumption of 2 or more cups of coffee 
doubling the relatively reduced risk of complications than 
those drinking 1 cup. A 2003 Norwegian study found 
similar findings, noting progressively improved mortality 
with increasing coffee consumption, though the effect 
appears to negligible beyond drinking 4 cups of coffee 
daily[20]. In addition to less frequent complications of liver 
disease, there is evidence demonstrating coffee has an 
association with reduced fibrosis. A 2010 study evaluated 
effect of coffee intake over a six month period in a group 
of 177 patients with variable degrees of liver fibrosis[12]. 
In this study, intake of at least 2 cups of coffee daily 
was associated with the less advanced observed fibrotic 
disease. A 2011 study echoes these findings, noting 
that advanced fibrosis in a population of chronic HCV 
patients was not only seen significantly less frequently 
in coffee drinkers but that the frequency decreased with 
increasing reported coffee intake, again suggesting a 
dose-dependent response[21]. A 2014 Brazilian study 
reinforces this impression, evaluating 136 patients with 
biopsy, ultrasound, or endoscopic evidence of fibrotic 
disease, finding that individuals drinking higher amounts 
of coffee demonstrated a significantly lower frequency of 
advanced fibrosis on liver biopsy[22]. A 2015 study of 910 
chronic HCV male patients evaluated the association of 
daily intake of various caffeinated beverages, including 
coffee, finding a higher percentage of coffee drinking 
amongst patients without advanced fibrosis than those 
with demonstrated fibrotic disease[23]. A recent meta-
analysis of multiple cohort studies and case-control 
studies independently demonstrated a significantly 
reduced risk of cirrhosis with consumption of at least 2 
cups of coffee daily[24]. 

Coffee clearly correlates with reduced frequency 

of fibrosis, but is coffee itself responsible for these 
effects, or can its probable protection against fibrosis be 
seen utilizing any caffeinated beverage? Other studies 
referenced above seem to suggest hepatoprotection 
is unique to coffee amongst caffeinated beverages, 
however, a 2001 study attempted to answer this question 
head-on[25]. This group noted that caffeine intake from 
other beverages did not show significant odds ratio along 
with no evidence of significant trends over the amount of 
intake whereas with coffee intake there was an inverse 
association with cirrhosis and coffee consumption with 
just one cup of coffee daily[15]. A 2012 study found a 
similar association of reduced observation of advanced in 
coffee drinkers but not in espresso[26]. 

There is always a concern when findings of a beverage 
are correlated with health benefits that there may be 
confounding factors in play. In a case-control study 
performed in Italy, it was confirmed that the inverse 
relationship between coffee consumption and cirrhosis 
across strata of tobacco use, alcohol consumption, age, 
and sex. A consistent inverse relationship was still noted 
in moderate alcohol drinking indicating the relationship 
between coffee consumption and cirrhosis is not restricted 
to alcohol-related cirrhosis[27].

The variety of different liver diseases, as well as a 
variety of ethnicities, involved in the aforementioned 
studies, suggests a possibly universal effect of coffee on 
this disease spectrum, however, further studies have 
been done in populations with more homogenous liver 
pathology. As one can glean from the above information, 
chronic viral hepatitis etiologies appear to be most 
heavily represented population in liver disease literature 
related to coffee. 

COFFEE AND EVIDENCE OF 
HEPATOPROTECTION IN PATIENTS WITH 
VIRAL HEPATITIS
In the United States, the most predisposing factors 
to hepatocellular cancer are alcohol abuse, HBV, and 
HCV. The aforementioned case-control study in Italy 
determined that the inverse relationship exists between 
coffee consumption and cirrhosis across varying degrees 
of alcohol consumption it is documented that hepato
cellular carcinoma risk is also decreased with the intake 
of coffee[27]. 

A similar Italian case-control study performed a few 
years later also demonstrated a substantial decrease 
in hepatocellular carcinoma risk in drinkers of coffee 
of 3 or more cups of coffee daily, going on to note a 
decreased risk of hepatocellular carcinoma regardless of 
etiology of chronic liver disease[28]. A large prospective 
study of 776 participants with advanced HCV-related 
liver disease was also exhibited lower rates of disease 
progression with regular coffee consumption. This 
prospective study noted that drinkers of 3 or more cups 
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of coffee per day had 53% lower risk of liver disease 
progression than non-coffee drinkers with advanced 
HCV-related liver disease[29]. A 2014 study evaluated 
levels of AST and ALT levels in HCV-HIV co-infected 
patients, with those self-reporting higher levels of 
coffee (> 3 cups/d) demonstrating lower levels of liver 
enzymes[30]. A 2013 cohort study amongst 229 HCV 
patients with normal baseline ALT levels found that 
189 retained normal ALT levels one year after being 
followed; daily coffee drinks were three times more 
likely to maintain their baseline ALT level than non-
coffee drinkers[31]. Another 2013 study evaluated 40 HCV 
patients, splitting them into two groups; one drank 4 
cups of coffee/day, the other drank no coffee. HCV viral 
loads were significantly higher in the non coffee drinking 
group, as well as oxidative damage via telomere length 
and measured 8-hydroxydeoxyguanosine levels[32]. 
Studies demonstrating a dose-dependent response in 
patients specific for HCV mediated disease are lacking, 
however, the previously presented data suggests 
direction for future studies. A common thread one may 
note amongst these and aforementioned studies is a 
large number of studies of HCV infected population. 
One 2011 cross-sectional study of Asian populations 
with HBV did not demonstrate any correlation between 
caffeine drinking and liver fibrosis using elastography 
as a tool for evaluating severity of disease[33]. While this 
evidence does not demonstrate that coffee intake in this 
population may not be associated with decreased risk of 
HCC, it does suggest that coffee’s protective mechanism 
may be unrelated to prevention of fibrosis. 

Beyond demonstrating an association with decreased 
fibrotic disease, studies are beginning to emerge suggesting 
a more specific hepatoprotective role for coffee in patients 
with HCV. A 2015 study utilizing human hepatoma 
cell line infected with HCV demonstrated significantly 
decreased HCV viral load in lines introduced to caffeic 
acid, an organic acid found in coffee, compared to control 
lines infected with HCV[34]. Another study done in 2015 
yielded similar results, with caffeine inhibiting HCV 
replication a hepatic cell line infected with the virus[35]. 

COFFEE, METABOLIC SYNDROME, AND 
NAFLD
While alcohol has been noted to be hepatotoxic, it has 
long been observed not all alcohol abusers develop 
cirrhosis. Development and progression of fibrosis appear 
to involve multiple factors at play in the disease process. 
Metabolic syndrome appears to be linked to increased 
risk of fibrosis, though the relationship has not been fully 
described at this juncture. Research involving coffee and 
liver disease appears to demonstrate a close relationship 
between these disease states. In a mortality follow-
up study of 51036 individuals, it was noted that coffee 
drinking had an inverse association with cirrhosis risk 

in the setting of four or more cups of coffee consumed 
daily[20]. A fair question, again, concerns whether coffee 
is a confounding variable; are individuals consuming 
this much coffee are generally avoiding other foods and 
beverages which would predispose one to liver disease? 
Two 2008 Japanese studies appear to reinforce this belief, 
noting that metabolic syndrome appears to be associated 
with increased risk of HCC, whilst coffee drinkers appear 
to be less likely to have metabolic syndrome[36,37]. Given 
that metabolic syndrome appears to be a risk factor 
HCC, perhaps due to steatosis, this would imply an 
indirect benefit of coffee. It is worth noting the second 
study was done in exclusively HCV patients, suggesting 
again that coffee is hepatoprotective against a large 
spectrum of liver disease[37]. Studies have also indicated 
an association between coffee consumption and NAFLD 
and liver fibrosis. An inverse relationship between NAFLD 
patients and fibrosis was noted in a 2011 cross-sectional 
study[38]. Another two studies was performed using 
bright liver score as a method to gauge the advancement 
of NAFLD, noting again an inverse relationship between 
progression of fibrosis and coffee consumption[39,40]. A 
2003 study noted relatively decreased fibrosis in obese 
women drinking coffee compared to those that did not25]. 
The mechanism of possible hepatoprotection in NAFLD 
is unclear. One 2015 cross-sectional study of a random 
German patients demonstrated expected correlations 
between NAFLD and obesity, however, saw no significant 
difference in either levels of ALT nor sonographic 
evidence of NAFLD when comparing coffee drinkers 
vs those who did not drink coffee, though is unable to 
comment on coffee’s effect on rate of disease[41]. An 
earlier noted meta-analysis, it should be stated, did 
note its protective effect in coffee drinkers significant for 
HCV and alcoholic liver disease populations, though not 
in NAFLD[6]. While the NAFLD population is not heavily 
represented in this study, one must consider the possibility 
that coffee’s potential protective effect on NAFLD may be 
due to disease modifying effects on metabolic syndrome. 
Taken together, however, these studies suggest evidence 
for a positive influence of coffee consumption on NAFLD. 

COFFEE AND DECREASED RISK OF 
HEPATOCELLULAR CARCINOMA
There have been numerous studies performed which have 
indicated the association between coffee consumption and 
risk of HCC. We have previously presented information 
suggesting protective effects of coffee in patients with 
viral hepatitis, a known risk factor for HCC. Further 
studies demonstrate broad support for the hypothesis 
that coffee protects again HCC in general. An earlier 
referenced population-based prospective cohort study 
performed involving > 215000 men and women found 
that when compared with non-coffee drinkers that 
consumption of 2-3 cups per day had 38% reduction in 

Heath RD et al . Coffee for liver



693 May 28, 2017|Volume 9|Issue 15|WJH|www.wjgnet.com

risk for HCC and with 4 cups per day found to have 41% 
reduction in HCC[18]. Yet another hospital-based case 
control study found that regardless of the etiology of 
HCC, there was an inverse relationship of observed HCC 
with coffee consumption[28]. According to a meta-analysis 
done involving relevant studies from 1966 to 2007 
indicated a 43% reduced risk of liver cancer with the 
consumption of two cups of coffee[42]. Yet another meta-
analysis performed involving ten studies with 2260 HCC 
cases and six case-control studies from southern Europe 
and Japan with 1551 cases and four cohort studies 
from Japan accounting for 709 cases also confirmed an 
association with decreased risk of liver cancer and coffee 
consumption[43]. A 2013 meta-analysis of studies through 
1966 to 2012 found 14 studies demonstrating a pooled 
reduced risk of HCC by 40%, suggesting strong evidence 
that coffee consumption is associated with decreased 
risk of HCC, though the necessary minimum appears 
to be anywhere from 1 cups daily to 3 cups[44]. Another 
2013 study of Western populations who recorded 
their consumption of coffee for 24 years, stratifying for 
age, BMI, as well as smoking and alcohol use with a 
decreased risk of HCC demonstrated amongst this group 
of people[45]. These studies together (Table 1) suggest 
a universally decreased risk of HCC amongst people of 
all ethnicities with potentially a variety of different risk 
factors to develop HCC. 

COFFEE AND EVIDENCE OF 
DECREASED RISK OF OTHER GI TRACT 
MALIGNANCIES
As though the already stated benefits of coffee 
consumption were not enough there has been emerging 
data of other malignancies that may also be affected by 
coffee consumption. In a hospital based case-control 
study conducted in Italy and Switzerland, it was noted 
that with greater than three cups of coffee consumed 
daily was associated with an odds ratio of 0.6 when 
compared to drinkers of one or less cups of coffee daily in 
relation to pharyngeal cancer. The same study also noted 
an odds ratio of 0.6 for esophageal cancer; indicating a 
decreased risk of pharyngeal and esophageal cancer with 
greater than three cups of coffee[46]. One case-control 

study performed earlier indicated an inverse relationship 
with coffee consumption and colon cancer along with 
rectal cancer. However, the same study was unable to 
find a significant association with cancers of the mouth, 
stomach, or pancreas[47]. Ultimately; coffee consumption 
appears to have an association with decreased risk of 
colon, rectal, esophageal, and pharyngeal cancer.

DISCUSSION
With coffee growing in popularity its documented health 
benefits are also growing. With the benefits of coffee 
consumption ranging from liver enzyme laboratory test 
improvement to improved mortality from cirrhosis, HCC, 
as well as other malignancies, and chronic liver diseases 
secondary to HBV, HCV and NAFLD. 

In summary, the etiology of coffee’s apparent bene
ficial effects have been greatly debated. One hypothesis 
involves the observation that coffee consumption is 
associated with better lifestyle choices, confounding the 
positive effects that had been associated with coffee 
consumption. One previously discussed cohort study 
argues against this hypothesis, demonstrating subjects 
that were prone to increased coffee consumption actually 
had higher median consumption of cigarettes, lower 
education levels, and higher median intake of alcohol 
than those with decreased coffee consumption[16]. 

An additional question regarding coffee consump
tion’s benefits relates to the attribution of the caffeine 
content than the coffee itself. In a study involving 
inpatient cirrhotics, it was noted that caffeine intake from 
beverages other than coffee did not show significant 
odds ratio at least in relation to liver cirrhosis[15] Multiple 
studies referenced above demonstrate beneficial effects 
related to coffee that are generally not reproducible when 
testing against other caffeinated beverages. Regardless, 
as a biologic mechanism has not been proposed, the link 
is still unclear. 

A few hypotheses exist to possibly demonstrate a 
physiologic basis of coffee’s beneficial effects. One hypo
thesis is that coffee activates enzymes that detoxify the 
liver via activation of uridine 5’-diphospho-glucurono
syltransferases[48]. A 2002 study demonstrates increased 
expression of such enzymes in mice fed coffee specific 
compounds known as diterpenes, kahweol and cafestol, 

Studies Year Study type Summary

Setiawan et al[18] 2015 Prospective cohort 2-3 cups/d noted to have 38% HCC reduction risk
4 cups/d noted to have 41% risk reduction

Yu et al[45] 2013 Prospective cohort Significantly decreased risk of HCC noted among coffee drinkers
Bravi et al[44] 2013 Meta-analysis (14 studies) 40% HCC risk reduction with 1-3 cups coffee/day
Bravi et al[43] 2007 Meta-analysis (10 studies) Inverse association noted between coffee consumption and HCC
Larsson et al[42] 2007 Meta-analysis (9 studies) 43% HCC risk reduction
Gelatti et al[28] 2005 Case control Inverse relationship noted between coffee and HCC

Table 1  Summary of findings from studies evaluating coffee consumption and reduced risk of hepatocellular cancer

HCC: Hepatocellular cancer.
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conferring protection against toxins associated with colon 
cancer[48]. A 2007 study demonstrated that kahweol 
and cafestole administered to hepatocytes subsequently 
treated with carbon tetrachloride significantly prevented 
markers of liver injury as compared to control via 
measured ALT and AST levels, reduced glutathione 
content and lipid peroxidation[49]. Another hypothesis 
suggests the anti-oxidant properties of polyphenols 
present in coffee mediate its hepatoprotective effects[25,50]. 
As for the mechanism with which coffee prevents worsen
ing of hepatic fibrosis, one thought involves caffeine 
decreasing transforming growth factor-β (TGF-β), a 
mediator of fibrogenesis[51]. Hepatic stellate cells are 
induced by TGF-β for differentiation to myofibroblasts, 
synthesizing connective tissue involved in fibrogenesis. 
A study in rat hepatocytes demonstrated caffeine 
inhibited TGF-β signaling by upregulating peroxisome 
proliferator activated receptor γ (PPAR-γ)[52]. As noted 
above, not all studies reviewed suggest a modifying 
effect of fibrogenesis as the protective etiology conferred 
in what appears to be a generally positive outcome 
effect on chronic liver disease, however, further studies 
appear warranted to evaluate for any possible delayed 
onset of fibrosis amongst coffee drinkers vs non coffee 
drinkers in comparable populations at risk for cirrhosis. In 
addition, the studies demonstrating the potential effects 
of caffeic acid on HCV replication suggest a possible 
mechanism for the apparent positive affects of coffee in 
this population. Further studies need to be done to verify 
these and others noted above, such as coffee potentially 
preventing HCV replication. Regardless, with the wealth 
of evidence suggesting a positive disease modifying 
effect of coffee on chronic liver diseases in a multitude 
of patient populations, there is clearly a strong basis 
with which to move forward with studies evaluating the 
potential causative agent. To conclude, while the reason 
why coffee is good for you is not yet completely clear, 
these studies should encourage the vast number of 
patients with chronic liver disease to enjoy the beverage 
as many others already do. 

REFERENCES
1	 Tahan AC, Tahan V. "Could a cup of coffee a day keep the liver 

doctor away?": One cup or two or more cups of coffee per day 
reduces the risk of death from cirrhosis. Turk J Gastroenterol 2014; 
25: 470-471 [PMID: 25254547 DOI: 10.5152/tjg.2014.0030]

2	 Loftfield E, Freedman ND, Dodd KW, Vogtmann E, Xiao Q, Sinha 
R, Graubard BI. Coffee Drinking Is Widespread in the United 
States, but Usual Intake Varies by Key Demographic and Lifestyle 
Factors. J Nutr 2016; 146: 1762-1768 [PMID: 27489008 DOI: 
10.3945/jn.116.233940]

3	 Liu F, Wang X, Wu G, Chen L, Hu P, Ren H, Hu H. Coffee Con
sumption Decreases Risks for Hepatic Fibrosis and Cirrhosis: A 
Meta-Analysis. PLoS One 2015; 10: e0142457 [PMID: 26556483 
DOI: 10.1371/journal.pone.0142457]

4	 Tahan AC. Let’s take a coffee break. Fountain 2015: 106: 31-33
5	 2016 National Coffee Drinking Trends. National Coffee Association 

USA 2015. Available from: URL: http://www.ncausa.org/Industry-
Resources/Market-Research/National-Coffee-Drinking-Trends-

Report
6	 Heckman MA, Weil J, Gonzalez de Mejia E. Caffeine (1, 3, 7-trime

thylxanthine) in foods: a comprehensive review on consumption, 
functionality, safety, and regulatory matters. J Food Sci 2010; 75: 
R77-R87 [PMID: 20492310 DOI: 10.1111/j.1750-3841.2010.01561.x]

7	 Ruhl CE, Everhart JE. Coffee and caffeine consumption reduce 
the risk of elevated serum alanine aminotransferase activity in 
the United States. Gastroenterology 2005; 128: 24-32 [PMID: 
15633120 DOI: 10.1053/j.gastro.2004.09.075]

8	 Arnesen E, Huseby NE, Brenn T, Try K. The Tromsø Heart Study: 
distribution of, and determinants for, gamma-glutamyltransferase 
in a free-living population. Scand J Clin Lab Invest 1986; 46: 
63-70 [PMID: 2869572 DOI: 10.3109/00365518609086483]

9	 Kim SK, Shin MH, Sugimoto K, Kim SR, Imoto S, Kim KI, 
Taniguchi M, Oh HK, Yano Y, Hayashi Y, Kudo M. Coffee 
Intake and Liver Enzyme Association in Korean Immigrants and 
Japanese: A Comprehensive Cross-Sectional Study. Dig Dis 2016; 
34: 665-670 [PMID: 27750235 DOI: 10.1159/000448832]

10	 Casiglia E, Spolaore P, Ginocchio G, Ambrosio GB. Unexpected 
effects of coffee consumption on liver enzymes. Eur J Epidemiol 
1993; 9: 293-297 [PMID: 8104822 DOI: 10.1007/BF00146266]

11	 Nakanishi N, Nakamura K, Nakajima K, Suzuki K, Tatara K. Coffee 
consumption and decreased serum gamma-glutamyltransferase: 
a study of middle-aged Japanese men. Eur J Epidemiol 2000; 16: 
419-423 [PMID: 10997828 DOI: 10.1023/A:1007683626665]

12	 Nakanishi N, Nakamura K, Suzuki K, Tatara K. Effects of coffee 
consumption against the development of liver dysfunction: a 4-year 
follow-up study of middle-aged Japanese male office workers. 
Ind Health 2000; 38: 99-102 [PMID: 10680318 DOI: 10.2486/
indhealth.38.99]

13	 Modi AA, Feld JJ, Park Y, Kleiner DE, Everhart JE, Liang TJ, 
Hoofnagle JH. Increased caffeine consumption is associated with 
reduced hepatic fibrosis. Hepatology 2010; 51: 201-209 [PMID: 
20034049 DOI: 10.1002/hep.23279]

14	 Xiao Q, Sinha R, Graubard BI, Freedman ND. Inverse associations 
of total and decaffeinated coffee with liver enzyme levels in 
National Health and Nutrition Examination Survey 1999-2010. 
Hepatology 2014; 60: 2091-2098 [PMID: 25124935 DOI: 10.1002/
hep.27367]

15	 Honjo S, Kono S, Coleman MP, Shinchi K, Sakurai Y, Todoroki 
I, Umeda T, Wakabayashi K, Imanishi K, Nishikawa H, Ogawa 
S, Katsurada M, Nakagawa K, Yoshizawa N. Coffee consumption 
and serum aminotransferases in middle-aged Japanese men. J Clin 
Epidemiol 2001; 54: 823-829 [PMID: 11470392 DOI: 10.1016/
S0895-4356(01)00344-4]

16	 Ikeda M, Maki T, Yin G, Kawate H, Adachi M, Ohnaka K, 
Takayanagi R, Kono S. Relation of coffee consumption and serum 
liver enzymes in Japanese men and women with reference to effect 
modification of alcohol use and body mass index. Scand J Clin 
Lab Invest 2010; 70: 171-179 [PMID: 20205615 DOI: 10.3109/00
365511003650165]

17	 Heron M. Deaths: leading causes for 2010. Natl Vital Stat Rep 
2013; 62: 1-96 [PMID: 24364902]

18	 Setiawan VW, Wilkens LR, Lu SC, Hernandez BY, Le Marchand 
L, Henderson BE. Association of coffee intake with reduced 
incidence of liver cancer and death from chronic liver disease in 
the US multiethnic cohort. Gastroenterology 2015; 148: 118-125; 
quiz e15 [PMID: 25305507 DOI: 10.1053/j.gastro.2014.10.005]

19	 Ruhl CE, Everhart JE. Coffee and tea consumption are associated 
with a lower incidence of chronic liver disease in the United States. 
Gastroenterology 2005; 129: 1928-1936 [PMID: 16344061 DOI: 
10.1053/j.gastro.2005.08.056]

20	 Tverdal A, Skurtveit S. Coffee intake and mortality from liver 
cirrhosis. Ann Epidemiol 2003; 13: 419-423 [PMID: 12875799 
DOI: 10.1016/S1047-2797(02)00462-3]

21	 Costentin CE, Roudot-Thoraval F, Zafrani ES, Medkour F, 
Pawlotsky JM, Mallat A, Hézode C. Association of caffeine intake 
and histological features of chronic hepatitis C. J Hepatol 2011; 54: 
1123-1129 [PMID: 21145804 DOI: 10.1016/j.jhep.2010.08.027]

Heath RD et al . Coffee for liver



695 May 28, 2017|Volume 9|Issue 15|WJH|www.wjgnet.com

22	 Machado SR, Parise ER, Carvalho Ld. Coffee has hepatoprotective 
benefits in Brazilian patients with chronic hepatitis C even in lower 
daily consumption than in American and European populations. 
Braz J Infect Dis 2014; 18: 170-176 [PMID: 24275378 DOI: 
10.1016/j.bjid.2013.09.001]

23	 Khalaf N, White D, Kanwal F, Ramsey D, Mittal S, Tavakoli-Tabasi 
S, Kuzniarek J, El-Serag HB. Coffee and Caffeine Are Associated 
With Decreased Risk of Advanced Hepatic Fibrosis Among Patients 
With Hepatitis C. Clin Gastroenterol Hepatol 2015; 13: 1521-1531.
e3 [PMID: 25777972 DOI: 10.1016/j.cgh.2015.01.030]

24	 Kennedy OJ, Roderick P, Buchanan R, Fallowfield JA, Hayes 
PC, Parkes J. Systematic review with meta-analysis: coffee 
consumption and the risk of cirrhosis. Aliment Pharmacol Ther 
2016; 43: 562-574 [PMID: 26806124 DOI: 10.1111/apt.13523]

25	 Corrao G, Zambon A, Bagnardi V, D'Amicis A, Klatsky A. Coffee, 
caffeine, and the risk of liver cirrhosis. Ann Epidemiol 2001; 
11: 458-465 [PMID: 11557177 DOI: 10.1016/S1047-2797(01) 
00223-X]

26	 Anty R, Marjoux S, Iannelli A, Patouraux S, Schneck AS, 
Bonnafous S, Gire C, Amzolini A, Ben-Amor I, Saint-Paul MC, 
Mariné-Barjoan E, Pariente A, Gugenheim J, Gual P, Tran A. 
Regular coffee but not espresso drinking is protective against 
fibrosis in a cohort mainly composed of morbidly obese European 
women with NAFLD undergoing bariatric surgery. J Hepatol 2012; 
57: 1090-1096 [PMID: 22820478 DOI: 10.1016/j.jhep.2012.07.014]

27	 Gallus S, Tavani A, Negri E, La Vecchia C. Does coffee protect 
against liver cirrhosis? Ann Epidemiol 2002; 12: 202-205 [PMID: 
11897178 DOI: 10.1016/S1047-2797(01)00304-0]

28	 Gelatti U, Covolo L, Franceschini M, Pirali F, Tagger A, Ribero 
ML, Trevisi P, Martelli C, Nardi G, Donato F. Coffee consumption 
reduces the risk of hepatocellular carcinoma independently of 
its aetiology: a case-control study. J Hepatol 2005; 42: 528-534 
[PMID: 15868652 DOI: 10.1016/j.jhep.2004.11.039]

29	 Freedman ND, Everhart JE, Lindsay KL, Ghany MG, Curto 
TM, Shiffman ML, Lee WM, Lok AS, Di Bisceglie AM, 
Bonkovsky HL, Hoefs JC, Dienstag JL, Morishima C, Abnet 
CC, Sinha R. Coffee intake is associated with lower rates of liver 
disease progression in chronic hepatitis C. Hepatology 2009; 50: 
1360-1369 [PMID: 19676128 DOI: 10.1002/hep.23162]

30	 Carrieri MP, Lions C, Sogni P, Winnock M, Roux P, Mora M, 
Bonnard P, Salmon D, Dabis F, Spire B. Association between 
elevated coffee consumption and daily chocolate intake with normal 
liver enzymes in HIV-HCV infected individuals: results from the 
ANRS CO13 HEPAVIH cohort study. J Hepatol 2014; 60: 46-53 
[PMID: 23978720 DOI: 10.1016/j.jhep.2013.08.014]

31	 Lai GY, Weinstein SJ, Albanes D, Taylor PR, McGlynn KA, 
Virtamo J, Sinha R, Freedman ND. The association of coffee intake 
with liver cancer incidence and chronic liver disease mortality 
in male smokers. Br J Cancer 2013; 109: 1344-1351 [PMID: 
23880821 DOI: 10.1038/bjc.2013.405]

32	 Cardin R, Piciocchi M, Martines D, Scribano L, Petracco M, 
Farinati F. Effects of coffee consumption in chronic hepatitis C: 
a randomized controlled trial. Dig Liver Dis 2013; 45: 499-504 
[PMID: 23238034 DOI: 10.1016/j.dld.2012.10.021]

33	 Ong A, Wong VW, Wong GL, Chan HL. The effect of caffeine 
and alcohol consumption on liver fibrosis - a study of 1045 Asian 
hepatitis B patients using transient elastography. Liver Int 2011; 
31: 1047-1053 [PMID: 21733095 DOI: 10.1111/j.1478-3231. 
2011.02555.x]

34	 Tanida I, Shirasago Y, Suzuki R, Abe R, Wakita T, Hanada K, 
Fukasawa M. Inhibitory Effects of Caffeic Acid, a Coffee-Related 
Organic Acid, on the Propagation of Hepatitis C Virus. Jpn J Infect 
Dis 2015; 68: 268-275 [PMID: 25672401 DOI: 10.7883/yoken.
JJID.2014.309]

35	 Batista MN, Carneiro BM, Braga AC, Rahal P. Caffeine inhibits 
hepatitis C virus replication in vitro. Arch Virol 2015; 160: 399-407 
[PMID: 25491197 DOI: 10.1007/s00705-014-2302-1]

36	 Tanaka K, Hara M, Sakamoto T, Higaki Y, Mizuta T, Eguchi 

Y, Yasutake T, Ozaki I, Yamamoto K, Onohara S, Kawazoe S, 
Shigematsu H, Koizumi S. Inverse association between coffee 
drinking and the risk of hepatocellular carcinoma: a case-control 
study in Japan. Cancer Sci 2007; 98: 214-218 [PMID: 17233838 
DOI: 10.1111/j.1349-7006.2006.00368.x]

37	 Inoue M, Kurahashi N, Iwasaki M, Tanaka Y, Mizokami M, 
Noda M, Tsugane S. Metabolic factors and subsequent risk of 
hepatocellular carcinoma by hepatitis virus infection status: a 
large-scale population-based cohort study of Japanese men and 
women (JPHC Study Cohort II). Cancer Causes Control 2009; 20: 
741-750 [PMID: 19115074 DOI: 10.1007/s10552-008-9287-6]

38	 Molloy JW, Calcagno CJ, Williams CD, Jones FJ, Torres DM, 
Harrison SA. Association of coffee and caffeine consumption with 
fatty liver disease, nonalcoholic steatohepatitis, and degree of 
hepatic fibrosis. Hepatology 2012; 55: 429-436 [PMID: 21987293 
DOI: 10.1002/hep.24731]

39	 Catalano D, Martines GF, Tonzuso A, Pirri C, Trovato FM, 
Trovato GM. Protective role of coffee in non-alcoholic fatty liver 
disease (NAFLD). Dig Dis Sci 2010; 55: 3200-3206 [PMID: 
20165979 DOI: 10.1007/s10620-010-1143-3]

40	 Catalano D, Trovato GM, Martines GF, Randazzo M, Tonzuso 
A. Bright liver, body composition and insulin resistance changes 
with nutritional intervention: a follow-up study. Liver Int 2008; 
28: 1280-1287 [PMID: 18435716 DOI: 10.1111/j.1478-3231. 
2008.01742.x]

41	 Graeter T, Niedermayer PC, Mason RA, Oeztuerk S, Haenle 
MM, Koenig W, Boehm BO, Kratzer W. Coffee consumption 
and NAFLD: a community based study on 1223 subjects. 
BMC Res Notes 2015; 8: 640 [PMID: 26530296 DOI: 10.1186/
s13104-015-1645-3]

42	 Larsson SC, Wolk A. Coffee consumption and risk of liver cancer: 
a meta-analysis. Gastroenterology 2007; 132: 1740-1745 [PMID: 
17484871 DOI: 10.1053/j.gastro.2007.03.044]

43	 Bravi F, Bosetti C, Tavani A, Bagnardi V, Gallus S, Negri E, 
Franceschi S, La Vecchia C. Coffee drinking and hepatocellular 
carcinoma risk: a meta-analysis. Hepatology 2007; 46: 430-435 
[PMID: 17580359 DOI: 10.1002/hep.21708]

44	 Bravi F, Bosetti C, Tavani A, Gallus S, La Vecchia C. Coffee 
reduces risk for hepatocellular carcinoma: an updated meta-
analysis. Clin Gastroenterol Hepatol 2013; 11: 1413-1421.e1 
[PMID: 23660416 DOI: 10.1016/j.cgh.2013.04.039]

45	 Yu L, Morishima C, Ioannou GN. Dietary cholesterol intake 
is associated with progression of liver disease in patients with 
chronic hepatitis C: analysis of the Hepatitis C Antiviral Long-
term Treatment Against Cirrhosis trial. Clin Gastroenterol Hepatol 
2013; 11: 1661-1666.e1-3 [PMID: 23707779 DOI: 10.1016/
j.cgh.2013.05.018]

46	 Tavani A, Bertuzzi M, Talamini R, Gallus S, Parpinel M, Franceschi 
S, Levi F, La Vecchia C. Coffee and tea intake and risk of oral, 
pharyngeal and esophageal cancer. Oral Oncol 2003; 39: 695-700 
[PMID: 12907209 DOI: 10.1016/S1368-8375(03)00081-2]

47	 La Vecchia C. Epidemiological evidence on coffee and digestive 
tract cancers: a review. Dig Dis 1990; 8: 281-286 [PMID: 2257694 
DOI: 10.1159/000171259]

48	 Huber WW, Prustomersky S, Delbanco E, Uhl M, Scharf G, 
Turesky RJ, Thier R, Schulte-Hermann R. Enhancement of the 
chemoprotective enzymes glucuronosyl transferase and glutathione 
transferase in specific organs of the rat by the coffee components 
kahweol and cafestol. Arch Toxicol 2002; 76: 209-217 [PMID: 
12029384 DOI: 10.1007/s00204-002-0322-1]

49	 Lee KJ, Choi JH, Jeong HG. Hepatoprotective and antioxidant 
effects of the coffee diterpenes kahweol and cafestol on carbon 
tetrachloride-induced liver damage in mice. Food Chem Toxicol 
2007; 45: 2118-2125 [PMID: 17590492 DOI: 10.1016/j.fct.2007. 
05.010]

50	 Torres DM, Harrison SA. Is it time to write a prescription for 
coffee? Coffee and liver disease. Gastroenterology 2013; 144: 
670-672 [PMID: 23453671 DOI: 10.1053/j.gastro.2013.02.015]

Heath RD et al . Coffee for liver



696 May 28, 2017|Volume 9|Issue 15|WJH|www.wjgnet.com

51	 Muriel P, Arauz J. Coffee and liver diseases. Fitoterapia 2010; 81: 
297-305 [PMID: 19825397 DOI: 10.1016/j.fitote.2009.10.003]

52	 Gressner OA, Lahme B, Rehbein K, Siluschek M, Weiskirchen 
R, Gressner AM. Pharmacological application of caffeine inhibits 

TGF-beta-stimulated connective tissue growth factor expression in 
hepatocytes via PPARgamma and SMAD2/3-dependent pathways. 
J Hepatol 2008; 49: 758-767 [PMID: 18486259 DOI: 10.1016/
j.jhep.2008.03.029]

P- Reviewer: Lee MK, Wong GLH    S- Editor: Kong JX    
L- Editor: A    E- Editor: Li D  

Heath RD et al . Coffee for liver



Yolanda Sanchez-Torrijos, Javier Ampuero, Manuel Romero-Gómez

MINIREVIEWS

697 May 28, 2017|Volume 9|Issue 15|WJH|www.wjgnet.com

Cardiovascular assessment in liver transplant for non-
alcoholic steatohepatitis patients: What we do, what we 
should do

Yolanda Sanchez-Torrijos, Javier Ampuero, Manuel Romero-
Gómez, Unidad Intercentros de Aparato Digestivo, Hospitales 
Universitarios Virgen del Rocio - Virgen Macarena, 41013 Sevilla, 
Spain

Javier Ampuero, Manuel Romero-Gómez, Instituto de Biome
dicina de Sevilla, 41013 Sevilla, Spain

Javier Ampuero, Manuel Romero-Gómez, Centro de In
vestigación Biomédica en Red de Enfermedades Hepáticas y 
Digestivas (CIBERehd), 28029 Madrid, Spain

Author contributions: Ampuero J contributed as guarantor of 
the article; Ampuero J contributed to review design; all authors 
contributed to drafting the manuscript.

Conflict-of-interest statement: None.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Javier Ampuero, MD, PhD, Unidad 
Intercentros de Aparato Digestivo, Hospitales Universitarios 
Virgen del Rocio - Virgen Macarena, Avenida Manuel Siurot s/n, 
41013 Sevilla, Spain. javi.ampuero@gmail.com
Telephone: +34-95-5015761
Fax: +34-95-5015899

Received: January 28, 2017 
Peer-review started: February 9, 2017
First decision: March 6, 2017
Revised: April 7, 2017 
Accepted: April 23, 2017
Article in press: April 24, 2017
Published online: May 28, 2017

Abstract
Non-alcoholic fatty liver disease (NAFLD) is increasing 
considerably due to the current lifestyle, which means 
that it is becoming one of the main indications for liver 
transplantation. On the other hand, there is a strong 
association between NAFLD and cardiovascular disease. 
This has been evidenced in many studies revealing a 
higher presence of carotid plaques or carotid intima-media 
thickness, leading to cardiovascular events and, ultimately, 
mortality. According to the liver transplant guidelines, 
screening for heart disease in transplant candidates should 
be performed by electrocardiogram and transthoracic 
echocardiography while a stress echocardiogram should be 
reserved for those with more than two cardiovascular risk 
factors or greater than 50 years old. However, there are 
no specific recommendations in NAFLD patients requiring a 
liver transplantation, despite its well-known cardiovascular 
risk association. Many studies have shown that these 
patients probably require a more exhaustive assessment 
and a global approach including other specialists such 
as cardiologists or nutritionists. Also, the incidence of 
cardiovascular disease is also increased in NAFLD patients 
in the post-transplantation period in comparison with 
other etiologies, because of the pre-existent risk factors 
together with the immunosuppressive therapy. Therefore, 
an early intervention on the lifestyle and the individualized 
selection of the immunosuppressive regimen could lead to 
a modification of the cardiovascular risk factors in NAFLD 
patients requiring a liver transplantation.

Key words: Cardiovascular risk; Non-alcoholic fatty liver 
disease; Non-alcoholic steatohepatitis; Pre-transplant 
assessment; Liver transplantation

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Non-alcoholic fatty liver disease is a growing 
condition due to the current lifestyle. It is considered the 
liver manifestation of the metabolic syndrome, so it is 
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strongly related to cardiovascular disease. Given that is 
one of the main indications of liver transplantation, it is 
essential to carry out an adequate assessment of the pre-
transplant cardiovascular risk, as well as an individualized 
management of the patient in the post-transplantation 
period (due to the pre-existent cardiovascular risk factors 
and the immunosuppressive therapy).

Sanchez-Torrijos Y, Ampuero J, Romero-Gómez M. Cardio
vascular assessment in liver transplant for non-alcoholic 
steatohepatitis patients: What we do, what we should do. World J 
Hepatol 2017; 9(15): 697-703  Available from: URL: http://www.
wjgnet.com/1948-5182/full/v9/i15/697.htm  DOI: http://dx.doi.
org/10.4254/wjh.v9.i15.697

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a clinical-
pathological condition that encompasses a wide range 
of liver damage not caused by chronic alcohol con
sumption, including steatosis, non-alcoholic steatohepatitis 
(NASH) and cirrhosis[1]. NAFLD is considered a hepatic 
manifestation of metabolic syndrome. Its prevalence 
has increased considerably over last years, especially 
in Western countries, due to the current lifestyle (diet, 
sedentary lifestyle, obesity)[2,3]. It has been calculated that 
up to 30% of the population shows NAFLD, representing 
up to the 70% in patients with type 2 diabetes mellitus 
(DM)[4]. On the other hand, the prevalence of NASH 
(characterized by the presence of inflammation) is around 
3%-5%. In NASH patients, cardiovascular (CV) risk 
represents one of the leading causes of mortality due to 
the frequent association with dyslipidemia, DM and other 
features of metabolic syndrome[5]. In fact, NASH patients 
suffer more subclinical atherosclerosis, heart disease, 
and CV clinical events than those without it[6]. This latter, 
together with NASH has become the second cause of liver 
transplantation (LT) in the United States  and Europe[7], 
makes especially relevant the adequate cardiovascular 
assessment in LT setting. 

CV RISK IN NAFLD PATIENTS
Several studies have clearly demonstrated the link 
between NAFLD and CV risk. It is not surprising, con
sidering that they share many risk factors derived from 
metabolic syndrome (such as obesity, insulin resistance, 
DM, sedentary lifestyle, hypertension, dyslipidemia) and 
genetics (PNPLA3, TM6SF2)[8]. Gut microbiota also plays 
an important role. In both mice and humans, a high-
fat diet results in an increase of lipopolysaccharides in 
plasma (a cellular component of Gram-negative bacteria) 
by modifying the microbiota and, therefore, the intestinal 
permeability. That is the reason to increase TLR4 receptor 
expression, stimulating liver cells to produce inflammatory 
cytokines and creating a systemic pro-inflammatory 
status, which favors atherosclerosis[9,10]. According to 
CV risk, we can classify it in three steps: Subclinical 

atherosclerosis, clinical events, and mortality.
Firstly, a higher prevalence of subclinical athero

sclerosis has been well-documented (Table 1). In 2005, 
Brea et al[11] published that NAFLD patients showed an 
increased carotid artery intima-media thickness (CIMT) 
and a higher prevalence of carotid plaques (50% vs 25%) 
compared to healthy controls. Regarding NAFLD subjects, 
NASH patients showed greater subclinical atherosclerosis 
in comparison with those with simple steatosis and the 
CV risk was progressively increased according to liver 
fibrosis[11]. Later, Kim et al[12] identified that patients 
with NAFLD had a higher percentage of coronary 
artery calcification (by computerized tomography) 
independently of other known factors. More recently, 
Puchner et al[13] again assessed the link between NAFLD 
and advanced coronary arterial disease. After performing 
a coronariography by computerized tomography, they 
found that the presence of significant coronary stenosis 
(16% vs 5%), global carotid plaques (78% vs 24%) 
and high-risk carotid plaques (59% vs 19%) were more 
prevalent in individuals with NAFLD. All of these findings 
have been confirmed in a recent meta-analysis, as 
NAFLD patients showed a greater link with subclinical 
atherosclerosis regarding CIMT [OR 2.04 (95%CI: 
1.65-2.51)] and the presence of carotid plaques [OR 2.82 
(95%CI: 1.87-4.27)][14]. Secondly, NAFLD patients suffer 
more CV events than the overall population. In 2016, 
Fracanzani et al[15] aimed to evaluate the incidence of CV 
and cerebrovascular events in patients with NAFLD, who 
had been monitored for 10 years. Patients presented a 
higher number of CV events than the control group (19% 
vs 10%), being the presence of carotid plaques [OR 5.08 
(95%CI: 2.56-10.95)] and liver steatosis [OR 1.99 (95CI: 
1.01-3.94)] the main risk factors[15]. As a consequence 
of the higher prevalence of subclinical atherosclerosis 
and clinical events, CV mortality is ultimately increased 
as well. In fact, CV-related death appears to be one of 
the leading causes of death in most of the studies in 
NASH patients (Table 2). Ekstedt et al[16] followed-up 229 
patients during more than 30 years, concluding that CV 
disease was the first cause of mortality for NASH patients 
without cirrhosis. 

Taking all together, the European Association for the 
Study of the Liver recommend screening for CV disease in 
patients with NAFLD, irrespective of the presence of other 
traditional risk factors[17]. 

CV EVALUATION PRE-LT
CV disease is a major cause of death in post-LT knowing 
that this risk is bigger in patients showing pre-LT risk 
factors (irrespective of the etiology). For example, 
coronary artery disease has been observed in as many 
as 60% of potential LT candidates and, obviously, its 
presence increases the CV morbi-mortality pre and 
post-surgery[18]. Therefore, it is essential an adequate 
CV assessment to prevent these complications and 
increase post-LT survival rates.

To be included on the liver transplant list, com
prehensive evaluation must be performed to evaluate the 
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peri-surgery risk that could prevent from good long-term 
results. Regarding to CV assessment, current recommen
dations include[19]: (1) to carry out an electrocardiogram 
and a trans-thoracic echocardiography to rule out 
underlying heart disease; (2) in patients with > 2 CV risk 
factors or those older than 50 years old, an ergometry 
or a stress echocardiogram with dobutamine to detect 
subclinical ischemic cardiopathy; and (3) whether a 
significant coronary artery disease is detected during the 
usual evaluation, a coronariography must be performed 
(if this latter results effective, the survival rate after LT is 
similar to those who do not have previous CV disease[20,21]). 
Sometimes, non-invasive methods to screen for CV 
disease have low sensitivity and specificity compared 
to other tests (i.e., angiography)[22]. However, there is 
no sufficient evidence to recommend invasive tests to 
evaluate CV risk before LT in asymptomatic patients. 
Therefore, the American Heart Association and the 
American College of Cardiology Foundation[23] propose to 
perform a coronariography in CV high-risk candidates, 
defined as those who have > 2 CV risk factors (DM, age 
> 60 years, smokers, AHT, and dyslipidemia). On the 
other hand, they recommend non-invasive stress tests in 
those patients with low risk of CV disease[24].

Given that CV risk factors before LT have a great 
impact, it has been proposed that the Framingham 
Risk Score (an algorithm to predict CV risk at 10 years 
including age, sex, smoking, DM, arterial hypertension, 
and dyslipidemia) could be useful for predicting post-LT 
CV risk in candidate patients. This strategy could lead 

to performing individualized diagnostic and therapeutic 
tests depending on the score[25].

Clinical guidelines for NAFLD patients recommend 
that CV risk must be carefully evaluated in LT setting 
because theoretically these subjects have more risk 
factors to suffer CV-related clinical events and mortality. 
Even more, some of them probably would require 
invasive tests but the best method remains unclear. 
The British guideline[26] proposes the evaluation of the 
functional capacity of the patient measured by the 
MET unit (energy expenditure during physical activity), 
guiding the following tests according to the result. 
Consequently, patients able to climb at least two flights 
of stairs (equivalent to 4 METs) and those who do not 
present CV risk factors, may not require further tests. 
On the other hand, those with a MET < 4 or showing 
at least one CV risk factors (myocardial infarction, 
heart failure, stroke/transient ischaemic attack, renal 
dysfunction, DM requiring insulin therapy) will need a 
stress echocardiogram or cardiopulmonary exercise 
test. Likewise, they recommend the simultaneous 
evaluation with a cardiologist in CV high-risk patients, 
especially those who have suffered a CV disease before 
LT[23]. Despite all this, pre-LT CV assessment in NAFLD 
patients is not routinely different to those patients who 
have cirrhosis for other etiologies.

CV RISK IN NAFLD POST-LT 
Post-LT survival rates have been increasing over time, 

Carotid ultrasound CIMT > 0.9 mm
CT coronary angiography No. of calcifications in coronary arteries ≥ 1
Endothelial function Flow-mediated vasodilation brachial artery

Carotid-femoral pulse wave velocity > 12 m/s
Morpho-structural alteration Electrocardiogram (left ventricular hypertrophy) Sokolov-Lyon > 38 mm; cornell > 2444 mm*ms
Renal function Slight increase in plasmatic creatinine M: 1.3-1.5 mg/dL

F: 1.2-1.4 mg/dL
Low glomerular filtration Creatinine clearance < 60 mL/min

Microalbuminuria 30-300 mg/24 h
Alb/Cr ≥ 22 (M) or ≥ 31 (F) mg/g Cr

Inflammatory biomarkers TNF, IL-6, C-reactive protein
Thrombogenic biomarkers PAI-1, fibrinogen, factor VII

Table 1  Methods to detect subclinical atherosclerosis[8]

CIMT: Carotid intima-media thickness; CT: Computerized tomography; M: Male; F: Female; TNF: Tumor necrosis factor; IL: Interleukin; PAI-1: 
Plasminogen activator inhibitor type 1.

Sanchez-Torrijos Y et al . Cardiovascular risk in NASH transplantation

Ref. Year NAFLD diagnosis Follow-up CV mortality Cause of mortality

Dam-Larsen et al[48] 2004 Histology 20 yr 38% 1st

Adams et al[49] 2005 Histology   8 yr 25%  2nd

Ong et al[50] 2008 Ultrasound   9 yr 25% 1st

Rafiq et al[51] 2009 Histology 29 yr 13% 1st

Söderberg et al[52] 2010 Histology 28 yr 35% 1st

Angulo et al[53] 2013 Histology   9 yr 38% 1st

Stepanova et al[54] 2013 Histology 12 yr 28% 1st

Ekstedt et al[16] 2015 Histology 26 yr 43% 1st

Table 2  Cardiovascular mortality in non-alcoholic fatty liver disease patients

CV: Cardiovascular; NAFLD: Non-alcoholic fatty liver disease.
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due to the loss of the liver graft is less common and the 
short-term mortality is lower[27]. After the transplant, 
patients usually gain weight, and the incidence of meta
bolic syndrome is greater (as much as two-thirds of 
patients at 5 years) probably related to the lifestyle and 
the immunosuppressive treatment, respectively[28,29]. 
In this scenario, metabolic and CV complications are 
currently the main responsible for affecting the mid- and 
long-term survival. 

Among non-liver-related 1-year mortality after the 
LT, CV disease is the second cause after tumors, followed 
by infections and kidney failure[30]. Madhwal et al[31], 
based on a meta-analysis including twelve observational 
studies, observed that CV events were present in 
13.6% (95%CI: 9%-18%) of NAFLD patients within 10 
years. Also, they noted that the incidence of CV disease 
was especially relevant in those who had additionally 
metabolic syndrome (four times higher of suffering a CV 
event)[31]. Precisely, NAFLD patients who required LT are 
older and have more prevalence of DM and obesity (as 
well as chronic kidney failure or previous CV disease) in 
opposition to the rest of etiologies[32].

The prevalence of metabolic syndrome is around 
50%-60% of the post-LT population[28,33], influenced by 
the appearance of several risk factors. Obesity (BMI > 
30 kg/m2) is approximately 24%-64% after LT[27], due 
to the fact that the weight increases after the operation 
(reversion of cirrhosis and its hypercatabolic state, 
increase in appetite, absence of the chronic disease, 
effects of steroids) which means an increase in DM and 
dyslipidemia, as well as in vascular events and kidney 
disease[34]. On the other hand, DM (the most important 
risk factor of NAFLD) is diagnosed in 10%-64% of post-
LT patients[28,35], and is being considered more and 
more the main complication after LT. Its appearance 
is multifactorial, but the main modifiable factor (apart 
from lifestyle) is the choice and dose of the immuno

suppressive therapy. Corticoids have diabetogenic 
effects producing resistance to insulin and increasing 
the gluconeogenesis, while the calcineurin inhibitors 
can directly damage the pancreatic cells (tacrolimus 
has a significantly higher risk than cyclosporine[36]). 
The immunosuppressive therapy is also responsible, at 
least in part, of the appearance of post-transplant AHT 
(40%-85%) and dyslipidemia (40%-66%)[37] (Table 3). 
All of this means that the liver disease can return after 
the LT (de novo NAFLD). Out of NASH patients who are 
transplanted, this entity reappears in 75%, being the 
post-LT hypertriglyceridemia, BMI and steroid treatment, 
the main risk factors[38] (causing a positive feedback for 
post-LT CV risk).

In this scenario, several studies have evaluated 
whether patients with NAFLD show a higher risk of 
post-LT CV disease in comparison with other etiologies. 
Yalamanchili et al[39] evaluated 2152 patients with 
liver cirrhosis, of which 12% had NAFLD or cryptogenic 
cirrhosis. Survival rate at 10 years after the LT was similar 
regardless of the etiology, but a significant increase was 
observed in CV mortality in NAFLD patients (21% vs 
14%)[39]. VanWagner et al[40] compared the incidence 
of CV events between NAFLD and alcohol after the 
LT. Authors observed an increase in CV-related 1-year 
mortality after LT in NAFLD group (26% vs 8%) and, 
more interestingly, the most of the CV events occurred 
in the peri-surgery period (70%)[40]. The same research 
group has recently determined a group of risk factors 
clearly associated with post-LT CV mortality: Age > 55 
years old, male sex, DM, and kidney failure[32]. Wang et 
al[41] performed a meta-analysis in NAFLD patients to 
estimate post-LT results regarding overall survival, CV 
mortality, sepsis and liver graft failure. Authors concluded 
that survival rates were similar in patients with or without 
NAFLD, as far as 5 years after LT. However, it was found 
that NAFLD patients were more likely to die because of 
CV complications [OR 1.65 (95%CI: 1.01-2.70)][41].

RECOMMENDATIONS IN NAFLD LIVER 
TRANSPLANT
Pre-liver-transplantation recommendations
Taking into account the information exposed before, the 
pre-LT CV assessment in patients with NAFLD should be 
more exhaustive than in the rest of etiologies. However, 
there are no specific recommendations probably due to 
there is no an ideal procedure regarding cost, availability, 
and reliability.

NAFLD is not considered a CV risk criterion to influence 
the decision of the selection of the CV evaluation in 
the pre-LT assessment. Consequently, many NAFLD 
patients only undergo a trans-thoracic echocardiogram 
or a computerized coronary tomography with calico-
score. Some authors have proposed the stress echo
cardiography with dobutamine as an initial test in NAFLD 
candidates for LT because it shows a high negative 
predictive value to detect low-risk patients[42]. In high CV 

Drug Group Side effects
Corticosteroids Dyslipidemia ++

AHT +++
DM +++

Renal impairment -
Mycophenolate mofetil De novo purine 

synthesis inhibitor
Dyslipidemia -

AHT -
DM -

Renal impairment -
Cyclosporine Calcineurin inhibitors Dyslipidemia ++
Tacrolimus AHT +++

DM ++
Renal impairment ++

Sirolimus mTOR inhibitors Dyslipidemia +++
Everolimus AHT -

DM -
Renal impairment -

Table 3  Immunosuppressive drugs and metabolic side effects 
affecting post-liver transplantation cardiovascular risk[33]

(+): Positive association; (-): No association; AHT: Arterial Hypertension; 
DM: Diabetes mellitus.
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risk patients (age > 55 years, male gender, DM, kidney 
failure), it probably should be the initial test.

NAFLD is a condition that, more than a specific 
treatment, needs a multidisciplinary approach whose 
aim is a dramatic change in the lifestyle[43]. Thus, it is 
crucial to have a systematic intervention of a nutritionist 
during the LT evaluation in NAFLD patients (overweight, 
obesity, unhealthy diet) to reinforce and maintain a 
healthy lifestyle after the LT[44].

Post-liver-transplantation recommendations
Given that liver transplant recipients have an increased 
risk of CV disease, an early and effective treatment is 
required, as well as changing of the other risk factors 
(lifestyle, treatment of co-morbidities, immunosuppressive 
therapy). One example is the obligation of starting the 
treatment to control AHT, dyslipidemia or DM as soon as 
possible[44].

Regarding the immunosuppressive drugs, most of 
them can cause and enhance various CV risk factors. 
Mycophenolate mofetil is associated with an increased 
risk of CV disease in post-LT patients[45]. More recently, 
the use of mTOR inhibitors (sirolimus, everolimus) was 
associated to lower CV risk than calcineurin inhibitors[46]. 
Therefore, mTOR inhibitors could be considered for 
patients with metabolic syndrome and multiple CV risk 
factors, such as NAFLD patients. Nevertheless, these 
findings must be confirmed and validated in prospective 
cohorts. On the other hand, we should use a steroid-free 
regimen (or an early steroid withdrawal) preferably con
sidering an, for example, a basiliximab-based induction 
therapy[26].

A healthy diet and regular exercise are effective and 
complementary therapies[47]. Exercise is effective to lower 
the CV risk in non-transplant patients, but the connection 
between the benefits and the possible damage of regular 
exercise after LT has not been established. Also, there 
are no data concerning the impact of these exercise 
programs on the prevalence of metabolic syndrome or its 
individual components after LT.

CONCLUSION
The increased CV risk in patients with NAFLD, compared 
to other etiologies of liver disease, has important 
implications both in pre- and post-LT. An adequate 
stratification of CV risk and an early detection of the 
different features of metabolic syndrome is required 
to prevent or decrease CV-related morbi-mortality. In 
this scenario, an active intervention on lifestyle and an 
individualized management of immunosuppression could 
be the most suitable strategies to maintain an adequate 
balance between risks and benefits.
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Abstract
AIM
To study the trend of hepatocellular carcinoma incidence 
after correcting the misclassification in registering cancer 
incidence across Iranian provinces in cancer registry 
data. 

METHODS
Incidence data of hepatocellular carcinoma were ex
tracted from Iranian annual of national cancer registra
tion reports 2004 to 2008. A Bayesian method was 
implemented to estimate the rate of misclassification in 
registering cancer incidence in neighboring province. A 
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beta prior is considered for misclassification parameter. 
Each time two neighboring provinces were selected 
to be entered in the Bayesian model based on their 
expected coverage of cancer cases which is reported by 
medical university of the province. It is assumed that 
some cancer cases from a province that has an expected 
coverage of cancer cases lower than 100% are registered 
in their neighboring facilitate province with more than 
100% expected coverage.

RESULTS
There is an increase in the rate of hepatocellular car
cinoma in Iran. Among total of 30 provinces of Iran, 21 
provinces were selected to be entered to the Bayesian 
model for correcting the existed misclassification. Pro
vinces with more medical facilities of Iran are Tehran 
(capital of the country), Razavi Khorasan in north-east 
of Iran, East Azerbaijan in north-west of the country, 
Isfahan in central part and near to Tehran, Khozestan 
and Fars in south and Mazandaran in north of the Iran, had 
an expected coverage more than their expectation. Those 
provinces had significantly higher rates of hepatocellular 
carcinoma than their neighboring provinces. In years 
2004 to 2008, it was estimated to be on average 34% 
misclassification between North Khorasan province 
and Razavi Khorasan, 43% between South Khorasan 
province and Razavi Khorasan, 47% between Sistan 
and balochestan province and Razavi Khorasan, 23% 
between West Azerbaijan province and East Azerbaijan 
province, 25% between Ardebil province and East 
Azerbaijan province, 41% between Hormozgan province 
and Fars province, 22% betweenChaharmahal and 
bakhtyari province and Isfahan province, 22% between 
Kogiloye and boyerahmad province and Isfahan, 22% 
between Golestan province and Mazandaran province, 
43% between Bushehr province and Khozestan province, 
41% between Ilam province and Khuzestan province, 
42% between Qazvin province and Tehran province, 44% 
between Markazi province and Tehran, and 30% between 
Qom province and Tehran.

CONCLUSION
Accounting and correcting the regional misclassification 
is necessary for identifying high risk areas and planning 
for reducing the cancer incidence.

Key words: Trend of hepatocellular carcinoma; Cancer 
incidence registry; Misclassification; Bayesian correction
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Core tip: In many developing countries and even in some 
developed countries some errors occur in disease registry 
system. Since registered data is used for planning at the 
national and sub-national level, correcting the existed 
errors has a great importance. One of these errors is 
misclassification in registering cancer incidence. It occurs 
because some patients from divested provinces prefer 
to get more qualified diagnostic and treatment services 
at their adjacent provinces with more medical facilities 

without mentioning their permanent residence. The aim 
of this study is to investigate the trend of hepatocellular 
carcinoma after correcting for misclassification error in 
Iran’s cancer registry using Bayesian method.

Hajizadeh N, Baghestani AR, Pourhoseingholi MA, Ashtari S, 
Fazeli Z, Vahedi M, Zali MR. Trend of hepatocellular carcinoma 
incidence after Bayesian correction for misclassified data in Iranian 
provinces. World J Hepatol 2017; 9(15): 704-710  Available from: 
URL: http://www.wjgnet.com/1948-5182/full/v9/i15/704.htm  
DOI: http://dx.doi.org/10.4254/wjh.v9.i15.704

INTRODUCTION
Hepatocellular carcinoma (HCC) is the 5th most common 
cancer worldwide[1]. It is the fifth most common cancer 
in men (7.5% of the total, 554000 cases) and the ninth 
most common cancer in women (3.4% of the total, 
228000 cases). Eighty-three percent of the estimated 
new cancer cases worldwide occurred in less developed 
regions in 2012 that 50% of that belongs to China alone[2]. 
HCC is the second most common cause of cancer death 
in the world[1] and it is estimated to be responsible for 
nearly 746000 deaths based on Globocan report 2012[2]. 
The major risk factors for HCC, are infection with the 
hepatitis B virus (HBV) and hepatitis C virus[3]. The most 
common cause of HCC in Iran is HBV and 80% of HCC 
cases are positive for at least one of the markers of 
HBV[4-6]. It is estimated that approximately 1.5 million 
people in the country are infected with this virus and 
15% to 40% of them are at risk of developing cirrhosis or 
HCC[7,8]. The other known risk factors are Gender (HCC 
is more common in males than in females), Race (Pacific 
Islanders and Asian Americans have the highest rates 
of HCC, followed by American Indians and Hispanics, 
African Americans, and whites), Cirrhosis, Non-alcoholic 
fatty liver disease, Heavy alcohol use, Obesity, Aflatoxins 
and Tobacco use[9]. Overall mortality to incidence ratio of 
HCC is 0.95, so the geographical patterns of incidence 
and mortality are similar[2,3]. The regions of high incidence 
are Eastern Asia and South-Eastern Asia, the regions 
of intermediate incidence are Southern Europe and 
Northern America (9.3) and the lowest rates are occur 
in South-Central Asia and Northern Europe[2]. Iran is 
located in Middle East, an area with low risk for HCC[1,10] 

with an annual incidence much less than 5 per 100000 
populations[4,11] but, while prognosis for HCC is very poor, 
the true prevalence of HCC in Iran is unknown and up to 
40% of its death statistics are underreported; so it is not 
considered as an uncommon malignancy[2-4]. 

Nowadays having a thorough information of geographic 
distribution of cancers has become so important[12]. 
Cancer registries are known as the main resource of 
epidemiologic data by registering the mortality, incidence, 
prevalence and survival for different disease in a 
systematic manner that is used by health policy makers 
for cancer control planning and evaluation of cancer 
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screening programs, detecting the impact of treatments 
and interventions, and allocating of resources to various 
provinces based on their need to healthcare facilities[13]. 
In addition to poor diagnosis of HCC, some patients 
want to get healthcare in facilitate neighboring provinces 
outside their resident without reporting their permanent 
address. It causes misclassification error in cancer registry 
system. Misclassification error is the disagreement 
between the observed and the true value. The expected 
coverage of cancer incidence in different provinces is the 
evidence of existence of misclassification error; that the 
observed rate of incidence is more than expected rate 
in some of the provinces, but then, it is much less than 
expected rate in their neighboring provinces[14], while it 
is expected that the rate of cancer incidence be about 
the same in neighboring provinces that are similar in 
lifestyle and environmental conditions. Misclassification 
error in registered data leads to erroneous estimates of 
the incidence rates of cancer in different provinces and 
consequently affects need assessments. There are two 
methods to correct for misclassification error. The first is 
using a valid data that usually is not available or it is so 
time consuming and costly to valid a sample data and 
generalizing the results to the population[15]. The second 
is implementing Bayesian method. This is a statistical 
method that can be used to import the researcher’s 
prior knowledge about the rate of misclassification to the 
analysis and updating prior information with observed 
data to estimate the misclassification rate[16].

The aim of this study is to assess the trend of HCC 
incidence after correcting for misclassification error in 
registering cancer incidence in neighboring provinces of 
Iran, using a Bayesian method.

MATERIALS AND METHODS
Incidence data of HCC was extracted from Iranian annual 
of national cancer registration report from 2004 to 
2008[14]. Annual of 2008 was the last available data to use. 
The Age Standardized Rate (ASR) for HCC [coded based 
on the 10th revision of the International Classification of 
Diseases (ICD-10; C22)] was calculated for all provinces 
of Iran in each year with direct standardization method 
and using the standard population reported by Word 
Health Organization for both genders and four age groups 
(0-14 years, 15-49 years, 50-69 years and over than 70 
years old). Age standardized rate was used to achieve 
comparative statistics on cancer in Iran with those for 
other countries[17]. 

The expected coverage of cancer cases was calcu
lated for medical universities of each province that is 
considered to be 113 per 100000 population. In the 
process of cancer incidence registry, all new diagnosed 
cancer cases by diagnostic centers are reported to the 
medical university. Reported data are entered to software 
which is made by ministry of health. Medical university 
of each province sends its temporary data bank to the 
ministry of health. Ministry of health after removing 
duplicates and coding the recorded cancers based on 

10th revision of international coding of disease provides 
a permanent data bank of cancer cases and sends it 
back to medical university of each province. So medical 
universities have an observed number of cancer cases 
in addition to the expected rate. Percent of expected 
coverage for each province is calculated by dividing the 
observed number to the expected number of cancer 
cases.

The data were entered to the Bayesian model in 
the form of two vectors y1 and y2. Vector y1 = (y11, y21, 
..., yr1)’ contained the data of the province that has an 
expected coverage less than 100% and vector y2 = (y12, 
y22, ..., yr2)’ contained the data of a neighboring province 
with more than 100% expected coverage. Subscript 
r is the indicator of covariate patterns that is made by 
age-sex group combinations. A Poisson distribution was 
considered for y1 and y2 that are count data[18,19]. An 
informative beta prior distribution was assumed for the 
misclassified parameter θ as the probability of registering 
a data in misclassified group; so θ~beta (a,b)[20-22]. In 
order to the expectation of beta distribution which is a/(a 
+ b) get converged to the misclassified rate, prior values 
for b were selected based on the calculated expected 
coverage of the medical university with lower than 100% 
expected coverage and a was calculated with subtracting 
b from 100. Since misclassified parameter is unknown, 
a latent variable approach was employed to correct the 
misclassification effect[18,19]. The latent variable U was 
considered as the number of events from the first group 
that are incorrectly registered in the misclassified group 
with binomial distribution, i.e., Ui|θ,y1,y2~Binomial (yi2,Pi) 
that Pi=(λi1θ)/(λi1θ + λi2 ).

Finally by multiplying likelihood function in prior dis
tribution, posterior distribution obtained in the following 
form; θ|Ui,y1,y2~Beta (∑iUi + a,∑iyi1 + b)[18,23-25]. Misclassi
fied parameter was estimated by using a Gibbs sampling 
algorithm and averaging the generated posteriors. After 
estimating the misclassification rate between each two 
neighboring provinces, the rates of HCC incidence for 
each province were re-estimated and the trend of HCC 
were checked out during 2004 to 2008. Analyses were 
carried out using R software version 3.2.0.

RESULTS
All registered HCC cases from 2004 to 2008 in Iran 
were included in the study. The ASR of HCC for female 
increases from 0.43 per 100000 population (103 cases) 
in 2004, to 1.56 per 100000 (376 cases) in 2008. Also 
ASR of HCC for male increases from 0.66 per 100000 
population (180 cases) in 2004, to 2.03 per 100000 (574 
cases) in 2008. The trend of HCC from 2004 to 2008 for 
Iranian male and female is shown in Figure 1. 

Among 30 provinces of Iran, 21 ones were selected 
for correcting the misclassification error in registering 
HCC incidence in neighboring provinces based on their 
expected coverage percent of cancer cases. In the other 
nine provinces, the number of cancer cases was about 
the same as their expected number; so the cancer 
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rates of them remained unchanged. Each time the data 
of two neighboring provinces that one of them had a 
more than 100% expected coverage and the other 
one had a less than 100% of its expected coverage 
were candidates for entering the Bayesian model for 
estimating the existed misclassification between them. 

For example the reported percent of expected coverage 
of cancer incidence for East Azerbayjan which is a pro
vince with more medical facilities in north-west of Iran, 
was 123.6% in 2008. It means that East Azerbaijan 
province have covered 23.6% more cancer cases than 
its expectation, whereas the West Azerbaijan and Ardebil 
provinces that are in neighborhood of East Azerbaijan, 
have just covered 69% and 63% of their expected 
coverage of cancer incidence respectively; which is a 
clear indication of existence of misclassification error 
in registering cancer cases. The expected coverage for 
the provinces for years 2004 to 2008 are reported in 

Table 1. After implementing the Bayesian method it 
was estimated to be 0.13% misclassification between 
East Azerbaijan and Ardebil and 0.42% misclassification 
between East Azerbaijan and West Azerbaijan in 2008. 
The estimated misclassification rate among other 
provinces for years 2004 to 2008 are reported in Table 
2. The rate of HCC incidence, before and after Bayesian 
correction of misclassification for years 2004 to 2008 are 
reported in Table 3.

DISCUSSION
There was a non-ignorable misclassification in registering 
cancer incidence between neighboring provinces in Iran. 
An increase is observed in trend of HCC during 2004 
to 2008. The rate of HCC is even gets higher in some 
provinces after correcting for misclassification. Higher 
rates of estimated misclassifications are belonging to 
provinces with lower facilities like Hormozgan, Bushehr, 
Ilam, Qom, Markazi, Qazvin, Sistan and South Khorasan. 
Meanwhile it seems that misclassification rate is increasing 
during the period under study. It shows that not enough 
attention is paid to equip low-facilitate provinces.

The incidence of this cancer in many countries such as 
the United States, Central America and Europe is on the 
rise[7]. The findings of a study on incidence of HCC in Iran, 
showed that the incidence of this cancer is increasing in 
the country, especially in males and higher age groups[1]. 
A study on HCC indicated that little is known about the 
incidence of HCC in Iran, particularly in southeast of 
the country. Some provinces such as Ardebil, Guilan, 
Kerman, Fars, Razavi Khorasan, and most notably Tehran 
as the capital of Iran, have a low but significantly higher 
incidence proportional to other provinces[26]. It is also 
indicates the presence of misclassification error between 
neighboring provinces that are expected to have similar 
incidence rates of cancer.

Knowledge of geographic pattern of diseases is useful 
to identify the influencing factors on disease incidence 
and planning for disease control and prevention[27,28]. 
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Figure 1  Age standardized rate of hepatocellular carcinoma and its trend 
for male and female in Iran (2004-2008).

2004 2005 2006 2007 2008

South khorasan   30.30   45.16   41.02   41.40
Razavi khorasan 106.50 106.50 101.81 117.54 143.74
Tehran 157.11 157.11 162.25 145.74 155.63
Markazi   43.35   43.35   53.07   57.46   69.60
Sistan   25.24   25.24   18.78   18.83   18.44
Qom   53.09   53.09   62.76   60.98   53.90
Ghazvin   65.07   65.07   71.44   72.84   66.30
Khozesta   61.09   61.09   62.68   69.81 101.19
Ilam   28.42   28.42   32.97   41.27   39.40
Bushehr   28.46   28.46   29.10   26.00   25.00
Golestan   50.65   50.65   58.61   58.20   50.80
Mazandaran 148.13 148.13 161.78 163.83 338.45
North khorasan   30.76   40.47   44.87   34.80
Chaharmahal   40.67   40.67   34.39   40.76   37.00
Isfahan 111.51 111.51 114.09 116.93 106.98
Kohgilouye   23.90   23.90   29.00   29.60   25.10
Hormozgan   25.44   25.44   25.11   25.31   19.00
Fars   98.07   98.07 112.01 134.53 127.65
Ardebil   63.73   63.73   72.71   64.99   63.00
East azarbaijan 108.22 108.22 110.98 138.52 123.60
West azarbaijan   81.96   81.96   75.32   82.53   69.00

Table 1  Expected coverage of cancer cases in provinces of 
Iran (2004-2008)

Estimated misclassification rate

2004 2005 2006 2007 2008
Razavi khorasan South khorasan 0.2   0.51   0.44 0.58
Tehran Markazi   0.31   0.41   0.39   0.38 0.73
Razavi khorasan Sistan   0.39   0.39   0.65   0.41 0.51
Tehran Qom   0.18   0.22   0.18   0.28 0.65
Tehran Ghazvin 0.2   0.25 0.5 0.4 0.74
Khozesta Ilam   0.19   0.21   0.42 0.5 0.73
Khozesta Bushehr   0.38 0.4   0.31   0.36 0.72
Mazandaran Golestan   0.08   0.28   0.21   0.14 0.38
Razavi khorasan North khorasan   0.16   0.43   0.34 0.42
Isfahan Chaharmahal   0.16   0.16   0.18   0.39 0.23
Isfahan Kohgilouye   0.18   0.43   0.16   0.18 0.16
Fars Hormozgan 0.3   0.34 0.4   0.38 0.64
East azarbaijan Ardebil   0.36   0.17   0.13   0.46 0.13
East azarbaijan West azarbaijan   0.28   0.15   0.05   0.25 0.42

Table 2  Bayesian estimated from misclassification rate 
between provinces

Hajizadeh N et al . Bayesian correction for misclassified HCC incidence
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When a cluster with high incidence is not occurred by 
chance, this question comes to mind that what could 
be the underlying causal mechanism. It is natural to 
initially get focused on risk factors of the disease[29]. But 
major differences in incidence rate of HCC in neighboring 
provinces that are almost identical in exposure with risk 
factors, is justifiable with existence of misclassification 
error in registering patient permanent residence, that 
are diagnosed and registered in facilitate provinces of the 
country.

In conclusion there is misclassification error in cancer 
registry system despite international efforts to standardize 
cancer incidence data collection processes and elimination 
of deficiencies in personal and demographic information, 
especially in developing countries such as Iran[30]. 
So the true incidence rate of HCC is higher than the 
reported rate in some provinces and consequently 
lower in some other provinces. Since cancer registry 
data is used by health policy makers to allocate the 
facilities and resources to different provinces. To help for 
making the right decisions, it is necessary to correct for 
misclassification in cancer incidence between provinces. 
Otherwise again fewer resources will be assigned to low 
facility provinces based on the low incidence rate, while 
they are in need of more healthcare facilities and the 
true cancer incidence rate is more than taught in that 
provinces.

Iran is located in Middle East, a region where majority 
of HCC cases presents with intermediate or advanced 
stages of the disease[4,31]. In most Asian countries, early 
detection and treatment services are limited. There 
are many people who have no health insurance and 
many of them are too poor to go for screening tests or 
medical treatments. Therefore, it is important for the 
health organizations and governments in each country to 

recognize these groups in order to reduce the incidence 
and mortality of cancers[5].

The dramatic increase in the forecasted number of 
deaths due to HCC in the United States is a warning to 
the research and healthcare systems since it projected 
to be one of the top three cancer killers in 2030[32-34].

So whereas deaths from liver are projected to increase, 
changes in treatment and prevention strategies, using 
screening tests, vaccination, and informing about risk 
factors and early symptoms of HCC can alter both the 
incidence and death rates. It requires an unisonant 
effort by search and health care organizations now for a 
substantial change in the future[7,9,34]. Also employing and 
training more motivated and educated staff in all sectors 
of cancer registry program in order to complete the 
cancer case registry forms accurately and remit them to 
the appropriate center, Enhancing hardware and software 
resources, expert researchers in medicine, biostatistics 
and computer science are needed to qualify the cancer 
registry program and increasing its completeness; 
specially in address-related information[35,36].

In the absence of valid data, statistical methods are 
good alternatives for correcting the existed errors in data. 
Of course it should be noted that there is always some 
uncertainty as a potential weakness in statistical models 
and the statistical model which was used in this study 
is also not an exception. Thus a small cluster of HCC 
cases could be misattributed as patients registering in a 
neighboring province. But the low cost, high speed and 
efficiency of this model can compensate small errors.

COMMENTS
Background
Some patients from deprived provinces prefer to get medical treatment in their 

ASR before Bayesian correction ASR after Bayesian correction

2004 2005 2006 2007 2008 2004 2005 2006 2007 2008
South khorasan 0.50 0.46 0.46 0.47 0.83 0.98 0.95 1.12
Razavi khorasan 0.74 0.35 1.18 0.91 1.57 0.54 0.17 0.61 0.25 0.64
Tehran 0.43 0.44 0.57 0.46 2.23 0.37 0.37 0.51 0.41 2.12
Markazi 0.37 0.25 0.35 0.30 0.32 0.63 0.48 0.61 0.49 0.66
Sistan 0.44 0.21 0.26 0.52 0.63 1.07 0.50 1.14 1.65 1.90
Qom 0.67 0.55 0.95 0.45 0.48 0.90 0.78 1.22 0.65 1.05
Ghazvin 0.62 0.47 0.24 0.27 0.32 0.80 0.65 0.40 0.42 0.67
Khozesta 0.79 0.65 1.00 1.23 5.09 0.62 0.46 0.73 0.93 4.47
Ilam 1.13 0.86 0.54 0.49 0.78 1.88 1.50 1.23 1.07 2.23
Bushehr 0.45 0.36 0.85 0.83 0.82 1.05 0.87 1.75 1.97 3.16
Golestan 0.76 0.40 0.83 0.55 0.66 0.88 0.62 1.13 0.68 1.14
Mazandaran 0.22 0.46 0.61 0.28 1.04 0.18 0.35 0.43 0.20 0.80
North khorasan 0.62 0.62 0.76 0.86 0.94 1.28 1.34 1.89
Chaharmahal 0.84 1.13 1.02 0.52 1.01 1.17 1.57 1.55 1.01 1.62
Isfahan 0.41 0.61 0.64 0.85 0.83 0.27 0.40 0.44 0.68 0.52
Kohgilouye 0.39 0.32 1.15 1.36 1.54 0.68 0.90 1.78 2.18 2.51
Hormozgan 0.26 0.25 0.69 0.68 0.51 0.56 0.57 1.78 1.70 2.23
Fars 0.30 0.35 1.12 0.80 2.21 0.22 0.27 0.67 0.54 1.56
Ardebil 0.47 0.49 0.41 0.41 2.20 0.74 0.61 0.48 0.69 2.65
East azarbaijan 0.69 0.30 0.19 0.92 0.97 0.44 0.16 0.12 0.57 0.61
West azarbaijan 0.64 0.55 0.91 0.98 0.53 0.86 0.64 0.97 1.27 0.84

Table 3  Age standardized rate of hepatocellular carcinoma
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neighboring provinces with more medical facilities without mentioning their 
permanent residence. It makes misclassification error in cancer registry data. 
Consequently health policy makers who use cancer registry data for resource 
allocation and cancer control programs will make mistakes in their decisions. 
The aim of this study is to investigate the trend of hepatocellular carcinoma 
incidence after correcting for misclassification between neighboring provinces 
by means of a Bayesian method.

Research frontiers
Knowing about geographic spread of cancers is so important for identification 
the risk factors of cancers for control and prevention purposes. There is 
misclassification in patient’s permanent residence in Iran’s cancer registry 
data that leads to under-estimating the rate of cancer in some provinces and 
consequently over-estimating in other provinces. While those cancer rates 
are used in spatial analysis to determine the high risk areas, the existence of 
misclassification error is usually ignored. The hotspot of this study is accounting 
and correcting for misclassification in registering cancer incidence using the 
Bayesian method.

Innovations and breakthroughs
By using the Bayesian method for estimating the rate of misclassification, that’s 
enough to have prior information about the misclassification rate and there is no 
need for validating data to explore the misclassification rate which is costly and 
time consuming. Bayesian method for correcting the misclassification is a faster 
and more cost effective method in comparison to data validation which in many 
cases is not achievable.

Applications
Cancer incidence rates are used for allocating medical resources to different 
provinces. So to have more accurate estimates from the rates of cancer 
incidence in each province misclassification error in registering patient’s 
permanent residence should be corrected. Consequently better planning and 
decisions will be made for interventions for cancer control and prevention.

Terminology
Bayesian method is a statistical method that assigns a prior distribution to 
parameters or events, according to expert’s idea or previous knowledge from 
previous studies and updates those distributions with combining prior knowledge 
by observed data by using Bayes’ theorem. Misclassification is one of the 
measurement error which is defined as disagreement between the observed 
value and the true value in categorical data.

Peer-review
This is a very interesting study from Iran aimed at estimating the rate of regional 
misclassification in registering the incidence of hepatocellular carcinoma in 
cancer registry system using a Bayesian method. The study is original and very 
well written. The statistical analysis is well done. The results are consistent.  
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Abstract
The Barcelona Clinic Liver Cancer classification is the 
most widely - used hepatocellular carcinoma (HCC) 
staging system because it is simple, precise and linked to 
a treatment algorithm based on randomized studies. But 
each group includes a broad spectrum of tumors, with 
limited therapeutic options, particularly for intermediate 
and advanced stages. Consequently, different additional 
scoring systems have been proposed to refine the prognosis 
and/or to improve the management. But until now, there 
is no consensus. Liu et al proposes a new scoring system, 
based on a large HCC cohort, with patients at different 
stages, treated using diverse modalities. This score 
includes six parameters used in current practice. It is simple 
to calculate, reliable, with an ability to predict survival 
superior to other systems, which also works with our 
European HCC cohort. The MESH score may be especially 
useful to differentiate subgroups with different prognosis 
for each treatment modality.

Key words: Hepatocellular carcinoma; Barcelona Clinic 
Liver Cancer; Scoring system; MESH; NIACE
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Core tip: The Barcelona Clinic Liver Cancer system has 
become the reference classification for hepatocellular 
carcinoma (HCC). But it has been criticized; each group 
includes a broad spectrum of tumors with limited 
therapeutic options. For this reason, different additional 
scoring systems have been proposed to improve the 
management. Liu et al  proposes the MESH score, based 
on a large HCC cohort. It includes six parameters used 
in current practice, and in a European HCC cohort, this 
new score appears to be simple, reliable and useful to 
differentiate subgroups with different prognosis for each 
treatment modality.
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TO THE EDITOR
Hepatocellular carcinoma (HCC) staging system is still 
a controversial issue, and we have read with interest 
the article by Hsu et al[1] who proposed a new survival 
prognostic score for HCC called MESH. This score has 
been determined by multivariate analysis within a large 
HCC cohort (n = 1591) mainly related to viral B hepatitis, 
mostly treated (44%) with curative strategy (surgery or 
radiofrequency ablation). The MESH score demonstrated 
a good predictive survival value, superior to other known 
staging and scoring systems [Barcelona Clinic Liver 
Cancer (BCLC), Hong Kong Liver Cancer (HKLC), Cancer 
of the Liver Italian Program (CLIP), Taipei Integrated 
Scoring system] within a large validation cohort (n = 
1591), with a lower Akaike information criterion (AIC) 
value, a higher homogeneity; within each BCLC stage 
and whatever treatment strategy (curative or palliative). 

We have evaluated the prognostic value of the 
MESH score and compared it to other known staging 
and scoring systems [BCLC, HKLC, CLIP and NIACE: 
Tumor Nodularity, Infiltrative nature of the tumor, serum 
Alpha-fetoprotein (AFP) level, Child-Pugh stage, Eastern 
Cooperative Oncology Group Performance Status (ECOG 
PS)[2]] within a French HCC cohort including 581 patients. 
Demographic and clinical characteristics of the 581 
patients with HCC are shown in Table 1. Our patients 
were mostly male (82%), with a mean age of 67 years. 
Cirrhosis was present in 87% of our patients, CP A 
(64%), CP B (36%). Underlying liver disease was mostly 
related to alcohol abuse (37%) or viral C hepatitis (36%). 
HCC were multinodular in 61% of cases and vascular 
invasion or distant metastasis was found in 37% and 
10% of patients, respectively. Baseline ECOG PS of our 
population (as expression of symptomatic tumor) was as 
follows: PS 0 (48%), PS 1 (23%), PS 2 (24%), PS 3-4 
(5%). BCLC distribution was similar to the Liu cohorts: 
BCLC A 31%, B 16%, C 41% and D 12%. Treatment 
modalities were as follows: 23% were treated by surgery 
or radiofrequency ablation (RFA), 30% by transarterial 
chemoembolization, 26% by Sorafenib and 21% have 
received supportive care. Mean overall survival for the 
entire cohort was 26.0 ± 1.3 mo, consistent with the 
median follow-up duration: 18.3 ± 20.3 mo. Seventy-one 
percent of patients died. The discriminatory ability (linear 
trend χ2 score), homogeneity ability (likelihood ratio test), 
prognostic stratification ability (AIC) and C-index were 
compared among scoring systems. Survivals between 
groups were compared using log-rank test in case of 
proportionality of hazards across time; generalized 
Wilcoxon test was used in case of non-proportionality of 

hazards. 
Each staging system showed a significant difference in 

the probability of survival across the stages (P < 0.0001). 
The MESH score determined subgroups of different 
survival prognosis in our cohort: MESH 0: 66 (40-68) mo, 
MESH 1: 37 (22-80) mo, MESH 2: 21 (13-49) mo, MESH 
3: 10 (6-20) mo, MESH 4: 5 (4-9) mo, MESH 5 and 6: 4 
(2-6) mo; P (Wilcoxon) < 0.0001. Its predictive value on 
survival was higher than other scores or classifications 
(BCLC, HKLC and CLIP) within this cohort with a lower 
AIC, a higher homogeneity, a higher c-Index (Table 2). 
However the NIACE score obtained the best prognostic 
information.

The BCLC system has become the reference classi
fication by its simplicity, its prognostic value and a 
treatment algorithm based on randomized clinical trials. 
But each BCLC stage includes a broad spectrum of tumors 
of different prognosis[2-5], with one therapeutic option 
for stages B and C. Some stage B HCC patients could 
be good candidates for surgery[6,7], unlike other BCLC B 

Patients characteristics Cohort (n  = 581)

Age, yr, mean ± SD   67.4 ± 11.7
Male    475 (82)
Etiology - HCV/HBV/
Alcohol/MS/others 

209 (36)/41 (7)/215 (37)/87 (15)/29 (5)

Cirrhosis    505 (87)
Child - Pugh stage1 A/B 323 (64)/182 (36)
Maximal tumor diameter, 
mean ± SD

  60.9 ± 39.1

Tumor nodularities (1/2/≥ 3), 
n (%)

227 (39%)/76 (13%)/278 (48)

Infiltrative tumor    235 (40)
Extrahepatic metastasis      59 (10)
Vascular invasion    213 (37)
Performance status 0/1/2-4  276 (48)/136 (23)/169 (29)
Laboratory values (mean ± SD)

Alkaline phosphatase (IU/L) 
> 200  

   112 (19)

PT (%), mean ± SD   78.0 ± 15.8
Albumin (g/L), mean ± SD 34.7 ± 6.1
Aspartate transaminase 
(IU/L), mean ± SD

  68.7 ± 60.7

Alpha-fetoprotein (ng/mL), 
mean ± SD

    5680 ± 31332

Tumor stages
BCLC (A/B/C/D), n (%) 181 (31)/92 (16)/241 (41)/67 (12)

Treatment allocation
Resection or RFA, n (%) 131 (23)
TACE, n (%) 175 (30)
Sorafenib, n (%) 152 (26)
Supportive care, n (%) 123 (21)
Follow-up Time, mo, mean ± 
SD

  18.3 ± 20.3

Deaths, n (%) 413 (71)
Overall Survival, mo, mean ± 
SD

26.0 ± 1.3

Table 1  Baseline characteristics in European hepatocellular 
carcinoma cohort (n  = 581)  n  (%) 

1Cirrhotic patients. HCV: Hepatitis C virus; HBV: Hepatitis B virus; 
MS: Metabolic syndrom; PT: Prothrombin time; BCLC: Barcelona Clınic 
Liver Cancer; RFA: Radiofrequency ablation; TACE: Trans arterial 
chemoembolization.
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HCC patients who do not benefit from the recommended 
treatment namely the chemoembolization[8]. Consequently, 
different staging or scoring systems have been proposed 
in the last years, in order to improve its prognostic value[1] 
and/or the decision making process[8,9]. A prognostic score 
needs to be easy to use, reliable and useful, and the MESH 
score fulfills these conditions. It has a good prognostic 
value, especially for HCC patients treated by surgery/RFA 
(Table 3); it is easy to use by adding up the points of 
each variable, and it includes six parameters used in daily 
clinical practice, an essential part of HCC management. 
Actually, it incorporates tumor-related characteristics, 
general conditions and liver function, as well as two easily 
available biological variables (AFP, alkaline phosphatase) 
correlated to the HCC patients’ survival, absent from the 
BCLC and HKLC classifications.

The MESH score could be useful for HCC manage
ment. It distinguishes two different prognostic groups 
within BCLC A HCC patients treated by surgery/RFA in 
our cohort [MESH ≤ 2: 68 (44-74) mo vs MESH > 2: 7 
(5-7) mo, P (Wilcoxon) = 0.0292], within BCLC B HCC 
patients treated by TACE [MESH ≤ 2: 20 (15-50) mo vs 
MESH > 2: 14 (7-20) mo, P (Log-Rank) = 0.0078], or 
within BCLC C HCC patients treated by Sorafenib [MESH 
≤ 3: 10 (6-26) mo vs MESH > 3: 5 (3-8) mo, P (Log-
Rank) < 0.0001]. Thus, it could help clinicians in the 
treatment decision. We observed the same findings with 
the NIACE score whatever HCC stages and treatment 
modalities[10].

The BCLC treatment recommendations are seldom 
followed[11,12], related to a strict treatment algorithm and 
great prognosis heterogeneity within each BCLC stage. In 

our cohort, 65% of patients have been treated according 
to the BCLC recommendations and for some authors 
other options are possible[13,14]. 

We have checked that the MESH score provides good 
prognostic information within a European HCC cohort, 
whatever the treatment modalities, including HCC 
patients treated according to the BCLC guidelines. But 
these findings show once again that additional variables 
such as AFP and/or tumor morphology may influence 
HCC prognosis and its therapeutic management[15]. If 
the BCLC system is unavoidable, there are sufficient 
arguments for a prospective clinical trial to validate the 
usefulness of this new strategy based on a combination 
of BCLC system and scores[16] such as NIACE or MESH, 
and to determine which one to use.
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