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Abstract
As the leading cause of disease-related deaths, can-
cer is a major public health threat worldwide. Surgical 
resection is still the first-line therapy for patients with 
early-stage cancers. However, postoperative relapse 
and metastasis remain the cause of 90% of deaths of 
patients with solid organ malignancies, including he-
patocellular carcinoma (HCC). With the rapid develop-
ment of molecular biology techniques in recent years, 
molecularly targeted therapies using monoclonal anti-
bodies, small molecules, and vaccines have become a 
milestone in cancer therapeutic by significantly improv-

ing the survival of cancer patients, and have opened 
a window of hope for patients with advanced cancer. 
Hypervascularization is a major characteristic of HCC. 
It has been reported that anti-angiogenic treatments, 
which inhibit blood vessel formation, are highly effec-
tive for treating HCC. However, the efficacy and safety 
of anti-angiogenesis therapies remain controversial. 
Sorafenib is an oral multikinase inhibitor with anti-
proliferative and anti-angiogenic effects and is the first 
molecular target drug approved for the treatment of 
advanced HCC. While sorafenib has shown promising 
therapeutic effects, substantial evidence of primary and 
acquired resistance to sorafenib has been reported. Nu-
merous clinical trials have been conducted to evaluate 
a large number of molecularly targeted drugs for treat-
ing HCC, but most drugs exhibited less efficacy and/or 
higher toxicity compared to sorafenib. Therefore, un-
derstanding the mechanism(s) underlying sorafenib 
resistance of cancer cells is highlighted for efficiently 
treating HCC. This concise review aims to provide an 
overview of anti-angiogenesis therapy in the manage-
ment of HCC and to discuss the common mechanisms 
of resistance to anti-angiogenesis therapies.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Hepatocellular carcinoma (HCC) is a devastat-
ing disease with a high mortality rate. For a long period 
of time, no effective treatment options are available for 
patients with advanced HCC. During the last decade, 
molecularly targeted therapies have been introduced 
into the treatment of advanced HCC. However, the 
efficacy and safety of molecularly targeted therapies 
remain controversial. In addition, primary or acquired 
drug resistance limits the activity of molecularly tar-
geted agents, but the underlying mechanisms have 
not been fully understood. This concise review aims to 
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provide an overview of anti-angiogenesis therapy in the 
treatment of HCC.
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INTRODUCTION
Primary liver cancer (PLC) is one of  the most common 
malignancies and the second leading cause of  cancer-
related deaths around the world. Hepatocellular carci-
noma (HCC), the most common type of  PLC, accounts 
for approximate 90% of  PLC cases in most countries. In 
addition, HCC is the 5th and 7th most common cancer in 
males and females, respectively. The worldwide incidence 
of  HCC is increasing partially due to the rising number 
of  infections caused by hepatitis B virus or hepatitis C vi-
rus[1-3]. Recently, while the diagnosis of  HCC has been re-
markably improved with the use of  noninvasive imaging 
tests, a large number of  patients were still diagnosed at 
the advanced stage due to the lack of  symptoms during 
early stages and the rapid progression of  cancer cells[4,5].

The management of  HCC depends mainly on tumor 
stage and liver function reserve. Currently, curative treat-
ments such as surgical resection, liver transplantation, 
and local ablation can significantly improve the survival 
of  HCC patients at the early stage[2,6]. However for a 
long period of  time, no effective treatment options are 
available for patients with advanced HCC or who pro-
gressed into an advanced stage after other treatments 
failed. In recent years, molecularly targeted therapies us-
ing monoclonal antibodies, small molecules, and vaccines 
have been widely studied in cancer managements. Given 
that HCC is a highly vascularized tumor, anti-angiogenic 
treatments might be highly efficient for the treatment of  
HCC by inhibiting the formation of  blood vessels in can-
cer tissues through small molecules[7-9].
 
RESISTANCE TO ANTI-ANGIOGENIC 
DRUGS OF HCC CELLS
As an oral multikinase inhibitor, sorafenib has both 
anti-proliferative and anti-angiogenic effects on tumors 
through blocking Raf  and vascular endothelial growth 
factor (VEGF) and platelet-derived growth factor 
(PDGF) receptor tyrosine kinase signaling. Sorafenib is 
the first molecular target drug approved for the treatment 
of  advanced HCC. A phase 3, randomized, double-blind, 
placebo-controlled, multicenter study was performed in 
2008 in 21 Western countries to evaluate the effects of  
sorafenib on the treatment of  HCC. This study showed 
that sorafenib prolonged the median survival and the 
time to radiologic progression by approximately 3 mo 

in advanced HCC patients[10,11]. Cheng et al[12] also re-
ported that sorafenib was effective for advanced HCC 
and was well tolerated in HCC patients from the Asia-
Pacific region. In addition, high safety and well-tolerance 
of  sorafenib have been reported in a large phase 4 study 
including over 1500 patients with unresectable HCC[13,14]. 
Therefore, sorafenib has been established as the stan-
dard first-line monotherapy for patients with advanced 
HCC[9,15-17]. However, the efficacies of  current anti-angio-
genesis therapies are still far from satisfactory (Table 1). 
Currently, the median survival time of  HCC patients who 
received sorafenib treatment is not longer than 1 year 
even after many years of  research[18].

Resistance to molecularly targeted agents including 
sorafenib is a major reason causing the failure of  anti-
cancer therapies (Table 2)[17,19,20]. Primary resistance is 
observed in some HCC patients who are initially not sus-
ceptible to sorafenib therapy due to intrinsic indifference. 
After long-term exposure, tumor cells may gradually be-
come resistant and/or less susceptible to sorafenib, lead-
ing to acquired resistance[17]. Both primary and acquired 
resistance to sorafenib has been commonly reported in 
HCC patients[21]. Ezzoukhry et al[22] found that HCC cells 
exhibited different susceptibilities to sorafenib. For exam-
ple, some HCC cell lines such as Hep3B and SNU-449 
were inherently resistant to sorafenib. The authors also 
showed that activation of  the epidermal growth factor 
receptor (EGFR) was a possible determinant of  inher-
ent resistance of  HCC cells to sorafenib. In an in vitro 
study, Zhang et al[23] showed that phosphorylated extracel-
lular signal-regulated kinase was a potential predictor of  
sorafenib sensitivity in HCC. Similarly, Blivet-Van Eggel-
poël et al[21] demonstrated that EGFR and human epider-
mal growth factor receptor-3 reduced the susceptibility 
of  HCC cells to sorafenib.

The exact molecular mechanisms underlying the ac-
quired resistance to sorafenib are largely unknown[17]. In 
2011, Chen et al[24] reported that activation of  the phos-
phatidylinositol 3-kinase (PI3K)/Akt signaling pathway 
mediates acquired resistance to sorafenib in HCC cells. 
Xia et al[25] also showed that activation of  the transform-
ing growth factor beta-and PI3K/Akt-signaling pathways 
led to acquired resistance to sorafenib in HCC cells. 
Recently, a number of  studies provided evidence show-
ing that many mechanisms such as cancer stem cells[26-29], 
epithelial-mesenchymal transition[25,26,28-30], autophagy[31-34], 
and microenvironment (hypoxic, inflammation, and 
cytokines)[35-38] were involved in the acquired resistance 
to anti-angiogenesis therapies of  HCC[17,39]. In addition, 
Zhai et al[17] suggested in a review article that sorafenib 
could simultaneously or sequentially activate the addic-
tion switches and compensatory pathways when its tar-
gets were silenced, leading to acquired resistance. Taken 
together, the exact mechanisms of  sorafenib resistance 
have not been fully elucidated. Therefore, further studies 
should be conducted to clarify the biological mechanisms, 
which may further improve the therapeutic effects of  
sorafenib.
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The discovery and development of  sorafenib have 
paved the way to the development of  new anti-angio-
genesis drugs for advanced HCC or for whom sorafenib 
failed. More recently, many clinical trials are conducted all 
over the world, but the problem still exists. Due to good 
results from preclinical and early-phase studies, some 
other molecularly targeted drugs have been applied as the 
second-line treatment for advanced HCC when sorafenib 
treatment fails. In a number of  large-scale randomized 
phase 3 trials, unfortunately, none of  them have shown 
survival benefits in the first-line (brivanib, sunitinib, erlo-
tinib, and linifanib[40-42]) or second-line (brivanib[43], evero-
limus[44]) setting after sorafenib progression[18,45]. 

Furthermore, it was proposed that anti-angiogenic 
therapies may cause tumor progression and metastasis. 
Ebos et al[46] reported that sunitinib (a VEGF recep-
tors/PDGF receptors kinase inhibitor) promoted tumor 
growth and metastasis after a short-term application. 
Similarly, Pàez-Ribes et al[47] demonstrated that applica-
tion of  angiogenic inhibitors targeting the VEGF signal-

ing pathway elicit malignant progression of  tumors to 
increased local invasion, lymphatic and distant metastasis. 
Recently, Chow et al[28] reported that advanced HCC pa-
tients with acquired resistance to sorafenib might have 
enhanced tumor growth properties or metastatic poten-
tials. Therefore, understanding the molecular mechanisms 
underlying anti-angiogenesis therapy resistance may al-
low us to identify key molecular targets for efficient anti-
angiogenesis therapy.

NEW MECHANISMS OF RESISTANCE TO 
ANTI-ANGIOGENIC DRUGS
During the last five years, increasing evidence suggested 
that tumor-derived endothelial cells (TECs), which ex-
hibit distinct histologic appearance compared to normal 
endothelial cells (NECs), may contribute to the resistance 
of  anti-angiogenic therapies[48,49]. In 2009, Xiong et al[50] 
reported that TECs in human HCC tissues had higher 
angiogenic capacity and sorafenib resistance than NECs. 
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Table 1  Clinical studies on anti-angiogenesis therapy of hepatocellular carcinoma included in this review

Ref. Year Phase Investigational drug Outcome

Llovet et al[10] 2008 Phase 3 Sorafenib Increased survival
Cheng et al[12] 2009 Phase 3 Sorafenib Increased survival
Lencioni et al[13] 2012 Phase 4 Sorafenib High safety
Lencioni et al[14] 2014 Phase 4 Sorafenib High safety
Johnson et al[40] 2013 Phase 3 Brivanib Less well-tolerated
Cheng et al[41] 2013 Phase 3 Sunitinib Significantly inferior than sorafenib
Zhu et al[42] 2012 Phase 3 Sorafenib plus erlotinib No survival benefit
Llovet et al[43] 2013 Phase 3 Brivanib after sorafenib failed No survival benefit
Zhu et al[44] 2014 Phase 3 Everolimus after sorafenib failed No survival benefit

Ref. Year Investigational drug Pathways/genes involved Effects

Blivet-Van Eggelpoël et al[21] 2012 Sorafenib EGFR and HER-3 Restrict cell response
Ezzoukhry et al[22] 2012 Sorafenib EGFR Potential determinant of primary resistance
Zhang et al[23] 2009 Sorafenib pERK Potential biomarker for sensitivity prediction
Chen et al[24] 2011 Sorafenib PI3K/Akt Mediates acquired resistance
Xia et al[25] 2013 Sorafenib TGF-β-and PI3K/Akt Mediates acquired resistance
Chen et al[26] 2011 Sorafenib EMT and hedgehog signaling Drug resistance
Xin et al[27] 2013 Sorafenib CSCs Drug resistance
Chow et al[28] 2013 Sorafenib EMT Acquired resistance
Fernando et al[29] 2014 Sorafenib TGF-β pathway Prediction of low susceptibility
Huang et al[30] 2013 Sorafenib EMT Drug resistance
Shi et al[31] 2011 Sorafenib Autophagy Drug resistance
Shimizu et al[32] 2012 Sorafenib Autophagy Impair antitumor effects
Zhai et al[33] 2014 Sorafenib Autophagy Acquired resistance
Liu et al[34] 2013 Sorafenib Autophagy Facilitates resistance
Liang et al[36] 2013 Sorafenib Hypoxia Drug resistance
Mao et al[38] 2014 Sorafenib microRNA-193b Enhances cell response
Ebos et al[46] 2009 Sunitinib VEGFR/PDGFR Accelerate metastasis and decrease overall survival
Pàez-Ribes et al[47] 2009 Sunitinib VEGFR/PDGFR Increase local invasion and distant metastasis
Xiong et al[50] 2009 Sorafenib TECs Drug resistance
Li et al[53] 2011 Bevacizumab Dll4-notch signaling Drug resistance

Table 2  Studies on the mechanisms of anti-angiogenesis therapy resistance in hepatocellular carcinoma

EGFR: Epidermal growth factor receptor; HER-3: Human epidermal growth factor receptor-3; pERK: Phosphorylated extracellular signal-regulated kinase; 
PI3K: Phosphatidylinositol 3-kinase; TGF-β: Transforming growth factor beta; EMT: Epithelial-mesenchymal transition; CSCs: Cancer stem cells; TECs: 
Tumor-derived endothelial cells; VEGFR: Vascular endothelial growth factor receptors; PDGFR: Platelet-derived growth factor receptors; Dll4: Delta-like 
ligand 4.
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Some researchers have concluded that TECs can acquire 
molecular cytogenetic abnormalities in tumor microenvi-
ronment; however, the molecular mechanisms underlying 
the resistance of  TECs to anti-angiogenic therapies re-
main largely unknown. Attempts to resolve this dilemma 
have resulted in the discovery of  transdifferentiation of  
tumor cells to vascular endothelial cells. In 2010, Wang 
et al[51] and Ricci-Vitiani et al[52] provided strong evidence 
showing that a number of  TECs that contribute to blood 
vessels in glioblastoma were transdifferentiated from tu-
mor stem-like cells. Wang et al[51] also showed that block-
ing the VEGF/VEGFR2 signaling pathway inhibited 
the maturation of  tumor endothelial progenitors into 
endothelia but not the differentiation of  tumor stem-
like cells into endothelial progenitors, while the initial 
differentiation of  tumor stem-like cells to endothelial 
progenitor cells was regulated by Notch1. Consistently, 
Li et al[53] reported that Delta-like ligand 4 (Dll4; a novel 
Notch ligand)-Notch signaling mediated the resistance 
to VEGF inhibitor bevacizumab and Dll4-expressing 
tumors were resistant to a VEGFR targeting multikinase 
inhibitor in vivo. Furthermore, it has also been shown 
that Dll4-mediated Notch signaling played a central role 
in active vascularization[54] and blockade of  Dll4 resulted 
in tumor growth inhibition even for tumors resistant to 
anti-VEGF treatments[55]. 

CONCLUSION 
In summary, sorafenib is still the only approved drug for 
the therapy of  advanced HCC. However, the long-term 
survival benefit from sorafenib treatment is relatively lim-
ited. Some other anti-angiogenesis drugs have been evalu-
ated preclinically and clinically for the treatment of  HCC, 
but their effects were not satisfactory. Therefore, identifi-
cation of  novel anti-angiogenic drugs and improvement 
of  the currently available anti-angiogenesis therapies are 
highlighted for the treatment of  HCC.
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Abstract
As a result of donor shortage and high postoperative 
morbidity and mortality after liver transplantation, 
hepatectomy is the most widely applicable and reli-
able option for curative treatment of hepatocellular 
carcinoma (HCC). Because intrahepatic tumor recur-
rence is frequent after loco-regional therapy, repeated 
treatments are advocated provided background liver 
function is maintained. Among treatments including lo-
cal ablation and transarterial chemoembolization, hepa-
tectomy provides the best long-term outcomes, but 
studies comparing hepatectomy with other nonsurgical 
treatments require careful review for selection bias. In 
patients with initially unresectable HCC, transarterial 
chemo-or radio-embolization, and/or systemic chemo-
therapy can down-stage the tumor and conversion to 
resectable HCC is achieved in approximately 20% of 
patients. However, complete response is rare, and sal-
vage hepatectomy is essential to help prolong patients’ 
survival. To counter the short recurrence-free survival, 
excellent overall survival is obtained by combining and 
repeating different treatments. It is important to recog-
nize hepatectomy as a complement, rather than a con-
traindication, to other nonsurgical treatments in a mul-

tidisciplinary approach for patients with HCC, including 
recurrent or unresectable tumors. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Previous studies comparing hepatectomy with 
other nonsurgical treatments for hepatocellular carci-
noma (HCC) evaluated which provided superior survival 
benefit. However, considering the high recurrence rate 
after curative loco-regional treatment, and limited in-
dications for hepatectomy because of background liver 
damage, it is important to recognize hepatectomy as 
a complement to other nonsurgical treatment, rather 
than a contraindication. A multidisciplinary approach 
combining and repeating different treatments prolongs 
patients’ survival with HCC, including those with recur-
rent or initially unresectable tumors.
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tectomy for recurrent or initially unresectable hepatocellular car-
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INTRODUCTION
Liver transplantation is the most promising strategy for 
radical treatment for hepatocellular carcinoma (HCC) be-
cause it eradicates both the tumors and the background 
damaged liver; hepatectomy is second. However, high 
perioperative morbidity and mortality, and a shortage of  
donors limit application of  liver transplantation. Poon 
et al[1,2] reported that although the risk of  postoperative 
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tumor recurrence was low after transplantation, the long-
term prognosis after transplantation was comparable to 
patients who underwent hepatectomy among patients 
with Child-Pugh class A background liver disease. There-
fore, hepatectomy remains a reliable and widely appli-
cable surgical treatment; however, the main limitation 
is that it is not indicated in patients with impaired liver 
function resulting from cirrhosis irrespective of  the etiol-
ogy of  the liver disease. Multimodal therapy combining 
nonsurgical treatments including local ablation and tran-
sarterial chemoembolization (TACE) with hepatectomy 
and/or liver transplantation have been advocated for 
recurrent HCC, multinodular HCC, or initially unresect-
able HCC. This review was aimed to evaluate the role of  
hepatectomy among the various treatments for recurrent 
or advanced HCC.

Hepatectomy for recurrent HCC following local 
treatment
Because HCC usually develops in the injured liver, tu-
mors frequently recur even after curative local treatment. 
The incidence of  intrahepatic recurrence within 2 years 
after primary hepatic resection is 70%[3]. However, be-
cause recurrences occur most commonly in the remnant 
liver, comprising 85%-90% of  initial recurrence sites[3], 
repeat hepatectomy or other local treatment is indicated. 
In general, treatments are selected based on the same 
criteria as the primary HCC. Several studies compared 
the results of  repeat hepatectomy with nonsurgical treat-
ment and showed that repeat hepatectomy was associ-
ated with a better prognosis[4-6]. However, these studies 
were retrospective analyses and may have included the 
selection bias that the repeat hepatectomy group usually 
included patients with better background liver function 
and less multinodular tumors. Repeat hepatic resection 
is indicated for only a limited proportion of  patients 
(6%-53%) and the 5-year overall survival after second 

hepatectomy is reported as 22%-78%[4-19]. The repeat 
resection rate, 5-year recurrence-free survival rate, and 
overall survival rate after second hepatectomy in these 
studies are summarized in Table 1. The difference in the 
survival rate would probably have been influenced by the 
difference in the background liver damage, types of  re-
currence, and tumoral factors such as size, number, and 
vascular invasions, but precise assessment was difficult 
due to the insufficient data. A small number of  studies 
reported the outcomes after a third or fourth hepatec-
tomy[15,19]. In the two series evaluating the outcomes of  
1117 and 791 patients who underwent primary hepatec-
tomy for HCC, a second, third, and fourth hepatectomy 
was performed in 23% (149/641) and 53% (163/308), 
37% (35/96), and 65% (36/55), and 27% (8/30) and 
69% (9/13) of  the patients with recurrence, respectively. 
Five-year overall survival after a second and third hepa-
tectomy was 56% and 59% in Wu et al’s[15] series and 
60% and 43% in Yamashita et al’s[19] series, respectively. 
Factors related to both primary and recurrent tumors 
such as tumor size, number, and vascular invasion and 
also the degree of  background liver damage as assessed 
by Child-Pugh class, indocyanine green retention rate, or 
platelet counts were reported as prognostic predictors. 
Recurrence-free interval and/or type of  recurrence, mul-
ticentric occurrence or intrahepatic metastases[17,20], were 
also commonly reported to be prognostic predictors in 
several studies. Intrahepatic metastases usually occur via 
the portal vein, and are therefore associated with portal 
vein invasion. Distinction of  them is important because 
intrahepatic recurrence is associated with malignant 
behavior compared to multicentric occurrence. Differ-
entiation is possible by histopathological examination as 
defined by the Liver Cancer Study Group of  Japan (Table 
2)[21] but there is no established method to differentiate 
intrahepatic metastases vs multicentric occurrence preop-
eratively, an issue requiring further research.
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Table 1  Repeat resection rate, 5-year recurrence-free survival rate, and overall survival rate after repeat hepatectomy in previous 
studies

Ref. Year Number of primary 
hepatectomy

Number of second hepatectomy/HCC 
recurrence after primary hepatectomy

5-yr recurrence free survival 
after repeat hepatectomy

5-yr overall survival after 
repeat hepatectomy

Poon et al[4] 1999   244   11/105 (10%) NA      69%
Nakajima et al[7] 2001     94     12/57 (21%) Not reached      52%
Sugimachi et al[8] 2001   474   78/300 (26%) NA 47.50%
Minagawa et al[9] 2003   334   56/183 (31%)      17%      56%
Chen et al[5] 2004   627   34/286 (12%) NA 56.80%
Taura et al[10] 2006   610   55/465 (12%) NA NA
Itamoto et al[11] 2007   483   70/279 (25%)      10%      50%
Shimada et al[12] 2007   319 13/211 (6%) NA      25%
Tralhão et al[6] 2007   190     16/97 (19%) NA      31%
Liang et al[13] 2008 NA 73/853 (9%) 10.50% 27.60%
Choi et al[14] 2008   353     9/97 (9%) NA      78%
Wu et al[15] 2009 1177  149/641(23%) 31.80% 56.40%
Kishi et al[16] 2011   221   8/134 (6%) NA 37.50%
Huang et al[17] 2012 NA 82/NA   8.20% 22.40%
Tsujita et al[18] 2012 NA 112/NA NA 67.30%
Yamashita et al[19] 2013   791 163/308 (53%)      29%      60%

HCC: Hepatocellular carcinoma; NA: Not assessed.



It is important that hepatectomy and other local treat-
ments be considered complementary and not exclusive. 
The dissociation between low recurrence-free survival 
and rather high overall survival shown in Table 1 reflects 
the slow progression of  the disease and the importance 
of  repeating treatment, usually TACE. Repeating lo-
coregional treatment such as ethanol injection (PEI), 
radiofrequency ablation (RFA), or TACE, for intrahepatic 
recurrence prolongs patient survival[10,22-25], and provides 
a comparable prognosis after RFA compared with repeat 
hepatectomy[7,12,13,24]. Taura et al[10] compared the long-
term outcomes of  610 patients with HCC who under-
went hepatectomy before 1990 and after 1991. There was 
no change in the disease-free survival (early vs late period, 
28% vs 26%, respectively, at 5 years), but survival after 
tumor recurrence increased significantly in the later pe-
riod (12% vs 22% at 5 years) and overall survival also im-
proved (39% vs 58% at 5 years). The authors concluded 
that increased application of  RFA to solitary intrahepatic 
recurrence, which was the most common type of  recur-
rence, contributed to the improved prognosis[10]. Kishi 
et al[16] reported that the number rather than the type of  
treatment for tumor recurrence was associated with pro-
longed survival. 

As was referred in the beginning of  the introduction, 
liver transplantation is the most promising, and salvage 
liver transplantation for recurrent HCC, which have been 
reported with 5-year survival rate of  54%-61% could be 
a choice of  treatment because these figures were com-
parable with that after primary liver transplantation for 
HCC that was 59%-72%[26-29]. However, shortage of  do-

nor organ, expensive medical costs, and contraindication 
for elderly patients preclude popularization of  this strat-
egy. Indication for salvage transplantation have not been 
established, but various factors including recurrence free 
survival, microvascular involvement, satellite nodules, as 
well as tumor number and size at the time of  primary 
hepatectomy and/or transplantation should be consid-
ered. Further, intention-to-treat analyses comparing pa-
tients who underwent hepatectomy with liver cirrhosis of  
potentially eligible for transplantation and patients listed 
for primary liver transplantation showed comparable 
overall (5-year survival; hepatectomy vs listed for trans-
plantation; 66% vs 58%; P = NS) and disease-free (41% 
vs 54%: P = NS) survival mainly due to the influence of  
waiting period[30]. Another intention-to treat analysis also 
showed the limited value of  salvage transplantation with 
only 28% of  transplantability rate and comparable prog-
nosis with the patients with liver resection[31].

Salvage hepatectomy for refractory HCC after other 
local treatment
Here, the term “refractory HCC” is defined as HCC 
recognized as remnant, unresponsive, or locally recurred 
tumor at the site treated with locoregional treatment such 
as ablation or TACE. The indications for hepatectomy 
are dictated by the degree of  background liver damage, 
while the indications for RFA are limited less by the de-
gree of  liver damage and more by tumor size and loca-
tion, especially with respect to major vascular structures. 
We occasionally experience difficult complete resection 
after local recurrence or remnant HCC after RFA because 
of  unclear tumor borders (Figure 1). Several studies have 
shown that locally recurrent HCCs after RFA were more 
invasive because of  lower tumor differentiation grade, 
capsule invasion, and vascular invasion, resulting in the 
need for extensive liver resection with increased opera-
tion time and blood loss[32-36]. In such cases, repeat RFA 
is rarely indicated and salvage hepatectomy should be the 
first-choice treatment. The mechanism of  aggressive tu-
mor behavior is not clear. Increased intratumoral pressure 
by RFA may favor intravascular tumor spread[37,38]. Diffi-
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Table 2  Three types of definition of intrahepatic metastases 
by the Liver Cancer Study Group of Japan[21]

Definition

1 Tumors clearly growing from portal vein tumor thrombi
2 Tumors surrounding a large main tumor with multiple satellite 

nodules
3 A small solitary tumor that is near the main tumor and 

histologically similar to or less differentiated than the main tumor

Figure 1  Recurrent hepatocellular carcinoma adjacent to a radiofrequency ablation scar. A: Computed tomography showing the tumor with unclear borders with 
arterial enhancement (arrow) adjacent to the scar (arrowhead); B: Cut surface of the resected specimen showing the recurrent tumor (arrow) and radiofrequency abla-
tion scar (arrowhead). 

A B
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Diseases and the European Association for the Study 
of  the Liver[44,45], based on the Barcelona Clinic Liver 
Cancer criteria[46] recommend hepatic resection only for 
patients with solitary tumor without portal hypertension. 
In the Japanese guidelines, surgical resection is indicated 
for patients with up to three tumors. For four or more 
tumors, TACE or transarterial infusion is indicated as 
the first-choice treatment[47]. We occasionally experience 
multinodular HCCs treated with repeated TACE showing 
complete necrosis of  a large proportion of  the tumors 
with a small number of  remnant viable tumors (Figure 
2). It is still unclear whether salvage hepatic resection of  
the remaining viable tumors is beneficial. A small number 
of  studies have shown benefits with a multimodal ap-
proach by combining hepatic resection with simultaneous 
ablation[48] or reduction surgery followed by ablation and 
adjuvant TACE or arterial infusion therapy[49]. However, 
these were retrospective studies with a small number of  
patients and the details of  the exact number of  tumors 
were not provided. Furthermore, differentiation between 
intrahepatic metastasis and multicentric occurrence is im-
portant, as discussed earlier, and criteria as to the number 
of  nodules indicated for hepatectomy remains unclear.

Hepatectomy for down-staged HCC for initially 
unresectable tumors
In contrast to colorectal liver metastases, in which sys-
temic chemotherapy and/or hepatic artery infusion che-
motherapy can convert the unresectable tumor to resect-
able in > 40% of  patients[50-52], HCC conversion therapy 
has not been established.  

Yao et al[53] proposed the University of  California, 
San Francisco down-staging protocol inclusion criteria 
for liver transplantation as: (1) one lesion > 5 cm and 
up to 8 cm; (2) two to three lesions with at least one le-
sion > 3 cm and not exceeding 5 cm, with a total tumor 
diameter up to 8 cm; or (3) four to five lesions with 
none > 3 cm, with a total tumor diameter up to 8 cm. 
The authors reported that down-staging was successful 
in 43/61 patients (71%) and 35 patients underwent liver 
transplantation with a 4-year survival after transplantation 

culty in early diagnosis of  recurrence because of  blended 
necrotic and active areas without a clear delineation may 
also be a factor[34]. Although recurrence after salvage 
hepatectomy for these recurrent tumors is frequent, with 
5-year recurrence-free survival of  0%-33%, 5-year overall 
survival is reported as 43%-67%[34-36]. Whether surgical 
resection or RFA should be selected for HCC that are 
amenable to both treatments is a controversial issue[39,40], 
and which is better is still in debate. In a randomized 
controlled trial by Huang et al[41] comparing surgical resec-
tion and RFA in patients with HCC meeting the Milan 
criteria[42], 115 patients were enrolled in each group and 
both recurrence-free and overall survival was better in the 
resection group (resection vs RFA: 5-year recurrence-free 
survival, 51.3% vs 28.7%, P = 0.017; 5-year overall sur-
vival, 75.7% vs 54.8%, P = 0.001)[41]. Hasegawa et al[43] re-
ported the results of  a Japanese nationwide survey com-
paring the results of  surgical resection, RFA, and PEI in 
patients with no more than three HCC tumors and with 
none over 3 cm. A total of  12968 patients with 5361, 
5548, and 2059 patients undergoing surgical resection, 
RFA, and PEI, respectively, were analyzed, and the 5-year 
recurrence was 63.8%, 71.7%, and 76.9%, respectively 
(surgical resection vs RFA, P = 0.0001; RFA vs PEI, P = 
0.0001) and the 5-year overall survival was 71.1%, 61.1%, 
and 56.3%, respectively (surgical resection vs RFA, P = 
0.0001; RFA vs PEI, P = 0.005). Although these were the 
outcomes for the treatment of  primary HCC and there 
have been no established evidence suggesting which of  
the hepatectomy or ablation is better first choice for re-
current HCC, these results suggest that surgical resection 
should be selected as a first-line treatment for HCC that 
is amenable to either surgical resection or ablation, and 
curative resection should be attempted for local recur-
rence after ablation for as long as possible.

In the treatment of  multinodular HCC, surgical resec-
tion can be complementary with other nonsurgical thera-
pies to obtain good long-term prognosis even though 
TACE is usually indicated for multinodular HCC, rather 
than surgical resection. The guidelines for HCC treatment 
from the American Association for the Study of  Liver 

Figure 2  Multinodular hepatocellular carcinomas. Transarterial chemoembolization achieved complete response in one tumor in segment Ⅳ with accumulation 
of lipiodol showing no arterial enhancement in contrast to the other tumor in segments Ⅵ and Ⅶ that was enhanced in the arterial phase (A) and washed out in the 
portal phase (B). 

A B

Kishi Y et al . Hepatectomy for recurrent HCC



840 December 27, 2014|Volume 6|Issue 12|WJH|www.wjgnet.com

of  92%[53]. Lei et al[54] applied the criteria to hepatectomy 
and reported the outcomes of  66 of  102 patients (59%) 
with successful down-staging by TACE and/or RFA. 
Of  the 66 patients, 31 and 35 patients underwent liver 
transplantation and hepatectomy, respectively, and both 
recurrence-free (68% and 60% at 5 years, respectively) 
and overall survival (77% and 69% at 5 years, respec-
tively) were comparable[54]. TACE and/or hepatic artery 
infusion therapy is usually used as the down-staging treat-
ment. The conversion rate from unresectable to resect-
able HCC by these modalities was reported as 13%-18%, 
with a 5-year survival of  49%-56%[55,56]. 

In contrast to colorectal liver metastases, in which 
pathologic response is correlated with the prognosis after 
curative hepatectomy[57], such correlation was not neces-
sarily confirmed in patients with HCC. Of  note, Ravaioli 
et al[58] reported that incomplete necrosis by TACE was an 
independent predictor of  poor recurrence-free survival 
after liver transplantation. Furthermore, several stud-
ies showed that preoperative TACE was associated with 
an increased risk of  extrahepatic metastases[59-61]. This 
might be explained by Adachi et al’s[62] hypothesis that vi-
able HCC cells are less firmly attached and likely to spill 
into the bloodstream during intraoperative manipulation 
after incomplete response to TACE. Because complete 
necrosis is rarely obtained, especially for large tumors, the 
routine application of  preoperative TACE for resectable 
HCC is not recommended. However, based on results 
showing that a proportion of  patients can undergo cu-
rative resection following down-staging by TACE and 
obtain long-term survival, aggressive loco-regional treat-
ment to attempt curative resection should be adopted in 
patients with initially unresectable HCCs.

The development of  other treatment strategies for 
unresectable HCC such as radioembolization by yt-
trium-90[63] or systemic treatment combining cisplatin/
interferon α-2b/doxorubicin/fluorouracil (PIAF)[64] may 
increase the rate of  conversion. Lau et al[65] reported that 
49 of  285 patients (17%) underwent salvage surgery 
following down-staging by intra-arterial yttrium-90 mi-
crospheres or PIAF for initially unresectable HCC and 
obtained a 5-year survival rate of  57%. Notably, 8 of  
the 49 patients had extrahepatic metastases initially and 
these patients also obtained long-term survival with a 
5-year survival rate > 40% and neither the extension of  
the disease nor the degree of  tumor pathologic response 
was associated with the prognosis. Although relatively 
high response rates are obtained with PIAF, frequent 
adverse events such as neutropenia and thrombocytope-
nia preclude wide application, especially in patients with 
cirrhosis[64,66]. In a recent study by Kaseb et al[67], an inde-
pendent predictor of  an objective response to PIAF was 
the use of  five or more cycles. The authors suggested 
that patient selection is important because only respond-
ing patients will have an improved prognosis with cura-
tive hepatectomy.

To discuss the issue of  conversion, it should be noted 
that the definition of  “unresectable” cannot be unani-

mous and differ according to extension of  the tumor, 
background liver function, and surgeons’ judgments. It is 
also important to recognize that “technically” and “on-
cologically optimally” resectable are not necessarily the 
same. It is, however, certain that conversion rate for HCC 
is still unsatisfactory and the all reports referred above are 
retrospective studies with small number of  patients. Fur-
ther development of  effective treatment for downstaging 
is expected.

CONCLUSION
Although hepatectomy is indicated for only a small 
proportion of  patients with recurrent or down-staged 
HCC after primary treatment, an excellent prognosis is 
obtained if  curative resection is achieved, especially for 
tumors with a multicentric occurrence pattern, rather 
than intrahepatic metastases. Preoperative differentiation 
of  the two patterns is a future research issue. Even in ini-
tially unresectable HCCs, hepatectomy plays a key role in 
a multidisciplinary approach.

REFERENCES
1 Poon RT, Fan ST, Lo CM, Liu CL, Wong J. Long-term 

survival and pattern of recurrence after resection of small 
hepatocellular carcinoma in patients with preserved liver 
function: implications for a strategy of salvage transplanta-
tion. Ann Surg 2002; 235: 373-382 [PMID: 11882759 DOI: 
10.1097/00000658-200203000-00009]

2 Poon RT, Fan ST, Lo CM, Liu CL, Wong J. Difference in 
tumor invasiveness in cirrhotic patients with hepatocellular 
carcinoma fulfilling the Milan criteria treated by resection 
and transplantation: impact on long-term survival. Ann 
Surg 2007; 245: 51-58 [PMID: 17197965 DOI: 10.1097/01.
sla.0000225255.01668.65]

3 Arii S, Teramoto K, Kawamura T, Okamoto H, Kaido T, 
Mori A, Imamura M. Characteristics of recurrent hepatocel-
lular carcinoma in Japan and our surgical experience. J Hepa-
tobiliary Pancreat Surg 2001; 8: 397-403 [PMID: 11702247 DOI: 
10.1007/s005340100000]

4 Poon RT, Fan ST, Lo CM, Liu CL, Wong J. Intrahepatic re-
currence after curative resection of hepatocellular carcinoma: 
long-term results of treatment and prognostic factors. Ann 
Surg 1999; 229: 216-222 [PMID: 10024103 DOI: 10.1097/00000
658-199902000-00009]

5 Chen WT, Chau GY, Lui WY, Tsay SH, King KL, Loong CC, 
Wu CW. Recurrent hepatocellular carcinoma after hepatic 
resection: prognostic factors and long-term outcome. Eur J 
Surg Oncol 2004; 30: 414-420 [PMID: 15063895 DOI: 10.1016/
j.ejso.2004.01.013]

6 Tralhão JG, Dagher I, Lino T, Roudié J, Franco D. Treatme-
nt of tumour recurrence after resection of hepatocellular 
carcinoma. Analysis of 97 consecutive patients. Eur J Surg 
Oncol 2007; 33: 746-751 [PMID: 17188454 DOI: 10.1016/j.ej-
so.2006.11.015]

7 Nakajima Y, Ko S, Kanamura T, Nagao M, Kanehiro H, 
Hisanaga M, Aomatsu Y, Ikeda N, Nakano H. Repeat liver 
resection for hepatocellular carcinoma. J Am Coll Surg 2001; 
192: 339-344 [PMID: 11245376]

8 Sugimachi K, Maehara S, Tanaka S, Shimada M, Sugima-
chi K. Repeat hepatectomy is the most useful treatment for 
recurrent hepatocellular carcinoma. J Hepatobiliary Pancreat 
Surg 2001; 8: 410-416 [PMID: 11702249]

Kishi Y et al . Hepatectomy for recurrent HCC



841 December 27, 2014|Volume 6|Issue 12|WJH|www.wjgnet.com

9 Minagawa M, Makuuchi M, Takayama T, Kokudo N. Selec-
tion criteria for repeat hepatectomy in patients with recur-
rent hepatocellular carcinoma. Ann Surg 2003; 238: 703-710 
[PMID: 14578733 DOI: 10.1097/01.sla.0000094549.11754.e6]

10 Taura K, Ikai I, Hatano E, Fujii H, Uyama N, Shimahara Y. 
Implication of frequent local ablation therapy for intrahepat-
ic recurrence in prolonged survival of patients with hepato-
cellular carcinoma undergoing hepatic resection: an analysis 
of 610 patients over 16 years old. Ann Surg 2006; 244: 265-273 
[PMID: 16858190 DOI: 10.1097/01.sla.0000217921.28563.55]

11 Itamoto T, Nakahara H, Amano H, Kohashi T, Ohdan H, 
Tashiro H, Asahara T. Repeat hepatectomy for recurrent 
hepatocellular carcinoma. Surgery 2007; 141: 589-597 [PMID: 
17462458 DOI: 10.1016/j.surg.2006.12.014]

12 Shimada K, Sakamoto Y, Esaki M, Kosuge T, Morizane C, 
Ikeda M, Ueno H, Okusaka T, Arai Y, Takayasu K. Analysis 
of prognostic factors affecting survival after initial recurrence 
and treatment efficacy for recurrence in patients undergoing 
potentially curative hepatectomy for hepatocellular carci-
noma. Ann Surg Oncol 2007; 14: 2337-2347 [PMID: 17503155 
DOI: 10.1245/s10434-007-9415-7]

13 Liang HH, Chen MS, Peng ZW, Zhang YJ, Zhang YQ, Li 
JQ, Lau WY. Percutaneous radiofrequency ablation versus 
repeat hepatectomy for recurrent hepatocellular carcinoma: 
a retrospective study. Ann Surg Oncol 2008; 15: 3484-3493 
[PMID: 18679754 DOI: 10.1245/s10434-008-0076-y]

14 Choi GH, Kim DH, Kang CM, Kim KS, Choi JS, Lee WJ, Kim 
BR. Prognostic factors and optimal treatment strategy for 
intrahepatic nodular recurrence after curative resection of 
hepatocellular carcinoma. Ann Surg Oncol 2008; 15: 618-629 
[PMID: 18004628 DOI: 10.1245/s10434-007-9671-6]

15 Wu CC, Cheng SB, Yeh DC, Wang J, P’eng FK. Second and 
third hepatectomies for recurrent hepatocellular carcinoma 
are justified. Br J Surg 2009; 96: 1049-1057 [PMID: 19672929 
DOI: 10.1002/bjs.6690]

16 Kishi Y, Saiura A, Yamamoto J, Koga R, Seki M, Morimura R, 
Yoshioka R, Kokudo N, Yamaguchi T. Repeat treatment for 
recurrent hepatocellular carcinoma: is it validated? Langen-
becks Arch Surg 2011; 396: 1093-1100 [PMID: 21847622 DOI: 
10.1007/s00423-011-0837-0]

17 Huang ZY, Liang BY, Xiong M, Zhan DQ, Wei S, Wang GP, 
Chen YF, Chen XP. Long-term outcomes of repeat hepatic 
resection in patients with recurrent hepatocellular carci-
noma and analysis of recurrent types and their prognosis: a 
single-center experience in China. Ann Surg Oncol 2012; 19: 
2515-2525 [PMID: 22395985 DOI: 10.1245/s10434-012-2269-7]

18 Tsujita E, Yamashita Y, Takeishi K, Matsuyama A, Tsutsui 
S, Matsuda H, Toshima T, Taketomi A, Shirabe K, Ishida T, 
Maehara Y. Poor prognostic factors after repeat hepatectomy 
for recurrent hepatocellular carcinoma in the modern era. 
Am Surg 2012; 78: 419-425 [PMID: 22472398]

19 Yamashita Y, Shirabe K, Tsuijita E, Takeishi K, Ikegami T, 
Yoshizumi T, Soejima Y, Ikeda T, Utsunomiya T, Maehara Y. 
Third or more repeat hepatectomy for recurrent hepatocellu-
lar carcinoma. Surgery 2013; 154: 1038-1045 [PMID: 23973109 
DOI: 10.1016/j.surg.2013.04.046]

20 Matsuda M, Fujii H, Kono H, Matsumoto Y. Surgical treat-
ment of recurrent hepatocellular carcinoma based on the 
mode of recurrence: repeat hepatic resection or ablation 
are good choices for patients with recurrent multicentric 
cancer. J Hepatobiliary Pancreat Surg 2001; 8: 353-359 [PMID: 
11521181]

21 Japan LCSGo. General rules for the clinical and pathological 
study of primary liver cancer. 2nd ed. Tokyo: Kenehara, 2003

22 Poon RT, Ngan H, Lo CM, Liu CL, Fan ST, Wong J. Tran-
sarterial chemoembolization for inoperable hepatocellular 
carcinoma and postresection intrahepatic recurrence. J Surg 
Oncol 2000; 73: 109-114 [PMID: 10694648]

23 Yang W, Chen MH, Yin SS, Yan K, Gao W, Wang YB, Huo 
L, Zhang XP, Xing BC. Radiofrequency ablation of recurrent 

hepatocellular carcinoma after hepatectomy: therapeutic 
efficacy on early- and late-phase recurrence. AJR Am J Roent-
genol 2006; 186: S275-S283 [PMID: 16632688]

24 Choi D, Lim HK, Rhim H, Kim YS, Yoo BC, Paik SW, Joh 
JW, Park CK. Percutaneous radiofrequency ablation for re-
current hepatocellular carcinoma after hepatectomy: long-
term results and prognostic factors. Ann Surg Oncol 2007; 14: 
2319-2329 [PMID: 17522947 DOI: 10.1245/s10434-006-9220-8]

25 Okuwaki Y, Nakazawa T, Kokubu S, Hidaka H, Tanaka Y, 
Takada J, Watanabe M, Shibuya A, Minamino T, Saigenji K. 
Repeat radiofrequency ablation provides survival benefit in 
patients with intrahepatic distant recurrence of hepatocellu-
lar carcinoma. Am J Gastroenterol 2009; 104: 2747-2753 [PMID: 
19603009]

26 Belghiti J, Cortes A, Abdalla EK, Régimbeau JM, Prakash 
K, Durand F, Sommacale D, Dondero F, Lesurtel M, Sau-
vanet A, Farges O, Kianmanesh R. Resection prior to liver 
transplantation for hepatocellular carcinoma. Ann Surg 
2003; 238: 885-892; discussion 892-893 [PMID: 14631225 DOI: 
10.1097/01.sla.0000098621.74851.65]

27 Hwang S, Lee SG, Moon DB, Ahn CS, Kim KH, Lee YJ, Ha 
TY, Song GW. Salvage living donor liver transplantation 
after prior liver resection for hepatocellular carcinoma. Liver 
Transpl 2007; 13: 741-746 [PMID: 17457860 DOI: 10.1002/
lt.21157]

28 Liu F, Wei Y, Wang W, Chen K, Yan L, Wen T, Zhao J, Xu M, 
Li B. Salvage liver transplantation for recurrent hepatocellu-
lar carcinoma within UCSF criteria after liver resection. PLoS 
One 2012; 7: e48932 [PMID: 23145027 DOI: 10.1371/journal.
pone.0048932]

29 Lee S, Hyuck David Kwon C, Man Kim J, Joh JW, Woon 
Paik S, Kim BW, Wang HJ, Lee KW, Suh KS, Lee SK. Time of 
hepatocellular carcinoma recurrence after liver resection and 
alpha-fetoprotein are important prognostic factors for sal-
vage liver transplantation. Liver Transpl 2014; 20: 1057-1063 
[PMID: 24862741 DOI: 10.1002/lt.23919]

30 Del Gaudio M, Ercolani G, Ravaioli M, Cescon M, Lauro 
A, Vivarelli M, Zanello M, Cucchetti A, Vetrone G, Tuci F, 
Ramacciato G, Grazi GL, Pinna AD. Liver transplantation for 
recurrent hepatocellular carcinoma on cirrhosis after liver 
resection: University of Bologna experience. Am J Transplant 
2008; 8: 1177-1185 [PMID: 18444925 DOI: 10.1111/j.1600-6143.
2008.02229.x]

31 Fuks D, Dokmak S, Paradis V, Diouf M, Durand F, Belghiti 
J. Benefit of initial resection of hepatocellular carcinoma 
followed by transplantation in case of recurrence: an inten-
tion-to-treat analysis. Hepatology 2012; 55: 132-140 [PMID: 
21932387 DOI: 10.1002/hep.24680]

32 Torzilli G, Del Fabbro D, Palmisano A, Marconi M, Makuu-
chi M, Montorsi M. Salvage hepatic resection after incom-
plete interstitial therapy for primary and secondary liver 
tumours. Br J Surg 2007; 94: 208-213 [PMID: 17149716 DOI: 
10.1002/bjs.5603]

33 Masuda T, Beppu T, Ishiko T, Horino K, Baba Y, Mizumoto T, 
Hayashi H, Okabe H, Horlad H, Doi K, Okabe K, Takamori 
H, Hirota M, Iyama K, Baba H. Intrahepatic dissemination 
of hepatocellular carcinoma after local ablation therapy. J 
Hepatobiliary Pancreat Surg 2008; 15: 589-595 [PMID: 18987928 
DOI: 10.1007/s00534-007-1288-4]

34 Portolani N, Baiocchi GL, Coniglio A, Grazioli L, Frassi E, 
Gheza F, Giulini SM. Sequential multidisciplinary treatment 
of hepatocellular carcinoma: the role of surgery as rescue 
therapy for failure of percutaneous ablation therapies. J Surg 
Oncol 2009; 100: 580-584 [PMID: 19697354 DOI: 10.1002/
jso.21375]

35 Sugo H, Ishizaki Y, Yoshimoto J, Imamura H, Kawasaki 
S. Salvage hepatectomy for local recurrent hepatocellular 
carcinoma after ablation therapy. Ann Surg Oncol 2012; 19: 
2238-2245 [PMID: 22302262 DOI: 10.1245/s10434-012-2220-y]

36 Imai K, Beppu T, Chikamoto A, Mima K, Okabe H, Hayashi 

Kishi Y et al . Hepatectomy for recurrent HCC



842 December 27, 2014|Volume 6|Issue 12|WJH|www.wjgnet.com

H, Nitta H, Ishiko T, Baba H. Salvage treatment for local 
recurrence of hepatocellular carcinoma after local abla-
tion therapy. Hepatol Res 2014; Epub ahead of print [PMID: 
24552247 DOI: 10.1111/hepr.12313]

37 Tanaka T, Yamanaka N, Oriyama T, Furukawa K, Okamoto 
E. Factors regulating tumor pressure in hepatocellular car-
cinoma and implications for tumor spread. Hepatology 1997; 
26: 283-287 [PMID: 9252135 DOI: 10.1002/hep.510260205]

38 Ruzzenente A, Manzoni GD, Molfetta M, Pachera S, Genco 
B, Donataccio M, Guglielmi A. Rapid progression of hepa-
tocellular carcinoma after Radiofrequency Ablation. World J 
Gastroenterol 2004; 10: 1137-1140 [PMID: 15069713]

39 Takayama T, Makuuchi M, Hasegawa K. Single HCC small-
er than 2 cm: surgery or ablation?: surgeon’s perspective. J 
Hepatobiliary Pancreat Sci 2010; 17: 422-424 [PMID: 19936598 
DOI: 10.1007/s00534-009-0239-7]

40 Kudo M, Chung H. Single HCC between 2 and 5 cm: the 
grey zone: hepatologist’s perspective. J Hepatobiliary Pancreat 
Sci 2010; 17: 434-437 [PMID: 19902137 DOI: 10.1007/s00534-
009-0242-z]

41 Huang J, Yan L, Cheng Z, Wu H, Du L, Wang J, Xu Y, Zeng Y. 
A randomized trial comparing radiofrequency ablation and 
surgical resection for HCC conforming to the Milan criteria. 
Ann Surg 2010; 252: 903-912 [PMID: 21107100 DOI: 10.1097/
SLA.0b013e3181efc656]

42 Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A, 
Bozzetti F, Montalto F, Ammatuna M, Morabito A, Gennari L. 
Liver transplantation for the treatment of small hepatocellu-
lar carcinomas in patients with cirrhosis. N Engl J Med 1996; 
334: 693-699 [PMID: 8594428]

43 Hasegawa K, Kokudo N, Makuuchi M, Izumi N, Ichida T, 
Kudo M, Ku Y, Sakamoto M, Nakashima O, Matsui O, Mat-
suyama Y. Comparison of resection and ablation for hepa-
tocellular carcinoma: a cohort study based on a Japanese na-
tionwide survey. J Hepatol 2013; 58: 724-729 [PMID: 23178708 
DOI: 10.1016/j.jhep.2012.11.009]

44 Bruix J, Sherman M. Management of hepatocellular carci-
noma. Hepatology 2005; 42: 1208-1236 [PMID: 16250051 DOI: 
10.1002/hep.20933]

45 Bruix J, Sherman M, Llovet JM, Beaugrand M, Lencioni 
R, Burroughs AK, Christensen E, Pagliaro L, Colombo M, 
Rodés J. Clinical management of hepatocellular carcinoma. 
Conclusions of the Barcelona-2000 EASL conference. Euro-
pean Association for the Study of the Liver. J Hepatol 2001; 
35: 421-430 [PMID: 11592607]

46 Llovet JM, Brú C, Bruix J. Prognosis of hepatocellular carci-
noma: the BCLC staging classification. Semin Liver Dis 1999; 
19: 329-338 [PMID: 10518312 DOI: 10.1055/s-2007-1007122]

47 Makuuchi M, Kokudo N, Arii S, Futagawa S, Kaneko S, 
Kawasaki S, Matsuyama Y, Okazaki M, Okita K, Omata M, 
Saida Y, Takayama T, Yamaoka Y. Development of evidence-
based clinical guidelines for the diagnosis and treatment of 
hepatocellular carcinoma in Japan. Hepatol Res 2008; 38: 37-51 
[PMID: 18039202 DOI: 10.1111/j.1872-034X.2007.00216.x]

48 Itoh S, Morita K, Ueda S, Sugimachi K, Yamashita Y, Gion 
T, Fukuzawa K, Wakasugi K, Taketomi A, Maehara Y. Long-
term results of hepatic resection combined with intraopera-
tive local ablation therapy for patients with multinodular he-
patocellular carcinomas. Ann Surg Oncol 2009; 16: 3299-3307 
[PMID: 19826875 DOI: 10.1245/s10434-009-0721-0]

49 Wakabayashi H, Ushiyama T, Ishimura K, Izuishi K, Kara-
sawa Y, Masaki T, Watanabe S, Kuriyama S, Maeta H. Sig-
nificance of reduction surgery in multidisciplinary treatment 
of advanced hepatocellular carcinoma with multiple intrahe-
patic lesions. J Surg Oncol 2003; 82: 98-103 [PMID: 12561065 
DOI: 10.1002/jso.10203]

50 Folprecht G, Gruenberger T, Bechstein WO, Raab HR, 
Lordick F, Hartmann JT, Lang H, Frilling A, Stoehlmacher 
J, Weitz J, Konopke R, Stroszczynski C, Liersch T, Ockert D, 
Herrmann T, Goekkurt E, Parisi F, Köhne CH. Tumour re-

sponse and secondary resectability of colorectal liver metas-
tases following neoadjuvant chemotherapy with cetuximab: 
the CELIM randomised phase 2 trial. Lancet Oncol 2010; 11: 
38-47 [PMID: 19942479 DOI: 10.1016/S1470-2045(09)70330-4]

51 Beppu T, Miyamoto Y, Sakamoto Y, Imai K, Nitta H, Hayas-
hi H, Chikamoto A, Watanabe M, Ishiko T, Baba H. Chemo-
therapy and targeted therapy for patients with initially unre-
sectable colorectal liver metastases, focusing on conversion 
hepatectomy and long-term survival. Ann Surg Oncol 2014; 
21 Suppl 3: S405-S413 [PMID: 24570379 DOI: 10.1245/s10434-
014-3577-x]

52 D’angelica MI, Correa-Gallego C, Paty PB, Cercek A, 
Gewirtz AN, Chou JF, Capanu M, Kingham TP, Fong Y, 
Dematteo RP, Allen PJ, Jarnagin WR, Kemeny N. Phase II 
Trial of Hepatic Artery Infusional and Systemic Chemo-
therapy for Patients With Unresectable Hepatic Metastases 
From Colorectal Cancer: Conversion to Resection and Long-
term Outcomes. Ann Surg 2014; Epub ahead of print [PMID: 
24646562 DOI: 10.1097/SLA.0000000000000614]

53 Yao FY, Kerlan RK, Hirose R, Davern TJ, Bass NM, Feng 
S, Peters M, Terrault N, Freise CE, Ascher NL, Roberts JP. 
Excellent outcome following down-staging of hepatocellular 
carcinoma prior to liver transplantation: an intention-to-treat 
analysis. Hepatology 2008; 48: 819-827 [PMID: 18688876 DOI: 
10.1002/hep.22412]

54 Lei JY, Yan LN, Wang WT. Transplantation vs resection for 
hepatocellular carcinoma with compensated liver function 
after downstaging therapy. World J Gastroenterol 2013; 19: 
4400-4408 [PMID: 23885153 DOI: 10.3748/wjg.v19.i27.4400]

55 Fan J, Tang ZY, Yu YQ, Wu ZQ, Ma ZC, Zhou XD, Zhou J, 
Qiu SJ, Lu JZ. Improved survival with resection after trans-
catheter arterial chemoembolization (TACE) for unresectable 
hepatocellular carcinoma. Dig Surg 1998; 15: 674-678 [PMID: 
9845635 DOI: 10.1159/000018676]

56 Tang ZY, Zhou XD, Ma ZC, Wu ZQ, Fan J, Qin LX, Yu Y. 
Downstaging followed by resection plays a role in improv-
ing prognosis of unresectable hepatocellular carcinoma. Hep-
atobiliary Pancreat Dis Int 2004; 3: 495-498 [PMID: 15567731]

57 Blazer DG, Kishi Y, Maru DM, Kopetz S, Chun YS, Over-
man MJ, Fogelman D, Eng C, Chang DZ, Wang H, Zorzi D, 
Ribero D, Ellis LM, Glover KY, Wolff RA, Curley SA, Ab-
dalla EK, Vauthey JN. Pathologic response to preoperative 
chemotherapy: a new outcome end point after resection of 
hepatic colorectal metastases. J Clin Oncol 2008; 26: 5344-5351 
[PMID: 18936472 DOI: 10.1200/JCO.2008.17.5299]

58 Ravaioli M, Grazi GL, Ercolani G, Fiorentino M, Cescon M, 
Golfieri R, Trevisani F, Grigioni WF, Bolondi L, Pinna AD. 
Partial necrosis on hepatocellular carcinoma nodules facili-
tates tumor recurrence after liver transplantation. Transplan-
tation 2004; 78: 1780-1786 [PMID: 15614151]

59 Wu CC, Ho YZ, Ho WL, Wu TC, Liu TJ, P’eng FK. Preopera-
tive transcatheter arterial chemoembolization for resectable 
large hepatocellular carcinoma: a reappraisal. Br J Surg 1995; 
82: 122-126 [PMID: 7881929]

60 Chen XP, Hu DY, Zhang ZW, Zhang BX, Chen YF, Zhang 
WG, Qiu FZ. Role of mesohepatectomy with or without 
transcatheter arterial chemoembolization for large centrally 
located hepatocellular carcinoma. Dig Surg 2007; 24: 208-213 
[PMID: 17522469 DOI: 10.1159/000102901]

61 Kishi Y, Saiura A, Yamamoto J, Koga R, Seki M, Morimura 
R, Yoshioka R, Kokudo N, Yamaguchi T. Preoperative tran-
sarterial chemoembolization for hepatocellular carcinoma. 
Hepatogastroenterology 2012; 59: 2295-2299 [PMID: 23435144]

62 Adachi E, Matsumata T, Nishizaki T, Hashimoto H, Tsuney-
oshi M, Sugimachi K. Effects of preoperative transcatheter 
hepatic arterial chemoembolization for hepatocellular carci-
noma. The relationship between postoperative course and 
tumor necrosis. Cancer 1993; 72: 3593-3598 [PMID: 8252473]

63 Kulik LM, Carr BI, Mulcahy MF, Lewandowski RJ, Atassi 
B, Ryu RK, Sato KT, Benson A, Nemcek AA, Gates VL, Abe-

Kishi Y et al . Hepatectomy for recurrent HCC



843 December 27, 2014|Volume 6|Issue 12|WJH|www.wjgnet.com

cassis M, Omary RA, Salem R. Safety and efficacy of 90Y 
radiotherapy for hepatocellular carcinoma with and without 
portal vein thrombosis. Hepatology 2008; 47: 71-81 [PMID: 
18027884 DOI: 10.1002/hep.21980]

64 Leung TW, Patt YZ, Lau WY, Ho SK, Yu SC, Chan AT, 
Mok TS, Yeo W, Liew CT, Leung NW, Tang AM, Johnson 
PJ. Complete pathological remission is possible with sys-
temic combination chemotherapy for inoperable hepatocel-
lular carcinoma. Clin Cancer Res 1999; 5: 1676-1681 [PMID: 
10430068]

65 Lau WY, Ho SK, Yu SC, Lai EC, Liew CT, Leung TW. Sal-
vage surgery following downstaging of unresectable hepa-
tocellular carcinoma. Ann Surg 2004; 240: 299-305 [PMID: 
15273555 DOI: 10.1097/01.sla.0000133123.11932.19]

66 Yeo W, Mok TS, Zee B, Leung TW, Lai PB, Lau WY, Koh J, 

Mo FK, Yu SC, Chan AT, Hui P, Ma B, Lam KC, Ho WM, 
Wong HT, Tang A, Johnson PJ. A randomized phase III 
study of doxorubicin versus cisplatin/interferon alpha-2b/
doxorubicin/fluorouracil (PIAF) combination chemotherapy 
for unresectable hepatocellular carcinoma. J Natl Cancer Inst 
2005; 97: 1532-1538 [PMID: 16234567 DOI: 10.1093/jnci/
dji315]

67 Kaseb AO, Shindoh J, Patt YZ, Roses RE, Zimmitti G, Lo-
zano RD, Hassan MM, Hassabo HM, Curley SA, Aloia TA, 
Abbruzzese JL, Vauthey JN. Modified cisplatin/interferon 
α-2b/doxorubicin/5-fluorouracil (PIAF) chemotherapy in 
patients with no hepatitis or cirrhosis is associated with im-
proved response rate, resectability, and survival of initially 
unresectable hepatocellular carcinoma. Cancer 2013; 119: 
3334-3342 [PMID: 23821538 DOI: 10.1002/cncr.28209]

P- Reviewer: Kang KJ, Takeda S    S- Editor: Gong XM    
L- Editor: A    E- Editor: Liu SQ  

Kishi Y et al . Hepatectomy for recurrent HCC



Norihiro Imai, Masatoshi Ishigami, Yoji Ishizu, Teiji Kuzuya, Takashi Honda, Kazuhiko Hayashi, Yoshiki 
Hirooka, Hidemi Goto

Norihiro Imai, Masatoshi Ishigami, Yoji Ishizu, Teiji Kuzuya, 
Takashi Honda, Kazuhiko Hayashi, Yoshiki Hirooka, Hidemi 
Goto, Department of Gastroenterology and Hepatology, Nagoya 
University Graduate School of Medicine, Aichi 466-8560, Japan
Author contributions: All authors contributed to this manu-
script.
Correspondence to: Masatoshi Ishigami, MD, Department of 
Gastroenterology and Hepatology, Nagoya University Graduate 
School of Medicine, 65 Tsurumai-cho, Showa-ku, Nagoya, Aichi 
466-8560, Japan. masaishi@med.nagoya-u.ac.jp
Telephone: +81- 52-7442169  Fax: +81-52-7442178
Received: August 12, 2014      Revised: October 7, 2014  
Accepted: October 28, 2014
Published online: December 27, 2014

Abstract
Hepatocellular carcinoma (HCC) is one of the most 
common malignant diseases worldwide. While curative 
therapies, including resection, liver transplantation, and 
percutaneous ablation (percutaneous ethanol injection 
and radiofrequency ablation), are applicable for only 
a portion of the HCC population, transcatheter arterial 
chemoembolization (TACE) has been recognized as an 
effective palliative treatment option for patients with 
advanced HCC. TACE is also used even for single HCCs 
in which it is difficult to perform surgical resection or 
locoregional treatment due to systemic co-morbidities 
or anatomical problems. TACE has become widely 
adopted in the treatment of HCC. By using computed 
tomography-angiography, TACE is capable of perform-
ing diagnosis and treatment at the same time. Further-
more, TACE plays an important role in the multidisci-
plinary treatment for HCC when combined with other 
treatment. In this review, we first discuss the history 
of TACE, and then review the previous findings about 
techniques of achieving a locoregional treatment effect 
(liver infarction treatment, e.g. , ultra-selective TACE, 
balloon-occluded TACE), and the use of TACE as a drug 

delivery system for anti-cancer agents (palliative, e.g. , 
platinum complex agents, drug-eluting beads) for mul-
tiple lesions.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatocellular carcinoma; Transcatheter ar-
terial chemoembolization; Balloon-occluded transcath-
eter arterial chemoembolization; Drug-eluting bead

Core tip: Transcatheter arterial chemoembolization 
(TACE) has become widely adopted in the treatment 
of hepatocellular carcinoma (HCC). By using computed 
tomography-angiography, TACE is capable of perform-
ing diagnosis and treatment at the same time. Further-
more, TACE plays an important role in the multidisci-
plinary treatment for HCC when combined with other 
treatment. In this review, we first discuss the history 
of TACE, and then review the previous findings about 
techniques of achieving a locoregional treatment effect 
(liver infarction treatment, e.g. , ultra-selective TACE, 
balloon-occluded TACE), and the use of TACE as a drug 
delivery system for anti-cancer agents (palliative, e.g. , 
platinum complex agents, drug-eluting beads) for mul-
tiple lesions.
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of  cancer-related deaths worldwide, and has become 
the fourth leading cause of  cancer death in Japan and 
the seventh leading cause of  cancer death in the United 
States. In recent years, liver cancer deaths have decreased 
due to remarkable progress in the treatment of  viral 
hepatitis in Japan, while HCC deaths remain high in the 
United States[1]. 

Underlying liver disease is present in most HCC cases. 
Development of  HCC in a healthy liver is rare; the major-
ity of  patients who develop HCC have a background of  
chronic hepatitis/cirrhosis viral hepatitis, alcohol abuse, 
and/or non-alcoholic steatohepatitis. HCC frequently 
recurs after primary treatment due to the underlying liver 
disease[2,3]. 

With advances in diagnostic imaging and treatment 
in recent years, adaptation of  radical treatment strategies 
such as surgical resection and radiofrequency ablation 
therapy is increasing. However, even in cases in whom 
curative treatment is selected as initial treatment, a high 
recurrence rate due to multi-centric carcinogenesis and 
intrahepatic metastasis makes it difficult for cure to truly 
be achieved. Transarterial chemoembolization (TACE) 
has been widely performed as a treatment for multifocal 
HCC in patients in whom curative treatment is difficult 
to perform[4-11]. 

In the Barcelona Clinic Liver Cancer staging system, 
TACE is indicated for patients with intermediate-stage 
HCC (four or more tumors), and in the 2010 Japan Soci-
ety of  Hepatology consensus-based treatment algorithm 
for HCC, TACE is recommended for patients with a 
Child-Pugh score A or B, tumor diameter of  more than 
3 cm, or four or more tumors. However, in real clinical 
conditions, TACE is selected even for single HCCs in 
which it is difficult to perform surgical resection or lo-
coregional treatment due to systemic co-morbidities or 
anatomical problems[12,13]. 

TACE has been widely adopted in the treatment of  
HCC. Through the use of  computed tomography (CT)-
angiography, diagnosis and TACE can be performed at 
the same time. TACE also plays an important role in the 
multidisciplinary treatment of  HCC as it is often com-
bined with other treatments (e.g., with radiofrequency ab-
lation, with percutaneous ethanol injection, with radiation 
therapy).

In this review, we discuss the history of  TACE and 
review previous findings about techniques for achieving a 
locoregional treatment effect (liver infarction treatment) 
and the use of  TACE as a drug delivery system for anti-
cancer agents (palliative) for multiple lesions.

CHANGES IN HEPATIC ARTERY 
CHEMOEMBOLIZATION FOR HCC
TACE induces tumor necrosis through “starvation tac-
tics”. It takes advantage of  the fact that advanced HCCs 
are fed only by the hepatic artery and is intended to em-
bolize the distal portion of  the hepatic artery. The liver 
receives blood from the portal vein and hepatic artery 

at a ratio of  3:1 in the normal liver. Although this ratio 
varies in cirrhosis, the cirrhotic liver still receives blood 
flow from both of  these vessels. In contrast, classical 
HCC (moderately-differentiated type) tumors receive 
nutritional blood flow through the hepatic artery only, 
and do not depend on portal vein blood flow. By utilizing 
this property of  HCC, TACE was developed by Yamada 
et al[4]. TACE has become widely used for the treatment 
of  HCC since the 1980s. Embolization using adriamycin 
or mitomycin C and gelatin sponges has been carried out 
since the first half  of  the 1980s. Intraarterial injection 
of  lipiodol with anti-cancer drugs before embolic agent 
results in enhanced embolic effects[14,15]. It also became 
apparent that using a water-in-oil type emulsion is highly 
effective for embolization and tumor uptake, and this 
method is also widely used[16]. 

Microcatheter insertion into the first three to four 
branches of  the hepatic artery became easily available 
starting around 1990. Through the use of  microcatheter 
injection of  lipiodol into the peripheral branches of  the 
hepatic artery, segmental TACE/subsegmental TACE 
became a standard treatment. Segmental TACE/subseg-
mental TACE allows for strong locoregional embolization 
while stopping the portal blood flow, thereby improving 
the local treatment effects of  TACE[17,18]. In the 2000s, 
platinum complex agents became available, and treatment 
effects could be obtained even in HCCs that developed 
TACE resistance through repeat TACE[19]. Cone beam 
CT and flat-panel detectors have advanced imaging as 
they enable more accurate TACE treatment[20,21]. 

CONVENTIONAL TACE
Intra-tumor concentrations of  drugs (particularly poly-
mer drugs) are much higher than those of  normal tissue 
and blood due to the characteristics of  blood vessels in 
solid tumors[14]. In hypervascular HCC, blood returns to 
the sinusoidal or portal vein; in addition, HCC tissue does 
not have associated lymph vessels. These features allow 
stasis of  viscous liquid such as lipiodol in the sinusoidal 
or portal vein in or around HCCs. Nakamura et al[22] re-
ported that liver necrosis occurs following injection of  
lipiodol into the hepatic artery until it is visualized in the 
portal vein branch. Based on this discovery, Uchida et al[15] 
and Matsui et al[18] developed segmental and subsegmental 
TACE[15,18,22]. 

The use of  water-soluble anti-cancer drugs along 
with lipiodol as water-in-oil type therapy has been re-
ported to be good for distribution of  anti-cancer drugs 
in HCC[16,23]. Therapy involving selective infusion into 
tumor vessels of  an anti-cancer drug/lipiodol mixture 
and an embolic agent (gelatin sponge) is generally called 
conventional TACE (cTACE), and it is widely used as 
standard treatment worldwide (Table 1).

In 1983 Yamada et al[4] reported a 1-year survival rate 
of  44% for TACE. The 3-year survival rate of  segmen-
tal TACE reported by Uchida et al[15] in 1990 was 67%, 
Matsui et al[18] reported a 4-year survival rate of  67% in 
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1993, and Takayasu et al[24] reported a 3-year survival rate 
of  77% using interventional radiology (IVR)-CT in sub-
segmental TACE in 2001. Thus, therapeutic outcomes 
of  TACE have improved rapidly along with advances in 
TACE techniques, drugs, microcatheters, and the adap-
tion of  IVR-CT[25]. 

ULTRA-SELECTIVE TACE
It has recently become possible to insert microcatheters 
into the distal hepatic artery more safely due to progress 
in microcatheter and guidewire technology. Ultra-selective 
TACE aims to achieve a local therapeutic effect through 
liver infarction. This technique involves insertion of  a 
microcatheter selectively into a peripheral rather than 
subsegmental branch (subsubsegment artery), thereby 
wedging the tumor-feeding vessels, and then injecting lip-
iodol under high pressure into the tumor and surround-
ing sinusoids.

The local recurrence rate of  ultra-selective TACE 
has been reported to be 7.9% at 12 mo and 17.7% at 24 
mo[26]. Ultra-selective TACE allows injection of  lipiodol 
even into hypovascular lesions in well-differentiated 
HCC, and is reported to have a local control rate of  
53.2% in such cases[27]. 

With respect to pathological background, in a study 
of  patients who underwent liver resection after undergo-
ing ultra-selective TACE through peripheral branches, 
necrosis of  the tumor as well as the surrounding liver 
parenchyma was observed[28]. With the spread of  fine 
microcatheters as a treatment aimed at liver infarction, 
injection of  lipiodol in the peripheral rather than the sub-
segmental branches is becoming a standard treatment[29]. 

BALLOON-OCCLUDED TACE
Irie et al[30] reported in 2008 that better lipiodol deposi-
tion was obtained by performing selective TACE while 
preventing the backflow of  embolic material proximally 
using a micro-balloon catheter, called balloon-occluded 
TACE (B-TACE)[30]. In conventional TACE, lipiodol 
suspended with an anti-cancer drug is present in the 
bloodstream. The blood flow may slow before sufficient 
lipiodol and drug have reached the tumor, and may even 

stop flowing. This may occur because when the arte-
rial blood flow is reduced, the backflow of  blood to the 
tumor occurs from the sinusoidal and portal veins. In 
addition, lipiodol inflow restriction to the normal liver 
parenchyma is caused by a reduction in peripheral arterial 
pressure.

In B-TACE, hemodynamic changes caused by bal-
loon occlusion reduce the arterial blood flow by clos-
ing the hepatic artery, thereby pushing lipiodol into the 
tumor under high pressure and enabling the drug to be 
intensively administered to the tumor, allowing for an 
enhanced therapeutic effect. In recent years, since micro-
balloon catheters with small diameters have become 
more available, B-TACE has been widely used, primarily 
in Japan (Figure 1). In performing B-TACE, evaluation 
of  the collateral circulation of  the tumor is essential, as a 
good response rate is obtained if  the catheter tip pressure 
is equal to 64 mmHg or less; the collateral circulation 
pressure increases above that in many cases[31]. 

PLATINUM COMPLEX AGENTS
In advanced HCC treatment, it is critical that TACE 
functions as an efficient drug delivery system. Platinum 
complex agents are anti-cancer agents that cause DNA 
damage. Unlike anthracyclines, which are excreted from 
the bile, platinum complex agents are not metabolized by 
P450, and are excreted primarily in the urine. Thus, plati-
num complex agents are considered to be advantageous 
for patients with liver cirrhosis. Cisplatin, a first-genera-
tion platinum complex, and miriplatin, a third-generation 
platinum complex, are both used in the treatment of  
HCC[32-39]. 

Kawamura et al[19] reported that a 19.6% response rate 
was obtained by switching the anti-cancer agent used in 
TACE to a platinum complex agent in cases in which the 
tumor number or size increased despite administration 
of  more than one TACE treatment. Use of  a platinum 
complex agent also resulted in a survival benefit in re-
sponders[19]. Furthermore, Maeda et al[40] also reported the 
efficacy of  TACE using cisplatin in patients with HCC 
that had not responded to TACE using epirubicin, with a 
response rate of  27.5%[40].

However, cisplatin is associated with serious side ef-
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Table 1  Summary of key prospective trials and retrospective studies for the treatment of hepatocellular carcinoma

Ref. Year Analysis No. of patients Objective response (%) Overall survival (%)

1 yr 2 yr 3 yr
cTACE

Llovet et al[7] 2002 Prospective     40    35 (at 6 mo) 82 63 29
Lo et al[8] 2002 Prospective     40    39 (at 3 mo) 57 31 26

Takayasu et al[10] 2006 Prospective 8510 NA 82 63 47
DEB-TACE

Lammer et al[52] 2010 Prospective   102 51.6 (at 6 mo) NA NA NA
Sacco et al[54] 2011 Prospective     33  100 (at 1 mo) NA    86.8 NA
Song et al[57] 2012 Retrospective     60 81.6 (at 3 mo) 88 NA NA

Wiggermann et al[58] 2011 Retrospective     22 22.7 (at 8 mo) 70 NA NA

TACE: Transcatheter arterial chemoembolization; cTACE: Conventional TACE; DEB: Drug-eluting bead; NA: Not available.
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used in TACE with the aim of  more efficient drug deliv-
ery[47-49]. Unlike conventional gelatin sponges, the particle 
size of  this material is uniform. Prediction of  the level 
of  embolism is straightforward, and a sustained embolic 
effect can be obtained. It is also possible to impregnate 
anti-cancer drugs into the beads, and the anti-tumor ef-
fect is improved due to the slow release of  anti-cancer 
agents into the tumor.

Two formulations of  drug-eluting beads (DEB) are 
available in Japan: Hepasphere[50] and DC Bead[51] are 
widely used and each have unique features. DC Bead is 
a raw material derived from polyvinyl alcohol that is ca-
pable of  impregnation of  positively-charged drugs (e.g., 
epirubicin, doxorubicin, or irinotecan). Its size is slightly 
decreased, and its hardness is increased by impregnation 
of  anti-cancer drugs. Meanwhile, Hepasphere is a raw 
material derived from a polymer with high water absorp-
tion and can thus be impregnated with water-soluble anti-
cancer agents. The size of  Hepasphere increases follow-
ing impregnation, it expands to about four times its size 
in the blood, and the resulting embolus is highly flexible 
and molds to the shape of  the target vessel.

In a randomized controlled trial (PRECISION V) 
that compared TACE using lipiodol (cTACE) to TACE 
using DC Bead, the complete response rate, objective 
response rate, and disease control rate were superior in 
the DC Bead group compared to the cTACE group, al-
though these differences were not statistically significant. 
In addition, response rates were significantly higher in 
certain sub-groups, such as in patients with a Child-Pugh 
score B and in those with HCC in bilateral lobes[52]. Vogl 
et al[53] also reported that the incidence of  decreased left 
heart ejection fraction, post-embolization liver enzyme 
elevation, and hepatobiliary system adverse events were 
lower in the DC Bead group compared to the cTACE 
group[53]. Sacco et al[54] reported similar results from a ran-
domized controlled trial of  DEB-TACE vs cTACE for 
unresectable HCC: post-treatment elevation of  alanine 
aminotransferase was frequently observed in the cTACE 
group. However, time to progression and survival did not 
significantly differ between the two groups: the cumula-

fects, including renal failure and anaphylaxis. Kawaoka et 
al[33,41] reported that anaphylaxis occurs more frequently 
during performance of  three or more than three TACE 
procedure with cisplatin. In recent years, miriplatin 
has been administered as a third-generation platinum 
complex that has been developed for hepatic arterial 
infusion therapy particularly for HCC. Miriplatin {cis-
[(1R,2R)-1,2-cyclohexanediamine-N,N’)bis(myristato)]-
platinum(Ⅱ)monohydrate; Dainippon Sumitomo Pharma 
Co., Ltd., Osaka, Japan} is a novel lipophilic cisplatin 
derivative that can be suspended in lipiodol. Miriplatin/
lipiodol suspension is a stable colloidal emulsion that is 
deposited within HCC tumors, where active derivatives 
of  miriplatin are gradually released. Also, in a cisplatin-
resistant rat hepatoma cell line model, miriplatin did not 
show cross-resistance with cisplatin[37]. 

Despite clinical expectations, it is difficult to obtain 
adequate deposition of  miriplatin in HCC, and local 
recurrences, particularly intra-tumoral recurrences, fre-
quently develop using selective TACE[42]. This may be 
due to the higher viscosity of  miriplatin, since it is sus-
pended in lipiodol; miriplatin may be retained within the 
artery, so a sufficient amount of  the drug does not reach 
the tumor through narrow blood vessels.

Seko et al[43] reported that reduction of  the miriplatin/
lipiodol suspension viscosity resistance can be obtained 
by warming it to 40 ℃. Compared to ordinary (room 
temperature) miriplatin treatment, which has a response 
rate of  44.3%, efficiency is improved to 70.1% for 
warmed miriplatin treatment[43]. Kora et al[44] also reported 
similar treatment outcomes for warmed miriplatin. 

Miriplatin is known to have less serious side effects 
and a lower incidence of  renal failure compared to other 
platinum complex agents. Thus, miriplatin is considered 
to be suitable for repeat treatments, patients with compli-
cations, and elderly patients[45,46]. 

DRUG-ELUTING BEAD
In recent years, beginning in western countries, perma-
nent spherical embolic material (i.e., beads) have been 

Figure 1  A patient with unresectable hepatocellular carcinoma who received balloon-occluded transcatheter arterial chemoembolization with miriplatin. 
A: Micro balloon catheter was inserted into A8. Feeding artery was occluded using micro balloon (arrow). Miriplatin/lipiodol suspension and 1-mm gelatin sponge par-
ticles were administrated slowly under balloon occlusion; B: Treated lesion showed a dense accumulation of lipiodol (arrowhead).

A B
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tive 2-year survival rates were 86.8% in the DEB-TACE 
group and 83.6% in the cTACE group[54]. 

For TACE with epirubicin-eluting Hepasphere, Seki et 
al[55] reported a 1-mo response rate of  56.3% and a 6-mo 
response rate of  52.6%, using response rates as defined 
by the EASL criteria[55]. For the treatment of  HCCs that 
became refractory to TACE with epirubicin-eluting Hepa-
sphere, changing the impregnated anti-cancer drug to cis-
platin resulted in a response at 6 mo in 40% of  patients[56]. 

Several retrospective studies showed the safety and 
efficacy in DEB-TACE group were significantly higher 
than in cTACE group (Table 1)[57-59].

However, clear evidence of  DEB-TACE superiority 
compared to cTACE has not been established to date.

LIMITATIONS
There are limitations in this review. First, this is not a 
systemic review. Therefore, this article may have the po-
tential biases of  the authors. Second, we mostly described 
Japanese history of  TACE for HCC in this review.

CONCLUSION
Improvement of  the therapeutic effects of  TACE treat-
ment for HCC has been obtained by progression in 
techniques, drugs, and therapeutic equipment. In a variety 
of  TACE treatments, selecting the anti-cancer agents, 
treatment methods and equipment for the best therapeu-
tic effect is becoming more important. In the future, it 
is necessary to clarify the optimal treatment choices for 
each HCC patient.
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Abstract
The principal reason of chronic liver disease, cirrhosis 
and hepatocellular carcinoma is chronic viral hepatitis 
all over the world. Hepatitis B virus (HBV) has some 
mutagenic effects on the host genome. HBV may be 
exhibiting these mutagenic effects through integrat-
ing into the host genome, through its viral proteins or 
through some epigenetic mechanisms related with HBV 
proteins. This review aims to summarize the molecular 
mechanisms used by HBV for effecting host genome 
determined in the last decade. The focus will be on the 
effects of integration, HBV proteins, especially HBV X 
protein and epigenetic mechanisms on the host ge-
nome. These interactions between HBV and the host 
genome also forms the underlying mechanisms of the 
evolution of hepatocellular carcinoma. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Hepatitis B virus (HBV) has some mutagenic 
effects on the host genome. This review aims to sum-
marize the molecular mechanisms used by HBV for ef-
fecting host genome determined in the last decade.
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INTRODUCTION
There are more than 350 million people who are infected 
by hepatitis B virus (HBV) throughout the world[1]. HBV 
is the main cause of  some liver illnesses, such as chronic 
hepatitis, liver cirrhosis and hepatocellular carcinoma 
(HCC)[2]. The World Health Organization classifies HBV 
in “group 1” as the consequential oncogenic factor af-
ter tobacco smoking. It has been estimated that due to 
late diagnosis and limited treatment options, after lung 
and stomach cancer, HCC is third prominent cause of  
cancer related death and nearly 53% of  HCC cases has 
a connection with HBV. The incidence of  HCC changes 
according to geographical conditions. Chronic HBV in-
fection is the most important risk factor for HCC in the 
world. Other risk factors such as chronic hepatitis C virus 
(HCV), hepatitis D virus or human immunodeficiency 
virus infection, aflotoxin B1 exposure, metabolic factors 
as obesity and diabetes and alcohol abuse increase the 
comparative endanger for tumor progression when coex-
ist with HBV infection. Moreover, demographic factors 
such as Asian or African ancestry, male sex or advanced 
age are the synergistic effects that have been reported to 
raise the possibility of  HCC in chronic HBV-infected in-
dividuals[3-7]. 

Even though many pathways and factors contributing 
to HCC development have been identified, many features 
of  hepatocellular carcinogenesis and direct role of  viral 
factors are difficult to define[3]. However, HBV infection 
is the main risk factor for HCC development. Not only in 
HCC, but also in chronic HBV patients and chronic HBV 
carriers some mutagenic effects of  HBV on somatic cells 
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are detected. For example in our study, we proofed the 
genotoxic effects of  HBV on peripheral blood lympho-
cytes of  chronic HBV patients and chronic HBV carri-
ers[8]. Ucur et al[9] showed the increased sister chromatid 
exchange frequency and low mitotoic index; Bolukbas et 
al[10] and Grossi et al[11] demonstrated DNA damage using 
the alkaline comet assay, in peripheral blood lymphocytes. 
HBV may harm to host DNA in many ways. But simply 
it can be categorized in at least 3 different mechanisms: 
First, the viral DNA integration in the host genome can 
induce chromosome instability, although HBV usually 
persists as an episome and the integrate genomes are 
dead and can no longer drive HBV replication. Second, 
insertional mutations of  HBV are known to activate 
many genes and promote genetic alterations in the host 
genome. The third mechanism is based on viral proteins 
and gene products of  sporadically truncated HBV genes 
from integrated HBV DNA[3,5]. While a variety of  manu-
scripts have been published about these mechanisms 
separately, here a short review describing effects of  HBV 
on host genome in the last decade is given. The focus of  
this review will be on integration, proteins and epigenetic 
mechanisms of  HBV.

DIRECT EFFECTS OF INTEGRATION 
ACTIVATED BY THE HBV DNA ON THE 
HOST GENOME
Integration is not necessary for the viral replication but 
it enables viral genomic persistence. Long term chronic 
inflammation related to continuous cycles of  cell death 
and proliferation increases the amounts of  DNA ends 
in host genomic DNA, thus supporting the viral integra-
tion. Cellular topoisomerase I is a crucial factor in the 
linearization and integration of  viral replicative media-
tors[3,7]. Several kinds of  changes in the sequence of  HBV 
genome have been identified, but inverted duplications 
and the deletions are the most common alterations[12]. 
Disclosure to oxidative stress or mutagenic agents, loss 
of  DNA repair capacity, high hepatocyte turnover due 
to inflammation and/or coinfection with other viruses 
may be the reason of  HBV DNA integration[3,7]. In these 
conditions the genome is more unstable and tend to the 
devolopment of  deletions, single- or double-stranded 
breaks or rearrangements[12]. HBV integration can induce 
rearrangements and/or partial deletions at the integration 
site of  the host chromosome[6]. Integration happens by 
chance in the contex of  human genomes and may ocur 
at the various places of  different chromosomes[7]. Trans-
locations, production of  fusion transcripts, chromosomal 
deletions and generalized genomic instability may be 
caused by these integrations, and alterations probably 
cause the choosing of  hepatocyte clones that have a 
growth profit[3,12]. Liver carcinogenesis may occur as a re-
sult of  HBV integration that cause a significant increase 
in an anti-apoptotic or oncogenic signal[12]. Using a poly-
merase chain reaction (PCR) based approach (i.e., inverse 

PCR, Alu PCR, restriction site PCR)[12], it was confirmed 
that insertion of  HBV into cellular genome is an event 
that happens during HBV infection even after acute self-
limiting hepatitis[6]. In 85%-90% of  HBV-related HCC, 
integrated viral DNA has been detected[3,7]. 

Most of  the integration events reported occur near or 
within common fragile sites (large genomic regions that 
are liable to deletions, breaks, chromosomal rearrange-
ments and gene amplifications)[12], in genes managing 
proliferation control, cellular signal transduction cas-
cades, cell viability[6] or Alu sequences and microsatellites 
(other repetitive human genomic regions) that are liable 
to instability in carcinogenesis development and growth. 
Integrated viral DNA into coding regions or cellular 
regulatory regions of  the genome may alter gene expres-
sion (cis-activation) or change the structure and function 
of  the produced cellular proteins which possibly cause 
malignant transformation[3,7]. Insertion of  viral DNA may 
also cause hepatocellular malign transformation via the 
production of  mutated viral proteins such as preS/S pro-
teins or truncated X proteins which may trigger signalling 
cascades in carcinogenesis (trans-activation)[7]. Moreover, 
HBV genome has enhancer elements that can activate 
heterologous promoters in a orientation- and position-in-
dependent manner[13]. The study of  many groups suggest 
that the HBV enhancers are able to transactivate cellular 
genes up to 100 kb distant from the integration site[12].

In the late 1970s and early 1980s, the primer inves-
tigations defining cellular genomic regions of  HBV in-
tegrations were carried out[12]. In humans, the recurrent 
integration of  the viral genome into or in the proximity 
of  a host genome has been suggested for HBV in 1987 
and in the development of  HCC in 2000s. In fact, wood-
chuck hepatitis virus causes liver cancer by targeting myc 
oncogenes (N-myc, c-myc, and N-myc2) and some cases of  
HBV integration into important cellular genes have been 
informed in human liver tumors (e.g., retinoic acid recep-
tor beta, cyclin A). However, HBV integration regions 
targeting host genes have not been defined in the past[13]. 
But in the last decade, there have been many investiga-
tions focusing on the integration sites of  HBV and inser-
tional mutagenesis seen in HCC.

Paterlini-Bréchot et al[13] have isolated nine DNA in-
tegration regions from nine hepatocellular carcinomas, 
demonstrating that the viral genome make mutations in 
the important regulatory host genes by using HBV-Alu 
PCR. These genes have a role in cell proliferation and/or 
differantiation and/or survival: interleukin (IL)-1R-asso-
ciated kinase 2 gene, neurotropic tyrosin receptor kinase 
2 gene, inositol 1,4,5-triphosphate receptor type 2 (IP3R2) 
gene, p42 mitogen-activated protein kinase 1 (p42MAPK1) 
gene, alpha 2,3 sialytransferase gene, IP3R1 gene, EMX2-
like gene, human telomerase reverse transcriptase 
(hTERT) gene and thyroid hormone uncoupling protein 
gene (Table 1). Different genes, which were located at the 
HBV DNA integration region, have a specific key cellular 
function or share common cell signalling cascades. Also, 
they found that HBV targets both the telomerase gene 
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and IP3R gene in two different tumors. This data shows 
viral integration may target some preferential regions, es-
pecially hTERT gene.

Kimbi et al[14] amplified HBV and chromosomal 
DNA from the sera of  five patients with uncomplicated 
acute hepatitis B and one with fulminant disease. In one 
patient with uncomplicated disease, HBV DNA was in-
tegrated into host chromosome 7q11.23 in the Williams-
Beuren syndrome critical region 1 gene (Table 1). This 
gene contains a high abundance of  Alu repeats, repetitive 
elements that have shown to be the preferred sites for 
recombination and for HBV DNA insertion. Moreover, 
the integrant is within the region commonly deleted in 
patients with Williams-Beuren syndrome, giving rise to 
loss of  heterozygosity. The investigators also mentioned 
that clonal expansion of  an integrant is required for 
tumor formation and early integration of  HBV DNA 
might have a role in HBV-induced hepatocarcinogenesis. 
It is because the integrated viral DNA in early infection 
is in accordance with the observation, that importation 
of  linear DNA into the nucleus is necessary for insertion 
of  viral DNA into chromosomal DNA, and that such 
importation is known to occur during the initiation of  in-
fection. This data was also examined by Murakami et al[15] 
in the study of  detecting the possible persistence of  in-
tegrated genomes in peripheral blood mononuclear cells 
(PBMCs) and the exact position of  the viral genome, af-
ter the clearence of  serum HBV surface antigen (HBsAg). 
Their results showed that HBV genome integrates early 
during acute viral infections and persists in an integrated 
form in PBMCs. Another study providing the proof  of  
HBV integration at an early stage of  chronic infection 
in hepatocytes was carried out by Minami et al[16]. They 
examined virus-cellular gene junctions in chronic hepa-
titis tissues without HCC and by analysing six patients 
42 independent viral-host junctions have been obtained 

and chromosomal locations for 20 of  the 42 junctions 
have been shown. Each integration evidently influenced 
a single clone in six clones. Among these six genes, axis 
inhibitor 1 is believed to function as a tumor suppres-
sor; eyes absent 3, homolog of  odd Oz 2 and homolog 
of  bobby sox are human homolog of  drosophila genes 
that are critical for organ development, but their roles are 
still mysterious; catenin delta-2 is an oncogene (Table 1). 
Moreover, in contrast to the previous claim that HBV in-
tegration happens randomly, this study suggests that the 
integration of  HBV into chromosome 3 is preferential.

Mixed-lineage leukemia (MLL) 2 and 4 genes are also 
suggested as preferential targets for HBV DNA integra-
tion[2,17]. In addition to TERT and cyclin E 1 genes, Sung 
et al[18] showed integration at MLL4 gene as previous 
studies (Table 1). MLL4 locates on chromosome 19q13.1 
where an amplification or a frequent rearrangement has 
been shown in solid tumors. After integration, site specif-
ic expression such as HBV X (HBx)/MLL4 proteins and 
chimeric HBx/MLL4 transcripts proposing an insertional 
mutagenesis that could functionally have a connection 
with liver carcinogenesis[2].

New accesses have been improved to identify unique 
integration sites in high-throughput manner using the 
next generation sequencing (NGS) technologies, which 
prevented biased identification and preferential amplifi-
cation of  unique integration sites. In the researches of  
Sung et al[18], Fujimoto et al[19] and Jiang et al[20] they used 
complete genomic sequencing to identify genome wide 
HBV integration by the advantages in NGS technologies. 
Considering that, whole genome sequencing is overpriced 
for sequencing wide amounts of  specimen, Ding et al[21] 
have improved an optional method for deep sequencing 
and amplification that joins ligation mediated PCR to Il-
lumina’s paired-end adapters. This effective and cheaper 
method have been called massive anchored parallel se-
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Table 1  Genes targeted by hepatitis B virus DNA integration

Gene Description Ref.

NTRK2 Neurotropic tyrosin receptor kinase 2 Paterlini-Bréchot et al[13]

IRAK2 Interleukin-1R-associated kinase 2 Paterlini-Bréchot et al[13]

MAPK1 Mitogen-activated protein kinase 1 Paterlini-Bréchot et al[13]

IP3R2 İnositol 1,4,5-triphosphate receptor type 2 Paterlini-Bréchot et al[13]

IP3R1 İnositol 1,4,5-triphosphate receptor type 1 Paterlini-Bréchot et al[13]

ST3GAL VI Alpha 2,3 sialytransferase Paterlini-Bréchot et al[13]

TRUP Thyroid hormone uncoupling protein Paterlini-Bréchot et al[13]

EMX2-like Empty spiracles 2-like Paterlini-Bréchot et al[13]

hTERT Human telomerase reverse transcriptase Paterlini-Bréchot et al[13]

WBSCR1 Williams-Beuren syndrome critical region 1 Kimbi et al[14]

AXIN1 Axis inhibitor 1 Minami et al[16]

BBX Bobby sox Minami et al[16]

CTNND2 Catenin delta-2 Minami et al[16]

EYA3 Eyes absent 3 Minami et al[16]

ODZ2 Odd Oz 2 Minami et al[16]

TERT Telomerase reverse transcriptase Sung et al[18]

MLL4 Mixed-lineage leukemia 4 Sung et al[18]

CCNE1 Cyclin E 1 Sung et al[18]

FN1 Fibronectin 1 Ding et al[21]

SMAD5 SMAD family member 5 Ding et al[21]

PHACTR4 Phosphatase and actin regulator 4 Ding et al[21]
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effects of  HBV proteins or their randomly truncated 
transcripts after integration. This part will focus on the 
effects of  HBV proteins, especially X protein, on the 
host genome in the last decade.

HBx protein
HBx, is a X open reading frame encoded small polypep-
tide of  154 amino acids, usually produced at very limited 
amounts during chronic and acute HBV infection. HBx 
can be found in the cytoplasm of  infected hepatocytes 
and at low level in the nucleus. A variety of  HBx func-
tions are still enigmatic[3,6]. 

The clinical importance of  HBx starts with the in-
tegration of  HBV DNA into the chronic HBV carriers’ 
hepotocytes genome. X gene is generally preserved in 
the integrants, and HBx is frequently seen in malignant 
hepatocytes of  chronic HBV carriers[26]. The integrated 
HBx often have rearranged forms and may show many 
deletions, truncation with fusion to cellular DNA or 
point mutations[7]. One significant information derived 
from the researches of  HBV integration was that 3’-end 
X gene was frequently deleted in HCC cells, and this 
causes the COOH-terminal truncated HBx protein. This 
protein, rather than the full length HBx, is needed and 
adequate to cause HCC[27]. So as to understand the rela-
tion between HBV integration and HCC development, 
Wang et al[28] isolated and characterized integrated HBV 
in 14 primer cases of  HCC. The findings showed that 
C-terminal X protein caused by 3’-deleted X gene was 
observed in 10 samples as a result of  HBV integration. 
These deletions lead to the losses of  transcription factor 
Sp1 binding site, p53-dependent transcriptional repres-
sion binding site, and growth-suppressive effect domain, 
causing cell transformation and proliferation. This result 
proposes that 3’-deleted X gene may have a significant 
role in the HCC development.

HBx has some controversal effects like pro-prolif-
erative effects and induction of  cell cycle arrest or pre-
vention and initiation of  apoptosis[3,6]. HBx effects the 
expression of  several genes that are included in signal 
transduction pathways, metastasis, transcriptional regula-
tion, immune response, metabolism, control of  the cell 
cycle, proliferation and the apoptosis[6,26].

HBx changes expression of  cellular gene by trigger-
ing cytoplasmic signal transduction pathways [e.g., ras, 
nuclear factor kappa B (NF-κB), src, activator protein-1 
(AP-1), Jak/STAT, PI3K/Akt, Wnt] and by binding to 
nuclear transcription factors [e.g., activating transcription 
factor 2 (ATF-2), cAMP responsive element-binding 
protein (CREB), Oct-1, basal transcription factors], and 
they both help cell growth and survival[1]. HBx localiza-
tions (cytoplasm and nucleus) are associated with differ-
ent functions. HBx, placed in the nucleus, is proposed 
to interfere directly with transcription factors or to use a 
function like a transcription factor. A direct relationship 
between ATF-2 and CREB concluding in their raised 
DNA binding affinity[6]. HBx placed in the cytoplasm, 
where it interferes with and stimulates protein kinases, 
including IKK, protein kinase C, Jak/STAT, PI3K, pro-

quencing (MAPS) method. By this method, in addition 
to two familiar recurrent target genes, fibronectin 1 and 
TERT1, they identified novel target genes for HBV inte-
gration such as actin regulator 4, SMAD family member 
5 and phosphatase (Table 1). They also found that HBV 
integration prefered chromosome 17 and mostly inte-
grated into human transcriptional sites.

Occult HBV infections (OHBI) have the presence 
of  HBV DNA but are short of  available serum HBsAg. 
Occult infection mechanism is still mysterious, how-
ever, many acceptable pathways, such as maintenance 
in PBMCs and integration into human genomic regions 
exist. Bhargava et al[22] planned to research the molecular 
pathways lying beneath the DNA damage response acti-
vated as a result of  OHBI in host cells in their investiga-
tion. They found that OHBI causes DNA damage in pe-
ripheral blood lymphocytes. It was also found that there 
was a strong relationship between OHBI and oxidative 
stress. On the other hand, Pollicino et al[23] reported a case 
of  43 years old man seronegative for HBV and HCV 
infections and positive for HFE-haemochromatosis, who 
developed HCC in the lack of  severe liver damage. In 
this study they tried to evaluate the occult HBV infec-
tion. HBV-Alu PCR showed HBV integration. This inte-
grant was placed upstream of  the partitioning-defective-
6-homolog-gamma gene (PARD6G) and this gene had 
overexpression in tumor tissues when we compare it to 
non-tumor liver tissues. Being a target of  transforming 
growth factor-beta in the tumor invasion and metastasis, 
PARD6G is included in the polarized migration of  cells, 
establishment of  cell polarization. These two studies 
show that OHBI lead to deregulation of  gene expression 
and may alter the oncogenic pathways.

HBV integration effectively surveys the human ge-
nome, exerting insertional mutation pressure, and thus 
may expand the oncogenic opportunities for patients 
infected by HBV. The most dominant HBV integration 
sites occur MLL and hTERT genes. Moreover, there are 
many candidate genes such as 60S ribosomal protein 
genes, platelet-derived growth factor receptor, calcium 
signalling related genes[20,24]. Bok et al[25] proposed 3 dif-
ferent models for gene activation in HBV DNA inte-
gration on chromosome 11q13 in the SNU cell line: (1) 
viral integration induces genetic changes and activation 
of  gene expression at the integration site without gene 
amplification; (2) viral DNA induces gene amplification, 
causing overexpression during integration and rearrange-
ment; and (3) gene activation is related to gene amplifica-
tion, regardless of  viral integration. These models might 
also be available for all other gene activation mechanisms 
in HBV DNA integration. The target sites and integra-
tion mechanisms will give information for key genes and 
pathways included in development of  not only HBV and 
but also non-HBV-induced cancers.

EFFECTS OF HBV PROTEINS ON THE 
HOST GENOME
Several studies have reported about the procarcinogenic 

Ozkal-Baydin P. Effects of hepatitis B to the host genome



855 December 27, 2014|Volume 6|Issue 12|WJH|www.wjgnet.com

tein kinaseB/Akt, and stres activated protein kinase/Jun 
N-terminal kinase[26].

HBx is an activator of  transcription factor NFκB. 
HBx stimulated NF-κB promotes liver cells to survive 
against Fas-mediated apoptosis[26]. However, Zhang et 
al[29] showed another function of  NF-κB in their study. 
Calpain small subunit 1 (Capn4) is included in the HCC 
metastasis and upregulated in the tissues of  HCC. They 
supposed that HBx might assist migration of  hepatoma 
cell by Capn4. Their results revealed that HBx could up-
regulate the Capn4 expression at the mRNA and protein 
levels, and increase Capn4 promoter activity. Interestingly, 
they found that the inhibition of  NF-κB could attenuate 
the upregulatin of  Capn4. Thus, they concluded that HBx 
upregulate Capn4 through NF-κB/65 to promote migra-
tion of  hepatoma cells. In another study, Zhou et al[30] 
showed the migration of  leukocytes in a NF-κB related 
pathway. Interferon-γ inducible protein 10 (IP-10) in-
volves in cellular immune damage and inflammatory cell 
recruitment during virus infection. In their study, Zhou et 
al[30] demonstrated that HBx increases IP-10 expression 
and the effect of  HBx on IP-10 induction is blocked by 
the addition of  the NF-κB inhibitor. Consequently, they 
reported that HBx affects NF-κB pathway which leads to 
IP-10 promoter transactivation and then increases leuko-
cyte migration, thus causes immune pathological injury 
of  liver.

HBx interacts with transcription machinery, in ad-
dition, there is evidence that HBx involves in the stages 
of  apoptosis. HBx affects the regulation of  apoptosis 
through its role on survivin, caspases, and mitochondria. 
It has been shown that HBx blocks caspase 3 activity[26]. 
The elevation of  cytosolic calcium signals seems to play 
a possible role in stimulation of  cell proliferation and 
transcription pathways. Direct interaction of  HBx with 
endoplasmic reticulum (ER) and mitochondria as well 
as integration events of  the X open reading frame were 
reported to alter intracellular calcium homeostasis[3]. 
Having a role in caspase-3-dependent pathway, HBx 
pertubs homeostasis of  intracellular Ca2+. This is an im-
portant effect in the control of  HBx-related apoptosis. 
HBx possibly have a contact with Bcl-2 during hepatic 
apoptosis. Proapoptotic activity of  HBx bypasses or gets 
over the Bcl-2 inhibitory effect[26]. Survivin is a apoptosis 
preventer protein and is overexpressed in a majority of  
human tumors. HBx can upregulate the expression of  
survivin in hepatic tumor cells[31]. Moreover, several fac-
tors, for example transforming growth factor (TGF)-β, 
induce PI3K and its downstream target, protein kinase 
B/Akt, to inhibit apoptosis. HBx downregulates TGF-β-
induced apoptosis in hepatocytes by stimulating activity 
of  PI3K[26].

UV-damaged DNA binding protein 1 (DDB1) works 
as an E3 ubiquitin ligase complex subunit[32] and has been 
shown to help cell cycle regulation and DNA repair[26,32]. 
HBx binds to DDB1 and by this way replication of  
HBV genome is stimulated in the nuclear compartment 
of  cells. HBx needs this nuclear interaction with DDB1 
also for interfering with cell viability. It has been demon-

strated that HBx triggers lagging chromosomes during 
mitosis, which then causes arrangement of  abnormal 
mitotic spindles and cells with multinucleus. These for-
mations demand the binding of  HBx to DDB1. Thus, 
this binding may induce genetic instability in regenerating 
hepatocytes; therefore causes to HCC development[32].

The human p53 genes’ transcriptional repression is 
caused by HBx and it has capacity to bind to the p53. 
HBx C-terminal region is needed for sustaining the p53 
in the cytoplasm and blocking the p53-mediated apopto-
sis. However, a tremendous excess of  p53 is found when 
it is compared to HBx in the hepatocytes[6,26]. It seems 
that the anti and proapoptotic effects of  HBx depends 
on the status of  hepatocyte differantiation[3]. 

Telomerase which adds repetitive DNA sequences to 
the telomeres, the ends of  the chromosomes, is a ribonu-
cleoprotein. By this way it prevents telomere shortening 
and cell death[33]. Telomerase activation has been implied 
in immortalization and malignant transformation of  cells 
in vitro and is a vital step in tumor and cellular senes-
ence[3,26]. Although telomerase is a complex comprising 
a catalytic subunit (hTERT) and an RNA component 
(hTER), hTERT is the crucial factor of  telomerase activ-
ity in human cells[34]. High levels of  hTERT mRNA in 
HCC of  several grades were found by researchers and 
they originate in cells which have gone through the mo-
lecular changes of  the first steps of  hepatocarcinogen-
esis[33]. It has shown that HBx gene can up-regulate the 
transcriptional expression of  hTERT mRNA[35]. In the 
study of  Su et al[36], it was found that by transcriptionally 
repressing its promoter, HBx down-regulated the human 
telomerase expression. They evaluated human telomerase 
promoter and identified myc-associated zing finger pro-
tein (MAZ) as a transcriptional repressor of  the promot-
er in order to find out the molecular mechanism. It was 
found that the physical association of  HBx with MAZ, 
supresses human telomerase by enhancing MAZ binding 
to its consensus sequence in the promoter. In this situa-
tion, HBx acts as a transcriptional corepressor.

HBx can also lead to both stabilization of  hypoxia-
inducible factor-1 and overexpression of  vascular endo-
thelial growth factor gene. It seems HBx causes carcino-
genesis via the alteration of  angiogenic pathways[7].

In addition to being involved in angiogenic pathways, 
HBx can contribute to tumor cell invasion by the way 
that includes the up-regulation of  heat shock protein 90 
alpha (HSP90alpha). HSP90alpha isoform is an ATP-
dependent molecular chaperone which sustains the effec-
tive structure of  client oncoproteins in tumor cells. Li et 
al[37] showed that HBx triggers expression of  Hsp90alpha 
at the transcriptional level. HBx is directly included in the 
HSP90alpha transcriptional activation mediated by c-myc. 
Moreover, by activation of  Ras/Raf/ERK1/2 cascades 
HBx triggers c-Myc expression, which causes c-Myc-
mediated HSP90alpha promoter activation first and 
then HSP90alpha expression up-regulation. HSP70 and 
HSP60 have also been shown as a HBx cellular targets[26].

In conclusion, the HBx protein is a multifunctional 
and very important viral protein in the initiation of  he-
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patocellular transformation and cell survival during the 
HBV infection. It interacts with alot of  molecules and in-
volves in many cellular pathways. Variations in the role of  
HBx in hepatocarcinogenesis may be due to hepatocyte 
differantiation, different functions of  truncated X protein 
and amount of  expressed HBx. More information about 
HBx might highlight many mechanisms involved in HCC 
and give insights and tools for therapeutic means.

Surface proteins
Large hepatitis B (LHBs) and Middle hepatitis B (MHBs) 
virus surface proteins are encoded by the preS1/preS2 
sequences of  HBV. Experimental data revealed that HBV 
preS/S genes truncated at the 3’ end and integrated into 
the cellular genes have a transcriptional activator function 
and encode proteins that accumulate in the ER. These 
preS/St genes encoded for C-terminally truncated sur-
face proteins (MHBSt) exhibit regulatory functions, such 
as the transactivation of  host genes involving c-Ha-ras, 
c-myc, and c-fos oncogenes and the precise activation of  
the c-Raf-1/MEK/Erk2 signaling essential for AP-1 and 
NF-κB activation. Described processes result in increased 
hepatocyte proliferation[3,7].

HBV surface proteins accumulate in ER. Accumula-
tion of  proteins in ER is known to trigger apoptosis in 
the presence of  prolonged and severe stress due to an in-
duction of  an oxidative stres[3]. PreS-mutant LHBs might 
also accumulate in ER and with induction of  genomic 
instability and oxidative DNA damage, they become the 
reason of  stress-signalling pathways. This also causes de-
fective DNA damage response and repair in liver cells ex-
pressing HBV surface antigen[38]. Moreover, centrosome 
multiplication and the overexpression of  both cyclin A 
and cyclooxygenase 2 might be caused by pre-S2 mutant 
proteins, therefore inducing cell cycle progression, chro-
mosome instability and proliferation of  hepatocytes in 
HBV related HCC[3,7]. Churin et al[39] also demonstrated 
that the expression of  HBV surface proteins in the liver 
of  transgenic mice induces phosphorylation of  eukary-
otic initiation factor 2α (eIF2α) and protein kinase like 
ER kinase activation. eIF2α phosphorylation resulted in 
activation of  ER stress markers and a proapoptotic pro-
tein. Morover, by searching on two groups of  mice with 
different genetic backround, they showed that hepatic 
HBV surface protein expression induced tumor develop-
ment and fibrosis depends on host genetic backround.

HBV surface proteins may also alter the expression 
of  some host genes with known functions as proved 
in the research of  Rao et al[40]. It has shown that HBV-
encoded small surface protein (SHBs) has an influence 
on hepatic cell expression of  host genes related to fatty 
acid synthesis and decomposition.

Core protein
The HBV core protein (HBc) is a 21-22 kDa protein 
that affects the human immune response. HBV genome 
encode for the core protein to form the viral capsid[3]. 
HBc may interact with the human genome in HBV in-

fected liver cells. HBc was demonstrated to suppress 
the the human carcinogenesis related genes expression, 
p53 and interferon beta; inhibits tumor necrosis factor-
related apoptosis-inducing ligand induced apoptosis in 
hepatocytes via blocking gene expression of  the pathway-
associated death receptor[41]. 

However, it is not known how HBc interacts with 
human genome. Guo et al[41] examined the distribution 
of  HBc binding to promoters in the human genome and 
assessed its effects on the associated genes’ expression. It 
was shown that HBc antibody immunoprecipitated nearly 
3100 human gene promoters. The high CpG density pro-
moters were found most commonly among this set of  
gene promoters. HBc is able to bind to 41 gene promot-
ers of  the WNT/β-catenin signalling pathways and 64 
gene promoters of  the MAPK pathways. These are two 
most important pathways involved in HBV-related HCC. 
Moreover, HBc is able to increase host NF-κB DNA-
binding ability, thus in order to enhance or inhibit other 
host nuclear proteins’ transcriptional activator functions, 
HBc may bind to and interact with them. As a result, 
HBc can bind to a great amount of  human gene promot-
ers throughout the whole human genome. This key find-
ing may represent one of  the pathogenic mechanism of  
HBV infection. 

EPIGENETIC EFFECTS OF HBV ON THE 
HOST DNA
According to the recent researches virus and host inter-
actions also happen epigenetically. Interactions between 
epigenetic machinery and the viral proteins may cause 
changes in the epigenetic landscape of  the cell thus caus-
ing cancer. Histone modifications and DNA methylation 
are epigenetic mechanisms which have an important role 
during HBV replication[42].

Bisulfite sequencing is the gold standart technique 
to analyze the methylation state of  individual cytosines. 
In order to acquire complete DNA methylomes of  
double-stranded DNA viruses like HBV, Fernandez et 
al[43] joined the use of  model organisms and bisulfite ge-
nomic sequencing of  multiple clones. Most importantly, 
they found that DNA methylated HBVgp2 and HBVgp4 
genes, which respectively code for the S and C viral pro-
teins, have lost their expression. It was also shown in 
their sequencing data that the vast majority of  the HBV 
genomes kept the HBVgp3 gene coding for the X protein 
in an unmethylated condition. Interestingly, HBX protein 
might regulate DNA methyltransferase (DNMT) activity.

The expression of  DNMTs, which catalyze the addi-
tion of  a methyl group to the cytosine ring of  the 5’-CpG 
dinucleotide, is often raised in livers infected with HBV 
and also in HCC[7,44]. The roles of  the major methyltrans-
ferases have the following roles: DNMT1 adds methyl 
groups to the hemimethylated CpG dinucleotides and 
has an important function in the supply of  methylation 
during cell division; DNMT2 lacks DNA methyltransfer-
ase capabilities and seems to take part in adding methyl 
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groups to the structural RNA; DNMT3a and DNMT3b 
is able to methylate not only unmethylated, but also hemi-
methylated CpG dinucleotides[45]. Several studies have 
reported that both HCC and HBV-infected cells exhibit 
increased levels of  DNMT1, DNMT3a and DNMT3b 
and aberrant DNA methylation[44]. 

It was reported that the overexpression of  HBx pro-
tein induces transcription of  DNMT1, DNMT3a and 
DNMT3b genes and directly interacts and activates the de 
novo methyltransferase DNMT3a. It suggests that this vi-
ral protein may be responsible for methylator phenotype 
in HBV related HCC[7,44].

In their study, Vivekanandan et al[45] have revealed 
that HBV infection up-regulates DNMTs, which then 
causes the methylation of  HBV DNA by DNMT3a. 
This methylation causes the production of  pregenomic 
RNA, viral mRNA, and a decreased production in viral 
protein. However, in the same cells, the up-regulation of  
DNMTs also causes methylation of  host CpG islands 
overlapping gene promoters related to carcinoma[45]. It 
was demonstrated that specific gene promoters are meth-
ylated in HBV infected cells such as metallothionein-1F, 
IGFBP3, SUFU, and TIRAP[44,45]. HBx may also inhibits 
transcription of  E-cadherin[46], p16INK4A and glutathione 
S-transferase P1 via CpG methylation of  the regulatory 
elements[7]. Some immunoregulatory genes active against 
HBV can also be methylated. For instance, HBV replica-
tion is able to cause de novo methylation and decrease the 
IL-4 expression, that favors the virus because HBV repli-
cation is repressed by the IL-4 expression[45].

In addition to methylation processes, it has also been 
shown that HBx associates with components of  histone 
modification machinery, such as HDAC and CBP/p300 
HAT. So it has an effect on gene expression[42].

In summary, HBV infection up-regulates DNMTs in 
hepatocytes. This up-regulation causes methylation of  
viral DNA, however specific and critic genes in the host 
genome can also be methylated. It is certain that, these 
modifications are significant factors in the development 
of  HCC.

CONCLUSION
At present, in terms of  the experimental approaches 
used, such as PCRs, gene clonings, microarrays, immu-
nohistochemical methods, it is possible to explore the 
effects of  HBV on the host genome. In the last decade, 
the investigations about the pathogenic effects of  HBV 
on the host genome have mostly focused on HCC de-
velopment. During this development period, a dominant 
oncogene isn’t encoded by HBV genome, however it 
uses multifactorial pathogenic mechanisms. In addition 
to direct mechanisms, which are mainly represented by 
integration of  HBV DNA into the cellular genes and by 
the production of  proteins with transforming capaci-
ties, indirect mechanisms involving HBV proteins dis-
rupting vital molecular pathways may be seen in HCC 
development. Although it is thought that HBV DNA 

integrations are random and there is no specific region 
of  integration, it is not fully incidental but instead seems 
to be partly optional. Special integration sites change 
the expression of  various components of  the cell cycle, 
signalling, transcription and apoptotic pathways. It is also 
shown that the formation of  truncated HBV proteins, 
the activation of  host genes by integrated HBV enhancer 
sequences and modifications in the epigenetic machinery 
of  the host cell are important carcinogenic mechanisms 
in HCCs.

Although the main risk factors for HBV-induced he-
patocarcinogenesis are well known, we still lack a deeper 
understanding of  molecular pathways disrupted by HBV 
and the relationship between key molecules in these path-
ways. Therefore, molecular understanding of  the mecha-
nisms in HBV-related HCC is necessary for defining risks 
and identifying novel therapeutic approaches.

Cloning and fully characterizing HBV integrations, 
phage library construction and sequencing are still the 
gold standards. Recently, several new methods have been 
developed using NGS technologies avoiding optional am-
plification and biased identification of  unique integration 
sites. For example, complete genomic sequencing and an 
efficient, cost effective method, MAPS, have been de-
veloped in high-throughput manner. In the future, novel 
easy and not time consuming experimental approaches 
and new HCC animal models might be developed to 
invent promising therapeutic approaches. The specific 
antiviral new drugs reducing the chance of  integration, 
decreasing or preventing the harmful epigenetic effects 
and blocking HBV proteins related with HCC develop-
ment might provide basis for future and might give hope 
to the patients.
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Abstract
Occult hepatitis B virus (HBV) infection (OBI) refers 
to the presence of HBV DNA in the absence of detect-
able hepatitis B surface antigen. Since OBI was first 
described in the late 1970s, there has been increasing 
interest in this topic. The prevalence of OBI varies ac-
cording to the different endemicity of HBV infection, 
cohort characteristics, and sensitivity and specific-
ity of the methods used for detection. Although the 
exact mechanism of OBI has not been proved, intra-
hepatic persistence of viral covalently closed circular 
DNA under the host’s strong immune suppression of 
HBV replication and gene expression seems to be a 
cause. OBI has important clinical significance in sev-
eral conditions. First, OBI can be transmitted through 
transfusion, organ transplantation including orthotopic 
liver transplantation, or hemodialysis. Donor screen-
ing before blood transfusion, prophylaxis for high-risk 
organ transplantation recipients, and dialysis-specific 
infection-control programs should be considered to 
reduce the risk of transmission. Second, OBI may re-
activate and cause acute hepatitis in immunocompro-
mised patients or those receiving chemotherapy. Close 
HBV DNA monitoring and timely antiviral treatment can 

prevent HBV reactivation and consequent clinical dete-
rioration. Third, OBI may contribute to the progression 
of hepatic fibrosis in patients with chronic liver disease 
including hepatitis C. Finally, OBI seems to be a risk 
factor for hepatocellular carcinoma by its direct proto-
oncogenic effect and by indirectly causing persistent 
hepatic inflammation and fibrosis. However, this needs 
further investigation. We review published reports in 
the literature to gain an overview of the status of OBI 
and emphasize the clinical importance of OBI. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Occult hepatitis B virus infection; Transmis-
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Core tip: Occult hepatitis B virus infection (OBI) is de-
fined by the presence of hepatitis B virus (HBV) DNA 
without detectable hepatitis B surface antigen. The 
prevalence of OBI varies according to the different 
endemicity of HBV infection, cohort characteristics, 
and detection methods. Increasing research on OBI 
has been conducted with respect to the following: (1) 
transmission through transfusion, organ transplanta-
tion, or hemodialysis; (2) reactivation in an immuno-
suppression state; (3) contribution to the progression 
of chronic liver disease; and (4) increased risk for he-
patocellular carcinoma. Further studies are needed to 
establish its clinical significance and management. 
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public issue. Approximately 2 billion people have sero-
logic markers of  HBV worldwide, 360 million of  whom 
have chronic HBV infection. The natural course of  HBV 
infection is determined by the interactions between the 
host and the virus. Chronic HBV infection is character-
ized by persistent HBV surface antigen (HBsAg) positiv-
ity and viremia. In the past, clearance of  HBsAg expres-
sion in patients with chronic hepatitis B was considered 
as disease remission and disappearance of  viral DNA[1]. 
However, the “occult” or “silent” form of  HBV infec-
tion was first reported in the late 1970s in blood donors 
with anti-hepatitis B core (anti-HBc) antibody without 
HBsAg who transmitted hepatitis B[1,2]. The meaning of  
this clinical entity was reviewed in 1998 by a panel of  
European and US scientists as a part of  the serological 
pattern “anti-HBc” alone, although the term occult was 
not used at that time[3]. Increasing data showed persistent 
low levels of  HBV DNA in serum and liver tissues after 
HBsAg clearance was observed during acute self-limited 
or chronic HBV infection. Demonstration of  this clini-
cal entity has brought about the concept of  “occult” or 
“silent” HBV infection, indicating the presence of  HBV 
DNA in the absence of  detectable HBsAg[3,4]. Owing to 
the development of  highly sensitive molecular biology 
techniques, the clinical and virologic features of  occult 
hepatitis B virus infection (OBI) have been revealed, and 
its clinical significance has been highlighted recently[5-7]. 
In this paper, we reviewed the status of  OBI with respect 
to its definition, epidemiology, diagnosis, and mechanism. 
We also focused on the clinical importance of  OBI by 
focusing on 4 processes: transmission, reactivation, con-
tribution to the progression of  hepatic fibrosis, and hepa-
tocellular carcinoma (HCC) occurrence, based on results 
of  available reports.

DEFINITION AND CLASSIFICATION
Several definitions of  OBI have been suggested. In the 
2008 international workshop held in Italy, OBI was de-
fined as the presence of  HBV DNA in the liver (with or 
without HBV DNA in serum) without HBsAg as deter-
mined by using the currently available assays[8]. Serum 
HBV DNA can be either detectable or undetectable, and 
when detectable, the level of  HBV DNA is usually very 
low (< 200 IU/mL). When serum HBV DNA levels are 
comparable to those usually detected in cases of  overt 
HBV infection, “false OBI” should be considered. False 
OBI is usually due to rare infection with S gene escape 
mutants, which produce a modified HBsAg that is not 
recognized by routinely used detection assays[9,10]. Defin-
ing OBI according to the presence of  liver HBV DNA 
expression is the most accurate because HBV DNA in 
the liver can be detected even when HBV cannot be 
detected in serum[11]. However, obtaining hepatic HBV 
DNA is difficult in clinical practice, and assays for the de-
tection of  HBV DNA in liver tissue have not been well 
standardized[7].

Detection assays for HBV DNA in serum have been 

used with sufficient sensitivity; therefore, OBI is often 
defined as the presence of  serum HBV DNA without 
detectable HBsAg in clinical practice and in many stud-
ies[7,8,12]. Bréchot et al[9] proposed to define occult HBV in-
fection as the detection of  HBV DNA by using PCR or 
other amplification assays in HBsAg-negative individuals. 
Allain[13] also defined OBI as the presence of  HBV DNA 
without detectable HBsAg, with or without anti-HBc 
or anti-HBs antibody outside the pre-seroconversion 
window period. This definition of  OBI according to the 
presence of  serum HBV DNA is most commonly used 
in clinical practice.

OBI has also been defined as a serological condition 
characterized by the presence of  isolated hepatitis B core 
antigen (anti-HBc) in the absence of  HBsAg and anti-
HBs antibody[3,14]. Detection of  anti-HBc antibody, a 
surrogate marker of  OBI, is useful when an HBV DNA 
test is not available or when intermittent viremia is sus-
pected[8,15]. However, when OBI is defined according to 
the presence of  anti-HBc antibody alone, false anti-HBc 
positivity and negativity in the detection of  OBI should 
be considered. Not all anti-HBc-positive subjects are 
HBV DNA-positive. In addition, the absence of  anti-
HBc antibody does not exclude seronegative OBI. As 
mentioned earlier, the definition of  OBI slightly differs 
between studies; thus, cautious interpretation should be 
exercised when comparing study results about OBI.

OBI can be classified into 2 groups, seropositive 
OBI [anti-HBc and/or anti-hepatitis B surface (anti-
HBs) positive] and seronegative OBI (anti-HBc and anti-
HBs negative), on the basis of  the HBV antibody profile. 
Seropositive-OBI develops when serum test results for 
HBsAg become negative after acute hepatitis or when 
HBsAg is cleared during the course of  chronic hepatitis B. 
In fact, annual HBsAg seroclearance rates are reported to 
be 0.50%-2.26% per year in chronic hepatitis B patients, 
and persistent HBV DNA in the liver was detected in 
some of  these patients[16,17]. Seronegative-OBI is caused 
by primary occult of  anti-HBs or anti-HBc from the 
beginning of  the infection because of  the mutation or 
due to progressive loss of  anti-HBs[8,18]. Most OBIs are 
seropositive OBIs, but > 20% of  patients with OBI are 
seronegative for OBI, representing a population negative 
for all serum markers of  HBV infection[19].

EPIDEMIOLOGY
The prevalence of  OBI is reported to range from 1% to 
95% worldwide. These prevalence rates are influenced by 
several factors as follows: (1) geographic differences (en-
demicity); (2) different patient characteristics, including 
the presence of  comorbid diseases such as chronic hepa-
titis C; and (3) and the different diagnostic techniques 
used, which have different sensitivity[8,20,21]. 

The prevalence of  OBI differs according to the 
endemicity of  HBV infection. OBI was reported at a 
higher rate in an HBV endemic area such as East Asia 
where 41%-90% of  the population had prior exposure to 
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HBV, and less frequently in the low endemic areas such 
as North America, where only 5%-20% of  the popula-
tion had previous exposure[22]. Several studies on blood 
donors with similar cohorts have reported a 0.1%-1.05% 
prevalence of  OBI in HBsAg-negative, anti-HBc-positive 
donors from North America, 0%-1.59% in donors 
from Europe, and up to 6% in donors from an endemic 
area[5,23,24].

The prevalence of  OBI differs according to the co-
hort characteristics. OBI is more commonly noted in pa-
tients at high risk for parenterally transmitted infections 
such as hepatitis C virus (HCV) infection or immunosup-
pression condition such as human immunodeficiency 
virus (HIV) infection[25]. In particular, OBI prevalence 
is high in patients with HCV infection, with HBV DNA 
detected in approximately 33% of  patients with HBsAg-
negative HCV infection in Italy and > 50% patients in 
East Asian countries[19,26,27]. OBI prevalence was also 
high in patients with other chronic liver diseases at 
20%-30%[25,28], in hemophilia patients in Japan at 51%[29], 
and in intravenous drug users at 45%[30]. Among HIV-in-
fected patients in Turkey, 19.1% of  subjects had isolated 
anti-HBc (considered a marker of  OBI) compared to 
only 2.4% in blood-donor controls[31]. The effect of  high-
ly active antiretroviral therapy, clusters of  differentiation 
(CD)4 cell count, and HIV RNA load on OBI prevalence 
is still controversial[24,32,33].

The prevalence of  OBI also differs according to the 
sensitivity of  HBV DNA or HBsAg testing. There are 
various amplification methods for detecting HBV DNA, 
and the HBV genome target sites are also different. Some 
commercial assays are more sensitive than others at de-
tecting HBsAg mutants. The type of  sample used (liver 
or serum) or number of  samplings can also have some 
effect on the diagnosis of  OBI. Indeed, as serum HBV 
DNA levels seem to fluctuate in OBI, serial sample is 
more useful to identify OBI[21]. 

Since the study population differs significantly based 
on the above-mentioned factors, prevalence was hard 
to compare directly among studies. Therefore, caution 
should be exercised when interpreting the prevalence of  
OBI in different studies. 

MECHANISM
Some researchers insist the lower sensitivity of  the 
HBsAg immunoassay compared to that of  polymerase 
chain reaction (PCR) for the detection of  HBV DNA is 
responsible for development of  OBI. However, this dif-
ference in the assay sensitivity cannot explain the charac-
teristic lower replication rate of  HBV observed in OBI. 
The precise underlying mechanisms of  OBI are not well 
understood, which could be multifactorial. Both host and 
viral factors seem to have roles in suppressing viral repli-
cation and infection control[5,19]. 

Host factors
OBI is characterized a low rate of  HBV replication in 

vivo; however, occult HBV strains are replication-com-
petent in vitro. This suggests that host, rather than viral, 
factors are more responsible for OBI[34]. Similarly, many 
clinical observations indicate that OBI reactivation some-
times occurs under immunosuppressive conditions, such 
as during cancer chemotherapy treatment, HIV infection, 
or hematopoietic stem cell transplantation[25,35]. This can 
be explained by a break in the balance between the host’s 
immune system and the virus that occurs during occult 
infection caused by change in immune system function, 
resulting in reactivation of  OBI. These findings strongly 
indicate the critical role of  the host’s immune system in 
development of  OBI. 

Other in vitro studies showed vigorous antiviral T-cell 
responses several years after clinical recovery from acute 
hepatitis B. This suggests persistent synthesis of  min-
ute undetectable amounts of  virus by HBV covalently 
closed circular DNA (cccDNA) or other viral transcripts 
in OBI, maintaining the HBV-specific memory T-cell 
response[36]. Therefore, these findings also indirectly em-
phasize the role of  the host immune system in the devel-
opment and maintenance of  OBI[25,37,38]. 

In addition to memory T-cell immune reaction, in-
nate immune system or cytokines such as tumor necrosis 
factor-α and interferon-γ also have been reported to be 
associated with OBI[39,40]. Furthermore, epigenetic regula-
tion, including DNA methylation of  the HBV genome 
and posttranslational modification of  histones, has been 
reported to be related to the OBI[41]. 

Viral factors 
Although there is no sufficient evidence, viral factors also 
seem to have some effect on development of  OBI. Sev-
eral possible mechanisms explaining the low viral replica-
tion rate in OBI have been demonstrated. Mutations of  
the X region of  HBV reduce the ability of  the X protein 
to transactivate host cellular proteins that are essential for 
viral replication, which led to the suppression of  replica-
tion and expression of  HBV DNA, and resulted in nega-
tive seropositivity for HBsAg[42]. Escape mutation of  the 
S region was another possible viral factor associated with 
OBI, which also decreases reactivity in HBsAg detection 
assays[43]. In addition, a large number of  mutations were 
reported which can reduce HBsAg expression, decrease 
immune recognition of  the virus, and impair HBV pack-
aging. However, cautious interpretation is necessary, as 
most of  these studies lacked a control group or muta-
tions appeared not only in patients with OBI but also 
those with overt HBV infections. Further studies should 
be conducted[44].

DIAGNOSIS 
Several methods using liver tissue, DNA extracts from 
liver or blood, or other serologic markers such as anti-
HBc IgG have been used to diagnose OBI. The gold 
standard for OBI diagnosis is the detection of  HBV 
DNA in the DNA extraction from the liver, as cccDNA 
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presence of  anti-HBsAb. Among occult HBV-infected 
donors, those with high anti-HBs levels (recovered) are 
unlikely to transmit the infection, whereas those without 
anti-HBs (anti-HBc only) may transmit the infection[53,54]. 
However, the infectivity of  anti-HBs-containing blood 
components in immunodeficient or immunosuppressed 
recipients has not been systematically explored. Consider-
ing that immunocompromised hosts represent a substan-
tial proportion of  transfusion recipients, caution should 
be exercised when anti-HBc-positive blood is transfused 
to immunocompromised recipients, even when anti-HBs 
positive[45,54]. 

Nucleic acid testing (NAT) for donor screening de-
tects HBV infection in the window period (before the ap-
pearance of  HBsAg) as well as OBI, indicating the pres-
ence of  HBV DNA in the absence of  HBsAg. Therefore, 
the introduction of  NAT has further decreased the risk 
of  HBV transmission through blood transfusion. How-
ever, cost effectiveness and availability of  NAT should be 
considered before clinical application. Where HBV DNA 
testing is not available, such as in developing countries, 
testing for anti-HBc is strongly recommended[8,45,55].

Organ transplantation: OBI in a transplantation donor 
is important because there is a risk of  HBV transmis-
sion from an OBI-seropositive donor, and severe HBV 
reactivation can occur in some of  these cases during im-
munosuppression. As the hepatocytes are the reservoir 
of  HBV cccDNA, the rate of  transmission is higher in 
orthotopic liver transplantation compared to other or-
gan transplantations such as kidney, bone marrow, and 
heart[25,56]. The transmission of  HBV infection from HB-
sAg negative/anti-HBc positive (considered OBI) donors 
to recipients were reported at a rate of  17%-94%[57-59]. 
Because of  this high risk of  transmission, prophylaxis is 
recommended to prevent HBV reactivation. Although 
not directly compared in randomized controlled trials, the 
combination of  antiviral and hepatitis B immunoglobulin 
seems to be superior to treatment with antiviral or hepa-
titis B immunoglobulin monotherapies as prophylaxis. 
Lamivudine is the most widely used antiviral, and studies 
using newer antivirals such as entecavir, adefovir, and 
tenofovir are few[57]. It is uncertain whether OBI is trans-
mitted from HBV-seronegative donors.

OBI in liver transplant recipients is also important. 
The etiology of  de novo HBV infection after liver trans-
plantation was traced to OBI in both donors and recipi-
ents[60]. 

Hemodialysis: Hemodialysis patients are at increased 
risk of  parenterally transmitted infections because they 
are in an immunosuppressed state and exposed to inva-
sive procedures, share the same dialysis machine, and re-
ceive more transfusions than the general population. The 
relatively low acceptance and response rates to the HBV 
vaccine among dialysis patients also likely contributes to 
OBI transmission in hemodialysis patients[55,61]. The prev-
alence of  OBI in hemodialysis patients varies from 0% 

persists in the hepatocytes and HBV DNA is sometimes 
detected in the liver in the absence of  HBV DNA in 
the serum. However, obtaining liver tissue is an invasive 
procedure; therefore, obtaining hepatic HBV DNA is 
difficult in clinical practice. In addition, real-time PCR-
based assays for serum (or plasma) HBV DNA detection 
have been used with sufficient sensitivity to detect OBI in 
many cases; hence, serum HBV DNA assays are widely 
used to diagnose OBI[8]. 

DNA should be extracted from samples using the 
most efficient procedure. A higher rate of  HBV DNA 
detection has been obtained with snap-frozen liver tis-
sue than with paraffin-embedded liver tissue. When a 
blood sample is used, at least 1 mL of  serum should be 
collected to improve the sensitivity of  the test. DNA ex-
tracts should be amplified by highly sensitive nested PCR 
or by a real-time PCR technique that can detect fewer 
than 10 copies of  HBV DNA using the oligonucleotide 
primers specific for different HBV genomic regions and 
complementary to highly conserved nucleotide sequenc-
es. Appropriate negative and positive controls should be 
included in each PCR experiment. In addition, periodic 
testing for HBV DNA will improve diagnosis of  OBI 
especially in high-risk patients, as intermittent viremia can 
occur in occult HBV infection[8,18,21,22,45]. 

When highly sensitive HBV DNA testing cannot be 
performed, anti-HBc could be used as a possible surro-
gate marker for identifying potential seropositive OBI in 
cases of  blood and organ donation or those receiving im-
munosuppressive therapy. In this case, seronegative OBI 
or false-negative anti-HBc in an immunocompromised 
host should also be considered[45]. 

CLINICAL SIGNIFICANCE
Transmission of OBI
Transfusion: Although the risk of  HBV transmission 
through blood transfusion has decreased owing to the 
development of  sensitive and specific diagnostic assays, 
transfusional transmission of  HBV still occurs. Transmis-
sion of  HBV by transfusion occurs in 3 situations: (1) 
blood from a donor with OBI; (2) blood from patients 
in the infectious window period of  HBV infection; or (3) 
blood from a donor infected with S-escape mutant HBV 
infection not detected by the routinely used diagnostic 
HBsAg assay. The prevalence of  OBI in blood donors is 
variable depending on the geographic area, and is higher 
in HBV endemic areas[46]. In an Australian study analyz-
ing 2673521 blood donors, the incidence of  OBI was 
approximately 5.55 per 100000 donors compared to the 
1.06 per 100000 donors with an acute serologic window 
period infections[47]. In China, the pooled prevalence of  
OBI among donors was 0.094%[48]. In Europe, OBIs are 
detected in 1:2000 to 1:20000 samples donated[45,49-52].

The infectivity of  OBI by transfusion is determined 
not only by the viral load or the volume of  plasma but 
also by the HBV serological status (anti-HBc and/or anti-
HBs). The risk of  HBV transmission may depend on the 
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to 54% according to the diagnostic techniques or HBV 
endemicity[62,63], and several studies suggest that OBI 
could be a source of  viral spread both to other patients 
and staff  within the hemodialysis units[61,62]. Therefore, 
patients and staff  need HBV vaccine boosts to maintain 
levels of  protective antibody to HBsAg (anti-HBs). Strict 
dialysis-specific infection-control programs, including 
avoidance of  dialyzer reuse and use of  dedicated dialy-
sis rooms and machines, should be implemented. Staff  
for infected patients should be educated on preventive 
method to limit HBV transmission within dialysis units. 
Furthermore, regular screening for HBV DNA with 
sensitive PCR-based assays in all dialysis patients should 
be considered, and more attention should be given to pa-
tients who receive immunosuppressant drugs after renal 
transplantation[62,64].

Pregnancy and OBI transmission: Kwon et al[65] stud-
ied the possibility of  transmission of  OBI to the fetus 
in 202 healthy pregnant women. Among these, six (3%) 
women were OBI positive. When cord blood of  4 of  
these 6 women was evaluated for HBV DNA, all were 
HBV-DNA negative. This result suggests that vertical 
transmission through the cord blood is negligible, but 
this needs to be investigated further[65]. 

Reactivation
HBV reactivation after systemic chemotherapy was first 
reported in the mid 1970’s, and thereafter, HBV reac-
tivation has been reported not only in HBsAg-positive 
patients but also in OBI patients[35,66]. Although, reactiva-
tion in OBI occurs more rarely than in HBsAg positive 
patients, HBV reactivation is quite a frequent event in 
immunocompromised OBI patients when including not 
only symptomatic hepatitis but also HBsAg re-serocon-
version in the reactivation of  OBI[66-68]. This finding is 
clinically important because it can be associated with liver 
dysfunction, sometimes causing life-threatening fulminant 
hepatic failure, and often requires interruption of  chemo-
therapy[20,69]. The underlying mechanism of  reactivation is 
thought that chemotherapy induced immunosuppressive 
state triggers rapid viral replication because of  the loss of  
the immunological control. After immune system recon-
stitution, cytotoxic T-cell-mediated hepatocyte injury may 
occur, leading to the development of  hepatic inflamma-
tion and concomitant hepatic necrosis. 

Hematological malignancies, hematopoietic stem cell 
transplantation, liver transplantation from anti-HBc posi-
tive donors, and treatment with anti-CD20 (rituximab) 
seem to be the factors associated with the highest risk of  
OBI reactivation[25,70-73]. Other immunosuppressive condi-
tions, including HIV infection, kidney or bone marrow 
transplantation, systemic chemotherapy, and rheumato-
logic diseases or inflammatory bowel disease treated with 
biological agents or high-dose steroids for prolonged 
treatment, also have been reported as possible causes of  
viral reactivation in OBI patients[37]. 

While prophylactic antiviral treatment to prevent re-

activation is well established in HBsAg-positive patients 
undergoing immunosuppressive therapies, its use in OBI 
patients is debatable[25,70]. In highly endemic areas, 20% 
of  cancer patients have been reported to be HBsAg-neg-
ative and anti-HBc positive[74]; thus, prophylactic antiviral 
use for all OBI patients is unlikely to be cost-effective[68]. 
On the contrary, delayed treatment with an antiviral may 
be fatal, and frequent monitoring for reactivation in 
OBI patients is sometimes difficult. Therefore, use of  
antivirals is recommended for OBI patients with highest 
risk of  reactivation (previously suggested) regardless of  
HBV DNA presence and when HBV DNA monitoring 
is unavailable in routine practice[70,73,75,76]. HBsAg-negative 
and anti-HBc-positive patients with undetectable or low 
levels of  HBV DNA without highest risk of  reactivation 
should be carefully monitored using alanine aminotrans-
ferase (ALT) and HBV DNA levels, with adequate inter-
vals before and during immunosuppressive treatments, 
and also for several months after stopping treatment. In 
this case, antiviral treatment should be started as soon as 
HBV reactivation is detected, before ALT level elevation, 
since the objective of  this strict surveillance is to iden-
tify HBV reactivation early before liver injury to prevent 
acute hepatitis[68,75]. Among antivirals, lamivudine seems 
to be effective in patients with no or very low serum 
HBV DNA levels[77]. More potent nucleoside analogues 
should be chosen when reactivation is confirmed or la-
mivudine resistance is suggested[73]. Currently, there is no 
consensus about the optimal duration of  preventive anti-
viral therapy[78]. However, several reports suggest the start 
of  prophylaxis 1-2 wk before the start of  immunosup-
pressive therapy and prolonged antiviral therapy at least 
6-12 mo after completion of  chemo- or immunotherapy 
to prevent delayed reactivation of  HBV[79,80]. However, 
further studies should be performed to determine the 
optimal duration of  treatment.

Progression of chronic liver disease
It has been shown that HBV genomes may persist for a 
long time in the liver, inducing mild necro-inflammation 
in patients after complete clinical recovery from acute 
self-limited hepatitis B[81]. An in vivo study of  a wood-
chuck model showed similar results; animals that recov-
ered from acute woodchuck hepatitis virus (the rodent 
HBV-like hepadnavirus) showed lifelong existence of  
viruses replicating at low levels, inducing mild persistent 
liver necroinflammation[82]. These results suggest the role 
of  OBI in the progression of  chronic liver disease, and 
there has been much interest in the clinical impact of  
OBI, both as a mono-infection and as co-infection with 
HCV, on the course of  chronic liver disease.

As HBV and HCV share the same transmission route, 
OBI is highly prevalent in patients with HCV-related 
chronic hepatitis. Thus, many cross-sectional studies 
investigated the influence of  OBI on the outcome of  
chronic hepatitis C. Previous studies showed OBI as a 
risk factor for more severe liver disease[26,83]; however, 
the cross-sectional nature of  most of  these studies could 
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have biased patient selection. A recent longitudinal Ital-
ian cohort study by Squadrito et al[84] showed that among 
chronic hepatitis C patients, patients with OBI had 
higher risk of  progression to cirrhosis, development of  
HCC, and increased risk of  liver-related death compared 
to OBI-negative patients[84]. Other studies additionally 
showed the association of  ALT level flares with detection 
of  HBV DNA in HCV-OBI co-infected patients, indicat-
ing that transient HBV reactivation might be involved in 
liver injury in these patients[85,86]. A recent meta-analysis 
of  both OBI mono-infection and co-infection with HCV 
showed that OBI is associated with chronic liver disease, 
with an overall 8.9-fold increased risk compared to indi-
viduals without OBI. Subgroup analysis comparing HCV-
positive and -negative subjects showed that HCV-positive 
as well as HCV-negative patients (cryptogenic liver dis-
ease) had increased risk for chronic liver disease[87]. 

Conclusively, when OBI is present with HCV or with 
other chronic liver diseases, hepatic inflammation induced 
by a mild immune response to OBI may accelerate liver 
injury. In most healthy subjects under immune control, 
it is not determined yet whether OBI can cause clinically 
relevant hepatic damage[70,88].

Hepatocellular carcinoma occurrence 
HBV infection is known to be one of  the most impor-
tant risk factors in the development of  HCC. Although 
the mechanism by which HBV infection causes HCC is 
not completely known, HBV causes HCC both indirectly 
and directly. HBV infection causes hepatic inflamma-
tion, regeneration, and fibrosis associated with cirrhosis, 
which indirectly contribute to HCC development. In a 
direct pathway, HBV integrates into the host genomes, 
produces proteins with pro-oncogenic activities, such as 
X protein and mutant preS-S proteins, and causes genetic 
and epigenetic alterations that may directly induce hepa-
tocyte transformation[89,90]. 

Considering that OBI is characterized by intrahepatic 
persistence of  viral cccDNA, OBI can be a risk factor 
for HCC development in a similar way. In epidemiologic 
studies, a significantly higher prevalence of  OBI was 
observed in HCV-positive HCC patients than in HCV-
positive populations without HCC. Similar results were 
reported in the HCV-negative patients with cryptogenic 
liver disease or alcoholic liver disease[37,91-94]. An in vivo 
experimental study also demonstrated that woodchucks, 
after serological recovery from acute woodchuck hepatitis 
virus infections, are at high risk of  developing HCC even 
after apparent clearance of  the virus[95]. In prospective 
studies, the cumulative probability of  developing HCC 
was significantly higher among patients with OBI than 
among HBV DNA-negative patients, both in the pres-
ence[96-99] or absence of  HCV infection[100]. In addition, 
a recent meta-analysis demonstrated that OBI increases 
the risk of  HCC in both HCV and non-HCV infected 
patients[101]. 

Although these results support the idea that OBI is a 
risk factor for HCC, caution should be exercised during 

interpretation[102]. First, as most of  the study subjects had 
chronic liver disease of  various etiologies, these results 
indicate OBI as a co-carcinogen of  HCC in addition to 
other suggested carcinogens such as previous HBV in-
fection, HCV, or alcohol. The role of  OBI per se in the 
occurrence of  HCC should be further investigated. Sec-
ond, further studies should be performed to confirm the 
role of  OBI in cryptogenic liver disease. Previous studies 
have considered heterogeneous definitions of  crypto-
genic liver disease and non-B non-C liver diseases, (e.g., 
not differentiating nonalcoholic fatty liver disease and 
sometimes including alcohol or autoimmune liver disease 
in cryptogenic liver disease); therefore, it is difficult to 
interpret the results. Third, several other studies did not 
find an association between OBI and HCC, and ethnic 
and epidemiologic differences should be considered in 
the interpretation of  the results[103]. 

CONCLUSION 
OBI, defined as the presence of  HBV DNA without de-
tectable HBsAg, has recently gained increasing attention. 
Although the exact mechanism of  OBI has not been de-
termined, OBI can be transmitted, cause reactivation of  
HBV, and contribute to the development of  progressive 
liver disease and HCC. Thus, physicians should focus on 
the appropriate management of  these patients, and fur-
ther studies to clarify the clinical significance of  OBI are 
needed.
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Abstract 
Hepatitis C virus (HCV) is a major cause of viral hepa-
titis and currently infects approximately 170 million 
people worldwide. An infection by HCV causes high 
rates of chronic hepatitis (> 75%) and progresses to 
liver cirrhosis and hepatocellular carcinoma ultimately. 
HCV can be eliminated by a combination of pegylated 
α-interferon and the broad-spectrum antiviral drug rib-
avirin; however, this treatment is still associated with 
poor efficacy and tolerability and is often accompanied 
by serious side-effects. While some novel direct-acting 

antivirals against HCV have been developed recently, 
high medical costs limit the access to the therapy in 
cost-sensitive countries. To search for new natural an-
ti-HCV agents, we screened local agricultural products 
for their suppressive activities against HCV replication 
using the HCV replicon cell system in vitro . We found a 
potent inhibitor of HCV RNA expression in the extracts 
of blueberry leaves and then identified oligomeric 
proanthocyanidin as the active ingredient. Further in-
vestigations into the action mechanism of oligomeric 
proanthocyanidin suggested that it is an inhibitor of 
heterogeneous nuclear ribonucleoproteins (hnRNPs) 
such as hnRNP A2/B1. In this review, we presented an 
overview of functional foods and ingredients efficient 
for HCV infection, the chemical structural character-
istics of oligomeric proanthocyanidin, and its action 
mechanism. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C virus; Blueberry leaves; Func-
tional foods; Oligomeric proanthocyanidin; Heteroge-
neous nuclear ribonucleoproteins 

Core tip: An infection by hepatitis C virus (HCV) causes 
chronic hepatitis, liver cirrhosis, and hepatocellu-
lar carcinoma. While the combination of pegylated 
α-interferon and ribavirin is used for the elimination of 
HCV, a new anti-HCV drug is required due to the poor 
efficacy and serious side-effects associated with this 
combination therapy. We searched for new anti-HCV 
agents from natural products and then identified oligo-
meric proanthocyanidin from blueberry leaves. Further 
investigations suggested that several heterogeneous 
nuclear ribonucleoproteins may be the candidate pro-
teins involved in the proanthocyanidin-mediated inhibi-
tion of HCV subgenomic expression. Oligomeric proan-
thocyanidin isolated from blueberry leaves may have 
potential usefulness as an anti-HCV compound.

TOPIC HIGHLIGHT
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INTRODUCTION
Hepatitis C virus (HCV) is a major cause of  viral hepati-
tis and currently infects approximately 170 million people 
worldwide[1,2]. An infection by HCV causes high rates of  
chronic hepatitis (> 75%) and progresses to liver cirrhosis 
and hepatocellular carcinoma ultimately[3]. A total of  27% 
and 25% of  individuals that develop liver cirrhosis and 
hepatocellular carcinoma worldwide, respectively, arise in 
HCV-infected people[4]. The World Health Organization 
reported that between 350000 and 500000 people die 
from HCV-related diseases each year. However, there is 
no effective vaccine against HCV infection at present. 

Currently, the combination of  pegylated α-interferon 
and a broad spectrum antiviral drug, ribavirin, is used 
as the standard therapy for chronic HCV infection[2,5,6]. 
However, its option is unfortunately limited by efficacy, 
tolerability, and significant side-effects. Therefore, it had 
been required to establish a new therapeutic modality 
without serious adverse effects. Recently, direct-acting 
antivirals (DAAs) that inhibit HCV-specific proteins have 
be clinically investigated[7,8]. For example, boceprevir and 
telaprevir are new DAAs that were first approved by the 
United States Food and Drug Administration (FDA) in 
2011[9]. DAAs are expected to provide new promising 
treatment options in hepatitis C patients; however, at 
present, they face difficulties to disseminate worldwide 
due to high costs. Therefore, new anti-HCV agents that 
are safe, economical, and complementary with present 
therapies, are still required. 

Since the development of  HCV-related liver cirrhosis 
and hepatocellular carcinoma requires a prolonged period 
(20-30 years), the progression of  this disease may be influ-
enced by a diet including dairy products. Interest in func-
tional foods and their ingredients as natural resources for 
cancer prevention and treatment is increasing[10,11]. Eating 
habits, foods, nutrients contained in them, and other food 
constituents play important roles on the development 
of  several types of  cancer and 35% of  cancer deaths are 
estimated to be possibly related to dietary factors[12]. Poly-
phenols derived from various fruits and vegetables have 
recently been suggested to be effective in the prevention 
of  cancer. The South Kyushu region of  Japan, including 
the prefecture of  Miyazaki, has been recognized as a high 
prevalence area of  HCV and it emerges as a social issue. 
Therefore, attempts were made to identify functional food 
ingredients having suppressive activities against HCV rep-
lication as an industry-academia-government collabora-
tion study[13]. By screening of  1700 samples from 283 ag-
ricultural products in Miyazaki prefecture, we found that 
oligomeric proanthocyanidin, a polyphenolic ingredient 

abundantly contained in the leaves of  the blueberry plant, 
suppressed the expression of  HCV subgenomic RNA in 
an HCV replicon cell system[13]. 

In this review, we presented an overview of  func-
tional foods and ingredients efficient for HCV infection, 
the chemical structural characteristics of  oligomeric pro-
anthocyanidin, and its action mechanism.

HCV LIFE CYCLE AND ANALYTICAL 
TOOL
HCV belongs to Hepacivirus genus of  the Flaviviridae fam-
ily and has a positive-sense single stranded RNA of  9.6 
kb wrapped with enveloped membrane[14]. After their ad-
sorption on the surface of  host cells, HCV particles are 
internalized into endocytic compartments and viral ge-
nomic RNA is then released into the cytoplasm by fusion 
of  the viral envelope and cellular membrane. Genomic 
RNA serves as mRNA for viral proteins and is translated 
into a single polyprotein (3011 amino acids), resulting in 
4 structural proteins (Core, E1, E2, and p7) and 6 non-
structural (NS) proteins (NS2, NS3, NS4A, NS4B, NS5A, 
and NS5B) by post-translational processing (Figure 1A). 
It also serves as a template for viral genome replication. 
Non-translated regions (NTRs), 5’NTR and 3’NTR, are 
connected with the HCV polyprotein-coding region, and 
modulate viral protein synthesis and genome replication. 
The assembly of  these viral components occurs on the 
endoplasmic reticulum (ER) membrane. Viral proteins 
and genomic RNA assemble on the cytoplasmic side of  
the membrane and then progeny virions bud into the ER 
lumen, followed by their release to the extracellular space. 
In the life cycle of  HCV, each viral protein functions as 
described below[14]. Core is a highly basic protein that 
encapsidates HCV genomic RNA. E1 and E2 are glyco-
proteins integrated into the viral envelope. p7 functions 
as an ion channel and an antiviral drug, amantadine, is the 
p7 ion channel blocker[15]. Importantly, several steps of  
HCV infectious process are coordinated by NS proteins. 
NS2 and NS3 are a cysteine protease and serine prote-
ase, respectively, that play roles in the post-translational 
processing of  viral proteins. NS3 serine protease activity 
requires NS4A as a cofactor. NS4B and NS5A have been 
suggested to serve in viral assembly on the ER membrane 
and NS5B is an RNA-dependent RNA polymerase. Many 
studies to date have reported that these viral proteins are 
associated not only with viral replication, but also patho-
genicity via interactions with various host proteins. The 
identification of  host proteins associated with the HCV 
life cycle is very important for anti-HCV drugs, and the 
HCV replicon cell system has contributed significantly 
to the development of  these drugs[16,17]. This system con-
sists of  the human hepatocellular carcinoma line Huh-7 
in which the transfected luciferase gene connected with 
HCV subgenomic RNA including the downstream cod-
ing regions of  NS3 and the expression of  HCV subge-
nomic RNA can be quantified by luciferase activity (Figure 
1B). It provides a useful tool for HCV drug development 

871 December 27, 2014|Volume 6|Issue 12|WJH|www.wjgnet.com

Ishida Y et al . Oligomeric proanthocyanidin suppresses HCV subgenomic replication



and the elucidation of  mechanisms underlying HCV 
genome replication[17]. We have used this HCV replicon 
system to screen functional foods with anti-HCV activity. 

THERAPEUTIC OPTIONS FOR CHRONIC 
HCV INFECTION
Currently, the combination of  pegylated α-interferon and 
a broad spectrum antiviral drug, ribavirin, is used as the 
standard therapy for chronic HCV infection[2,5,6]. How-
ever, the HCV genotype is an important determinant of  
its efficacy and tolerability. Whereas the virological re-
sponse to this combination therapy is more than 70% for 
genotypes 2 and 3, it is less than 50% for genotype 1[18-20]. 
Furthermore, this therapy causes significant side-effects 
such as thrombocytopenia, flu-like symptoms, fever, rash, 
anorexia, and thyroid dysfunction. Depression and irrita-
bility that are expressed as neuropsychological disorders 
during therapy impair quality of  life universally. There-
fore, it had been required to establish a new therapeutic 
modality without serious adverse effects. 

Recently, DAAs that inhibit HCV-specific proteins 
have been clinically investigated[7,8]. Two DAAs, bocepre-
vir and telaprevir first came to the HCV drug market 
and were approved by FDA in May 2011. Boceprevir 
or telaprevir was used as triple therapy with pegylated 
α-interferon and ribavirin for hepatitis C patients with 
genotype 1[9]. These DAAs are inhibitors against HCV 
NS3/4A serine protease and bind covalently with active 

site of  the enzyme[21-23]. The triple therapy using bocepre-
vir or telaprevir significantly increased the rate of  sus-
tained virological response (SVR) for naive or previous 
treated hepatitis C patients with HCV genotype 1[24-29]. 
After that, next generation DAAs, ABT-450/r, simepre-
vir, and faldaprevir, which are also NS3/4A protease 
inhibitors, have been reported to have advantages of  
their convenience and improved side effects profile[30-32]. 
Further, daclatasvir and sofosbuvir, which are an NS5A 
replication complex inhibitor and a nucleotide analogue 
NS5B polymerase inhibitor, respectively, also increased 
SVR rate[33-35]. Notably, the combination of  these DAAs 
only was the highly effective treatment for patients with 
HCV genotype 1[36,37] and it is feasible to treat HCV with-
out interferon and ribavirin. 

While patients with hepatitis C can be treated by 
above mentioned DAAs without significant side-effects, 
it requires high medical costs and limits access to the 
therapy in cost-sensitive countries[38]. Of  the 20 countries 
with the high prevalence of  HCV, 12 are categorized as 
low or lower-middle income countries[39]. Therefore, new 
anti-HCV agents that are safe, economical, and comple-
mentary with present therapies, are still required and we 
focus attention on functional foods and their ingredients. 

FUNCTIONAL FOOD INGREDIENTS 
EFFECTIVE FOR HCV
The development of  HCV-related liver cirrhosis and 
hepatocellular carcinoma requires a prolonged period 
(20-30 years). Therefore, the progression of  the disease 
and HCV infectivity may be influenced by a diet includ-
ing dairy products. Functional foods and their ingredients 
are known to be capable of  modulating various biologi-
cal processes such as apoptosis and have been attracting 
interest as natural resources for the prevention and treat-
ment of  cancer[10,11,40]. Dietary polyphenols derived from 
various fruits and vegetables have been suggested to be 
effective in cancer prevention. Although the importance 
of  functional food ingredients as DAAs against HCV is 
not fully recognized, these findings suggest that they con-
tribute to the elimination of  the virus. 

Several functional food ingredients have been re-
ported to interfere with different steps of  the HCV life 
cycle. Epigallocatechin-3-gallate (EGCG) (Figure 2A) and 
curcumin (Figure 2B), which are ingredients of  green tea 
(Camellia sinensis) and the Indian spice turmeric (Cur-
cuma longa), respectively, inhibit the entry of  HCV into 
host cells[41,42]. Quercetin (Figure 2C), a flavonoid that 
is abundantly contained in onions, apples, berries, and 
red wine, has been shown to inhibit NS3 protease activ-
ity[43]. Punicalagin (Figure 2D) and its related substance 
punicalin from the pomegranate (Punica granatum L.) re-
duced the replication of  HCV[44]. Naringenin (Figure 2E) 
from the grapefruit (Citrus X paradisi Macfady.) has been 
identified as an ingredient that interferes with viral as-
sembly[45,46]. Diosgenin (Figure 2F) and epicatechin (Figure 
2G), which are contained in yams (Dioscorea spp.) and 
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HCV genomic RNA

5’NTR 3’NTR
Polyprotein-coding region

Translation

Polyprotein (3011 amino acids)

Structural proteins

Post-translational processing

Nonstructural proteins

Core p7 NS4BNS4A

NS2 NS3 NS5A NS5BE1 E2

5’NTR 3’NTR
Luciferase NS3

NS4A NS4B

NS5A NS5BB

A

Figure 1  Structure of the hepatitis C virus genome and cell system for an-
ti-hepatitis C virus drug discovery. A: HCV genomic RNA and viral proteins. 
HCV genomic RNA encodes a single polyprotein of 3011 amino acids. After 
being translated, the polyprotein is processed into 4 structural proteins (Core, 
E1, E2, and p7) and 6 non-structural (NS) proteins (NS2, NS3, NS4A, NS4B, 
NS5A, and NS5B). The polyprotein-coding region is flanked by 5’ and 3’NTRs. 
Viral RNA also serves as a template for viral genome replication and both NTRs 
modulate viral protein synthesis and genome replication; B: The HCV replicon 
cell system. Huh-7 cells were transfected with the luciferase gene connected 
with HCV subgenomic RNA including the downstream coding regions of NS3. 
The expression of HCV subgenomic RNA could be quantified by luciferase ac-
tivity. HCV: Hepatitis C virus; NTRs: Non-translated regions.
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anum) and consists of  at least 7 flavonoid compounds, 
was also found to interfere with several steps of  HCV 
infectious process, such as NS5B polymerase activity and 
virus entry and transmission[51]. As shown in Figure 2, 
most ingredients are polyphenol compounds and, EGCG 
(A), quercetin (C), naringenin (E), and epicatechin (G) 
have similar chemical structures. There may be a charac-
teristic structure modulating viral proteins and their asso-
ciations with host proteins. 

green tea, respectively, also affect the signal transduction 
pathways of  host cells and inhibit HCV replication via 
the signal transducer and activator of  transcription 3 and 
cycloxygenase-2 pathways, respectively[47,48]. The finding 
that curcumin and quercetin also inhibited HCV replica-
tion by associating with sterol regulatory element binding 
protein-1 and heat shock proteins, respectively, indicated 
the existence of  multifunctional ingredients[49,50]. Silyma-
rin, which is an extract from milk thistle (Silybum mari-

Figure 2  Chemical structure of functional food ingredients with anti-hepatitis C virus activities. A: Epigallocatechin-3-gallate; B: Curcumin; C: Quercetin; D: 
Punicalagin; E: Naringenin; F: Diosgenin; G: (-)-epicatechin.
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Clinically, the supplementation of  vitamin group has 
been reported to increase SVR rates in chronic hepatitis 
C patients who underwent the standard therapy with 
pegylated α-interferon and ribavirin[52-54]. Regarding sig-
nificant side-effects of  the standard therapy, a tomato-
based functional food abundant in natural antioxidants 
alleviated the severity of  anemia caused by ribavirin and 
improved the tolerance to the drug[55]. 

OLIGOMERIC PROANTHOCYANIDIN 
FROM BLUEBERRY LEAVES HAS 
SUPPRESSIVE ACTIVITY AGAINST HCV 
SUBGENOME REPLICATION IN VITRO
To identify functional food ingredients effective for 
hepatitis C, we comprehensively screened the extracts of  
commonly ingested agricultural products (1700 samples 
from 283 species) grown in Miyazaki prefecture, Japan 
using an HCV replicon cell system[13]. Samples having 
high antioxidative activities were first selected irrespective 
of  edible part or non-edible part, and then the inhibitory 

activities against HCV subgenomic RNA replication were 
examined using the system. We found that extracts of  
blueberry leaves significantly suppressed the replication. 
Furthermore, by comparing the inhibitory activities us-
ing leaves from various kinds of  blueberry species, it was 
found that the leaves of  rabbit-eye blueberry (Vaccinium 
virgatum Aiton) had the highest activity[13]. Rabbit-eye 
blueberry is cultivated in a region with a warm climate, 
such as the southern areas of  Japan, including Miyazaki 
prefecture. Its leaves have been also reported to be good 
sources of  polyphenols and natural antioxidants[56]. 

We identified oligomeric proanthocyanidin as the 
blueberry leaf-derived inhibitor of  HCV subgenomic 
RNA replication[13]. Proanthocyanidin is a polyphenol 
and has polymerized structures in which more than two 
flavan-3-ol units such as catechin (Figure 3A) and epicat-
echin (Figure 2G) are covalently linked. Figure 3B shows 
an example of  the chemical structure of  proanthocyani-
din. Proanthocyanidin possesses two interflavan bonds, 
in which the A-type and B-type have two bond linkages 
(C4→C8 and O7→C2) and one linkage (C4→C8 or C4
→C6), respectively[57], and both types co-exist in proan-
thocyanidin from the rabbit-eye blueberry plant[13]. While 
catechin, epicatechin, EGCG, and dimers such as procy-
anidin B2 did not exhibit inhibitory activity against HCV 
subgenomic expression in our experimental system, pro-
anthocyanidin oligomer having polymerization degree of  
8 to 9 markedly inhibited this expression[13]. This finding 
suggested that the HCV inhibitory activity of  oligomeric 
proanthocyanidin in the replicon assay may require an 
oligomerized structure. 

Proanthocyanidins are abundantly contained in vari-
ous plants and foods[58] and contribute to organoleptic 
properties such as bitterness and astringency[59]. Proan-
thocyanidin-containing foods and nutritional supplements 
are known to have benefits in health promotion. United 
States Department of  Agriculture Database reported 
proanthocyanidin contents of  various foods, showing 
that apple peel, red kidney beans, pinto beans, cacao 
beans, cocoa, grape seeds, several nuts (almonds, hazel-
nuts, pecans, and pistachios), sorghum, and cinnamon are 
proanthocyanidin-rich[60]. Blueberry fruits are also rela-
tively proanthocyanidin-rich; however, the fruits did not 
show significant HCV inhibitory activity compared to the 
leaves (unpublished data). In the fruits, proanthocyanidin 
contents of  monomer, dimer, trimer, 4-6mer, 7-10mer, 
and polymer with degrees of  polymerization greater than 
10mer are 3.46, 5.71, 4.15, 19.57, 14.55, and 129.05 mg 
per 100 g edible portion, respectively[60]. As the inhibitory 
activity required the oligomeric structure of  proanthocy-
anidin having a polymerization degree of  8 to 9 but not 
polymer and fresh blueberry leaf  contained 3000-4000 
mg proanthocyanidins per 100 g total extracts[13], leaves 
but not fruits from blueberry are likely suitable for the 
prevention of  HCV-related diseases. With regard to the 
oral uptake, oligomeric proanthocyanidin seems to elute 
off  by boiling for cooking as shown with pint beans[60]. 
Therefore, oligomeric proanthocyanidin from blueberry 
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leaves might be ingested as a hot water extract such as 
herbal tea. However, absorption efficiency of  oligomeric 
proanthocyanidin in the intestine may be very low. 

Proanthocyanidin has also been reported to possess 
anti-viral activity against other viruses, herpes simplex 
virus and human immunodeficiency virus type 1[61-65]. To 
the best of  our knowledge, we first reported that the pro-
anthocyanidin oligomer inhibited the expression of  HCV 
subgenomic RNA[13]. However, the effects of  oligomeric 
proanthocyanidin on HCV replication in hepatocytes in 
vivo currently remain unknown.

ACTION MECHANISM OF OLIGOMERIC 
PROANTHOCYANIDIN IN HCV REPLICON 
CELLS
The suppression of  HCV subgenomic RNA replica-
tion by oligomeric proanthocyanidin has been attracting 
increasing attention. Polyphenolic compounds gener-

ally have high antioxidant activities[10,11,58]. Therefore, 
the nonspecific antioxidant activity of  polyphenols may 
contribute to the suppression of  HCV subgenomic RNA 
replication by oligomeric proanthocyanidin. However, we 
examined other polyphenolic compounds in our HCV 
replicon assay, and found that constitutional units such 
as catechin and epicatechin did not display suppressive 
activity, which requires the oligomerized structure of  
proanthocyanidin[13]. While it currently remains unknown 
whether proanthocyanidin oligomer can be translocated 
within the cells in spite of  the structure, the ingredient 
has been reported to be absorbed from the digestive 
tract[66,67], implying the internalization into cells. Oligo-
meric proanthocyanidin appears to suppress HCV sub-
genomic RNA replication via a specific association with 
certain intracellular molecules. 

Proteomic approach using two-dimensional differen-
tial gel electrophoresis combined with mass spectrometry 
provides a powerful tool to determine the cellular re-
sponse to functional foods[40]. To clarify the action mech-
anism of  oligomeric proanthocyanidin in HCV replicon 
cells, we performed proteomic analysis of  proanthocy-
anidin-binding proteins purified by affinity chromatogra-
phy[13]. Then, cellular proteins from replicon cells having 
higher affinity to proanthocyanidin than catechin were 
identified by a mass spectrometric analysis, and whether 
the proteins identified were associated with HCV RNA 
expression was further examined using a siRNA-based 
replicon assay (Figure 4). Four heterogeneous nuclear 
ribonucleoproteins (hnRNPs), hnRNP A/B, A2/B1, K, 
and L, were suggested to be possible cellular binding 
proteins of  oligomeric proanthocyanidin. While siRNA 
targeting hnRNP A/B, K, and L showed weak inhibitory 
activities, the knockdown of  hnRNP A2/B1 significantly 
suppressed HCV subgenomic replication[13]. 

HnRNPs comprise a family of  RNA-binding proteins 
that are involved in diverse RNA-related biological pro-
cesses[68]. They are multifunctional proteins composed 
of  major and minor hnRNP proteins, and hnRNP A/B, 
A2/B1, K, and L that we identified belonged to the 
major hnRNPs[69]. Previous studies demonstrated that 
these hnRNPs regulated the metabolism of  RNA such as 
pre-mRNA splicing and transcription[70-76]. For example, 
hnRNP A2/B1 was shown to affect the alternative splic-
ing of  several tumor suppressors and oncogenes in glio-
blastoma cells[72]. Furthermore, several studies reported 
interactions and cooperation between these hnRNPs[77-79]. 
hnRNP A2 and hnRNP L have also been shown to ex-
ist as a complex and regulate the expression of  glucose 
transporter-1 by binding to mRNA 3’NTR[80,81].

In the HCV life cycle, hnRNPs are associated with 
HCV genome RNA and regulate its replication. hnRNP 
A1, which exhibits high homology with hnRNP A2/B1, 
was shown to facilitate HCV replication via binding to 
the HCV 5’ and 3’NTRs (Figure 1), and the replication 
was significantly suppressed by the double knockdown 
of  hnRNP A1 and hnRNP A2[82]. hnRNP K and hnRNP 
L are also NTR-binding proteins[83-85]. Furthermore, all 

Affinity chromatography

Two-dimensional 
electrophoresis

vs

Differential analysis 

Mass spectrometric analysis

siRNA-based replicon assay

Total proteins extracted from HCV replicon cells

Proanthocyanidin-
binding proteins

Catechin-
binding proteins

Proteins having higher affinity to 
proanthocyanidin than catechin 

hnRNP A2/B1
hnRNP A/B
hnRNP K
hnRNP L

Figure 4  Identification strategy of candidate proteins involved in the 
proanthocyanidin-mediated inhibition of hepatitis C virus subgenomic ex-
pression[13]. Total proteins were extracted from hepatitis C virus (HCV) replicon 
cells and then proanthocyanidin-binding and catechin-binding proteins were 
purified by affinity chromatography using sepharose beads coupled with pro-
anthocyanidin and catechin, respectively. Purified proteins were separated by 
two-dimensional electrophoresis followed by detecting spots of proteins having 
higher affinity to proanthocyanidin than catechin (arrows). Mass spectrometric 
analysis and further screening by a siRNA-based replicon assay showed that 
hnRNP A2/B1, A/B, K, and L are candidate proteins involved in the oligomeric 
proanthocyanidin-mediated inhibition of HCV subgenomic expression. hnRNP: 
Heterogeneous nuclear ribonucleoprotein.
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the hnRNPs we identified as the target protein candidates 
of  oligomeric proanthocyanidin were included in HCV 
3’NTR-binding proteins[86]. Collectively, these findings 
suggested that a complex composed of  hnRNP A2/B1, 
A/B, K, and L may serve in HCV genome replication 
by binding to NTRs and oligomeric proanthocyanidin is 
an inhibitor of  the replication complex. This possibility 
should be addressed in a further study. 

CONCLUSION
Currently, a combination of  pegylated recombinant in-
terferons and ribavirin is used as the standard therapy 
for hepatitis C patients. Recently emerged DAAs are 
expected to provide new promising treatment options in 
hepatitis C patients. However, their high medical costs 
may make difficult to disseminate worldwide. We demon-
strated that extracts of  blueberry leaves suppressed HCV 
subgenome replication in vitro, and their active ingredient 
was oligomeric proanthocyanidin[13]. Investigations into 
the underlying action mechanism suggested that proan-
thocyanidin may be an inhibitor of  several hnRNPs such 
as hnRNP A2/B1[13]. On the other hand, it currently re-
mains unknown whether the oligomeric form of  proan-
thocyanidin, which is required for the inhibition of  HCV 
replication, can be efficiently absorbed from the digestive 
tract to maintain effective plasma concentrations in vivo. 
However, further basic research on the action mechanism 
of  oligomeric proanthocyanidin against HCV replication 
may open ways to develop novel anti-HCV drugs and 
supplements for hepatitis C patients worldwide.
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Abstract
Non-alcoholic fatty liver disease (NAFLD) is a major 
cause of liver disease around the world. It includes a 
spectrum of conditions from simple steatosis to non-al-
coholic steatohepatitis (NASH) and can lead to fibrosis, 
cirrhosis, liver failure, and/or hepatocellular carcinoma. 
NAFLD is also associated with other medical conditions 
such as obesity, diabetes mellitus (DM), metabolic syn-

drome, hypertension, insulin resistance, hyperlipidemia, 
and cardiovascular disease (CVD). In diabetes, chronic 
hyperglycemia contributes to the development of both 
macro- and microvascular conditions through a variety 
of metabolic pathways. Thus, it can cause a variety 
of metabolic and hemodynamic conditions, including 
upregulated advanced glycation end-products (AGEs) 
synthesis. In our previous study, the most abundant 
type of toxic AGEs (TAGE); i.e. , glyceraldehyde-derived 
AGEs, were found to make a significant contribution to 
the pathogenesis of DM-induced angiopathy. Further-
more, accumulating evidence suggests that the binding 
of TAGE with their receptor (RAGE) induces oxidative 
damage, promotes inflammation, and causes changes 
in intracellular signaling and the expression levels of 
certain genes in various cell populations including he-
patocytes and hepatic stellate cells. All of these effects 
could facilitate the pathogenesis of hypertension, can-
cer, diabetic vascular complications, CVD, dementia, 
and NASH. Thus, inhibiting TAGE synthesis, preventing 
TAGE from binding to RAGE, and downregulating RAGE 
expression and/or the expression of associated effector 
molecules all have potential as therapeutic strategies 
against NASH. Here, we examine the contributions of 
RAGE and TAGE to various conditions and novel treat-
ments that target them in order to prevent the devel-
opment and/or progression of NASH.
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Core tip: Toxic advanced glycation end-products (TAGE) 
synthesis is increased by non-alcoholic steatohepatitis 
(NASH), and patients with NASH exhibit significantly in-
creased serum and hepatic TAGE concentrations. Inter-
actions between TAGE and the receptor for advanced 
glycation end-products (RAGE) have been suggested 
to cause oxidative stress and increase the fibrogenic 
potential of cultured human hepatic stellate cells. 
Therefore, TAGE signaling via  RAGE and the resultant 
synthesis of reactive oxygen species might play a role 
in the worsening of hepatic pathology seen in NASH. 
These observations led us to suggest that extracellular 
and intracellular TAGE are involved in the pathogenesis 
of NASH.

Takeuchi M, Takino J, Sakasai-Sakai A, Takata T, Ueda T, Tsu-
tsumi M, Hyogo H, Yamagishi S. Involvement of the TAGE-
RAGE system in non-alcoholic steatohepatitis: Novel treatment 
strategies. World J Hepatol 2014; 6(12): 880-893  Available from: 
URL: http://www.wjgnet.com/1948-5182/full/v6/i12/880.htm  
DOI: http://dx.doi.org/10.4254/wjh.v6.i12.880

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a major 
cause of  chronic liver disease in developed countries, 
and hence, is becoming a global public health issue[1]. 
NAFLD includes a range of  conditions, from simple ste-
atosis to non-alcoholic steatohepatitis (NASH)[2-4]. NASH 
has the potential to progress, which can result in cir-
rhosis, liver failure, and/or hepatocellular carcinoma[2-4]. 
NAFLD is regarded as a hepatic symptom of  metabolic 
syndrome (MetS) and is associated with visceral obesity, 
abnormalities in glucose and lipid metabolism, insulin 
resistance (IR), and hypertension[5-7]. In NAFLD patients, 
underlying metabolic conditions such as those described 
above result in worsening liver dysfunction and a higher 
incidence of  liver fibrosis and are also involved in the de-
velopment of  cardiovascular disease (CVD)[8,9].

Advanced glycation end-products (AGEs) might be 
involved in the mechanism that links NASH and diabetes 
mellitus (DM). Accumulating evidence indicates that in 
diabetic patients chronic hyperglycemia upregulates the 
production of  AGEs (senescent macroprotein deriva-
tives) via non-enzymatic glycation (the Maillard reaction). 
It has been demonstrated that the binding of  AGEs to 
their receptor (RAGE) induces oxidative stress followed 
by inflammatory and/or thrombogenic responses in a 
variety of  cell types. Furthermore, in diabetes such bind-
ing is considered to be involved in the pathogenesis and 
worsening of  angiopathic conditions[10-16]. In our previous 
study, the most abundant type of  toxic AGEs (TAGE); 
i.e., glyceraldehyde-derived AGEs (Glycer-AGEs), were 
found to make a significant contribution to the develop-
ment of  angiopathic conditions in DM[17-20]. In addition, 
there is a growing consensus that TAGE-RAGE interac-

tions affect gene expression, intracellular signaling, and 
the secretion of  pro-inflammatory factors and induce 
reactive oxygen species (ROS) production in various cell 
types including hepatic stellate cells (HSC) and hepato-
cytes[21,22]. Thus, TAGE-RAGE interactions might play a 
role in the pathological changes associated with lifestyle-
related diseases, particularly NASH. TAGE synthesis is 
increased in NASH, and NASH patients were found to 
exhibit significantly higher hepatic and serum TAGE 
concentrations than individuals with simple steatosis or 
healthy controls[23]. TAGE-RAGE interactions have also 
been found to be associated with the induction of  oxida-
tive stress and increases in the fibrogenic potential of  
cultured human HSC[22]. Therefore, it is suggested that 
TAGE signaling through RAGE and the subsequent 
ROS production play a role in the worsening of  hepatic 
pathology observed in NASH. 

Accordingly, inhibiting the binding of  TAGE to 
RAGE and TAGE synthesis and downregulating RAGE 
expression and/or the expression of  its effectors have 
potential as treatment strategies for NASH. Here, we 
examine the contributions of  RAGE and TAGE to vari-
ous conditions and novel treatments that target these 
molecules in order to prevent the development and/or 
progression of  NASH.

AGEs
The Maillard reaction, in which the N-terminal α-amino 
or ε-amino regions of  protein lysine residues react non-
enzymatically with the ketone or aldehyde moieties of  
reducing sugars, e.g., fructose, glucose, etc., is responsible 
for synthesizing AGEs. AGEs are known to be involved 
in protein aging and the pathological complications as-
sociated with DM[10-13,17-20,24-27]. In hyperglycemic DM 
patients, the first step in this process involves the conver-
sion of  reversible Schiff  base adducts to more stable co-
valently bound Amadori rearrangement products, which 
subsequently undergo further rearrangement to produce 
irreversibly bound moieties (AGEs), and this process can 
range in duration from days to weeks. 

Initially, AGEs were identified based on their fluo-
rescent yellow-brown appearance and their ability to 
produce cross-links with and between amino groups. 
However, the term AGEs now refers to numerous 
products associated with the advanced stages of  the 
glycation process, including N-(carboxyethyl)lysine, 
N-(carboxymethyl)lysine (CML), and pyrraline, which are 
colorless and can not form cross-links with proteins[24-29]. 
In vivo AGE production is affected by the sugar concen-
tration, the rate of  turnover of  the chemically modified 
target, and the time available. Increases in the glucose 
concentration were previously considered to have a major 
influence on the Maillard reaction; however, glucose is 
one of  the least reactive sugars found in biological or-
ganisms[24,30]. As well as extracellular AGE synthesis, the 
rapid intracellular production of  AGEs from intracellular 
precursors such as trioses, dicarbonyl compounds, and 
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fructose has been gaining attention[31,32]. Due to the great 
degree of  variation in the structures of  the AGEs found 
in vivo and the complex nature of  the reactions required 
for their synthesis, only some AGEs have had their struc-
tures identified[33]. Furthermore, even the structures of  
cytotoxic AGEs are yet to be elucidated.

In a previous study, we found that α-hydroxyaldehydes 
(glycolaldehyde and glyceraldehyde), fructose, glucose, 
and dicarbonyl compounds (glyoxal and methylglyoxal, 
3-deoxyglucosone) all contribute to protein glyca-
tion[27,34-37]. A total of  7 immunochemically distinct AGEs 
classes [methylglyoxal-derived AGEs; Glycer-AGEs; 
fructose-derived AGEs; glucose-derived AGEs (Glu-
AGEs); 3-deoxyglucosone-derived AGEs; glyoxal-derived 
AGEs; and glycolaldehyde-derived AGEs] were found in 
serum samples collected from hemodialysis patients with 
type 2 DM (T2DM)[27,34-37]. Accordingly, we suggested 
that the in vivo formation of  AGEs occurs via a process 
involving the Maillard reaction, sugar autoxidation, and 
sugar metabolism pathways (Figure 1).

PATHWAY FOR THE IN VIVO SYNTHESIS 
OF GLYCER-AGEs 
In vivo, two different pathways are responsible for glycer-
aldehyde (GLA) production, (1) the fructose metabolic 
pathway (fructolysis) and (2) the glycolytic pathway 
(glycolysis)[18-20,38]. In pathway (1) under hyperglycemic 
conditions a rise in the intracellular glucose concentra-
tion stimulates the production of  fructose via the polyol 
pathway in insulin-independent tissues, such as nerve 
tissue, the kidneys, the lens of  the eye, red blood cells, 

and the brain[39-42]. In addition, fructose is a constituent 
of  sucrose and high-fructose corn syrup (HFCS), and 
hence, is included in many people’s diets[43,44]. Fructoki-
nase phosphorylates fructose to fructose 1-phosphate, 
which is then broken down into dihydroxyacetone phos-
phate and GLA by aldolase B[45,46]. Next, the resultant 
GLA is transported (or leaks passively) across the cell 
membrane. GLA induces TAGE synthesis in the both 
intracellular and extracellular compartments; as for path-
way (2) the enzyme glyceraldehyde 3-phosphate (G3P) 
dehydrogenase (GAPDH) usually breaks down the glyco-
lytic intermediate G3P. However, reductions in GAPDH 
activity lead to the intracellular accumulation of  G3P. As 
a result, G3P metabolism starts to occur via an alternative 
pathway, leading to a rise in the concentration of  GLA, 
which promotes the synthesis of  Glycer-AGEs, a major 
form of  TAGE. This indicates that a positive feedback 
mechanism is in operation; namely, that the inhibition of  
GAPDH activity by TAGE promotes TAGE synthesis 
(Figure 2).

DIETARY FRUCTOSE 
It is suspected that fructose is at least partially respon-
sible for the obesity epidemic affecting developed 
countries. The greater prevalence of  fructose in people’
s diets results in greater glucose flux and elevated fruc-
tose metabolism in hepatocytes. Fructose used to be 
considered to be a beneficial dietary substance due to 
the fact it does not stimulate insulin secretion; however, 
as insulin signaling plays a key role in the development 
of  NAFLD, this property of  fructose might be undesir-
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sumption[55,56]. Thus, fructose has an important influence 
on the development of  fatty liver disease[57].

Particular dietary sugars (especially fructose) are con-
sidered to play a role in the development and progression 
of  NAFLD. The sugar additives (usually HFCS or su-
crose) found in beverages and processed foods are widely 
viewed as the main source of  the increased amounts of  
fructose consumed in developed countries. Dyslipidemia, 
obesity, and IR have all demonstrated strong associa-
tions with greater fructose consumption, and evidence 
indicating that fructose is involved in the development 
and progression of  NAFLD is accumulating. Human 
studies have linked fructose consumption to hepatic fat 
accumulation, fibrosis, and inflammation. At present, 
it is unclear whether fructose can cause NAFLD on its 
own or whether it only promotes the condition when 
consumed in excessive amounts by individuals with a 
sedentary lifestyle, IR, and/or a positive energy balance. 
However, there is enough evidence to support a recom-
mendation that the consumption of  foods and drinks 
that are high in added fructose-containing sugars should 

able[47-49]. In adolescents, increased fructose consumption 
is linked with various CVD risk factors. However, viscer-
al obesity might be responsible for these associations. In 
the United States, fructose consumption is considered to 
be associated with the recent rise in the prevalence rates 
of  obesity, fatty liver, and T2DM. The liver is extremely 
sensitive to variations in dietary content and plays the 
primary role in the metabolism of  simple sugars, such as 
fructose and glucose[47,48].

The number of  calories an individual consumes each 
day can have a significant influence on their risk of  de-
veloping NAFLD because excessive energy intake results 
in obesity, leading to a greater risk of  NAFLD. However, 
the development and progression of  NAFLD are also 
affected by dietary composition. Of  all carbohydrates, 
fructose plays an especially important role in NAFLD 
progression[50-53]. For example, it has been suggested that 
fructose consumption is associated with hepatic fat accu-
mulation, fibrosis, and inflammation[54]. The accumulation 
of  visceral adipose tissue and higher plasma triglyceride 
concentrations have also been linked with fructose con-
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be limited[54,58].
Although we need to increase our knowledge regard-

ing the influence of  fructose on NAFLD, the links be-
tween excessive fructose consumption and hypertriglyc-
eridemia, IR, and the accumulation of  visceral adipose 
tissue are sufficiently clear to support a clinical recom-
mendation that NAFLD patients decrease the amount of  
fructose in their diets.

AGE RECEPTORS
A variety of  signaling pathways are activated by AGE 
synthesis via a series of  cell surface receptors. Among 
AGE receptors, the multi-ligand receptor RAGE has 
been studied most extensively[59-63]. In addition, various 
other AGE receptors such as AGE-receptor complexes 
(AGE-R1/OST-48, AGE-R2/80K-H, and AGE-R3/
galectin-3)[64,65] and certain members of  the scavenger re-
ceptor family (SR-A[66], SR-B:CD36[67,68], SR-BI[69], SR-E:
LOX-1[70], FEEL-1, and FEEL-2[71]) have been reported. 
It was reported that the expression of  these AGE recep-
tors varies between different types of  cells or tissues and 
is influenced by metabolic changes, e.g., changes associ-
ated with hyperlipidemia, DM, or aging[72]. In vivo and in 
vitro experiments examining the mechanisms responsible 
for the effects of  AGEs and the factors that regulate their 
actions, e.g., soluble RAGE (sRAGE), it was suggested 
that these molecules have significant pathobiological ef-
fects[63,73]. A variety of  different cell types, such as neu-
rons, hepatocytes, endothelial cells (EC), HSC, microglia, 
and pericytes, express RAGE[59-61]. 

In recent in vitro and in vivo studies, we found that pro-
tein amino moieties readily react with GLA to produce 
TAGE[18-20]. Furthermore, TAGE induce vascular inflam-
mation and ROS production, and hence, promote the 
development of  atherosclerosis in DM[74,75]. As TAGE 
display the greatest affinity for RAGE[74,75] and the bind-
ing of  TAGE to RAGE adversely affects the vasculature 
of  diabetic patients[18-20], TAGE might contribute to the 
greater CVD incidence rates seen in DM patients and im-
paired glucose tolerance (IGT) patients that display post-
prandial hyperglycemia. Furthermore, we have recently 
reported that in DM patients TAGE make significant 
contributions to the pathogenesis of  angiopathy[19,20]. Ac-
cumulating evidence indicates that TAGE-RAGE inter-
actions induce oxidative stress in various cell types, such 
as HSC and hepatocytes.

THE TAGE-RAGE SYSTEM IS INVOLVED 
IN LIVER DISEASE
As for the effects of  TAGE on hepatocytes, we demon-
strated that in Hep3B cells, a human hepatocellular car-
cinoma cell line, TAGE-RAGE interactions upregulated 
the hepatic production of  C-reactive protein (CRP) by 
activating Rac-1[76]. The latter study indicated that at least 
two CRP expression-inducing signaling pathways are in 
operation in TAGE-treated Hep3B cells: the nuclear fac-

tor kappa B (NF-κB)-Rac-1-induced signal transducer 
and activator of  transcription 3-dependent pathway, 
which is not directly affected by ROS, and an NADPH 
oxidase-mediated ROS-dependent pathway involving 
Rac-1[76]. During the induction of  CRP expression by 
TAGE, the early stages of  the process might be ROS-
independent, whereas the latter stages might involve a 
ROS-mediated pathway. In Hep3B cells, the phosphory-
lation of  insulin receptor substrate-1 (IRS-1) at its ser-
ine-307 residue and of  c-Jun N-terminal kinase (JNK), 
c-JUN, and IκB kinase were promoted by TAGE. The 
increased phosphorylation of  IκB kinase was associated 
with reductions in the concentration of  IκB[77]. These 
effects of  TAGE on Hep3B cells were abrogated by the 
overexpression of  the dominant negative form of  Rac-1. 
Treatment with curcumin, an inhibitor of  NF-κB, or a 
JNK inhibitor decreased the phosphorylation of  IRS-1 at 
its serine-307 residue in Hep3B cells. In addition, TAGE 
downregulated the tyrosine phosphorylation of  IRS-1, 
weakened the affinity of  the p85 subunit of  phosphati-
dylinositol 3-kinase for IRS-1, and decreased glycogen 
synthesis in insulin-treated Hep3B cells. All of  these ef-
fects were abrogated by treatment with NF-κB or JNK 
inhibitors[77]. Taken together, these results suggest that 
TAGE activate Rac-1, leading to the induction of  the 
JNK- and IκB kinase-dependent serine phosphorylation 
of  IRS-1, which in turn contributes to hepatic IR. 

As the main producers of  extracellular matrix mol-
ecules in the liver, HSC are important contributors to 
liver fibrogenesis[78]. In a previous study, we found that 
TAGE promoted the expression of  genes and proteins 
associated with fibrogenesis or inflammation, e.g., col-
lagen type Iα2, monocyte chemoattractant protein-1 
(MCP-1), and transforming growth factor-β1, in cultured 
HSC via NADPH oxidase-dependent ROS generation[22]. 
These results increase our knowledge of  the role played 
by TAGE in the pathogenesis of  NASH.

INTRACELLULAR TAGE ARE INVOLVED 
IN LIVER DAMAGE
GLA is a precursor of  TAGE. Two GLA-forming path-
ways are considered to be in operation in the liver: (1) the 
glycolytic pathway and (2) the fructose metabolic path-
way[18-20,38]. As a result, the liver tends to accumulate GLA 
to a greater extent than other organs.

Abnormalities in fructose and glucose metabolism 
can result in elevated intracellular GLA levels, which in 
turn can lead to upregulated intracellular TAGE synthesis, 
and such processes might play a role in the development 
of  NASH. We found that in Hep3B cells GLA caused 
the intracellular TAGE concentration to rise and induced 
apoptosis in a concentration- and time-dependent man-
ner[79]. Conversely, intracellular TAGE production was 
downregulated and GLA-induced apoptotic cell death was 
prevented by the addition of  aminoguanidine, which in-
hibits AGE synthesis. Hepatocyte apoptosis was reported 
to be a characteristic of  NASH in previous studies[80,81].
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We identified a TAGE-modified protein (approxi-
mately 70 kDa) that was initially observed and tended to 
accumulate in GLA-treated hepatocytes as heat shock 
cognate 70 (Hsc70)[79]. Hsc70 might be important for 
GLA-induced cytotoxicity, as TAGE modifications have 
been demonstrated to have deleterious effects on protein 
function[82,83]. Furthermore, we found that the mRNA 
expression level of  the acute phase reactant CRP was up-
regulated by intracellular TAGE[79]. Recently, it was dem-
onstrated that NASH patients have higher plasma high-
sensitivity CRP (hs-CRP) concentrations than healthy 
subjects or patients with simple steatosis[84,85]. Interest-
ingly, in NASH patients a strong correlation was detected 
between the plasma hs-CRP concentration and the sever-
ity of  liver damage[84,85]. In addition, intracellular TAGE 
were reported to induce inflammation, which is a charac-
teristic of  NASH. Taken together, these results indicate 
that intracellular TAGE make a significant contribution 
to the pathogenesis of  NASH and might have potential 
as targets of  treatments for NASH (Figure 3). 

SERUM TAGE CONCENTRATIONS AND 
LIVER DISEASE
We measured the serum concentrations of  three AGEs 
(Glu-AGEs, CML, and TAGE) in 66 patients with his-
tologically defined-NASH who were free from liver cir-

rhosis, 10 patients with simple steatosis, and 30 control 
subjects to examine whether evaluating circulating AGE 
concentrations is useful for differentiating between 
NASH and simple steatosis[23]. The results of  the latter 
study suggested that serum TAGE concentrations are 
involved in the pathogenesis of  NASH and might be 
useful as biomarkers for differentiating between NASH 
and simple steatosis as: (1) The NASH patients exhib-
ited significantly increased serum TAGE concentrations 
compared with the patients with simple steatosis and 
the healthy controls. According to receiver operating 
characteristic curves of  the subjects’ circulating TAGE 
concentrations, the optimal cut-off  value for predicting 
NASH was 8.53 units/mL, which resulted in sensitivity 
and specificity values of  66.7% and 88.9%, respectively; 
(2) The subjects’ homeostatic model assessment of  insu-
lin resistance (HOMA-IR) values and serum adiponectin 
concentrations (adiponectin is synthesized by adipose 
tissue and is an anti-inflammatory adipokine that can 
increase insulin sensitivity) exhibited positive and inverse 
correlations with their serum TAGE concentrations, re-
spectively; (3) The subjects’ serum TAGE concentrations 
were not correlated with the severity of  their hepatic 
steatosis or fibrosis, nor were they influenced by the sub-
jects’ glucose tolerance status. The serum TAGE concen-
trations of  the normal and IGT patients did not differ; 
(4) The NASH patients’ hepatocytes contained TAGE, 

Figure 3  Proposed model for toxic advanced glycation end-products-mediated responses in the liver. HFCS/sucrose and dietary AGEs, which are normally 
found in sweetened beverages and commercial food products, are taken into the body, where they enhance the production/accumulation of TAGE, upregulate RAGE 
mRNA expression, and increase serum TAGE concentrations, leading to TAGE-RAGE interactions. The interaction between TAGE and RAGE alters intracellular 
signaling, gene expression, and the release of pro-inflammatory molecules and also induces oxidative stress in hepatocytes and hepatic stellate cells, which might 
contribute to the pathological changes observed in NAFLD/NASH. The formation of intracellular TAGE is associated with protein dysfunction followed by inflammation 
and cell death. Extracellular TAGE induce inflammation and fibrosis/cancer malignancy via RAGE signaling. AGEs: Advanced glycation end-products; TAGE: Toxic 
AGEs; RAGE: Receptor for AGEs; Hsc70: Heat shock cognate 70; ROS: Reactive oxygen species; VEGF: Vascular endothelial growth factor; HFCS: High-fructose 
corn syrup; NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis.
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whereas those belonging to the patients with simple ste-
atosis exhibited negligible TAGE concentrations; and (5) 
The subjects’ Glu-AGE and CML concentrations did not 
differ among the groups[23]. The above results indicate 
that serum TAGE concentrations are useful biomarkers 
for assessing residual liver function.

PUTATIVE MOLECULAR 
MECHANISMS RESPONSIBLE FOR THE 
ASSOCIATION BETWEEN NAFLD AND 
CARDIOVASCULAR DISEASE 
Endothelial progenitor cells (EPC) help to maintain the 
structure and function of  the endothelium, and hence, 
facilitate angiogenesis and vascular repair. In addition, 
the number of  circulating EPC and their activity levels 
were found to be inversely correlated with atherosclerotic 
risk factors. Thus, the number and activity levels of  EPC 
might be useful biomarkers for predicting cardiovascular 
events. In a recent study, Chiang et al[86] demonstrated that 
compared with the controls NAFLD patients had signifi-
cantly fewer circulating EPC and the function of  their 
EPC was impaired. Thus, in NAFLD patients reductions 
in the number of  EPC or their activity might increase the 
likelihood of  cardiovascular events. 

In recent studies, we found that: (1) the serum con-
centration of  TAGE, but not CML, was independently 
associated with HOMA-IR in non-diabetic subjects[87]; (2) 
in T2DM patients, the serum TAGE concentration, but 
not those of  Glu-AGEs or hemoglobin A1c (HbA1c), 
can be used as a biomarker of  cumulative postprandial 
hyperglycemia[88]; (3) the serum concentration of  TAGE, 
but not those of  HbA1c or CML, was demonstrated to 
be an independent predictor of  vascular inflammation (as 
evaluated by [18F] fluorodeoxyglucose-positron emission 
tomography in outpatients who visited Kurume Univer-
sity Hospital)[89]; (4) in healthy subjects, the serum TAGE 
concentration was found to be independently associated 
with a reduction in the number of  circulating EPC and 
the impairment of  the migratory activity of  EPC[90]; and 
(5) a Japanese trial assessing the utility of  pitavastatin and 
atorvastatin as treatments for acute coronary syndrome 
reported that high baseline TAGE concentrations were 
associated with plaque progression[91]. These results sug-
gested that the serum TAGE concentration, but not 
those of  HbA1c, CML, or Glu-AGEs, might be a useful 
biomarker for predicting atherosclerosis progression and 
future cardiovascular events. Thus, TAGE-RAGE system 
activation is considered to lead to a greater risk of  cardio-
vascular events and contribute to the progression of  liver 
damage, which would provide a mechanism link between 
CVD and NAFLD/NASH.

NOVEL TREATMENT STRATEGIES
The majority of  studies about NASH have attempted to 
assess the relationships between NAFLD/NASH and 

T2DM, CVD, or chronic kidney disease (CKD)[92]. The 
results outlined above strongly suggest that the TAGE-
RAGE system is involved in the development and 
progression of  NASH. As a result, several therapeutic 
strategies that target this system, e.g., inhibiting TAGE 
synthesis, downregulating the expression of  RAGE or 
molecules involved in its downstream pathways, and 
blocking TAGE-RAGE interactions, have been devel-
oped as potential treatments for NASH.

The inhibition of TAGE synthesis: Acarbose
Whilst there are many drugs that are able to improve 
glycemic control, including patients’ postprandial plasma 
glucose concentrations, some drugs specifically target 
postprandial hyperglycemia. 

The absorption of  carbohydrates from the small in-
testine can be delayed by treatment with the α-glucosidase 
inhibitor acarbose, and T2DM patients that were ad-
ministered acarbose displayed less severe postprandial 
hyperglycemia[93]. A recent study found that in patients 
with T2DM or IGT acarbose treatment reduced the rate 
at which the intimal media of  the carotid arteries thick-
ened and led to a lower incidence of  CVD[93], indicating 
that acarbose ameliorates postprandial hyperglycemia, 
and hence, inhibits the development and progression of  
CVD. In an in vivo study, we found that protein amino 
moieties readily react with GLA to produce TAGE, lead-
ing to oxidative stress and vascular inflammation. These 
observations suggested that in DM GLA plays a role in 
promoting the development of  atherosclerosis[18-20]. In a 
study involving T2DM rats, we demonstrated that the se-
rum concentration of  TAGE, but not HbA1c, is a mark-
er of  cumulative postprandial hyperglycemia[94]. Based on 
the abovementioned results, we suggest that acarbose re-
duces serum TAGE concentrations, which could at least 
partially explain its cardioprotective effects in vivo. In a 
previous study, 50 mg acarbose (dosing schedule: thrice a 
day for a 12-wk period) were administered to 13 Japanese 
T2DM patients who were free from inflammatory condi-
tions, atherosclerotic heart disease, and microangiopathy 
and had never taken oral hypoglycemic agents. The pa-
tients’ serum TAGE concentrations as well as their serum 
levels of  other biological molecules were assessed before 
and after the administration of  acarbose[88]. The DM 
patients’ serum free fatty acid and TAGE concentrations 
had fallen significantly after 12 wk’ acarbose treatment. 
Acarbose also reduced their postprandial plasma glu-
cose concentrations. These results indicate that HbA1c 
concentrations might not accurately reflect the ameliora-
tive effects of  acarbose on postprandial hyperglycemia. 
Furthermore, they suggest that serum TAGE concentra-
tions might be useful biomarkers for assessing cumulative 
postprandial hyperglycemia in T2DM patients. As TAGE 
have adverse effects on CVD[20], acarbose might be useful 
for preventing CVD in NASH patients with T2DM or 
postprandial hyperglycemia. 

Inhibiting the binding of TAGE to RAGE using sRAGE 
RAGE was found to contribute to acute liver damage in 
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numerous studies, and the blockade of  RAGE was dem-
onstrated to reduce cholestatic, toxic, and ischemic liver 
damage[95-98]. 

Patients with chronic liver injuries were found to 
exhibit significantly higher hepatic RAGE expression lev-
els[99], and in NAFLD patients a correlation was detected 
between the severity of  fibrosis and the patients’ serum 
TAGE concentrations, indicating that RAGE and TAGE 
make significant contributions to the development of  
liver disease[23]. In addition, DM, which upregulates 
AGE synthesis and RAGE expression, has been found 
to accelerate the progression of  fibrosis in a number of  
human liver conditions, including chronic hepatitis C 
and NAFLD[100]. Recently, we found that TAGE-RAGE 
interactions promote inflammation, affect the expression 
levels of  various genes and the activity of  intracellular 
signaling pathways, and induce oxidative stress in vari-
ous kinds of  cells. These effects might be involved in the 
pathological changes seen in various chronic diseases[17-20]. 

Endogenous sRAGE has recently been detected in 
humans[74]. It has been suggested that it is synthesized 
via the cleavage of  a splice variant of  RAGE (a type of  
secretory RAGE exhibiting C-terminal truncation) or 
full-length cell surface RAGE[74]. Patients with T1DM or 
T2DM display increased total endogenous sRAGE con-
centrations[101-104]. In addition, we and others have detect-
ed positive correlations between the total serum sRAGE 
concentration and serum TAGE concentrations in both 
non-DM and DM subjects[104,105]. Furthermore, body 
mass index-, sex-, and age-adjusted TAGE concentra-
tions were found to increase significantly in proportion to 
the rise in the serum sRAGE concentration in non-DM 
subjects[104,105]. These results indicate that in vivo circulating 
sRAGE, which functions as a decoy receptor, is unable to 
bind to and remove the TAGE present in the blood in an 
efficient manner. As TAGE promote RAGE expression, 
the blood sRAGE concentration might be a marker of  
RAGE production within tissues. Furthermore, it might 
change in response to variations in the serum concentra-
tion of  TAGE in order to ameliorate TAGE-induced tis-
sue damage including NASH[106-109]. 

An angiotensin Ⅱ  type 1 receptor blocker: Telmisartan
It has been suggested that the TAGE-RAGE axis in-
teracts with the renin-angiotensin system. In a previous 
study, we suggested that the angiotensin Ⅱ type 1 recep-
tor blocker telmisartan reduces RAGE expression via its 
ability to modulate the peroxisome proliferator-activated 
receptor-γ (PPAR-γ)[21,110]. We came to this conclusion due 
to the following observations, which were obtained in 
experiments involving Hep3B cells: (1) whilst telmisartan 
downregulated ROS synthesis, TAGE-induced RAGE 
expression, and CRP expression, candesartan did not 
induce any of  these processes; (2) the PPAR-γ inhibitor 
GW9662 abrogated the telmisartan-induced inhibition 
of  the expression of  RAGE and its associated effector 
molecules; (3) the effects of  ciglitazone and troglitazone, 
which are full agonists of  PPAR-γ, were similar to those 

of  telmisartan; and (4) the administration of  curcumin, 
an inhibitor of  NF-κB, or antioxidants abrogated the up-
regulation of  CRP mRNA expression induced by TAGE. 
Due to its unique ability to modulate PPAR-γ, telmisartan 
is increasingly considered to be a useful cardiometabolic 
sartan[21,110,111]. In addition, it has been demonstrated that 
thiazolidinediones downregulate endothelial RAGE ex-
pression via NF-κB suppression[112]. These results suggest 
that telmisartan has anti-inflammatory effects on TAGE 
signaling; i.e., it reduces hepatic RAGE expression by 
activating PPAR-γ, and might also help to protect against 
NASH. 

A hydroxymethyl-glutaryl-CoA reductase inhibitor: 
Atorvastatin 
In a recent study, we found that in Hep3B cells the hyd-
roxymethyl-glutaryl-CoA reductase inhibitor atorvastatin 
reduced TAGE-induced ROS synthesis in a dose-depen-
dent manner[113]. In addition, atorvastatin and the anti-
oxidant N-acetylcysteine downregulated CRP expression 
at both the mRNA and protein levels in TAGE-treated 
Hep3B cells[113]. These results showed that the antioxida-
tive effects of  atorvastatin abrogate CRP expression-
associated TAGE signaling. Furthermore, they indicate 
that statins protect blood vessels from damage and abro-
gate the adverse effects of  TAGE by downregulating the 
activity of  their effector molecules. 

The consumption of  fructose-containing beverages is 
associated with a greater risk of  MetS-related conditions, 
including NAFLD. Despite the fact that caloric restric-
tion and weight loss is the only effective treatment for 
NAFLD, it has been demonstrated that atorvastatin is 
safe for use in NAFLD patients and results in improve-
ments in their hepatic histology. In a previous study, 
we found that atorvastatin reduced the serum TAGE 
concentrations of  43 patients with a combination of  
biopsy-proven NASH and dyslipidemia[114]. After 12 mo 
atorvastatin treatment (10 mg daily), all of  the patients 
demonstrated significant reductions in their hepatic 
transaminase (aspartate aminotransferase and alanine 
aminotransferase (ALT) and γ-glutamyl transpeptidase 
concentrations. In addition, by end of  the treatment their 
plasma tumor necrosis factor-α (TNF-α) and plasma 
adiponectin concentrations were reduced by 31% and 
elevated by 16%, respectively. The patients’ HOMA-IR 
values were slightly reduced. The patients’ liver/spleen 
ratios rose significantly from 0.54 ± 0.26 at the baseline 
to 0.94 ± 0.24 at the end of  the treatment; however, 
their visceral fat area values were unchanged. During the 
treatment, the patients’ serum TAGE concentrations fell 
significantly (they were 10.4 ± 3.8, 5.9 ± 3.3, and 2.5 ± 
1.1 units/mL before the treatment and after 6 mo and 12 
mo treatment, respectively). Correlations were detected 
between the patients’ serum TAGE concentrations and 
their serum concentrations of  thiobarbituric acid reactive 
substances (TBARS), TNF-α, procollagen type Ⅲ pro-
peptide, ALT, and type Ⅳ collagen 7S[114].

The administration of  atorvastatin to Sprague-Dawley 
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male rats that had consumed a liquid fructose solution 
(10% w/v) abrogated the inflammatory and metabolic 
changes induced in the liver by fructose. These beneficial 
effects were considered to be due to the anti-inflamma-
tory activity of  atorvastatin and its downregulation of  
the hepatic expression of  fructokinase, which inhibits 
fructose metabolism in the liver[115]. Reduced synthesis 
of  GLA (a TAGE precursor and a fructose metabolite) 
leads to a drop in TAGE synthesis. Atorvastatin is able to 
reduce the serum TAGE concentration without altering 
glucose metabolism and does so in a cholesterol-lower-
ing-independent manner. In the abovementioned study, 
the serum TAGE concentrations of  the NASH patients 
with dyslipidemia fell significantly after the atorvastatin 
treatment, but their glucose metabolism was unaffect-
ed[114]. In conclusion, atorvastatin was demonstrated to be 
an effective treatment for NASH patients with dyslipid-
emia who did not respond adequately to diet and exercise 
therapy. In addition to improving their serum TAGE 
concentrations, atorvastatin also improved their histologi-
cal and biochemical data. As atorvastatin decreased the 
serum TAGE concentrations of  NASH patients with 
dyslipidemia, TAGE might be useful biomarkers for the 
treatment of  NASH[114]. Controlled trials should be per-
formed to further examine the clinical utility of  TAGE as 
biomarkers in NASH. 

Dietary AGEs: Kremezin
A study involving mice produced found that AGEs fa-
cilitate the progression from simple steatosis to NASH 
and liver fibrosis[116]. In the methionine choline-deficient 
rat model of  NAFLD, high dietary consumption of  
AGEs results in elevated hepatic AGE concentrations 
and increased fibrosis, liver damage, and inflammation. 
The latter effects are considered to be mediated via the 
RAGE- and oxidative stress-dependent profibrotic ef-
fects of  AGEs on activated HSC[117]. The above observa-
tions indicate that pharmacological and dietary strategies 
that target the AGE-RAGE system are able to slow the 
progression of  NAFLD.

In a recent study, we detected increased hepatic ex-
pression levels of  vascular endothelial growth factor 
(VEGF) and RAGE in rats that had been administered 
Glu-AGE-rich beverages. This suggested that dietary 
AGE consumption is associated with the hepatic expres-
sion of  liver fibrosis-related genes[118]. Moreover, the 
abovementioned rats’ livers were found to contain TAGE- 
and Glu-AGE-positive cells[118]. These results indicate 
that the consumption of  Glu-AGE-rich beverages leads 
to upregulated hepatic expression of  RAGE and VEGF 
and encourages the build-up of  TAGE and Glu-AGEs, 
resulting in the binding of  TAGE to RAGE. Thus, it is 
important to consider the amounts of  Glu-AGEs present 
in foods to prevent liver disease, especially in people that 
are at risk of  CKD, CVD, NAFLD/NASH, or DM.

It has been demonstrated that Kremezin, an oral 
adsorbent that consists of  porous spherical carbonic 
particles, is able to attenuate the progression of  chronic 

renal failure (CRF) by removing uremic toxins, e.g., in-
doxyl sulfate precursors, from the intestine[119]. In CRF 
patients without DM, 3 mo Kremezin treatment (6 g/d) 
resulted in markedly reduced serum TAGE and Glu-
AGEs concentrations, while the concentrations of  these 
molecules were unaffected in renal function- and age-
matched CRF patients that did not receive the drug[120]. 
The EC in the post-treatment serum samples collected 
from the Kremezin-treated patients exhibited markedly 
lower concentrations of  MCP-1, vascular cell adhesion 
molecule-1, and RAGE mRNA than those found in the 
serum samples collected before treatment[120]. These find-
ings indicate that the pathogenesis of  vascular damage is 
influenced by dietary Glu-AGEs in TAGE-RAGE-relat-
ed conditions and that reducing the amount of  dietary 
Glu-AGEs taken into the body might represent a useful 
strategy against NAFLD/NASH.

Further clinical studies might provide insights into 
whether restricting the consumption of  Glu-AGEs would 
be beneficial for preventing or slowing the progression 
of  NAFLD/NASH and whether Glu-AGEs represent a 
novel therapeutic target for treatments that aim to reduce 
the risk of  liver disease. 

CONCLUSION
TAGE formation and accumulation are known to in-
crease in various tissues during normal aging and to oc-
cur at a markedly accelerated rate in DM patients[18-20]. An 
increasing body of  evidence suggests that TAGE are in-
volved in the pathogeneses of  various disorders including 
hypertension, Alzheimer’s disease, diabetic vascular com-
plications, CVD, NAFLD/NASH, and cancer growth 
and metastasis[7,8,18-23,79,87-91,114,121-126]. We found evidence 
that TAGE are involved in the pathogenesis of  NASH 
in humans[7,23,114]. TAGE stimulated the proliferation and 
activation of  HSC in vitro via RAGE, which resulted in 
hepatic inflammation and fibrosis[22]. In addition, NASH 
patients exhibited significantly higher serum TAGE con-
centrations than patients with simple steatosis or healthy 
controls[7,23]. Atorvastatin reduced the serum TAGE 
concentrations of  NASH patients with dyslipidemia, and 
correlations were detected between the patients’ serum 
TAGE concentrations and their serum TNF-α, ALT, 
type Ⅳ collagen 7S, procollagen type Ⅲ propeptide, and 
TBARS concentrations[114]. In a recent study, we found 
that non-B or non-C hepatocellular carcinoma (NBNC-
HCC) patients had significantly increased circulating 
TAGE concentrations compared with NASH subjects 
without HCC and the control subjects[127]. The findings 
outlined in the present review indicate that TAGE con-
tribute to the pathogenesis of  NBNC-HCC and that they 
might be useful biomarkers for discriminating between 
NBNC-HCC and NASH. 

In conclusion, an increasing amount of  evidence indi-
cates that TAGE and RAGE both make important con-
tributions to liver disease. TAGE might play a role in the 
development and progression of  NASH and could be 
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useful biomarkers for differentiating between NASH and 
NAFLD or between NBNC-HCC and NASH. Further 
clinical and experimental studies are required to elucidate 
the mechanisms by which the TAGE-RAGE system af-
fects the development and progression of  lifestyle-related 
conditions including NAFLD/NASH (Figure 4).
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is the hepatic 
manifestation of metabolic syndrome, and is the most 
common type of chronic liver diseases in the majority 
of developed countries. NAFLD shows a wide spectrum 
of disorders including simple steatosis, nonalcoholic 
steatohepatitis (NASH), and cirrhosis. While simple 
steatosis is recognized to be benign and stable, NASH 
is considered to be an aggressive form of the disease 
progressing to cirrhosis. Currently, differentiation be-
tween NASH and simple steatosis can be done only by 
liver biopsy. Despite many proposals and revisions, the 
histological criteria for the differentiation have not been 
perfected yet. In this review article, the changes in the 
histopathologic criteria of NAFLD during the last three 
decades are summarized, and perspectives of the fu-
ture changes are demonstrated. The discussion focuses 
on how pathologists have been dealing with “hepato-
cellular ballooning”. Loose criteria, in which hepatocel-
lular ballooning was not required for the diagnosis of 
NASH, were applied in many clinical studies published 
in around 2000’s, whereas a strict criterion based on 
the presence/absence of hepatocellular ballooning was 
approved recently. Hence, simple and reliable methods 

of identifying ballooned hepatocytes are being sought. 
Clinical and pathological predictors of NAFLD-related 
hepatocarcinogenesis will also be sought in the future.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The differentiation between nonalcoholic ste-
atohepatitis and simple steatosis can be done only by 
liver biopsy. Through many proposals and revisions, 
the histological criteria for the differentiation have been 
changed. The changes in the criteria during the last 
three decades are exhibited in this review article, with 
a special interest in “hepatocellular ballooning”.

Ikura Y. Transitions of histopathologic criteria for diagnosis of 
nonalcoholic fatty liver disease during the last three decades. 
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INTRODUCTION
In newly proposed disease entities, or even in already 
established ones, the definitions and diagnostic criteria 
may be revised repeatedly. The revisions are led by altera-
tions in recognition of  the disease, changes in morbidity 
and social healthcare strategy in each era, elucidation of  
the pathologic mechanisms, etc. Hence, these changes 
probably occur more frequently in a disease of  unknown 
etiology. Nonalcoholic fatty liver disease (NAFLD) and 
its aggressive form, nonalcoholic steatohepatitis (NASH), 
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are representative examples.
Although NASH/NAFLD have generally been ac-

cepted as independent diseases since Ludwig’s monu-
mental publication in 1980[1], minor revisions regarding 
definition, criteria (mainly histopathologic features and 
a cutoff  level of  alcohol consumption) and diagnostic 
algorithm have continued to be made. A goal of  the 
revisions is establishment of  accurate selection criteria 
to extract NAFLD cases that are most likely to prog-
ress to cirrhosis or to hepatocellular carcinoma (HCC). 
The selected patients become subjects of  follow-up and 
therapeutic interventions[2,3]. NAFLD is considered to be 
the most common chronic liver disease in the majority 
of  developed countries, and clarification of  the high-risk 
group of  NAFLD patients is the most critical issue in 
current hepatology.

Noninvasive clinical methods, which can evaluate 
the degree of  steatosis and can diagnose NAFLD in 
some cases, have been developed[4,5]. However, since they 
cannot evaluate inflammatory activity, the diagnosis of  
NASH still requires histological examination[4]. It is not 
possible to perform liver biopsy in every NAFLD patient, 
and thus, the detailed pathobiological and clinicopatho-
logic characteristics of  NASH/NAFLD have not yet 
been elucidated. Consequently, the histopathologic crite-
ria for the diagnosis of  NASH/NAFLD have changed 
repeatedly. The ambiguous and wandering criteria have 
confused general pathologists.

What are the reliable histopathologic markers of  true 
NASH? No one can provide an appropriate answer to 
this substantial query. I review the 30-year history of  the 
revision process that contained many trials and errors 
(Table 1). This review may not only introduce a clue to 
the answer, but also provide a direction for future studies 
on NASH/NAFLD.

BEFORE “LUDWIG” (-1979)
The proposal of  NASH as a new disease entity by Lud-

wig et al[1] in 1980 was truly the first milestone in NASH/
NAFLD research. Historically, many pathologists prior 
to Ludwig focused on fatty livers and cirrhosis associated 
with morbid obesity or diabetes[6-13]. Histologic pictures 
shown in the earlier reports were of  NASH/NAFLD 
according to the current diagnostic criteria. They had 
noticed even some morphological features of  this type 
of  fatty livers rather different from alcoholic fatty liv-
ers, such as low percentages of  Mallory-Denk body and 
siderosis and frequent nuclear glycogen[11-13]. However, 
due to the facts that most fatty livers did not progress 
to fibrosis and cirrhosis[13,14], and that livers could physi-
ologically store a certain amount of  lipid, there had been 
for a long time controversy regarding the pathologic sig-
nificance of  lipid accumulation in livers. In other words, 
fatty change was considered as an innocent bystander, 
not harmful, and an accompanying phenomenon caused 
by hepatotoxic pathogens[15].

There was no obvious definition of  the physiologi-
cal level of  hepatic fat. Galambos et al[16] studied hepatic 
histopathologic findings corresponding to abnormal 
laboratory test results in obese patients. In that study, the 
authors defined > 33% fatty change as an abnormal/
pathologic condition. There was no explanation about 
how the authors determined 33% as the normal limit. 
This fact indicates that the value of  33% was acceptable 
without any explanations as the normal limit at that time.

Undiscovered hepatitis C virus (HCV)[17] might have 
disturbed to recognize NASH/NAFLD as independent 
hepatic disorders. Especially HCV genotype 3 is now 
known to be able to cause prominent hepatic steatosis 
as well as necroinflammation[18]. Pathologists might have 
misunderstood NASH as viral hepatitis, and simultane-
ously, HCV-related hepatitis as primary steatotic liver 
disease. The potential overlap of  NASH/NAFLD and 
HCV-related hepatitis is still a focus of  debate[19,20].

In that era, earlier than Ludwig’s, many reports con-
cerning NASH/NAFLD were published from Japanese 
institutes[7,21,22]. Although the medical interest had not 
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Table 1  Histological criteria for diagnosis of nonalcoholic steatohepatitis used in the previous studies (1980-preset)

Ref. Year Steatosis Inflammatory cell 
infiltration

Hepatocellular 
necrosis

Hepatocellular 
ballooning

Mallory-Denk 
body

Pericellular 
fibrosis

Ludwig et al[1] 1980 ≥ Moderate + +
Falchuk et al[23] 1980 ≥ Moderate + +
Diehl et al[26] 1988 ≥ Mild +  +1  +1

Nagore et al[25] 1988 ≥ Mild + + + +
Lee et al[35] 1989 ≥ Mild + +
Powell et al[28] 1990 ≥ Moderate +
Wanless et al[29] 1990 ≥ 5% +
Bacon et al[36] 1994 ≥ Minimal +
Laurin et al[37] 1996 ≥ Minimal +
George et al[38] 1998 ≥ Minimal +
Younossi et al[32] 1998 > 1/3 + +
Matteoni et al[33] 1999 > 1/3 + +  +2

Brunt et al[41] 1999 > 0% +
Dixon et al[44] 2001 ≥ Mild + +  +1  +1

Neuschwander-Tetri et al[2] 2003 ≥ 5% + +
Bedossa et al[51] 2012 > 5% +  +3

1Either one; 2Modified in 2009[34]; 3Normal-sized hepatocyte with clear reticular cytoplasm. +: Required; Blank: Not required.



been directed to metabolic syndrome, Japanese pioneer 
researchers investigated fatty liver disorders with keen ob-
servations and deep insights. Surprisingly, they suggested 
that fatty change was a first step of  NAFLD progression 
to cirrhosis and dysfunctions of  hepatocellular organelles 
including endoplasmic reticulum were pivotal[7,22]. These 
are completely identical with the present recognitions of  
pathological mechanisms of  NASH/NAFLD.

AFTER “LUDWIG” (1980-1999)
The current disease concept and terminology of  NASH 
were established only by a single pathologic report 
entitled “Nonalcoholic steatohepatitis: Mayo Clinic ex-
periences with a hitherto unnamed disease” written by 
Ludwig et al[1] in 1980. At present, it is well recognized 
that the contribution of  this breakthrough article to 
hepatology is too large to be estimated. The report con-
sisted of  clinicopathologic reviews of  twenty cases of  
NASH. Their inclusion criteria, namely diagnostic criteria 
of  NASH, were extremely simple and clear: non-habitual 
drinkers with liver damage that was indistinguishable 
from alcoholic injury histologically. The authors pro-
posed to categorize all types of  liver damages fulfilling 
the criteria into one disease entity named NASH. A little 
confusion might have arisen because NASH included 
fatty liver disorders associated with nutritional distur-
bances and even drug-induced damage as well as those 
associated with morbid obesity and diabetes. In addition, 
the definition of  “nonalcoholic” became a big issue; they 
excluded only obvious alcohol abusers.

In the same year (1980), Falchuk et al[23] published 
their article entitled “Pericentral Hepatic Fibrosis and 
Intracellular Hyalin in Diabetes Mellitus”, and suggested 
that an inflammatory hepatic disorder associated with di-
abetes mellitus was an intermediate illness between fatty 
liver and cirrhosis. The contents of  the papers by Ludwig 
et al[1] and Falchuk et al[23] complemented each other, and 
emphasized the independence and importance of  NASH 
among chronic liver diseases. However, the etiopathology 
of  NASH was not elucidated, and the concept of  NASH 

did not gain complete acceptance for about 20 years. As 
proof, some articles very similar to the earlier studies than 
1980 were published, and different terms such as diabetic 
hepatitis and fatty liver hepatitis were used instead of  
NASH[24,25]. A study seeming to have repeated the Lud-
wig’s original work also appeared. It was not surprising 
that the results of  those studies validated the presence of  
the new disease, NASH, and its progressive nature[25,26].

A growing interest produced one substantial question: 
what kind of  fatty liver disorders is truly progressive? Two 
scientific streams, which still influence today’s research 
trends, sprang from the query. The diagnostic criteria in 
the streams have been gradually modified.

One of  the scientific streams was to highlight specific 
findings of  NASH/NAFLD. Clain et al[27] systematically 
reviewed previous papers on NAFLD, and concluded 
that the presence of  perivenular/pericellular fibrosis (Fig-
ure 1) potentially indicated a progressive disease[9]. Powell 
et al[28] confirmed that NASH was actually a slowly pro-
gressing disease, and tried to classify NASH on the basis 
of  steatosis, inflammation, Mallory-Denk bodies and 
fibrosis. However, they could not find a relationship with 
prognosis. Wanless et al[29] accentuated the importance of  
hepatocellular ballooning (Figure 1), and made a diagno-
sis of  NASH according to the presence of  steatosis and 
ballooning. In that article, histologically abnormal lipid 
accumulation was defined as fatty change that affected 
more than 5% of  hepatocytes. There was no obvious evi-
dence for the definition of  “more than 5%”. A previous 
biochemical analysis revealed that normal livers (livers of  
healthy persons) could store lipids comprising less than 
5% of  liver weight[30]. Accordingly, “more than 5%” has 
been used as a standard value for defining pathologic 
hepatic lipid accumulation until now. Teli et al[31] defined 
NASH as hepatic steatosis with lobular inflammation, 
hepatocellular ballooning, Mallory-Denk bodies, and 
hepatocellular necrosis. They suggested that non-NASH 
NAFLD (namely, simple steatosis, and steatosis with 
portal inflammation) did not progress to NASH and cir-
rhosis. This stream led to the NAFLD classification of  
Younossi et al[32] and to Matteoni’s classification[33]. Hepa-
tocellular ballooning was a key finding for their classifica-
tion. Later they insisted on the necessity of  hepatocellular 
ballooning in diagnosis of  NASH (Table 1)[34]. In their 
original classification, however, they used a term “steato-
hepatitis” for type 2 NAFLD, which was steatosis with 
lobular inflammation but without ballooning.

The other scientific stream was to establish a score 
system based on semi-quantitative analyses of  the histo-
logical severity of  liver damage. The trial was initiated by 
Diehl et al[26], followed by Lee et al[35] They evaluated the 
degree of  steatosis, inflammatory cell infiltration, hepato-
cellular damage, Mallory-Denk bodies, and fibrosis using 
four- or five-step scales. Unfortunately, they failed to find 
a relationship between the scores and prognoses. Bacon 
et al[36] also performed a semi-quantitative analysis using 
a system similar to Diehl’s system, but did not described 
its relationship with prognosis. Whilst the cutoff  alcohol 
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Figure 1  Typical case of nonalcoholic steatohepatitis showing hepatocel-
lular ballooning and perivenular/pericellular fibrosis (Azan-Mallory stain; 
Original magnification, × 200).
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in which hepatocellular ballooning was officially recom-
mended as a factor in the diagnosis of  NASH. They did 
not notice the controversy about NASH diagnostic crite-
ria[44] and the kaleidoscope changes of  the criteria in that 
period.

In 2005, the NAFLD activity score (NAS), which was 
considered as a type of  modified Brunt’s system, was 
developed and published by Kleiner et al[45] This also led 
to a simplistic recognition that a NAS of  over 5 points is 
NASH[46], and led to further confusion in the laboratory 
and clinical settings.

On the other hand, Younossi et al[47] confirmed that 
hepatocellular ballooning was a predictor of  liver-related 
death in their follow-up study, and insisted that Matteo-
ni’s classification was superior to Brunt’s system or NAS. 
Brunt et al[48,49] also cautioned about the presence of  cases 
of  non-NASH NAFLD showing NAS ≥ 5 and cases of  
NASH showing NAS ≤ 4, to avoid misusage of  NAS. 
Through their discussions and controversies[49], the diag-
nostic criteria of  NASH/NAFLD were revised and stan-
dardized hastily. Hepatocellular ballooning finally became 
the most important finding in the diagnosis of  NASH.

However, the difficulty in correctly identifying hepato-
cellular ballooning subsequently became a critical issue[50]. 
To overcome this problem, Bedossa et al[51] proposed a 
semi-quantitative method in which all hepatocytes with 
clear reticular cytoplasm were defined as ballooning and 
graded by the cellular size. The same research group has 
recently published a new diagnostic algorithm in which 
hepatocellular ballooning is a root node of  the binary 
tree[52].

Examination of  specific markers for ballooning has 
been recommended as a method to determine it objec-
tively. Hepatocellular ballooning is a result of  degenera-
tion and fragmentation of  cytoskeleton intermediate 
filaments, cytokeratin (CK) 8/18, and an aggregates of  
the degenerated CK 8/18 is a Mallory-Denk body[53]. 
Immunohistochemical staining for CK 18, ubiquitin and 
p62 can be applied to detect hepatocellular ballooning. A 
negative result for the presence of  CK 18 in hepatocytes 
can be interpreted as degenerative disappearance of  CK 
18, and the presence of  ubiquitin-, p62-, and CK 18-posi-
tive intracellular inclusions indicates aggregation of  de-
generated CK 18 (Figure 2). The usefulness of  ubiquitin 
immunohistochemistry in the diagnosis of  NASH was 
first suggested in 2000[44,54]. Recently, the significance of  
these special stainings has been reconfirmed[55,56].

Alternatively, controversy about such excessive wei-
ghting to hepatocellular ballooning in the diagnosis may 
arise. Perivenular/pericellular fibrosis (Figure 1) should 
be highlighted more because of  its close association to 
hepatocellular ballooning and its potential linkage to cir-
rhosis[9]. The diagnostic criteria of  NASH/NAFLD still 
remain to be improved.

FUTURE DIRECTIONS
Although the histological criteria of  NASH/NAFLD 
have been revised during the last three decades, there has 

consumption ensuring “nonalcoholic” was strict (less 
than 20 g ethanol/d; it is almost same as the current stan-
dard, < 30 g for men and < 20 g for women[3]), they used 
a very loose histological criterion for diagnosing NASH. 
The minimal diagnostic requirements were only steatosis 
and inflammatory cell infiltration into lobular areas. Vari-
ous clinical studies of  NASH using loose diagnostic crite-
ria similar to theirs were published thereafter[37,38]. Finally, 
even simple steatosis was recognized to be one aspect in 
the spectrum NASH and to be an ongoing change poten-
tially progressing to more severe NASH or cirrhosis[39]. 
The well-known “two-hit theory” presented in the same 
year was generated through analogous hypothetical think-
ing[40]. Brunt’s system[41] was established and published in 
such research background. They evaluated the severity of  
NASH using a histological score composed of  inflam-
mation grade and fibrosis stage similar to the METAVIR 
score[42]. The NASH severity score was used in many clin-
ical studies, and contributed to the subsequent flowering 
of  research on NASH. Unexpectedly, however, fairly mild 
fatty liver disorders were implicated in NASH cohorts by 
being diagnosed as grade 1 NASH. The original purpose 
of  Brunt’s system was to show a standard for evaluation 
of  the severity of  NASH. They did not seem to intend 
primarily to present a diagnostic criterion of  NASH[43]. 
The expanded understanding (or misunderstanding) of  
NASH had rapidly spread, apart from the inventors’ idea.

AFTER BRUNT AND MATTEONI 
(2000-PRESENT)
About ten years after the flowering of  NASH/NAFLD 
research in Western countries, Japanese hepatologists also 
began to study NASH/NAFLD aggressively, due to the 
wide prevalence of  metabolic syndrome in the beginning 
of  the 21st century. Many NASH/NAFLD researchers 
in Japan understood that the minimum requirements for 
diagnosis of  NASH were Brunt’s grade 1 (without he-
patocellular ballooning) and Matteoni’s type 2 NAFLD. 
Their recognitions had been conserved even after the de-
cision of  the AASLD Single Topic Conference in 2002[2], 

A B

Figure 2  Typical immnohistochemical findings of nonalcoholic steatohep-
atitis. A: Cytokeratin (CK)18; B: Ubiquitin. Stained (brown) small aggregates 
are seen in ballooned hepatocytes with CK18-negative cytoplasms (arrows) 
[Immunoperoxidase; original magnifications, (A) × 150 and (B) × 200].
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been an absolute premise: cirrhosis is a final advanced 
form of  NAFLD. However, recent reports of  HCC as-
sociated with NAFLD may deny the central dogma of  
the NASH/NAFLD concept. Surprisingly, considerable 
numbers of  such HCCs arose from non-cirrhotic stea-
totic livers or even from livers with simple steatosis (Figure 
3)[57-59]. Accumulation of  cellular damage without major 
morphological changes and acceleration of  cellular se-
nescence may lead to hepatocarcinogenesis[59,60]. The facts 
will possibly lead to a paradigm shift in medical strategies 
for NAFLD.

How do we select which NAFLD patients to follow 
up? What is a true prognostic factor of  NAFLD? Is it a 
histological finding? These are the ultimate themes for 
NAFLD researchers.

CONCLUSION
While reviewing the 30-year history of  changes in the 
histological criteria for the diagnosis of  NASH/NAFLD, 
the importance of  hepatocellular ballooning in the diag-
nosis of  NASH, imperfectness of  the present criteria, 
and necessity of  exploring new predictors of  hepatocar-
cinogenesis were elucidated. Further collection of  evi-
dence is necessary to solve these problems, and patholo-
gists will play central roles in this process.
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Abstract
Vitamin D is an important secosteroid hormone with 
known effect on calcium homeostasis, but recently there 
is increasing recognition that vitamin D also is involved 
in cell proliferation and differentiation, has immunomod-
ulatory and anti-inflammatory properties. Vitamin D de-
ficiency has been frequently reported in many causes of 
chronic liver disease and has been associated with the 
development and evolution of non-alcoholic fatty liver 
disease (NAFLD) and chronic hepatitis C (CHC) virus 
infection. The role of vitamin D in the pathogenesis of 
NAFLD and CHC is not completely known, but it seems 
that the involvement of vitamin D in the activation and 
regulation of both innate and adaptive immune systems 
and its antiproliferative effect may explain its impor-
tance in these liver diseases. Published studies provide 
evidence for routine screening for hypovitaminosis D in 
patients with liver disease. Further prospectives studies 
demonstrating the impact of vitamin D replacement in 
NAFLD and CHC are required.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cholecalciferol; Vitamin D; Hepatitis C; Liver 
fibrosis; Liver disease; Interferon; Sustained virological 
response; Nonalcoholic fatty liver disease; Nonalcoholic 
steatohepatitis

Core tip: (Vitamin D and liver disease) vitamin D defi-
ciency has been frequently reported in many causes of 
chronic liver disease and has been associated with the 
development and evolution of non-alcoholic fatty liver 
disease (NAFLD) and chronic hepatitis C (CHC) virus 
infection. The role of vitamin D in the pathogenesis of 
NAFLD and CHC is not completely known, but it seems 
that the involvement of vitamin D in the activation and 
regulation of both innate and adaptive immune systems 
and its antiproliferative effect may explain its impor-
tance in these liver diseases.

Iruzubieta P, Terán Á, Crespo J, Fábrega E. Vitamin D deficiency 
in chronic liver disease. World J Hepatol 2014; 6(12): 901-915  
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v6/i12/901.htm  DOI: http://dx.doi.org/10.4254/wjh.v6.i12.901

INTRODUCTION
Vitamin D insufficiency and deficiency are prevalent in 
almost half  the healthy population of  developed coun-
tries[1]. Most experts define vitamin D insufficiency as 
a 25(OH)D level below 75 nmol/L (30 ng/mL) and 
deficiency as levels below 50 nmol/L (20 ng/mL). It is 
estimated that one billion people suffer from deficiency 
or insufficiency of  vitamin D[2]. In the United States, be-
tween 25% and 50% of  the adult population has vitamin 
D deficiency[3]. In patients with chronic liver diseases, the 
prevalence of  vitamin D deficits is much higher and prac-
tically universal[4]. Up to 93% of  patients with chronic liv-
er disease have insufficient vitamin D levels, and almost 
one-third of  these show severe deficiency[5].

The outcome of  vitamin D deficiency in terms of  
osteoporosis, osteomalacia and increased fracture risk 
is well known[6,7]. Furthermore, the association between 
vitamin D deficiency and the development of  infections, 
cardiovascular, autoimmune and degenerative diseases 
and several types of  cancer (colon, prostate and breast 
cancer) has also been reported[8]. Vitamin D is important 
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in calcium homeostasis and has also been implicated in 
the mechanisms of  cellular proliferation, differentiation 
and immunomodulation[9]. These effects are noted in the 
pathogenesis and treatment of  many chronic liver diseas-
es. In this review, we will focus on vitamin D functions 
involved in the development of  chronic liver disease and 
on the relationship between vitamin D deficiency and the 
two main causes of  chronic liver disease: chronic hepati-
tis C (CHC) virus infection and non-alcoholic fatty liver 
disease (NAFLD). 

An evidence-based approach was used for this review. 
MEDLINE search was performed to September 2014 
using the following MeSH terms: liver diseases, vitamin D, 
cholecalciferol, hepatitis C, Chronic, nonalcoholic fatty 
liver disease. Searches were limited to English language 
articles. References of  suitable articles were searched for 
other appropriate articles.

VITAMIN D SYNTHESIS
Under normal conditions, biogenesis from epidermal 
cells is the main source of  vitamin D. In the skin, ultravi-
olet radiation from sun exposure transforms 7-dehydro-
cholesterol, a metabolite of  cholesterol, into pre-vitamin 
D3, which is transformed into vitamin D3 (cholecalcif-
erol). A small portion of  vitamin D comes from dietary 
sources, such as milk and eggs, in the form of  vitamin D2 
(ergocalciferol) and D3 that is absorbed in the intestine 
by biliary acids[1,10]. Vitamin D synthesized from skin and 
from dietary sources may be stored in the adipocytes, 
or it may undergo hepatic 25-hydroxylation. This latter 
process is mediated by isoforms of  the P450 cytochrome 
(CYP2R1, CYP27A1), the 25-hydroxylases, which pro-
duce 25-hydroxyvitamin D [25(OH)D] or calcidiol. The 
metabolite 25(OH)D, most abundant in blood, is an inac-

tive form of  vitamin D. It has a half-life of  2-3 wk and is 
a useful measure of  vitamin D levels because it reflects 
the total amount of  vitamin D from dietary sources, sun 
exposure and conversion from fatty deposits of  the liver, 
and its concentration in plasma is the most reliable indi-
cator of  vitamin D status[11]. This vitamin D metabolite, 
like others, is a low-solubility lipophilic molecule that 
moves through the bloodstream attached to plasmatic 
proteins, the most prevalent of  which is vitamin D-bind-
ing protein (DBP), also known as Gc. Up to 88% of  
serum 25(OH)D is attached to a DBP, a protein synthe-
sized mainly in the liver that has anti-inflammatory and 
immunomodulating functions independent of  its role as 
a vitamin D transporter[12,13]. 25(OH)D is hydroxylated 
in the proximal tubules of  the kidney by 1α-hydroxylase 
(CYP27B1) that form 1α,25(OH)2D or calcitriol, the 
most biologically active and powerful metabolite of  vi-
tamin D[1]. CYP27B1 activity has been observed in the 
kidney and other tissues, including the liver, fat tissue 
and the cells of  the innate immune system[14]. Finally, 
24-hydroxylase, which is most abundant in the intestine 
and the kidney, catabolizes the calcitriol into an inactive 
metabolite that is excreted in bile[15] (Figure 1). 

1α,25(OH)2D has a half-life of  4 h. It is transported 
via attachment to plasmatic proteins such as DBP and, as 
mentioned previously, conducts most of  the biological 
effects of  vitamin D by directly and indirectly controlling 
the expression of  over 200 genes linked to angiogenesis, 
apoptosis, proliferation, differentiation and immuno-
modulation[1,16,17]. The biological effects of  vitamin D are 
mediated by binding to the vitamin D receptor (VDR), 
belongs to the superfamily of  nuclear steroid hormone 
receptors, which is expressed in more than 30 tissues, 
including the liver, the pancreatic islet cells, the epithelial 
cells of  the gastrointestinal tract and the immune system 
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cells[18]. Hence, vitamin D deficiency may be involved 
in several processes, such as cancer, diabetes mellitus 
(DM) and cardiovascular and autoimmune diseases[19-26]. 
Furthermore, the immune system cells, including macro-
phages, dendritic cells, and T and B lymphocytes, express 
CYP27A1 or CYP27B1 enzymes and thus can metabo-
lize 25(OH)D to calcitriol. Calcitriol will then have an 
autocrine or paracrine function[19,20]. Vitamin D favors the 
innate response of  the immune system and has a “self-
regulatory” effect by limiting the adaptive response. On 
one hand, it stimulates the synthesis of  antimicrobial 
peptides (cathelicidin and beta-defensin) and the chemo-
taxis and phagocytosis of  the macrophages. On the other 
hand, it decreases the expression of  class Ⅱ complex 
molecules, co-stimulating molecules and the synthesis 
of  Th1, Th2 and Th17 cytokines[19,20]. Finally, in addition 
to acting as a transcription factor, VDR seems to induce 
fast non-genomic responses by activating cellular signal-
ing pathways. In this sense, has been shown presence of  
VDR in plasma membranes of  intestinal, lung, kidney, 
muscle cells and osteoblasts, where it efficiently binds 
1α,25(OH)2D[16,27,28].

REGULATORY MECHANISMS OF 
VITAMIN D SYNTHESIS
The synthesis process of  vitamin D includes regula-
tory mechanisms in each step, as follows: (1) in the 
skin, excess of  vitamin D3 is destroyed by sunlight, thus 
preventing vitamin D3 intoxication from excessive sun 
exposure[29]; (2) the 25-hydroxylation of  vitamin D is 
under-regulated. The levels of  25(OH)D increase ac-
cording to the intake of  vitamin D; thus, plasmatic levels 
of  25(OH)D are used to regulate vitamin D status; (3) 
in contrast, 1α-hydroxylase is highly regulated. Differ-
ent factors are involved in its activity and expression, 
including serum calcium and phosphate, parathyroid hor-
mone (PTH) and fibroblast growth factor 23 (FGF23). 
An elevated calcium serum concentration suppresses 
1α-hydroxylase directly and indirectly by decreasing the 
PTH levels[30]; elevated plasmatic phosphate also decreas-
es the expression and activity of  1α-hydroxylase through 
a mechanism that is not yet understood. This increase in 
serum phosphate seems to trigger an increase of  FGF23 
that inhibits 1α,25(OH)2D synthesis[31]. Furthermore, 
the synthesis and degradation of  1α,25(OH)2D is also 
controlled by local factors such as cytokines and growth 
factors, although this local production has no effect on 
the blood levels[32,33]. In the case of  the macrophages, the 
expression of  CYP27B1 and synthesis of  1α,25(OH)2D 
are induced by inflammatory cytokines, such as interferon 
(IFN)γ, and by toll-like receptor (TLRs) ligands, such as 
the lipopolysaccharide (LPS); (4) the 25-hydroxyvitamin 
D-24-hydroxylase (CYP24A1) catabolizes 1α,25(OH)2D 
to calcitroic acid, a biologically inactive bile-excreted 
metabolite[15]. The activity and expression of  this en-
zyme, which is most abundant in intestine and kidney, is 
controlled by the levels of  1α,25(OH)2D, phosphate and 

PTH[34,35]; (5) the DBP protein may buffer the levels of  
free vitamin D which is correlated with the levels of  ac-
tive vitamin D, this prevents intoxication[36]. Additionally, 
DBP prevents catabolism and excretion of  the hormone. 
The DBP levels decrease in liver disease, nephrotic syn-
drome and malnutrition; despite this modification, the 
concentration of  1α,25(OH)2D remains constant; and 
(6) 1α,25(OH)2D controls its own synthesis not only 
through the increase of  CYP24A1 expression, as men-
tioned above, but also by directly or indirectly inhibiting 
CYP27B1 expression and providing a negative feedback 
pathway.

Therefore, we can conclude that multiple factors 
regulate vitamin D metabolism. The intake of  vitamin D 
through diet or sun exposure is only one of  many vari-
ables that determine its activity, another of  these variables 
are DBP levels, the local synthesis of  1α,25(OH)2D (the 
autocrine or paracrine effect) and VDR expression. 

VITAMIN D AND CHRONIC LIVER 
DISEASE
As discussed previously, vitamin D plays an important 
role in reducing the risk of  chronic diseases, including 
DM type 2, several types of  cancer, and cardiovascular, 
autoimmune and infectious diseases. This role most likely 
results from the local production of  1α,25(OH)2D and 
its autocrine and paracrine actions in cellular proliferation 
and differentiation, apoptosis, insulin and renin secretion 
and interleukin (IL) and bactericidal protein produc-
tion[1,16,17,19-23]. These effects may also be relevant in the 
pathogenesis of  chronic liver diseases. 

Vitamin D deficiency is extremely common in chronic 
liver disease patients. Up to 93% of  these patients have 
some degree of  vitamin insufficiency[4,5]. Even patients 
with mild liver disease are affected, although liver cirrhosis 
patients more commonly suffer from severe deficiency.

Several studies in general populations have shown 
that low levels of  25(OH)D significantly increase the risk 
of  mortality from all causes, including cardiovascular dis-
eases[37,38]. Regarding patients with chronic liver disease of  
varying etiologies, vitamin D deficiency has been associ-
ated with increased mortality[39,40], bacterial infections[41], 
portal hypertension complications[42] and fibrosis sever-
ity[43,44]. However, because the liver plays an important 
role in the metabolism and pleiotropic functions of  vita-
min D, the question is whether vitamin D deficiency is a 
consequence of  liver disease or a contributor to the liver 
dysfunction. 

Severe liver disease decreases vitamin D hydroxylation 
and albumin and DBP production, all of  which are linked 
to low levels of  25(OH)D. Nevertheless, the vitamin D 
deficiency in chronic liver disease is only partly the re-
sult of  a synthesis dysfunction of  the liver, as evidenced 
by the fact that vitamin D deficiency is highly prevalent 
in non-cirrhotic patients[4]. The levels of  25(OH)D 
in cirrhotic patients normalize after vitamin D treat-
ment, which indicates that the 25-hydroxylation is pre-
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The available data suggest that vitamin D supple-
ments could be beneficial in terms of  morbimortal-
ity[70,71]. Most experts consider of  at least 75 nmol/L (30 
ng/mL) as the most advantageous 25(OH)D level for 
reducing the risk of  fractures, prevention of  cancer and 
the risk of  hypertension, and between 90-120 nmol/L 
(36-48 ng/mL) as the most optimal level[71]. In fact, a 
recent meta-analysis that included 73 cohort studies 
(849412 participants) and 22 controlled and randomized 
studies with over 30716 participants showed that vitamin 
D3 supplements significantly reduced mortality from any 
cause among older adults[72]. Few published prospective 
studies have examined the effects of  supplements in 
chronic liver disease, and the results to date are contra-
dictory, most likely because of  issues with study designs, 
the quantity of  vitamin D administered, the pre- or 
post-treatment measurements used and the presence of  
genetic polymorphisms that influence the biological ac-
tivity of  vitamin D. Nonetheless, vitamin D supplements 
are currently recommended to decrease the skeletal ef-
fects of  vitamin D deficiency. In fact, the latest recom-
mendation suggest that a 25(OH)D level over 20 ng/mL 
is sufficient to meet the vitamin D requirement[73]. How-
ever, the Endocrine Society Clinical Practice Guideline 
(ESCPG) suggested that vitamin D requirements may be 
greater for sick patients than for healthy individuals and 
blood level above 30 ng/mL may have additional health 
benefits in reducing the risk of  various disease condi-
tions[74]. In addition, the ESCPG suggest that 25(OH)D 
should be measured in chronic liver disease patients to 
identify those with levels under 20 ng/mL who would 
benefit from vitamin D supplements to reduce the risk 
of  bone fracture[74]. Similarly, the guidelines of  the Eu-
ropean Association for the Study of  the Liver recom-
mend calcium (1000-1200 mg/d) and vitamin D (400-800 
UI/d) supplements for cholestatic liver disease patients, 
although supplement use is supported by limited clinical 
data[75]. In fact, despite the frequency of  vitamin D de-
ficiency in liver disease patients, their calcium and PTH 
serum concentration levels are normal, which contradicts 
the possibility that regulatory mechanism of  calcium 
metabolism is affected[76,77]. Our group has confirmed 
these results in cirrhotic patients of  different etiologies; 
these patients showed vitamin D deficiencies[78] but had 
free vitamin D levels similar to those of  healthy subjects 
(unpublished data). Consequently, the unaffected free 
vitamin D may be involved in the lack of  correlation 
between the levels of  25(OH)D and calcium and PTH 
and may maintain calcium homeostasis without caus-
ing secondary hyperparathyroidism[79]. For this reason, 
several authors indicate that the levels of  total and free 
25(OH)D should be measured to identify the vitamin D 
status in chronic liver disease patients[76]. Nonetheless, 
these patients have a high prevalence of  bone mass loss 
that can be explained by the previous data of  vitamin D 
deficiency and by other interfering factors, such as the 
increase in pro-inflammatory cytokines[80-82], hypogonad-
ism[83], elevated bilirubin levels[84] and steroid treatment[85].

served[45,46]; and although DBP is moderately decreased 
in cirrhosis[47], vitamin D metabolites require only 5% of  
the DBP binding sites[48], indicating that liver dysfunction 
must be severe to decrease the DBP levels and contribute 
to vitamin D deficiency. Therefore, vitamin D deficiency 
in chronic liver disease requires several causes in addi-
tion to those mentioned above, including inadequate sun 
exposure, insufficient food intake, steroid use, jaundice-
related deterioration of  vitamin synthesis on the skin 
and decreased vitamin D absorption caused by intestinal 
edema secondary to portal hypertension or to cholestasis-
induced bile salt disruption. 

The observed association between vitamin D and 
liver disease is insufficient to establish a causal effect be-
tween vitamin D deficiency and the severity of  chronic 
liver disease. Recent systematic and umbrella reviews 
has cast doubt on any causal link between vitamin D 
deficiency and non-skeletal health outcomes, suggesting 
that vitamin D deficiency is a marker of  ill-health, rather 
than an important factor implicated in the pathogenesis 
of  disease[49]. However, there is growing evidence that 
vitamin D is involved in the decrease of  inflammation 
and fibrosis[43,50,51]. Proinflammatory signals in monocytes 
and macrophages may regulate the local metabolism of  
vitamin D, auto-inducing the expression of  CYP27B1 
and the local production of  1α,25(OH)2D, and thus con-
trolling the excessive inflammatory response[33,52]. Almost 
90% of  the tissue macrophages are in the liver[53], which 
suggests that the liver production of  active vitamin D is 
affected during inflammatory diseases of  the liver. Fur-
thermore, VDR is expressed in both macrophages and 
other non-parenchymal cells and biliary epithelial cells[54]. 
After activation, these cells increases the expression of  
cathelicidin, an antimicrobial peptide with anti-endotoxin 
activity[55], and inhibits the synthesis of  biliary acids, thus 
protecting the hepatocytes from these acids[56,57]. There-
fore, the relationship between vitamin D and hepatic 
physiopathology may result from signaling disruptions in 
non-parenchymal liver cells or extrahepatic cells[58].

It is important to mention that, together with diet 
intake and sun exposure, genetic factors substantially 
contribute to variations in 25(OH)D levels[59,60]. Several 
simple nucleotide polymorphisms of  genes involved in 
the metabolism of  VDR and vitamin D, such as DHCR7 
(encode the 7-dehydrocholesterol reductase enzyme), 
CYP2R1, CYP24A1 and GC (encode DBP), have been 
strongly linked with the serum levels of  25(OH)D and 
its efficacy[59-62]. A recent study community-dwelling 
black Americans, as compared with whites, had low 
levels of  total 25(OH)D and DBP, resulting in similar 
concentrations of  estimated bioavailable 25(OH)D. Ra-
cial differences in the prevalence of  common genetic 
polymorphisms provide a likely explanation for this ob-
servation[63]. Therefore, such genetic variations may be 
associated with the severity of  chronic liver disease, and 
several polymorphisms of  the VDR gene associated with 
primary biliary cirrhosis, autoimmune hepatitis, CHC and 
hepatocellular carcinoma have been identified[64-69].
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VITAMIN D FUNCTIONS AND THEIR 
IMPLICATIONS IN LIVER DISEASES
Vitamin D maintains the normal skeletal architecture and 
plays roles in the cardiovascular[86,87] and nervous sys-
tems[88,89] and cellular proliferation and differentiation[90,91]. 
Furthermore, vitamin D may be relevant in the physiopa-
thology of  chronic liver diseases because of  its effect on 
the immune system and its anti-fibrotic effect[51,92,93]. 

Several research lines suggest that vitamin D has ben-
eficial effects in liver diseases by activating and regulating 
innate and adaptive immunity.Vitamin D increases innate 
immunity[23], stimulating the mechanisms associated with 
the elimination of  pathogen agents through the secre-
tion of  antibacterial proteins, such as cathelicidin and 
beta-defensin, and favoring chemotaxis and macrophage 
phagocytosis[19,20,94,95]. An excessive immune response can 
cause tissue damage; in this sense, vitamin D promotes 
an adequate innate immune response by regulating the 
expression of  several TLRs and by decreasing the pro-
duction of  proinflammatory cytokines[52]. An inverse 
relationship between vitamin D levels and the expres-
sion of  TLR2, TLR4 and TLR9 in monocytes has been 
observed, as has a decrease in the expression of  these 
innate immunity receptors after the administration of  
1α,25(OH)2D[52,96,97]. These three TLRs are primarily re-
lated to the inflammation and fibrosis of  the liver. A high-
fat diet, alcohol consumption and structural changes in 
the intestinal mucosa resulting from chronic liver diseases 
(e.g., the loss of  epithelial attachment, vascular congestion, 
defects of  the mucosal immune system) alter the perme-
ability of  the mucosa, promoting an increase in intestinal 
bacteria translocation[98-100] and bacterial products, such as 
LPS, through the bloodstream; there, these bacteria bond 
to the TLRs, mainly TLR4, that are present such immune 
cells as hepatocytes, biliary epithelial cells, dendritic cells 
and hepatic stellate cells, triggering the synthesis of  proin-
flammatory cytokines and fibrogenesis that ultimately re-
sult in liver damage[98,101]. However, vitamin D is involved 
not only in the regulation of  TLR expression but also in 
intestinal permeability; it plays a role in intestine epithelial 
cell differentiation and in improving cell bonding[102,103], 
thus decreasing the bacterial products in the liver.

Regarding adaptive immunity, vitamin D seems to 
control an excessive immune response by decreasing 
the expression of  class Ⅱ HLA complex molecules and 
co-stimulator molecules and by modulating the T cell 
response[19,20,104]. The activation of  naïve T cells has been 
shown to be vitamin D-dependent[105]; furthermore, it 
inhibits the development of  Th1 (IL-2 and interferon-
gamma proinflammatory cytokine producers) and Th9 
and increases the number of  Th2 cells (IL-4, 5 and 10 
anti-inflammatory cytokine producers), thus affecting 
the polarization of  T helper cells[106-108]. Additionally, 
1α,25(OH)2D prevents the development of  Th17 cells by 
inhibiting IL-6 and IL-23 production from the dendritic 
cells, and it induces the differentiation and expansion 
of  regulatory T cells that secrete the anti-inflammatory 

cytokines IL-10 and transforming growth factor beta 
(TGF-β)[107,109,110]. This ability to modulate the adaptive 
immune system may explain the association between vi-
tamin D deficiency and the risk of  autoimmune diseases 
and liver damage. 

Moreover, in vitro and in vivo studies of  mouse models 
with liver fibrosis have reported that vitamin D has an 
anti-fibrotic effect due to ability to affect the pathological 
process of  liver fibrosis at several stages, such as: inhibi-
tion of  injury trigger, suppression of  hepatic stellate cells 
activation and proliferation, reduction in accumulation of  
extracellular matrix and even degradation of  collagen me-
talloproteinases activation and tissue inhibitor matrix me-
talloproteinases (TIMPs) inhibition[92,93]. Moreover, Ding 
et al[111] revealed an intersecting VDR/SMAD genomic 
circuit that regulates hepatic fibrogenesis and define a 
role for VDR as an endocrine checkpoint to modulate 
the wound-healing response in liver and VDR ligands 
as potential therapy for liver fibrosis[111]. In this regard, a 
recent study in mice showed that the active metabolite of  
vitamin D-1α,25(OH)2D may prevent liver fibrosis in the 
in-vivo model. However, it cannot ameloriate establish cir-
rhosis in an animal model[112]. 

VITAMIN D AND CHRONIC HEPATITIS C 
VIRUS INFECTION 
Epidemiological studies show that vitamin D deficiency 
may increase the risk of  acquiring viral infections such as 
influenza, human immunodeficiency virus and respiratory 
infections[113]. Chronic hepatitis C virus (HCV) infection 
is one of  the main causes of  chronic liver disease; it is 
estimated to affect 130 to 150 million people worldwide, 
a significant number of  whom also develop cirrhosis and 
hepatic cancer[114]. A high percentage of  these patients 
(46% to 92%) have low vitamin D levels[50,115-117], and more 
than 25% suffer from severe deficiency[50,115,117]. It has 
been hypothesized that the high incidence of  vitamin D 
deficiency in these patients may be caused by HCV’s effect 
on direct or indirect 25-hydroxylation through cytokine 
induction or oxidative stress[118,119] and that the virus may 
suppress 25(OH)D levels due to a disruption in lipid me-
tabolism; as shown a recent study where HCV decreases 
the production of  7-dehydrocholesterol, the endogenous 
precursor of  vitamin D[120]. 

As discussed previously, vitamin D inhibits fibrosis 
and modulates the innate and adaptive immune response, 
increases the production of  antimicrobial peptides and 
inhibits proinflammatory cytokines. The anti-inflamma-
tory action of  vitamin D[19,20,50,94,95,104,106-110] can explain the 
improved therapeutic results of  IFN and ribavirin (RBV) 
after the administration of  vitamin D supplements[121-123], 
as some data indicate that proinflammatory cytokines and 
chemokines promote the persistence of  HCV[124]. In this 
respect, a low Th1/Th2 ratio is an independent sustained 
viral response (SVR) factor in the treatment of  the HCV 
genotype 1[125], and 1α,25(OH)2D favors Th2 in this bal-
ance, as mentioned previously[108]. Furthermore, several 
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in-vitro studies have considered vitamin D a direct HCV 
antiviral agent[126-128]. Gal-Tanamy et al[127] showed that 
vitamin D increases VDR expression and inhibits HCV 
replication in human hepatocytes by inducing the expres-
sion of  IFN beta and the IFN-stimulated gene (MxA) 
with different antiviral properties, thus producing a syn-
ergic effect with antiviral treatment[127]. In the same study, 
vitamin D or calcitriol added to the antiviral treatment 
had a synergic effect in the inhibition of  HCV. In addi-
tion, in recent clinical studies have described an associa-
tion between VDR polymorphisms on the response to 
IFN/RBV therapy in CHC[129,130].

The relevance of  vitamin D in CHC has been re-
ported in numerous studies that associated vitamin D 

deficiency with a greater degree of  necrosis and fibro-
sis[40,50,68,131,132] and with a lower likelihood of  a SVR to 
IFN-based therapies[50,115,121,123,133-135]. In fact, all of  the 
patients who showed severe vitamin D deficiency had 
hardly any SVR, while 50% of  those with normal levels 
or almost normal levels had SVR[50,121,123,136]. However 
other studies failed to find ant relationship between base-
line vitamin D level and SVR and fibrosis[116,137-140] (Table 
1). In addition, conflicting conclusions have been reached 
in two recent meta-analysis[130,141]. This may be due to lim-
itations of  the studies included: (1) the small number of  
patient; (2) majority had a cross-sectional studies that are 
subject to bias due to the possibility of  reverse causation; 
(3) lack of  vitamin D level assessment during therapy; 

Table 1  Studies regarding vitamin D and hepatitis C virus

Ref. Year Design n HCV genotype Vitamin D deficiency Outcome P

Petta et al[50] 2010 Cohorts 197 1 73% Vitamin D levels (ng/mL):
SVR: 26.6

No SVR: 23.7

   0.05

Bitetto et al[121] 2011 Cohorts   42 1 and no 1 Not stated SVR according to the vitamin D levels 
(ng/mL):

≤ 10 ng/mL: 10%
> 10 and ≤ 20 ng/mL: 30%

> 20 ng/mL: 50%

< 0.05

Bitetto et al[136] 2011 Cohorts 211     1-5   46.4% SVR according to the vitamin D levels 
(ng/mL): 

≤ 10 ng/mL: 50%
> 10 and ≤ 20 ng/mL: 60.9%

> 20 ng/mL: 69%

     0.038

Lange et al[115] 2011 Cohorts 468     1-3 66% SVR (genotype 2/3):
Vitamin D deficit (< 10 ng/mL): 50%

Without deficiency: 81%

    < 0.0001

SVR (genotype 1)
Vitamin D deficit: 60%

Without deficiency: 54%

   0.45

Nseir et al[133] 2011 Cohorts   80 1 Not stated Vitamin D levels (ng/mL):
SVR: 42.1

No SVR: 27.3

  < 0.001

Jazwinski et al[134] 2011 Cohorts   82 1 Not stated Vitamin D levels (ng/mL):
SVR: 23.3

No SVR: 19.3

   0.82

Abu-Mouch et al[123] 2011 Randomized 
prospective

  72 1  59% (with vitamin D 
supplementation)

60% (control group)

SVR:
With vitamin D: 86%
Control group: 42%

  < 0.001

Nimer et al[122] 2012 Randomized 
prospective

  50    2-3   60% (with vitamin D)
50% (control group)

SVR:
With vitamin D: 95%
Control group: 77%

  < 0.001

Lange et al[116] 2012 Cohorts 269     1-4 74% No significant association between 
SVR and 25(OH)D serum levels 

   0.13

Kitson et al[137] 2013 Cohorts 274 1 48% Vitamin D levels (ng/mL):
SVR: 76.6

No SVR: 84.7

   0.03

Esmat et al[140] 2014 Randomized 
prospective

101 4 95% SVR:
With vitamin D: 44%
Control group: 68.6%

   0.22

Yokoyama et al[142] 2014 Randomized 
prospective

  84   1b Not stated SVR:
With vitamin D: 64.3%

Control group: 50%

   0.19

Grammatikos et al[138] 2014 Cohorts 398 1 Not stated Vitamin D levels (ng/mL)
SVR: 15.8

No SVR: 17.6

   0.09

HCV: Hepatitis C virus; SVR: Sustained viral response.
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and (4) characteristic of  vitamin D assessment (seasonal-
ity, cut off  values, methodology of  vitamin D determina-
tion, ethnicity). In contrast, vitamin D has been shown to 
increase the probability of  SVR when it is added to the 
antiviral treatment[121-123,142] (Table 1). Thus, futher clinical 
investigation on the effect of  vitamin D supplementation 
in treating CHC are needed to confirm this item.

Furthermore, Bitteto et al[136] provided additional 
information in their study of  the rs12979860 C/T poly-
morphism of  IL28B. In their study, vitamin D levels were 
complementary to the rs12979860 C/T polymorphism 
of  the IL28B for predicting SVR in CHC patients in-
fected with difficult-to-treat genotypes (1, 4, 5). Another 
polymorphism, the CYP27B1-1260 polymorphism is also 
known to decrease the intracellular concentration of  cal-
citriol in mononuclear cells and T lymphocytes[134] and is 
a known cofactor in immune response disruption in these 
cells. In fact, the study by Lange and colleagues confirms 
the lack of  SVR in patients infected with the HCV 1, 2 
and 3 genotypes who have this polymorphism[115]. This 
study also hypothesized that genotype 3 patients had low 
25(OH)D levels, in contrast with previously published 
data[50,136]. We should, however, note that the definition of  
vitamin D deficiency differed among the three studies, a 
factor that should be considered when interpreting these 
results. 

Vitamin D also favors the HCV response by improv-
ing the sensitivity to insulin[143-145]. Insulin resistance 
(IR) is considered one of  the most important factors in 
predicting HCV patients’ response to IFN and RBV[146], 
and vitamin D is known to prevent DM type 2[144]. As 
β-pancreatic cells contain VDR, vitamin D deficiency 
may alter the balance between the intra- and extracellular 
calcium and interfere with insulin release[147]. 

Therefore, in theory, vitamin D deficiency may be 
linked to a lack of  response to anti-viral treatment, while 
vitamin D supplementation may potentiate SVR. 

VITAMIN D AND NAFLD
NAFLD is a pathological clinical entity that includes a 
broad spectrum of  liver conditions from steatosis to 
nonalcoholic steatohepatitis (NASH) and cirrhosis[148] and 
NAFLD is one of  the main causes of  chronic liver dis-
ease in developed countries, affecting 20% to 30% of  the 
population[149,150]. Some NAFLD patients develop NASH 
and cirrhosis, while most others do not experience dis-
ease progression; however, the reason for these differ-
ences in progression are not known. NAFLD is generally 
related to at least one metabolic syndrome characteristic; 
in fact, liver conditions are considered part of  the syn-
drome, and although their pathogenesis is not yet known, 
IR is a key factor in its development[151,152]. Several studies 
show a negative correlation between vitamin D levels and 
obesity, glucose intolerance, IR, metabolic syndrome and 
body mass index (BMI)[24-26,153-155]. Furthermore, vitamin 
D deficiency stimulates PTH, which has been linked to 
IR and an increase in the acute-phase reactant[156]. In sup-

port of  this hypothesis, some studies show that vitamin 
D administration improves insulin secretion[145,157-160] and 
that its use decreases IR in patients with end-stage renal 
disease[161]. Moreover, VDR polymorphisms have been 
associated with IR and have an effect on insulin secretion 
and on the fasting glucose concentration[162]. Addition-
ally, previous studies have shown that VDR knock-out 
mice developed hepatic steatosis[163]. Finally, studies have 
shown that vitamin D administration in mice activates 
the fibroblastic intestinal growth factor 15 (FGF15) 
(human ortholog FGF19). This intestinal hormone pre-
vents IR and high-fat diet-induced obesity by inhibiting 
CYP7A1, an essential enzyme in the physiopathology of  
liver dyslipidemia[164]. This evidence suggests that vitamin 
D is linked to the development of  NAFLD via its role 
in glucose metabolism by accelerating the conversion 
of  proinsulin to insulin, while vitamin D deficiency has 
been associated with pancreatic β cell dysfunction and a 
greater prevalence of  type 2 DM[153,164-167].

As in the case of  CHC, vitamin D levels are lower 
in patients with NAFLD compared with healthy con-
trols[43,167-174]. In addition, vitamin D deficiency in obese 
patients has been attributed to the accumulation of  the 
vitamin D in adipose tissue[175-177]. Furthemore, vitamin 
D levels are inversely correlated with the severity of  ste-
atosis, necroinflammation and fibrosis independent of  
age gender, BMI, Homeostatic Model Assesment of  IR 
score and presence of  metabolic syndrome[43,168,178]. In a 
recent clinical study of  adults with NAFLD, Targher et 
al[43] showed that the vitamin D levels had an effect on 
the development of  hepatic steatosis and in the severity 
of  the histological lesion. In fact, their hypothesis stated 
that patients with greater inflammation and fibrosis had 
lower vitamin D levels independent of  other compo-
nents of  the metabolic syndrome. This observation was 
later confirmed in pediatric patients[179,180] (Table 2). Still, 
an association between vitamin D and NAFLD has been 
demonstrated that is independent of  BMI or IR and met-
abolic syndrome[43,157,162]. Although causal conclusions are 
difficult to obtain from these studies, their results suggest 
that vitamin D deficiency plays a role in the development 
and progression of  fatty liver, especially in terms of  its 
anti-inflammatory potential. In fact, vitamin D reduces 
the risk for NAFLD in healthy men[181] and attenuates 
high fat diet-induced hepatic steatosis in rats by modulat-
ing lipid metabolism[182].

Vitamin D deficiency has been linked to a systemic 
increase in inflammation markers[183,184], and systemic 
inflammation may play a central role in the pathogenesis 
and progression of  NAFLD[185,186]. Increases in visceral 
adiposity promote the release of  fatty acids and proin-
flammatory cytokines and activate inflammation path-
ways in the liver, prompting proinflammatory cytokine 
secretion that leads to liver damage[187]. Moreover, the 
obesity promotes the onset of  NAFLD due to increased 
hepatic lipid synthesis secondary to excess free fatty 
acids; subsequent association with oxidative stress on 
mitochondrial and with the increase of  proinflammatory 
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cytokines can definitely trigger a progression of  steato-
sis to NASH and cirrhosis[188]. Studies in vivo and in vitro 
have clearly documented that steatosis reduces oxidative 
activity controlled by cytochrome P450[189]. These inflam-
matory processes may be blocked by increasing the levels 
of  25(OH)D, and the development and progression of  
NAFLD may stop. In fact, vitamin D supplements have 
been shown to decrease inflammation markers[190-193] and 
increase anti-inflammatory cytokines[190]. It is known that 
vitamin D’s effects in the liver are not only exerted on the 
hepatocytes, given that these cells express very little VDR 
mRNA. In contrast, sinusoidal cells, Kupffer cells, he-
patic stellate cells and immune system cells express VDR 
mRNA that is functionally active. Therefore, vitamin D 
deficiency may affect the activity/expression of  macro-
phages, dendritic cells and T and B lymphocytes by favor-
ing oxidative stress and the production of  proinflamma-
tory cytokines that lead to subclinical inflammation[18,19]. 
Furthermore, fibrosis is induced by TGF-β secretion that 
results from the increased secretion of  the matrix metal-
loproteinase 9 inhibitor (TIMP-1)[194]. In fact, cell cultures 
show that vitamin D has an anti-inflammatory and an 
antifibrinolytic effect on hepatic stellate cells. Finally, ani-
mal models show that more severe histological lesions of  
NAFLD are associated with higher levels of  mRNA of  
TLR2, 4 and 9, proinflammatory cytokines and oxidative 
stress markers in rats with a high-fat diet and deficient in 
vitamin D[195]. A recent study of  experimentally NAFLD-
induced rats showed that ultraviolet light exposure de-

creased hepatic stellate cell activity and TGF-β synthesis 
and stimulated the production of  apolipoprotein E and 
adiponectin. Together, these findings translate into a ben-
eficial effect on NAFLD, and a decrease in IR, steatosis, 
apoptosis, inflammation and intrahepatic fibrosis was 
hypothesized[196]. Thus, given the above-mentioned find-
ings, we can conclude that extrahepatic signaling affects 
fibrosis and inflammation[187] and that the vitamin D-VDR 
axis may play a role in the initiation and progression of  
NAFLD. 

Therefore, although the mechanisms of  vitamin D’s 
control over hepatic lipid homeostasis and its link with in-
flammation are not fully known, recent research lines pro-
vide a more comprehensive understanding of  its immune 
modulation capacity and of  new therapeutic interventions 
for NAFLD. 

CONCLUSION
The pleiotropic effects of  vitamin D indicate a rela-
tionship between its deficiency and numerous chronic 
diseases, such as DM, cardiovascular, autoimmune and 
infectious diseases, several types of  cancer and chronic 
liver diseases. In the case of  chronic liver diseases, vita-
min D seems to modulate the innate and adaptive im-
mune system, which explains the association. Specifically, 
vitamin D deficiency has been associated with a greater 
risk of  portal hypertension complications, mortality and 
increased histological severity in NAFLD and CHC, and 

Ref. Year Design n NAFLD diagnosis Vitamin D levels (ng/mL) P

Targher et al[43] 2007 Cohorts prospective   120 Liver biopsy Controls (60): 29.8 ± 6
Steatosis (10): 23.72 ± 8
NASH (50): 14.8 ± 9.2

     0.001

Manco et al[179] 2010 Cohorts prospective     64 Liver US Without necroinflamation: 26.1 ± 10
With necroinflamation: 19.9 ± 9.8
Without fibrosis: 27.7 ± 10.3
With fibrosis: 17.1 ± 7.4

   0.16
  < 0.001

Barchetra et al[168] 2011 Cohorts prospective   262 Liver US Without NAFLD (100): 20.5 ± 9.7
NAFLD (162): 14.8 ± 9.2

  < 0.001

Jablonski et al[169] 2013 Cohorts retrospective 1214 Liver US Controls (607): 34 ± 8
NAFLD (607): 30 ± 7

  < 0.001

Kasapoglu et al[171] 2013 Cohorts prospective   613 Liver US Controls (275): 26,4 ± 9.8
NAFLD stage 1 (133): 20 ± 9.2
NAFLD stage 2 (106): 13.3 ± 6.7
NAFLD stage 3 (99): 8.8 ± 7.4

< 0.05

Black et al[170] 2014 Cohorts prospective   994 Liver US Without NAFLD (838): 30.8 ± 9.6
NAFLD (156): 26.8 ± 8.8

  < 0.001

Yildiz et al[174] 2014 Cohorts prospective   101 Liver US Without NAFLD (43): 16.4 (IQR 12.4-24.8)
NAFLD grade 1 (41): 14.2 (IQR 9.5-21.2)
NAFLD grade 2 (17): 11.5 (IQR 7.5-16.7)

     0.005

Dasarathy et al[178] 2014 Cohorts prospective   148 Liver biopsy Controls (39): 35.7 ± 6
Steatosis (67): 25 ± 11.3
NASH (81): 18.1 ± 8.4

< 0.01

Nobili et al[180] 2014 Cohorts prospective     73 Liver biopsy NASH (49) was associated with lower VD levels, 
i.e., -9.0 pg/mL when compared with that in 
children without NASH (24)

  < 0.001

Küçükazman et al[173] 2014 Cohorts prospective   211 Liver US Without NAFLD (57): 20 ± 13.6
NAFLD (154): 12.3 ± 8.9

  < 0.001

Table 2  Studies regarding vitamin D and non-alcoholic fatty liver disease

US: Ultrasonography; IQR: Interquartile range; NAFLD: Non-alcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis.
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a lower probability of  viral response to HCV treatment 
with IFN based therapies. In fact, clinical studies sug-
gest that these parameters may improve with vitamin D 
supplementation; however, prospective, randomized and 
placebo-controlled studies are required to establish firm 
conclusions.
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Core tip: Recombinase polymerase amplification (RPA) 
shows many advantages over both real time polymerase 
chain reaction and other isothermal Amplification meth-
ods. In this review we show the importance of molecu-
lar detection methods and how isothermal amplification 
techniques offer molecular point-of-care diagnosis. RPA 
shows unique characteristics among isothermal ap-
proaches that makes it a promising tool in the molecular 
diagnosis. Because hepatitis C virus is an endemic viral 
infection, we suggest that RPA may play an important 
role and save much time in screening infected individu-
als and managing the therapeutic course.

Zaghloul H, El-shahat M. Recombinase polymerase amplifica-
tion as a promising tool in hepatitis C virus diagnosis. World J 
Hepatol 2014; 6(12): 916-922  Available from: URL: http://www.
wjgnet.com/1948-5182/full/v6/i12/916.htm  DOI: http://dx.doi.
org/10.4254/wjh.v6.i12.916

HEPATITIS C VIRUS
Hepatitis C virus (HCV) is a positive-sense single-strand-
ed RNA virus that was first cloned in 1989 and classified 
as a member of  the family Flaviviridae[1]. This viral infec-
tion is characterized by high replication rate. It is esti-
mated that about 1012 virions per day are produced in a 
given individual[2]. In addition, its genome exhibits a high 
degree of  sequence variation caused by its error prone 
RNA polymerase. However, there are 6 characterized 
genotypes of  HCV, 52 subtypes within these genotypes[3]. 
Humans are the only reservoir for HCV infection; which 
often leads to an asymptomatic chronic state in 80% of  
cases with subsequent development to acute liver disease. 

An estimated 2%-3% of  the world’s population is liv-
ing with HCV infection and each year more than 350000 
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Abstract
Hepatitis C virus (HCV) infection represents a signifi-
cant health problem and represents a heavy load on 
some countries like Egypt in which about 20% of the 
total population are infected. Initial infection is usually 
asymptomatic and result in chronic hepatitis that give 
rise to complications including cirrhosis and hepatocel-
lular carcinoma. The management of HCV infection 
should not only be focus on therapy, but also to screen 
carrier individuals in order to prevent transmission. In 
the present, molecular detection and quantification of 
HCV genome by real time polymerase chain reaction 
(PCR) represent the gold standard in HCV diagnosis 
and plays a crucial role in the management of thera-
peutic regimens. However, real time PCR is a compli-
cated approach and of limited distribution. On the other 
hand, isothermal DNA amplification techniques have 
been developed and offer molecular diagnosis of infec-
tious dieses at point-of-care. In this review we discuss 
recombinase polymerase amplification technique and 
illustrate its diagnostic value over both PCR and other 
isothermal amplification techniques.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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die of  HCV-related complications, including cirrhosis, 
liver failure or hepatocellular carcinoma[4].

Although hepatitis C is considered to be endemic 
disease worldwide, there is a high degree of  geographical 
variation in its distribution[5-9]. The prevalence of  HCV 
infection is low, in most European countries where it rep-
resents 0.5%-2% of  the general population[10,11], Americas, 
Australia, and South Africa (0.2% to 0.5%)[10]. Intermedi-
ate prevalence is reported in Middle East, India and Bra-
zil[7,10]. Egypt recorded the highest prevalence of  HCV in 
the world with about 20% of  the population[7,9].

HCV is a blood prone infection, modes of  transmis-
sion that have been reported include; transfusion of  con-
taminated blood products, organ transplantation from in-
fected donors, intravenous drug use, sexual transmission, 
public shaving, acupuncture, and invasive hospital proce-
dures with contaminated equipment[12-16]. In Egypt where 
the highest prevalence in the world has been recorded, 
the major route of  HCV infection was via an antischisto-
somal treatment program, with more than 35 million in-
jections given over a 20-year in the period (1960-1980)[17].

The current standard treatment for chronic hepatitis 
C is a combination of  pegylated interferon alfa and riba-
virin. Sustained Virological Response (SVR) represents 
the endpoint of  the treatment regimen, which indicates 
undetectable HCV RNA 24 wk post treatment[18].

Due to the lack of  a vaccine or some form of  post-
exposure prophylaxis, the number of  infected individu-
als will continue to increase, and in turn HCV-related 
morbidity and mortality, in the absence of  effective care 
and treatment programs. The management of  hepatitis 
C infection should not only focus on the treatment, but 
also prevention of  infection to reduce the reservoir of  
infected individuals who can transmit the virus[19,20].

HCV DIAGNOSIS TECHNIQUES
The current laboratory techniques used for HCV diagno-
sis include: (1) Serological assays (e.g., the enzyme-linked 
immunosorbent assay, recombinant immunoblot assay, 
etc.); and (2) Molecular assays: Depends on nucleic acid 
testing (NAT): qualitative [e.g., reverse transcriptase poly-
merase chain reaction (RT-PCR), TMA, etc.] and quantita-
tive (e.g., real time PCR, etc.).

Advantages and limitation of serologic assays
The ease of  automation and cost-effectiveness made se-
rologic assays the most practical tool in HCV diagnosis[21]. 
However, antibody detection exhibits many disadvan-
tages including that; detection is limited during the early 
stages of  infection, poor sensitivity (false negative) in he-
modialysis patients, immunocompromised patients[22-25], 
an abundance of  false-positives[26] (because recovered 
patients may stay anti-HCV positive for years) and vari-
ability in accuracy between deferent commercial kits.

NAT
NAT detect and quantify HCV RNA and are now con-

sidered the gold standard in the diagnosis of  HCV infec-
tion. In this approach, HCV RNA is extracted from the 
sample and reverse transcribed into the complementary 
DNA, which is then amplified into a large number of  
detectable copies by the polymerase chain reaction 
(PCR). Unlike antibody detection that could be posi-
tive for years after resolving infection, the presence of  
HCV RNA indicates active infection and it can be de-
tected in 1-2 wk post-infection[27,28]. NAT offers accurate 
and sensitive diagnosis of  HCV without any additional 
confirmatory test and can be used to diagnose individu-
als with acute HCV infection. In addition, NAT play 
a crucial role in the management of  antiviral therapies 
by monitoring HCV RNA level. It determines the basal 
viral load and monitors the treatment response[29]. Till 
now, fully automated real-time PCR is the most promis-
ing approach in NAT as it is faster, more sensitive and is 
not prone to contamination.

ADVANTAGES AND LIMITATION OF NAT
The importance of  NAT arises from its ability to detect 
and quantify HCV RNA and in turn detecting the active 
infection (in contrast to anti-HCV). In addition, it can 
determine the level of  the virus replication. Furthermore, 
it plays an important role in the antiviral treatment regi-
mens and determines whether a virological response has 
been occurred or not[30]. 

However, molecular techniques for HCV diagnosis 
have many limitations including that; it is of  complex pro-
cedures, time consuming and technically demanding as it 
cannot be carried out except in a highly equipped molecu-
lar biology laboratory (high cost analytical instruments). 

ADVANCES IN HCV DIAGNOSIS
Every day the world takes a step towards NAT which 
becomes more practical than it was before. The competi-
tion between the commercial products enforces the com-
panies to produce more simple, easy to use and cheap 
assays. In addition to the growing dependence on NAT, 
the significant advances in HCV diagnosis include using 
point-of-care (POC) alternatives instead of  the routine 
venous puncture. POC can use specimen matrices such 
as oral fluid or finger-stick blood. Most existing POC are 
immunoassays and are now widely used for different ap-
plications. POC represent an ideal approach for the man-
agement of  hepatitis C infection as it can reaches remote 
areas where the high equipped molecular biology labora-
tories are limited and in turn shorten the time of  results 
which extend HCV screening. For instance, the develop-
ment of  a molecular point-of-care assay would represent 
a significant improvement in the field of  HCV diagnosis. 

ISOTHERMAL DNA AMPLIFICATION
Molecular analytical techniques gain a growing interest. 
According to the mentioned limitation combining con-
ventional molecular methods, especially real time PCR, 
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there was a demand to develop a simple, sensitive and 
cost effective technology. 

Isothermal DNA amplification is an alternative to 
PCR-based technique and developed for point-of-care 
diagnosis[31,32]. In isothermal techniques, amplification 
reactions are performed at a constant temperature and 
hence there is no need for expensive thermal cycling in-
strument. Major practiced isothermal amplification tech-
niques include; nucleic acid sequence-based amplifica-
tion, loop-mediated isothermal amplification (LAMP)[33], 
strand-displacement amplification (SDA)[34], rolling circle 
amplification (RCA)[35], helicase-dependent amplification 
(HDA)[36] and recombinase polymerase amplification 
(RPA)[37]. Isothermal DNA amplification techniques are 
simple, rapid and cost effective with equivalent specificity 
and sensitivity to PCR, enabling point-of-care diagnostics 
without the need to high costing equipment[31,32]. How-
ever, isothermal amplification approaches differed from 
each other in terms of  operating temperature, reaction 

duration, mechanism, strengths and weaknesses. Table 
1 summarizes the characters of  the major practiced iso-
thermal amplification methods.

As a competition between isothermal amplification 
techniques to perform molecular diagnosis at point-of-
care, RCA will be kicked out of  the race because it is in-
compatible with point-of-care diagnosis. Complex primer 
designing and the inability to perform multiplex ampli-
fication eliminates LAMP. The need to a denaturation 
step and the inability to tolerate inhibitory biological 
components exit both NABSA and SDA. Finally, RPA 
beats HAD in being faster and cheaper. Table 2 shows 
advantages and disadvantages of  the major practiced iso-
thermal amplification techniques.

RPA
RPA is an isothermal DNA amplification and detec-
tion method[37]. The amplification depends on a specific 
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Table 1  Characters of some isothermal amplification techniques[51]

NASBA LAMP SDA RCA HDA RPA

Template DNA, RNA DNA1 DNA1 DNA1 DNA1 DNA1

No. of primers   2    4-6     4   1   2   2
No. of enzymes   3 1     2   2   2   2
Temperature (℃) 41    60-65   37 37 65       30-42
Reaction duration (min)        90-120    60-90 120 60      75-90 20
Denaturation step Y N Y N N N
Inhibition tolerance N Y N N Y Y
Product detection GE, RT GE, RT, TE GE, RT GE GE, RT RT
Multiplex Y N Y N Y Y
Point-of-care Y Y Y N Y Y

1RNA can be amplified after the introduction of a reverse transcription step. NASBA: Nucleic acid sequence-based amplification; 
LAMP: Loop-mediated isothermal amplification; SDA: Strand-displacement amplification; RCA: Rolling circle amplification; 
HDA: Helicase-dependent amplification; RPA: Recombinase polymerase amplification; GE: Gel Electrophoreses; RT: Real Time; 
TE: Turbidity; Y: Yes; N: No. 

Table 2  Advantages/disadvantages of some isothermal amplification methods

Technique Advantages Disadvantages

NASBA Specifically designed to detect RNA and in turn RNA viruses Denaturation step
Power saving (41 ℃) Less efficient in Amplifying RNA targets out of the range 120-250 bp

LAMP Highly specific (utilizes 4-6 primers spanning 6-8 distinct sequences) Primer design is complex
Tolerance to biological substances Unable to perform multiplex amplification
Could be detected by a cheap turbidity-meter

SDA Power saving (37 ℃) Sample prep. needed
Nuclease selection is complex
Inefficient in long target sequences

RCA Power saving (37 ℃) Primer is complex
Specific enough to allow SNP analysis RNA amplification is complex

Works only with a circular nucleic acid template
HDA Simple primer design Expensive enzymes

Robust to biological substances
No initial heating step

RPA Power saving (37 ℃)
Simple primer design
Extremely quick (20 min)
No initial heating step
Robust to biological substances

NASBA: Nucleic acid sequence-based amplification; LAMP: Loop-mediated isothermal amplification; SDA: Strand-displacement amplification; RCA: Roll-
ing circle amplification; HDA: Helicase-dependent amplification; RPA: Recombinase polymerase amplification.

Zaghloul H et al . RPA as a promising tool in HCV diagnosis



919 December 27, 2014|Volume 6|Issue 12|WJH|www.wjgnet.com

the detection of  Gram-negative (Francisella tularensis and 
Yersinia pestis) and Gram-positive bacteria (Bacillus anthra-
cis), DNA viruses (variola virus), whereas RT-RPA assays 
were developed for RNA viruses including Rift Valley 
fever virus, Ebola virus, Sudan virus and Marburg virus. 
The authors found analytical sensitivity and specificity 
equal to PCR with no cross-detection among respec-
tive targets. Also, Ahmed et al[42], 2014 have developed 
RPA based assay for the detection of  Leptospira and the 
method showed fast and less sensitivity to amplification 
inhibitors. Another competitive character compared to 
PCR based protocols had been reported by Kersting et 
al[43], 2014 study in which RPA have been used for mul-
tiplex detection (detection multiple targets in the same 
reaction) of  Neisseria gonorrhoeae, Salmonella enterica and 
Staphylococcus aureus. The author concluded that the kinetic 
performance of  RPA was faster than PCR with no loss 
in sensitivity and specificity[43]. In the light of  the above 
mentioned results it is clear that, RPA show competitive 
results as compared with PCR as regard to sensitivity and 
specificity, whereas RPA exceeds PCR as regard to the 
reaction kinetics.

In another study, RPA showed an impressive results 
in which the amplification reaction was conducted under 
a broad range of  conditions from 30 ℃-45 ℃ with high 
inhibitory concentration of  known PCR inhibitors in just 
15 min[44]. 

ADVANTAGES AND DISADVANTAGES 
OF RPA
RPA overcomes the technical difficulties posed by cur-
rent molecular techniques.

At first; it demonstrates a rapid kinetics, the process 
begins operating the immediately when the sample is 
contacted to the reagents and there is no need for melt-
ing the double-stranded DNA target. 

combination of  enzymes and proteins (recombinase, 
single strand binding protein, and strand displacing DNA 
polymerase) used at a constant temperature and yield-
ing a result in maximum 10 min. At first, RecA coat a 
single-stranded DNA (primers) to form nucleoprotein 
filaments. These filaments can then scan targeted double-
stranded DNA for sequences complementary to those of  
coated primers. Then, the nucleoprotein filaments initi-
ate a 5’-strand invasion at the site of  homology (Figure 
1) forming what is known as D-loop. The strand inva-
sion is stabilized by single strand binding protein. After 
that, strand extension takes place at the free 3’-end of  
the nucleoprotein filaments by a strand displacing DNA 
polymerase to synthesize a new complementary strand. 
During strand extension, the new synthesized strand dis-
places the originally paired strand.

Real-time detection of  RPA amplicons is possible via 
specific probes (Figure 2). Development of  fluorescence 
depends on the separation of  fluorophore and quencher 
via Exonuclease Ⅲ cleaving at an internal abasic site mim-
ic [tetrahydrofuran (THF)] of  the hybridized exo-probe 
(Figure 2)[38,39]. Fluorescence signal can be measured in 
real-time via a simple point-of-care scanner.

RPA technique is not restricted for amplification of  
the double stranded DNA targets, but also it could be 
used for amplification of  RNA targets, as in the case 
with RT-PCR. Ahmed Abd El Wahed et al[40], 2013 had 
developed reverse transcriptase RPA (RT-RPA) assay for 
the detection of  corona virus. The assay showed rapid 
kinetics with equal sensitivity and specificity of  the real-
time RT-PCR. The author suggested the diagnostic im-
portance of  the RT-RPA assay during the Hajj for the 
point-of-care detection of  MERS-CoV infected cases to 
prevent the spread of  the virus. Euler et al[39], 2012 have 
developed a qualitative real-time RPA assay for detec-
tion of  Francisella tularensis and the assay showed results 
comparable to real-time PCR. In another wider study by 
Euler et al[41], 2013 RPA based assays were developed for 

Forward primer

Recombinase

Nucleoprotein Reverse primer

Recombinase

Target dsDNA

ssDNA binding protein 

Strand displacing DNA polymerase

+ +

+

Figure 1  Recombinase polymerase amplification technology amplification cycle (for details, see the text above). dsDNA: Double-stranded DNA.
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Second, it operates at a constant temperature (30-42 ℃, 
optimum nearly 37 ℃), which give the advantage of  being 
an energy saving technique and cost saving (there is no 
need for thermal cycler).

In addition, the target can be either DNA, or RNA, 
making RPA suitable for the detection and diagnosis of  
RNA viruses, like HCV.

Furthermore, the combination of  probe-based detec-
tion, RPA represents a significant advance in the develop-
ment of  portable and accessible nucleic acid-based tests.

Unlike PCR in which the amplification reaction is 
controlled by temperature, digital RPA suffers from unde-
sired reactions because the amplification could proceeds 
at room temperature if  the nucleic acid sample is pre-
mixed with initiation reagents prior to compartmentaliza-
tion and thus increasing the target count. However, any 
low-temperature non-specific pre-amplification reaction 
can be eliminated by compartmentalization of  the nucleic 
acid template prior to adding initiation reagents[45,46].

Another drawback of  low temperature amplification 
results from the interaction between primers even when 
well-designed. These interactions can create noise that 
defeats the analysis. However, this drawback could be 
avoided by using Self  Avoiding Molecular Recognition 
System (SAMRS)[47]. SAMRS are nucleotide analogues 
that can bind to natural DNA but not to other SAMRS 
species. Therefore, primers built from SAMRS not inter-
fere with each other. The concept of  SAMRS was intro-
duced over a decade ago[48,49] and was exploited to fix in-
teractions between primers in PCR and multiplex PCR[50].

CONCLUSION
Early diagnosis and treatment of  HCV infection can 
reduce the risk of  long-term complications and prevent 
further transmission as well. NAT represent the gold 
standard for the diagnosis of  HCV infection. Detection 
of  HCV RNA level is an important factor in antiviral 
regimens especially for determination of  SVR. RPA com-
bines the advantages of  serologic and Molecular tech-

niques and overcome limitations of  both. It represents a 
simple, accurate and cost effective diagnostic tool and can 
be carried out at remote areas. In turn, it could improve 
the management of  HCV infection by screening carrier 
individuals and stop transmission. The demand for the 
development of  nucleic acid based point-of-care assay is 
increasing alongside with increasing the number of  HCV 
infected patients. RPA based HCV diagnosis would rep-
resent a significant advance in the management of  HCV.

REFERENCES
1 Purcell R. The hepatitis C virus: overview. Hepatology 1997; 

26: 11S-14S [PMID: 9305657 DOI: 10.1002/hep.510260702]
2 Neumann AU, Lam NP, Dahari H, Gretch DR, Wiley TE, 

Layden TJ, Perelson AS. Hepatitis C viral dynamics in vivo 
and the antiviral efficacy of interferon-alpha therapy. Sci-
ence 1998; 282: 103-107 [PMID: 9756471 DOI: 10.1126/sci-
ence.282.5386.103]

3 Joyce MA, Tyrrell DL. The cell biology of hepatitis C vi-
rus. Microbes Infect 2010; 12: 263-271 [PMID: 20080204 DOI: 
10.1016/j.micinf.2009.12.012]

4 Averhoff FM, Glass N, Holtzman D. Global burden of 
hepatitis C: considerations for healthcare providers in the 
United States. Clin Infect Dis 2012; 55 Suppl 1: S10-S15 [PMID: 
22715208 DOI: 10.1093/cid/cis361]

5 Alter MJ. Epidemiology of hepatitis C virus infection. World 
J Gastroenterol 2007; 13: 2436-2441 [PMID: 17552026 DOI: 
10.3748/wjg.v13.i17.2436]

6 Mohd Hanafiah K, Groeger J, Flaxman AD, Wiersma ST. 
Global epidemiology of hepatitis C virus infection: new esti-
mates of age-specific antibody to HCV seroprevalence. Hepa-
tology 2013; 57: 1333-1342 [PMID: 23172780 DOI: 10.1002/
hep.26141]

7 Wasley A, Alter MJ. Epidemiology of hepatitis C: geographic 
differences and temporal trends. Semin Liver Dis 2000; 20: 1-16 
[PMID: 10895428 DOI: 10.1055/s-2000-9506]

8 Sy T, Jamal MM. Epidemiology of hepatitis C virus (HCV) 
infection. Int J Med Sci 2006; 3: 41-46 [PMID: 16614741 DOI: 
10.7150/ijms.3.41]

9 Yen T, Keeffe EB, Ahmed A. The epidemiology of hepatitis 
C virus infection. J Clin Gastroenterol 2003; 36: 47-53 [PMID: 
12488709 DOI: 10.1097/00004836-200301000-00015]

10 Martins T, Narciso-Schiavon JL, Schiavon Lde L. [Epidemi-
ology of hepatitis C virus infection]. Rev Assoc Med Bras 2011; 

Quencher Fluorophore

3'block

THF residue

Exonuclease Ⅲ

Quencher Fluorophore

Quencher Fluorophore

THF residue

3'block

3'block

Figure 2  Example for the specific probe of the recombinase polymerase amplification assay. THF: Tetrahydrofuran.

Zaghloul H et al . RPA as a promising tool in HCV diagnosis



921 December 27, 2014|Volume 6|Issue 12|WJH|www.wjgnet.com

57: 107-112 [PMID: 21390467 DOI: 10.1016/S2255-4823(11)70
024-8]

11 Hepatitis C--global prevalence (update). Wkly Epidemiol Rec 
1999; 74: 425-427 [PMID: 10645164]

12 Alter MJ. Prevention of spread of hepatitis C. Hepatology 2002; 
36: S93-S98 [PMID: 12407581 DOI: 10.1002/hep.1840360712]

13 Recommendations for prevention and control of hepatitis 
C virus (HCV) infection and HCV-related chronic disease. 
Centers for Disease Control and Prevention. MMWR Recomm 
Rep 1998; 47: 1-39 [PMID: 9790221]

14 Puro V, Petrosillo N, Ippolito G. Risk of hepatitis C serocon-
version after occupational exposures in health care workers. 
Italian Study Group on Occupational Risk of HIV and Other 
Bloodborne Infections. Am J Infect Control 1995; 23: 273-277 
[PMID: 8585637 DOI: 10.1016/0196-6553(95)90056-X]

15 Roberts EA, Yeung L. Maternal-infant transmission of hepa-
titis C virus infection. Hepatology 2002; 36: S106-S113 [PMID: 
12407583 DOI: 10.1002/hep.1840360714]

16 Terrault NA. Sexual activity as a risk factor for hepatitis C. 
Hepatology 2002; 36: S99-105 [PMID: 12407582 DOI: 10.1053/
jhep.2002.36797]

17 Frank C, Mohamed MK, Strickland GT, Lavanchy D, Arthur 
RR, Magder LS, El Khoby T, Abdel-Wahab Y, Aly Ohn ES, 
Anwar W, Sallam I. The role of parenteral antischistosomal 
therapy in the spread of hepatitis C virus in Egypt. Lancet 
2000; 355: 887-891 [PMID: 10752705 DOI: 10.1016/S0140-6736
(99)06527-7]

18 NIH Consensus Statement on Management of Hepatitis C: 
2002. NIH Consens State Sci Statements 2002; 19: 1-46 [PMID: 
14768714]

19 Schafer DF, Sorrell MF. Conquering hepatitis C, step by 
step. N Engl J Med 2000; 343: 1723-1724 [PMID: 11106723 
DOI: 10.1056/NEJM200012073432309]

20 Lauer GM, Walker BD. Hepatitis C virus infection. N Engl J 
Med 2001; 345: 41-52 [PMID: 11439948 DOI: 10.1056/NEJM20
0107053450107]

21 Pawlotsky JM, Lonjon I, Hezode C, Raynard B, Darthuy F, 
Remire J, Soussy CJ, Dhumeaux D. What strategy should be 
used for diagnosis of hepatitis C virus infection in clinical 
laboratories? Hepatology 1998; 27: 1700-1702 [PMID: 9620345 
DOI: 10.1002/hep.510270632]

22 Zhu WF, Lei SY, Li LJ. Hepatitis C virus infection and bio-
logical false-positive syphilis test: a single-center experi-
ence. Hepatobiliary Pancreat Dis Int 2011; 10: 399-402 [PMID: 
21813389 DOI: 10.1016/S1499-3872(11)60067-2]

23 Senevirathna D, Amuduwage S, Weerasingam S, Jayasinghe 
S, Fernandopulle N. Hepatitis C virus in healthy blood do-
nors in Sri Lanka. Asian J Transfus Sci 2011; 5: 23-25 [PMID: 
21572710 DOI: 10.4103/0973-6247.75976]

24 Thio CL, Nolt KR, Astemborski J, Vlahov D, Nelson KE, 
Thomas DL. Screening for hepatitis C virus in human immu-
nodeficiency virus-infected individuals. J Clin Microbiol 2000; 
38: 575-577 [PMID: 10655348]

25 Kalantar-Zadeh K, Miller LG, Daar ES. Diagnostic dis-
cordance for hepatitis C virus infection in hemodialysis 
patients. Am J Kidney Dis 2005; 46: 290-300 [PMID: 16112048 
DOI: 10.1053/j.ajkd.2005.05.006]

26 Leon R, de Medina M, Schiff ER. Diagnostic tools in the 
evaluation of patients with viral hepatitis undergoing liver 
transplantation. Liver Transpl Surg 1998; 4: 94-103 [PMID: 
9457974 DOI: 10.1002/lt.500040114]

27 Young KK, Archer JJ, Yokosuka O, Omata M, Resnick RM. 
Detection of hepatitis C virus RNA by a combined reverse 
transcription PCR assay: comparison with nested amplifica-
tion and antibody testing. J Clin Microbiol 1995; 33: 654-657 
[PMID: 7751372]

28 Busch MP, Kleinman SH, Jackson B, Stramer SL, Hewlett 
I, Preston S. Committee report. Nucleic acid amplification 
testing of blood donors for transfusion-transmitted infec-
tious diseases: Report of the Interorganizational Task Force 

on Nucleic Acid Amplification Testing of Blood Donors. 
Transfusion 2000; 40: 143-159 [PMID: 10685998 DOI: 10.1046/
j.1537-2995.2000.40020143.x]

29 Hendricks DA, Friesenhahn M, Tanimoto L, Goergen B, 
Dodge D, Comanor L. Multicenter evaluation of the VER-
SANT HCV RNA qualitative assay for detection of hepa-
titis C virus RNA. J Clin Microbiol 2003; 41: 651-656 [PMID: 
12574262 DOI: 10.1128/JCM.41.2.651-656.2003]

30 Komurian-Pradel F, Paranhos-Baccalà G, Sodoyer M, Che-
vallier P, Mandrand B, Lotteau V, André P. Quantitation 
of HCV RNA using real-time PCR and fluorimetry. J Virol 
Methods 2001; 95: 111-119 [PMID: 11377718 DOI: 10.1016/
S0166-0934(01)00300-7]

31 Kim J, Easley CJ. Isothermal DNA amplification in bioanaly-
sis: strategies and applications. Bioanalysis 2011; 3: 227-239 
[PMID: 21250850 DOI: 10.4155/bio.10.172]

32 Craw P, Balachandran W. Isothermal nucleic acid amplifi-
cation technologies for point-of-care diagnostics: a critical 
review. Lab Chip 2012; 12: 2469-2486 [PMID: 22592150 DOI: 
10.1039/c2lc40100b]

33 Notomi T, Okayama H, Masubuchi H, Yonekawa T, Wata-
nabe K, Amino N, Hase T. Loop-mediated isothermal am-
plification of DNA. Nucleic Acids Res 2000; 28: E63 [PMID: 
10871386 DOI: 10.1093/nar/28.12.e63]

34 Walker GT, Fraiser MS, Schram JL, Little MC, Nadeau JG, 
Malinowski DP. Strand displacement amplification--an 
isothermal, in vitro DNA amplification technique. Nucleic 
Acids Res 1992; 20: 1691-1696 [PMID: 1579461 DOI: 10.1093/
nar/20.7.1691]

35 Lizardi PM, Huang X, Zhu Z, Bray-Ward P, Thomas DC, 
Ward DC. Mutation detection and single-molecule counting 
using isothermal rolling-circle amplification. Nat Genet 1998; 
19: 225-232 [PMID: 9662393 DOI: 10.1038/898]

36 Vincent M, Xu Y, Kong H. Helicase-dependent isothermal 
DNA amplification. EMBO Rep 2004; 5: 795-800 [PMID: 
15247927 DOI: 10.1038/sj.embor.7400200]

37 Piepenburg O, Williams CH, Stemple DL, Armes NA. DNA 
detection using recombination proteins. PLoS Biol 2006; 4: 
e204 [PMID: 16756388]

38 Euler M, Wang Y, Nentwich O, Piepenburg O, Hufert FT, 
Weidmann M. Recombinase polymerase amplification assay 
for rapid detection of Rift Valley fever virus. J Clin Virol 2012; 
54: 308-312 [PMID: 22683006 DOI: 10.1016/j.jcv.2012.05.006]

39 Euler M, Wang Y, Otto P, Tomaso H, Escudero R, Anda P, 
Hufert FT, Weidmann M. Recombinase polymerase ampli-
fication assay for rapid detection of Francisella tularensis. 
J Clin Microbiol 2012; 50: 2234-2238 [PMID: 22518861 DOI: 
10.1128/JCM.06504-11]

40 Abd El Wahed A, Patel P, Heidenreich D, Hufert FT, Weid-
mann M. Reverse transcription recombinase polymerase am-
plification assay for the detection of middle East respiratory 
syndrome coronavirus. PLoS Curr 2013; 5: [PMID: 24459611 
DOI: 10.1371/currents.outbreaks.62df1c7c75ffc96cd59034531
e2e8364]

41 Euler M, Wang Y, Heidenreich D, Patel P, Strohmeier O, 
Hakenberg S, Niedrig M, Hufert FT, Weidmann M. Devel-
opment of a panel of recombinase polymerase amplification 
assays for detection of biothreat agents. J Clin Microbiol 2013; 
51: 1110-1117 [PMID: 23345286 DOI: 10.1128/JCM.02704-12]

42 Ahmed A, van der Linden H, Hartskeerl RA. Development 
of a recombinase polymerase amplification assay for the 
detection of pathogenic Leptospira. Int J Environ Res Public 
Health 2014; 11: 4953-4964 [PMID: 24814943 DOI: 10.3390/
ijerph110504953]

43 Kersting S, Rausch V, Bier FF, von Nickisch-Rosenegk M. 
Multiplex isothermal solid-phase recombinase polymerase 
amplification for the specific and fast DNA-based detec-
tion of three bacterial pathogens. Mikrochim Acta 2014; 181: 
1715-1723 [PMID: 25253912 DOI: 10.1007/s00604-014-1198-5]

44 Kersting S, Rausch V, Bier FF, von Nickisch-Rosenegk M. 

Zaghloul H et al . RPA as a promising tool in HCV diagnosis



922 December 27, 2014|Volume 6|Issue 12|WJH|www.wjgnet.com

Rapid detection of Plasmodium falciparum with isother-
mal recombinase polymerase amplification and lateral 
flow analysis. Malar J 2014; 13: 99 [PMID: 24629133 DOI: 
10.1186/1475-2875-13-99]

45 Paul N, Shum J, Le T. Hot start PCR. Methods Mol Biol 2010; 
630: 301-318 [PMID: 20301005 DOI: 10.1007/978-1-60761-629-
0_19]

46 Shen F, Davydova EK, Du W, Kreutz JE, Piepenburg O, Is-
magilov RF. Digital isothermal quantification of nucleic acids 
via simultaneous chemical initiation of recombinase poly-
merase amplification reactions on SlipChip. Anal Chem 2011; 
83: 3533-3540 [PMID: 21476587 DOI: 10.1021/ac200247e]

47 Sharma N, Hoshika S, Hutter D, Bradley KM, Benner SA. 
Recombinase-based isothermal amplification of nucleic acids 
with self-avoiding molecular recognition systems (SAMRS). 
Chembiochem 2014; 15: 2268-2274 [PMID: 25209570 DOI: 
10.1002/cbic.201402250]

48 Kutyavin IV, Rhinehart RL, Lukhtanov EA, Gorn VV, Meyer 
RB, Gamper HB. Oligonucleotides containing 2-aminoad-
enine and 2-thiothymine act as selectively binding comple-
mentary agents. Biochemistry 1996; 35: 11170-11176 [PMID: 
8780521 DOI: 10.1021/bi960626v]

49 Gamper HB, Arar K, Gewirtz A, Hou YM. Unrestricted 
hybridization of oligonucleotides to structure-free DNA. Bio-
chemistry 2006; 45: 6978-6986 [PMID: 16734433 DOI: 10.1021/
bi0600392]

50 Hoshika S, Chen F, Leal NA, Benner SA. Artificial genetic 
systems: self-avoiding DNA in PCR and multiplexed PCR. 
Angew Chem Int Ed Engl 2010; 49: 5554-5557 [PMID: 20586087 
DOI: 10.1002/anie.201001977]

51 Karami A, Gill P, Motamedi MH, Saghafinia M. A review 
of the current isothermal amplification techniques: Applica-
tions, advantages and disadvantages. J Global Infect Dis 2011; 
3: 293-302 [DOI: 10.4103/0974-777X.83538]

P- Reviewer: He JY, Koch TR    S- Editor: Tian YL    
L- Editor: A    E- Editor: Liu SQ  

Zaghloul H et al . RPA as a promising tool in HCV diagnosis



Shinya Hayashi, Hidekazu Tanaka, Hiroaki Hoshi

Shinya Hayashi, Hidekazu Tanaka, Hiroaki Hoshi, Department 
of Radiology, Gifu University Hospital, Gifu 501-1194, Japan
Author contributions: Hayashi S collected the data, drafted the 
figures and wrote the manuscript; Tanaka H contributed to the 
writing of the manuscript; Hoshi H approved the final version to 
be published.
Correspondence to: Shinya Hayashi, MD, Assistant Profes-
sor, Department of Radiology, Gifu University Hospital, Yanagi-
do 1-1, Gifu 501-1194, Japan. shayashi@gifu-u.ac.jp 
Telephone: +81-58-2306439  Fax: +81-58-2306440
Received: July 26, 2014          Revised: August 31, 2014
Accepted: October 14, 2014
Published online: December 27, 2014

Abstract
The incidence of bone metastases (BMs) from hepato-
cellular carcinoma (HCC) is relatively low compared to 
those of other cancers, but it has increased recently, 
especially in Asian countries. Typically, BMs from HCC 
appear radiologically as osteolytic, destructive, and 
expansive components with large, bulky soft-tissue 
masses. These soft-tissue masses are unique to bone 
metastases from HCC and often replace the normal 
bone matrix and exhibit expansive growth. They often 
compress the peripheral nerves, spinal cord, or cranial 
nerves, causing not only bone pain but also neuro-
pathic pain and neurological symptoms. In patients 
with spinal BMs, the consequent metastatic spinal cord 
compression (MSCC) causes paralysis. Skull base me-
tastases (SBMs) with cranial nerve involvement can 
cause neurological symptoms. Therefore, patients with 
bony lesions often suffer from pain or neurological 
symptoms that have a severe, adverse effect on the 
quality of life. External-beam radiotherapy (EBRT) can 
effectively relieve bone pain and neurological symp-
toms caused by BMs. However, EBRT is not yet widely 
used for the palliative management of BMs from HCC 
because of the limited number of relevant studies. Fur-
thermore, the optimal dosing schedule remains unclear, 
despite clinical evidence to support single-fraction ra-

diation schedules for primary cancers. In this review, 
we outline data describing palliative EBRT for BMs from 
HCC in the context of (1) bone pain; (2) MSCC; and (3) 
SBMs. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatocellular carcinoma; Metastasis; Ra-
diotherapy; Palliative therapy; Spinal cord compression; 
Skull base metastasis 

Core tip: Due to a lack of clinical data, external-beam 
radiotherapy (EBRT) for bone metastases (BMs) from 
hepatocellular carcinoma (HCC) is still not widely used 
as a palliative therapy component, and the optimal 
dosing schedule remains unclear. BMs from HCC typi-
cally occur as expansive, bulky soft-tissue masses; they 
exhibit expansive growth that compresses the periph-
eral nerves, spinal cord, or cranial nerves, causing both 
bone and neuropathic pain, and neurological symp-
toms. In this review, we outline the data describing 
palliative EBRT for BMs from HCC to treat bone pain, 
spinal compression, and skull base metastases.

Hayashi S, Tanaka H, Hoshi H. Palliative external-beam radio-
therapy for bone metastases from hepatocellular carcinoma. 
World J Hepatol 2014; 6(12): 923-929  Available from: URL: 
http://www.wjgnet.com/1948-5182/full/v6/i12/923.htm  DOI: 
http://dx.doi.org/10.4254/wjh.v6.i12.923

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most com-
mon cancer in men worldwide[1]. The rate of  bone me-
tastases (BMs) in extrahepatic metastasis is reported to 
be approximately 20%[2]. The incidence of  BMs in HCC 
patients has historically been low compared with those 
of  other cancers, but has recently increased[3]. Previously, 
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clinicians did not focus on BMs in advanced HCC be-
cause of  their low incidence, and the prognosis of  these 
patients was generally poor[4]. Recently, the prognosis 
and management of  HCC have improved as a result of  
novel imaging techniques and multidisciplinary treatment 
approaches. BMs are now diagnosed more frequently 
in HCC patients with extrahepatic metastases[5]. BMs 
themselves rarely affect patient survival; however, they 
are the most common source of  moderate and severe 
cancer pain[6,7] and can cause neurological symptoms[7]. 
In patients with spinal BMs, the consequent metastatic 
spinal cord compression (MSCC) causes paralysis. Skull 
base metastases (SBMs) with cranial nerve involvement 
can cause neurological symptoms. External-beam radio-
therapy (EBRT) can effectively relieve bone pain[7,8] and 
the neurological symptoms caused by BMs[7,9]. However, 
EBRT has not been widely used in the palliative manage-
ment of  BMs from HCC because only a few reports have 
been published that focus on its use to relieve pain and 
neurological symptoms. In this review, we will outline the 
data pertaining to the use of  EBRT for BMs from HCC. 

INCIDENCE OF BMs
HCC is accompanied by BMs in 6%-20% of  patients in 
autopsy studies[10-12]. The incidence of  BMs in HCC pa-
tients has been reported to be relatively low; 2%-12.9% 
in clinical studies, and 7.3%-38.5% in patients with ex-

trahepatic metastases (Table 1)[2,3,5,13-16]. However, BM 
incidences of  10.2% and 12.9% were reported by Katyal 
et al[15] and Fukutomi et al[3], respectively, which are higher 
than previously reported rates. According to Katyal et 
al[15], this difference may have been the result of  current 
treatment regimens that utilize combined chemotherapy 
and chemoembolization to prolong survival. Fukutomi et 
al[3] compared the incidence of  BMs in two chronological 
periods (1987-1997 and 1998-1997). BMs were found in 
4.5% of  patients in the first decade and 12.9% of  pa-
tients in the second decade. The increased incidence of  
bone metastasis was attributed to the prolonged survival 
of  HCC patients due to improved diagnosis and treat-
ment. Bone scintigraphy and computed tomography (CT) 
have been used widely as imaging modalities for BMs, 
and magnetic resonance imaging (MRI) has often been 
performed in recent studies. MRI is useful in cases in 
which the bone scan is negative and the BMs have prop-
erties of  soft tissue masses[17]. In three recent studies, 
the incidence of  BMs was reported to be 2%-5.4%[2,5,16]. 
However, the rate of  BMs in patients with extrahepatic 
metastases is relatively high (25.4%-38.5%)[2,5], except in 
one report from the United States[16]. In a recent study, 
Natsuizaka et al[5] found that extrahepatic metastases were 
relatively common, and more than 65% of  the study pa-
tients had early-stage tumors that would not be expected 
to metastasize.

RADIOLOGICAL FEATURES
Most BMs from HCC are located in the vertebrae, fol-
lowed by the pelvis, ribs, sternum, limb bones, and cra-
nium[18], which is a similar distribution to the BMs of  
other tumor types[19]. The distribution of  BMs in HCC 
is similar to that observed in previous studies[3,4,8]. The 
lower-thoracic and lumbar vertebrae are common sites 
for vertebral BMs[18]. The reported incidence of  skull me-
tastases varies widely; 3.5%-30%[4,7,8,14]. 

Radiographically, typical BMs from HCC appear as 
expansible, destructive findings with large soft-tissue 
masses[13]. Most BMs are osteolytic and thus detectable 
using CT[14,19] (Figure 1). However, HCC patients rarely 
exhibit either purely osteolytic or osteoblastic lesions[13,19]. 
Soft-tissue masses are unique to BMs of  HCC and have 
been observed in 39%-85.4% of  patients[8,18-20]. These 
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Table 1  Incidence of bone metastases in clinical studies  n  (%)

Ref. Study period Patients Extrahepatic Ms Incidence of BMs Rate of BMs in extrahepatic Ms 

Kuhlman et al[13] 1979-1985 300    22 (7.3)
Liaw et al[14] 1983-1887 395 20 (5)
Katyal et al[15] 1992-1997 403  148 (36.7)       41(10.2)                           28
Fukutomi et al[3] 1978-1987 269    12 (4.5)

1988-1997 404      52 (12.9)
Natsuizaka et al[5] 1995-2001 482    65 (13.5)    25 (5.2) 38.50
Uchino et al[2] 1990-2006       2386  342 (14.3)    87 (3.6) 25.40
Senthilnathan et al[16] 2000-2008 209 51 (18)   5 (2)                           10

BMs: Bone metastases; Ms: Metastases.

Figure 1  Typical computerized tomography image of a lumbar spinal bone 
metastasis from hepatocellular carcinoma. The bone metastasis shows os-
teolytic, destructive, and expansive components with soft-tissue masses.



soft-tissue masses can replace the normal bone matrix 
and exhibit expansive growth, frequently within the 
vertebral body. Paravertebral masses have been shown 
to grow inward to encapsulate and destroy the bone ma-
trix[18]. These masses often compress peripheral nerves, 
the spinal cord[21], or cranial nerves[22], causing not only 
bone pain but also neuropathic pain[6] and neurological 
symptoms. 

RADIOTHERAPY FOR BONE PAIN
EBRT is prescribed most frequently to relive pain from 
BMs and the efficacy of  EBRT for treating BMs has 
been well established[23]. Generally, pain relief  is ob-
tained in 60%-90% of  treated patients, but the sites of  
primary tumors from these reports were mainly in the 
lung, breast, and prostate[23-26]. There have only been a 
few studies of  EBRT for HCC BMs, but they show that 
73%-99.5% of  patients obtained overall pain improve-
ment and 17%-44% of  patients achieved complete pain 
relief  (Table 2)[7,8,27-30]. Except for a report from China[8], 
these studies were retrospective analyses with a small 
sample size; however, the reported results for overall pain 
relief  are similar to those obtained for BMs of  other pri-
mary tumors. HCC is often complicated by liver failure, 
and narcotic drugs may induce hepatic coma. Therefore, 
EBRT may play an important role in relieving the pain 
from BMs, thus minimizing the use of  narcotic drugs for 
pain relief.

Soft-tissue masses with BMs often cause neuropathic 
pain, spinal compression, and pathological fractures, and 
these issues were evaluated simultaneously with bone 
pain relief  in some previous reports. The pain assess-
ments differed among the studies; two recent studies[8,30] 
evaluated pain relief  using the International Bone Metas-
tases Consensus Working Party Guidelines[31,32] with some 
modifications. Even after considering the differences 
among studies, it has been shown that EBRT is equally 
effective for the relief  of  pain caused by BMs from HCC, 
as well as metastases from other primary tumors. 

Various EBRT dosage and fractionation schedules 
have been used to treat pain, ranging from an 8 Gy single 
fraction (SF) to multiple fractions (MFs). An SF of  8 Gy 
delivered in one day is more convenient for the patient 
and more cost effective compared with schedules em-
ploying MFs. However, MFs that deliver a higher total 
dose than an SF may have increased biological effects on 
the tumor. In a randomized controlled trial conducted by 
the Radiation Therapy Oncology Group (RTOG 9701)[33] 
in which an SF (8 Gy) was compared with MFs (30 Gy 
in 10 fractions over 2 wk), it was demonstrated that both 
schedules provided equivalent pain relief. Furthermore, 
the RTOG trial found a significantly lower rate of  acute 
toxicity with an SF compared to MFs, although there was 
no significant difference in late toxicity (e.g., pathologic 
fractures). Similar findings concerning the pain relief  
after treatment based on an SF or MFs have also been 
reported[26,34]. Similarly, according to other recent studies 
including a meta-analysis, both SF and MF-based treat-
ments have provided equivalent pain relief, although SF 
treatment often requires re-treatment[23-25,35]. In terms 
of  pain relief, most previous studies failed to show a 
dose-response relationship for BMs from other primary 
cancers. For BMs from HCC, Roca et al[27], Matsuura et 
al[29], and He et al[8] also found no apparent dose-response 
relationship for pain relief. In contrast, Kaizu et al[28] 
and Seong et al[7] did find a dose-response relationship, 
although in the former study, 15 of  the 57 patients ana-
lyzed[28] underwent transcatheter arterial embolization of  
BMs in addition to EBRT, and 25% of  the patients in the 
study by Seong et al[7] had neurological symptoms with 
bone pain. He et al[8] also found no dose-response rela-
tionship for pain relief, but higher complete pain relief  
rates were obtained using higher radiation doses. Further-
more, they observed that the re-treatment rate was higher 
among patients with expansible soft-tissue masses and 
noted an increased presence of  residual cancer cells in 
these patients relative to those lacking soft-tissue exten-
sion. Matsuura et al[29] reported a lack of  observed tumor 
regression at doses < 40 Gy and that 3 patients treated 
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Ref. Patients (n ) Sites (n ) Fraction dose Pain relief (CR) Dose-response relationship Comments

Roca et al[27] 26 37 MFs 30-50 Gy     79% (44%) NR 11 lesions (with CTx)
Kaizu et al[28] 57 99 MFs 20-65 Gy  83.8% (33%) Better pain relief 16 lesions (with TAE)

TDF ≥ 77 Tumor volume (NS)
Matsuura et al[29] 38 44 MFs 26-60 Gy     91% (32%) NR Tumor regression

(> 40 Gy)
Seong et al[7] 51 77    MFs 12.5-50 Gy           73% Better pain relief With neurological 

BED > 43 Gy symptoms (25%)
He et al[8]          205         205 MFs 32-66 Gy       99.5% (29.80%) NR Higher retreatment rate 

(with soft-tissue masses)
Hayashi et al[30] 28 48 MFs 20-52 Gy     83% (17%) NR Longer pain relief 

SF 8 Gy MFs: 87% (17%) (> 36 Gy)
    SF: 75% (17%) No spinal compression

No neuropathic pain

Table 2  Studies of external radiotherapy to treat painful bone metastases from hepatocellular carcinoma

MFs: Multiple fractions; SF: Single fraction; CR: Complete relief; NR: No dose response; TDF: Time, dose, and fractionation factor; BED: Biologically effec-
tive dose; NS: No significant difference; CTx: Chemotherapy; TAE: Transcatheter arterial embolization.
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masses[13].
MSCC is estimated to occur in approximately 5%-10% 

of  all cancer patients[37]. The most common primary 
sites are the breast and lung[37,38]; however, the rate of  
MSCC resulting from BMs from HCC is unclear. MSCC 
that diminishes motor function and causes paraplegia is 
considered an oncological emergency requiring urgent 
treatment[38]. Conventionally, MSCC has been managed 
with corticosteroids and high-dose EBRT. EBRT is an 
effective treatment for MSCC and has been included in 
standard care. Rades et al[38] retrospectively analyzed the 
use of  5 radiotherapy schedules (8 Gy, 20 Gy/5 fractions, 
30 Gy/10 fractions, 37.5 Gy/15 fractions, and 40 Gy/20 
fractions) for MSCC treatment and found that motor 
function improved by 26%-31%, post-treatment ambula-
tion was achieved in 63%-74% of  cases, and that all 5 
schedules provided similar functional outcomes. Rades 
et al[38] therefore recommended a schedule of  8 Gy for 
patients with a poor survival prognosis and 30 Gy/10 
fractions for other patients. Maranzano et al[39] reported 
that 76% of  patients achieved full recovery, or at least 
were still able to walk, after EBRT with doses > 30 Gy 
over a 2 wk period in combination with steroids, and that 
the most important response predictors were an early 
diagnosis and favorable histology. For MSCC specifically 
caused by HCC, Maranzano et al[39] reported a median du-
ration of  improvement of  only 1 mo, which was shorter 
than the duration observed for other cancers, including 
breast cancer, for which it was 12 mo. Nakamura et al[9] 
reported a retrospective series of  24 ambulatory patients 
with MSCC derived from HCC. Five patients (21%) un-
derwent salvage therapy and 4 (21%) had become non-
ambulatory by the last follow-up. The ambulatory rates at 
3 and 6 mo were 85% and 63%, respectively. Nakamura 
et al[9] concluded that EBRT with a biologically effective 
dose range of  39-50.7 Gy (total radiation dose range, 
30-39 Gy) was not sufficient to prevent MSCC-related 
paralysis and that dose escalation via a precise radiation 
technique should be evaluated. In MSCC caused by BMs 
from HCC, it will probably be important to shrink and 
control the soft-tissue masses. Therefore, higher radiation 
doses are needed to prevent MSCC-related paralysis. For 
patients with a good survival prognosis, high-precision ra-
diation therapy [intensity-modulated radiotherapy (IMRT) 
or stereotactic irradiation (STI)] should be considered for 
the delivery of  higher radiation doses, whilst sparing the 
spinal cord and reducing the risk of  radiation myelitis. 
In addition to EBRT, surgery is being re-evaluated for 
the palliative management for MSCC. The results of  a 
randomized trial reported by Patchell et al[40], showed that 
direct decompressive surgery with postoperative EBRT 
was more effective at restoring ambulation than EBRT 
alone. 

Vargas et al[41], Somerset et al[42] and Doval et al[21] 

showed in case reports that patients with MSCC derived 
from HCC who were treated with laminectomy or resec-
tion of  the epidural lesion had a good clinical course. 
Vargas et al[41] concluded from their case report that surgi-

with doses ≥ 40 Gy (40 Gy, 46 Gy, and 60 Gy) survived 
for > 6 years without recurrence. Pain caused by BMs can 
originate directly from the bone, or as a result of  nerve 
root compression, or muscle spasms in the lesion area (i.e., 
neuropathic pain)[7]. In a randomized trial of  radiotherapy 
for neuropathic pain caused by BM, Roos et al[36] (Trans-
Tasman Radiation Oncology Group) compared the ef-
ficacy of  SF (8 Gy) to MFs (20 Gy/5 fraction) treatment 
and concluded that an SF was not as effective as MFs; 
the outcomes with SF treatment were generally poor, 
although the difference was not statistically significant. 
In that study, the most frequent primary tumor sites were 
the lung and prostate. For patients with BMs from HCC 
that cause neuropathic pain through nerve root compres-
sion, a higher radiation dose may be needed to shrink the 
soft-tissue mass and provide pain relief. 

Nearly all previous studies[7,8,27-29] involving BMs of  
HCC used MF schedules and evaluated both bone pain 
and neuropathic pain. We conducted a retrospective eval-
uation of  the palliative efficacy of  EBRT, excluding cases 
with spinal cord compression or neuropathic pain[30] and 
assessed different dosing schedules for BMs from HCC 
with soft-tissue masses. Our analysis included a relatively 
small number of  patients (28 patients, 42 sites), and the 
overall response rates were 75% and 87% for SF and MF 
treatment, respectively; this difference was not significant. 
Patients undergoing high-dose MFs (≥ 36 Gy in total) 
achieved on average a significantly longer duration of  
pain relief  than those undergoing SF or moderate-dose 
MF therapy (≤ 30 Gy in total). The median durations of  
overall pain relief  for MFs were 3.8 and 1.8 mo after SF 
treatment. These results were similar to those reported 
for other series involving different primary cancers[24,25,34]. 
In our study, we found that EBRT effectively palliated 
painful BMs from HCC, that an 8 Gy SF and MFs re-
sulted in equivalent pain relief, and that high-dose MF 
schedules may result in longer lasting pain relief.

Soft-tissue masses are unique to BMs from HCC and 
often cause both bone and neuropathic pain. In HCC 
patients with neuropathic pain, higher RT doses using an 
MF schedule are usually necessary because of  the pres-
ence of  soft-tissue masses. It is critical to discriminate 
between these different pain types, and large-scaled co-
hort studies are necessary to determine an optimal radio-
therapy plan in terms of  doses and fractions for each.

RADIOTHERAPY FOR SPINAL BMs
Spinal BMs often cause not only pain but also MSCC, 
which primarily develops in one of  three ways[37]: (1) the 
continued growth and expansion of  vertebral BMs into 
the epidural space; (2) neural foraminal extension via 
a paraspinal mass; and (3) the destruction of  vertebral 
cortical bone, leading to vertebral body collapse and the 
displacement of  bony fragments into the epidural space. 
SCC secondary to BMs from HCC can develop in any of  
these ways because typical these metastases have an ex-
pansible and destructive nature and give rise to soft-tissue 
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cal therapies such as direct decompression of  the tumor 
with postoperative EBRT or vertebral body resection 
with stabilization should be considered in patients for 
whom surgery could be expected to succeed. 

RADIOTHERAPY FOR SBMs
SBMs occur in 4% of  cancer patients[43] and often cause 
pain or cranial nerve palsies. Because of  their rarity, 
SBMs have received limited attention in the published 
medical literature. Their clinical manifestation depends 
on the metastatic cranial nerve invasion site. In a review 
by Laigle-Donadey et al[43], the most common primary 
cancers from which SBMs originated were prostate (38%) 
and breast cancer (20%). The incidence of  SBM from 
HCC has been reported to be 0.4%-1.6%[44-47] and until 
2009, only 25 such cases had been reported[38]. However, 
the incidence of  SBM from HCC increased significantly 
during the period between 1990 and 2001[39]. SBM with-
out other osseous metastases is an unusual finding and 
cranial nerve deficits are found in 96% of  cases in which 
the SBM was derived from HCC[38]. Radiotherapy is usu-
ally the standard treatment for SBM and has been used 
to treat 70% of  patients[43]. EBRT provides excellent pain 
relief  and often leads to the regression of  cranial nerve 
dysfunction, which lasts until death in most cases. There 
is consensus that the rate of  neurological improvement 
is closely related to the length of  time to EBRT follow-
ing the onset of  symptoms[43]. Vikram et al[48] reported 
that 87% of  patients for whom EBRT was initiated < 
1 mo after the onset of  symptoms in contrast to 25% 
for whom EBRT was initiated ≥ 3 mo after the onset 
of  symptoms. However, the appropriate doses and frac-
tions to use in EBRT for SBMs have still not been agreed 
upon. Discrepancies with respect to the dose-response 
relationship can be explained by the different radiosen-
sitivity of  each primary tumor. In cases involving SBMs 
from HCC, higher radiation doses are needed to improve 
the neurological symptoms by resolving the compression 
and invasion of  cranial nerves caused by soft-tissue mass-
es. Nozaki et al[47] reported a case in which multiple SBMs 
from HCC were successfully treated with EBRT. They 
found that slightly higher radiation doses (50 Gy/20 or 
25 fractions) were delivered and improvements in neuro-
logical symptoms and tumor regression were achieved. 
However, EBRT places certain organs at risk, including 
the brain stem, optic nerve, and optic chiasm. Stereotac-
tic radiosurgery (SRS) and stereotactic radiotherapy (SRT) 
are more recent therapeutic options for SBMs. They are 
high-precision radiation therapies in which delivery is 
accurate to within one to two millimeters and are per-
formed in a non-surgical procedure that delivers precisely 
targeted radiation at much higher doses than traditional 
radiotherapy in a single dose (SRS) or fractionated regi-
men (SRT). This treatment is only possible because of  
the development of  highly advanced radiation technolo-
gies such as the gamma knife, and high-precision linear 
accelerators that permit maximum dose delivery within 
the target while minimizing the dose to organs at risk. In 

a report of  HCC cases treated by gamma knife radiosur-
gery, the clinical symptoms improved in 61% of  the pa-
tients after treatment and tumor control was achieved in 
67% of  cases[49]. Gamma knife radiosurgery is particularly 
useful for small tumors (diameter < 30 mm)[36]. Stereotac-
tic radiotherapy via Novalis, a high-precision linear accel-
erator, can administer high doses to tumors while sparing 
normal structures and organs at risk, thus being a useful 
EBRT technique for SBM treatment[50]. In a study utiliz-
ing Novalis, all 11 cases (including 1 HCC case) achieved 
and maintained local control until the end of  the follow-
up period or death. SBM remains a challenge with respect 
to EBRT planning and delivery.

SURVIVAL ASSOCIATED WITH BMs
The 1-year survival rate after EBRT initiation or the diag-
nosis of  BMs has been reported to be 13.8%-32.4%, with 
a 5-7.4 mo median survival time[7,8,13,29,30]. Unfavorable 
significant prognostic factors of  patients with BMs have 
been reported as lower performance status, multifocal 
BMs, tumor stage ⅣA, metastasis to other organs, higher 
tumor marker levels, uncontrolled intrahepatic tumors, 
and ascites at the initial presentation[4,7,8,29].

The prognosis of  patients with MSCC is worse than 
for patients with only BMs. According to Nakamura et 
al[9], the median observed survival duration for all patients 
was 5.1 mo and the overall 6-mo survival rate was 38%.

SBMs are generally late events and occur at a stage 
when many patients have already developed disseminated 
disease, particularly other BMs[43]; 71% of  these patients 
were reported to have died within a short period of  
between 11 d and 9 mo after the onset of  neurological 
symptoms[40]. 

CONCLUSION
Soft-tissue masses are unique to BMs from HCC and of-
ten cause both bone and neuropathic pain, and neurolog-
ical symptoms. EBRT is effective for the relief  of  painful 
symptoms resulting from BMs, MSCC, and SBMs from 
HCC. However, the optimal dose and fraction schedules 
for bone pain palliation remain unclear. Large-scaled 
cohort studies are necessary to determine the optimal 
radiotherapy doses and fractions to treat both bone pain 
and neuropathic pain. MSCC and SBMs remain a chal-
lenge for EBRT. High-precision radiation therapy (IMRT 
or STI) should be considered for the delivery of  higher 
radiation doses with sparing of  normal tissues.
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Abstract 
AIM: To evaluate the efficacy of ethoxibenzyl-magnetic 
resonance imaging (EOB-MRI) as a predictor of hepato-
cellular carcinoma (HCC) development.

METHODS: Between August 2008 and 2009, we 
studied 142 hepatitis C virus-infected patients (male 
70, female 72), excluding those with HCC or a past 
history, who underwent EOB-MRI in our hospital. The 
EOB-MRI index [liver-intervertebral disc ratio (LI)] was 
calculated as: (post-liver intensity/post-intervertebral 
disc intensity)/(pre-liver intensity/pre-intervertebral disc 
intensity).

RESULTS: The median follow-up period was 3.1 years 
and the patients were observed until the end of the 
study period (31 December, 2012). In the follow-up 
period, HCC occurred in 21 patients. The cumulative 
occurrence rates were 2.1%, 9.1%, and 14.1% at 1, 
2, and 3 years, respectively. Using the optimal cut-off 
value of LI 1.46, on univariate analysis, age, aspartate 
amino transferase (AST), α-fetoprotein (AFP) ≥ 10, 
albumin, total cholesterol, prothrombin time, platelets, 

and LI < 1.46 were identified as independent factors, 
but on multivariate analysis, LI < 1.46: risk ratio 6.05 
(1.34-27.3, P  = 0.019) and AFP ≥ 10: risk ratio 3.1 
(1.03-9.35, P  = 0.045) were identified as independent 
risk factors. LI and Fib-4 index have higher area under 
the receiver operating characteristic curves than other 
representative fibrosis evaluation methods, such as 
Forn’s index and AST-to-platelet ratio index. 

CONCLUSION: LI is associated with the risk of HCC 
occurrence in hepatitis C patients. LI may be a substi-
tute for liver biopsy when evaluating this risk and its 
combined use with Fib-4 is a better predictive method 
of HCC progression.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ethoxibenzyl-magnetic resonance imaging; 
Hepatocellular carcinoma; Risk factor; Fibrosis

Core tip: This manuscript addresses a method of hepa-
tocellular carcinoma (HCC) prediction by using a new 
technique that evaluates hepatic fibrosis using a non-
invasive method (reported recently). This is the first 
reported study to consider a possible substitute for liver 
biopsy by using an magnetic resonance imaging (MRI) 
method (a widespread method in public medical servic-
es) for evaluating the risk of occurrence. We propose 
that this method will become one of the most popular 
and precise noninvasive methods to predict the occur-
rence of HCC, and the combination of this MRI method 
and Fib-4 index may provide a better predictive method 
of HCC progression.

Nojiri S, Fujiwara K, Shinkai N, Endo M, Joh T. Evaluation of 
hepatocellular carcinoma development in patients with chronic 
hepatitis C by EOB-MRI. World J Hepatol 2014; 6(12): 930-938  
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v6/i12/930.htm  DOI: http://dx.doi.org/10.4254/wjh.v6.i12.930

RETROSPECTIVE STUDY

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v6.i12.930

930 December 27, 2014|Volume 6|Issue 12|WJH|www.wjgnet.com

World J Hepatol  2014 December 27; 6(12): 930-938
ISSN 1948-5182 (online)

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Evaluation of hepatocellular carcinoma development in 
patients with chronic hepatitis C by EOB-MRI



INTRODUCTION 
The major cause of  cirrhosis globally is chronic hepatitis 
C. The risk of  hepatocellular carcinoma (HCC) develop-
ment is related to this, as reported in several papers[1-3], 
and advanced fibrosis increases the risk of  carcinogen-
esis[1]. The prognosis of  HCC is not good, even when 
detected and treated at an early stage[4-6]. Thus, it is im-
portant to determine outpatients’ fibrotic stage in order 
to identify the risk of  HCC occurrence in the manage-
ment of  patients with chronic liver disease. Even now, to 
determine the grade of  fibrosis, the gold standard is liver 
biopsy, but it is associated with certain problems such as 
sample error and severe complications[7-10]. Previously, 
noninvasive methods to evaluate fibrosis were reported, 
such as Forn’s index[11], the Fibro index[12], and aspartate 
amino transferase-to-platelet ratio index (APRI)[13]. Using 
laboratory data, it has been reported that the Fibrotest 
is a useful prognostic factor for hepatitis C patients[14]. 
On the other hand, specific methods, such as transient 
elastography[15], magnetic resonance (MR) elastography[16], 
and acoustic radiation force impulse[17], have been report-
ed to evaluate fibrosis as surrogates of  liver biopsy. Tran-
sient elastography is reported to indicate a wide-ranging 
risk of  HCC incidence. We recently reported the accuracy 
of  staging fibrosis in chronic hepatitis in hepatitis C virus 
(HCV) infection using ethoxibenzyl-MR imaging (EOB-
MRI)[18], but there are no reports about a predictor of  
HCC incidence using this new method. Here, we report a 
study to evaluate the efficacy of  EOB-MRI as a predictor 
of  HCC development.

MATERIALS AND METHODS
Patients
Between August 2008 and December 2009, we studied 
142 HCV-infected patients, excluding those with HCC 
or a past history, who underwent EOB-MRI in our hos-
pital. Clinical data were obtained within one month of  
EOB-MRI information being obtained. The definition 
of  HCV infection was determined by a positive anti-
HCV antibody and detection of  quantitative or qualita-
tive HCV RNA. Exclusion criteria were as follows: (1) 
infection with hepatitis B or human immunodeficiency 
viruses; (2) alcohol abuse; (3) the presence of  numerous 
liver tumors; and (4) having previously undergone partial 
splenic arterial embolization or splenectomy. During the 
follow-up period, the history of  interferon (IFN) thera-
pies and associated responses was examined. We defined 
a sustained virological response (SVR) as undetectable 
HCV-RNA for at least 24 wk after IFN therapy. The 
study protocol conformed to the ethics guidelines of  the 
1975 Helsinki Declaration and was approved a priori by 
the institution’s human research committee. All blood 
tests were performed within 1 wk before or after MRI. 

Follow-up of patients and HCC diagnosis
The screening of  HCC occurrence was carried out by 

enhanced MRI or enhanced computed tomography (CT). 
Outpatients were followed up with blood tests, tumor 
markers for HCC, and image analysis, such as ultraso-
nography, enhanced CT, or enhanced MRI, every 3 to 6 
mo. The diagnosis of  HCC was determined by enhanced 
CT or enhanced MRI, considering enhancement in the 
arterial phase and washout in the earlier delayed venous 
phase as a classical sign of  HCC[19,20]. When the diagnosis 
of  HCC was not clear in CT or MRI, a histological diag-
nosis was performed by tumor biopsy[21]. Cases that were 
diagnosed as HCC within 6 mo from the first MRI trial 
were excluded because there should have been only small 
HCC when the first MRI was performed. This study was 
continued until December 31, 2012.

MRI techniques
A 1.5-Tesla MR system (Philips Co., Amsterdam, The 
Netherlands) was used: 0.025 mmol/kg body weight ga-
doxetate disodium was intravenously injected and quanti-
tative measurements were performed using unenhanced 
and gadoxetate disodium-enhanced imaging at 20, 35, 
70, and 180 s, and the imaging at 15, 20, and 25 min was 
obtained as hepatobiliary phases. Imaging parameters 
were as follows: repetition time/echo time = 4.17/2.05 
ms. Then, 1-2 cm2 regions of  interest of  the mean signal 
intensity value of  the liver were measured. At each MRI, 
the means of  three different regions of  right anterior, 
right posterior, and left lateral segments of  the liver de-
void of  large vessels or severe artifacts were calculated. 
Using the liver to intervertebral disk signal intensity 
(LISI) and liver signal intensity/intervertebral disk signal 
intensity, we calculated the post-enhanced LISI/pre-
enhanced LISI [described as liver-intervertebral disc 
ratio (LI)], as detailed in our previous report[18]. We used 
hepatobiliary phase data at 20 min because this is most 
commonly used globally and the data showed no signifi-
cant difference from the value at 25 min. As we reported 
previously, because cut-off  values of  1.31 and 1.80 are 
representative values of  liver cirrhosis and significant 
fibrosis of  the liver, we divided all patients into < 1.31, 
1.311 to 1.38, 1.381 to 1.50, 1.501 to 1.60, and > 1.601. 
Age, sex, aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), serum albumin level, total bilirubin 
(T.Bil), gamma-glutamyl transpeptidase (γGTP), total 
cholesterol, and platelet count (Plt) were examined. The 
prothrombin time (PT) was measured as a percentage of  
the daily internal control.

Statistical analysis
Baseline data are presented as the mean ± SD with the 
range in parentheses for quantitative variables. The best 
models derived from the categorical variables were com-
pared by the χ 2 or Fisher’s exact test, whereas Wilcoxon 
rank sum test (nonparametric) for continuous variables 
and the unpaired Student’s t test (parametric) were used 
to evaluate differences in age, sex, albumin, T.Bil, PT, Plt, 
AST, ALT, γGTP, total cholesterol, and α-fetoprotein 
(AFP) at the time of  entry. The results are reported as 
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hazard ratios with 95%CI. P < 0.05 in a two-tailed test 
was considered significant for all analyses. Patients were 
censored when they died without HCC development, 
when they stopped visiting, or when the study period 
ended. Cumulative occurrence curves were analyzed us-
ing the Kaplan-Meier method and tested by Wilcoxon’s 
method. The Cox proportional hazard regression model 
was used to estimate the risk factors for hepatocarcino-
genesis using the following variables in univariate and 
multivariate analyses: sex, albumin, T.Bil, PT, Plt, AST, 
ALT, γGTP, alkaline phosphatase (ALP), total cholesterol, 
AFP (≥ 10 ng/mL), LI (< 1.46) at the time of  entry, and 
the history of  IFN therapy (with or without, and SVR or 
non-SVR). 

All statistical analyses were performed using IBM 
SPSS Statistics 21 software (IBM, Chicago, IL, United 
States).

RESULTS
Patient characteristics
A total of  145 patients who had undergone EOB-MRI 
were examined. Three patients were excluded because 
they developed HCC within 6 mo.

Patient characteristics at the time of  EOB-MRI are 
shown in Table 1. There were 70 men and 72 women, 
with a mean age of  66.1 ± 12.4 years. The mean AFP lev-
el was 14.5 ng/mL and the median was 5 ng/mL. Thirty-
seven patients (26%) had an AFP level of  ≥ 10. Thirty-
nine patients received IFN and 27 patients achieved SVR 
in the follow-up period.
 
Occurrence of HCC and patient follow-up
The median follow-up period was 3.1 years, during which 
14 (9.8%) patients were lost to follow-up and were cen-

sored at the time of  the last visit. Nine patients died 
of  liver failure, one died of  gastroenterological varices 
rupture, and nine died of  liver-unrelated causes, and they 
were censored when they died. The remaining patients 
were observed until the end of  the study period (31 De-
cember, 2012). During the follow-up period, HCC oc-
curred in 21 patients. The cumulative HCC occurrence 
rates were 2.1%, 9.1%, and 14.1% at 1, 2, and 3 years, 
respectively, by the Kaplan-Meier method. Baseline char-
acteristics were compared in patients with and without 
HCC occurrence (Table 2). There were no significant dif-
ferences between the no-HCC occurrence group and the 
HCC occurrence group in terms of  age, sex, ALT level, 
gamma-GT, T.Bil, the performance of  IFN therapy, and 
the achievement of  SVR, while AST, ALP, and AFP were 
higher and albumin, total cholesterol (T.Chol), PT, plate-
lets, and LI were lower in the HCC occurrence group 
than in the no-HCC occurrence group. 

Occurrence rate of HCC stratified by LI
The cumulative occurrence rates at 1, 2, and 3 years in 
each LI group were 0%, 0%, and 2% in patients with 
LI ≥ 1.601; 0%, 5.8%, and 5.8% in patients with LI 
1.501-1.600; 0%, 7.1%, and 14.3% in patients with LI 
1.381-1.500; 0%, 11.8%, and 23.5% in patients with LI 
1.311-1.380; and 12.5%, 29.2%, and 33.3% in patients 
with LI ≤ 1.310, respectively (Figure 1). The occurrence 
rates differed significantly among the 5 LI groups (P = 
0.0031), increasing with decreasing LI. 

The receiver operating characteristic curve (ROC) 
curve was used to evaluate the cumulative incidence of  
LI and a cut-off  value of  1.46 was determined [area un-
der the ROC (AUROC): 0.765 ± 0.05, 0.669-0.861] by 
calculating the highest accuracy value (0.63) and likeli-
hood ratio (2.19). The use of  this cut-off  value resulted 
in sensitivity: 90.5%, specificity: 58.7%, positive predic-
tive value: 27.5%, and negative predictive value: 97.3%. 
We compared these results with several representative 
fibrosis evaluation methods reported previously (Figure 
2). The AUROC for each was: Forn’s index, 0.733 ± 0.05, 
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Table 1  Baseline characteristics of 142 patients with chronic 
hepatitis C

Variables Mean ± SD

Age (yr) 66.1 ± 12.4 (28-87)
Male (M/F) 70/72
AST (U/L)   48.9 ± 23.4 (11-155)
ALT (U/L)   51.7 ± 34.1 (10-228)
Serum albumin (g/dL)        4.1 ± 0.5 (2.4-5)
Gamma-GT(IU/L)   67 ± 92 (14-811)
ALP (U/L)       331 ± 171 (141-1206)
T.Chol (mg/dL) 175 ± 36 (90-280)
T.Bil (mg/dL)   0.86 ± 0.42 (0.3-2.9)
PT (%)         93 ± 15.2 (55.2-134)
Platelet (× 103/μL) 136 ± 60 (42-338)
AFP (ng/mL)    14.5 ± 27.5 (1.6-235)
LI       1.51 ± 0.19 (1.11-2.15)
Patients who received IFN, n (%) 39 (27.5)
Patients who achieved SVR, n (%) 27 (19.0)

AST: Aspartate amino transferase; ALT: Alanine aminotransferase; Gam-
ma-GT: Gamma-glutamyl transpeptidase; T.Chol: Total cholesterol; T.Bil: 
Total bilirubin; PT: Prothrombin time; AFP: α-fetoprotein; LI: Liver-inter-
vertebral disc ratio; IFN: Interferon; SVR: Sustained virologic response; 
ALP: Alkaline phosphatase; F: Female; M: Male.
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Figure 1  Cumulative incidence of hepatocellular carcinoma occurrence 
stratified by liver-intervertebral disc ratio. Cumulative occurrence rates 
increased gradually in an LI-independent manner. LI: Liver-intervertebral disc 
ratio.
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Table 2  Comparison of baseline characteristics between patients who have no hepatocellular carcinoma 
occurrence and hepatocellular carcinoma occurrence

Variables No HCC occurrence n  = 121 HCC occurrence n  = 21 P value

Age (yr) 65.4 ± 12.9 (28-87) 70.3 ± 7.9 (51-79) 0.094
Sex (M/F) 59/62 11/10 0.759
AST (U/L)   46.0 ± 20.4 (11-110)     65.5 ± 31.6 (34-155) 0.000
ALT (U/L)   49.5 ± 32.5 (10-228)     64.4 ± 40.5 (31-205) 0.063
Serum albumin (g/dL)                 4.1 ± 0.5 (2.4-5)     3.8 ± 0.5 (2.6-4.7) 0.030
Gamma-GT (IU/L)   67 ± 97 (14-811)     62 ± 43 (16-226) 0.829
ALP (U/L)       315 ± 158 (141-1206)         426 ± 212 (150-1006) 0.006
T.Chol (mg/dL) 178 ± 36 (90-280)   159 ± 35 (93-260) 0.029
T.Bil (mg/dL)   0.86 ± 0.42 (0.3-2.9)     0.86 ± 0.42 (0.3-2.9) 0.287
PT (%)         94 ± 15.5 (55.2-134)     86.8 ± 12.0 (67-110) 0.045
Platelet (× 103/μL) 142 ± 61 (42-338)   104 ± 40 (46-166) 0.006
AFP (ng/mL)    11.7 ± 26.3 (1.6-235)      30.3 ± 31.6 (4.2-116) 0.004
LI       1.53 ± 0.20 (1.11-2.15)        1.37 ± 0.10 (1.23-167) 0.000
Patients who received IFN, n (%) 37 (30.6) 2 (9.5) 0.062
Patients who achieved SVR, n (%) 25 (20.7) 2 (9.5) 0.366

HCC: Hepatocellular carcinoma; AST: Aspartate amino transferase; ALT: Alanine aminotransferase; Gamma-GT: Gamma-
glutamyl transpeptidase; ALP: Alkaline phosphatase; T.Chol: Total cholesterol; T.Bil: Total bilirubin; PT: Prothrombin time; 
AFP: α-fetoprotein; LI: Liver-intervertebral disc ratio; IFN: Interferon; SVR: Sustained virologic response; F: Female; M: 
Male.
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platelet ratio index, Fib-4, and Forn’s index. APRI: Aspartate amino transferase-to-platelet ratio index; MRI: Magnetic resonance imaging.
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0.627-0.840; APRI, 0.752 ± 0.05, 0.648-0.856; and Fib-4, 
0.765 ± 0.05, 0.665-0.861. Comparing these results, MRI 
is as effective as the Fib-4 method and more effective 
than Forn’s index and APRI. 

Prognostic Factors of HCC occurrence risk by univariate 
and multivariate analyses
On univariate analysis, LI < 1.46, AFP ≥ 10, age (per 
year of  age), AST (per 1 U/L), serum albumin (per 1 
g/dL), ALP (per 1 U/L), T.Chol (per 1 mg/dL), PT (per 
1%), platelets (per 1 × 103/μL), and receiving IFN were 
identified as risk factors for the occurrence of  HCC. The 
risk of  HCC occurrence increased in accordance with 
LI decrease. On multivariate analysis, LI < 1.46 (P = 

0.019) and AFP ≥ 10 ng/mL (P = 0.045) were identified 
as independent factors; LI: risk ratio: 6.05 (1.34-27.3, P 
= 0.019) and AFP: 3.1 (1.03-9.35, P = 0.045) (Table 3). 
The LI contributions to HCC occurrence risk were also 
evaluated in subgroup analyses. We investigated whether 
higher LI was a significant risk factor with several other 
factors (Table 4). High LI was a significant risk factor 
even with low or high values of  age, Plt, albumin, ALT, 
and male or not, IFN-treated or not, and SVR achieved 
or not. The LI contribution was greater at age ≥ 69 (older 
group) and with platelets ≥ 120 × 103/μL (less fibrosis). 
In the IFN-untreated group and the SVR-unachieved 
group, there was a significant risk in low LI, but in the 
IFN-treated group and SVR not-achieved group, there 

Table 3  Risk factors contributing to hepatocellular carcinoma incidence

Variable Univariate analysis Multivariate analysis

Risk ratio 95%CI P -Value Risk ratio 95%CI P -value
Age (per 1 year old) 1.04 1.01-1.09 0.045 1.05 0.99-1.11 0.139
Sex (F) 0.74 0.31-1.73 0.483
AST (U/L) 1.02 1.01-1.03     < 0.001 1.01 0.99-1.03 0.200
ALT (U/L) 1.01 0.99-1.02        0.12
Serum albumin (g/dL) 0.27 0.12-0.60 0.001 0.62 0.17-2.26 0.469
Gamma-GT (IU/L) 1.00 0.99-1.01 0.942
ALP (U/L)   1.002 1.001-1.004 0.006 1.00 0.99-1.01 0.504
T.Chol (mg/dL) 0.98 0.97-0.99        0.01 0.99 0.98-1.01 0.483
T.Bil (mg/dL) 2.01 0.77-5.25 0.153
PT (%) 0.97 0.94-0.99 0.018 1.01 0.97-1.05 0.621
Platelet (× 103/μL) 0.98 0.97-0.99 0.003 0.99 0.98-1.01 0.281
AFP (≥ 10 ng/mL) 7.39   2.97-18.37     < 0.001 3.10 1.03-9.35 0.045
LI (< 1.46)        11.63 2.71-49.9 0.001 6.05 1.34-27.3 0.019
   ≥ 1.601 1.00
   1.501 to 1.60 2.68 0.17-42.9        0.48
   1.381 to 1.50 7.24 0.89-58.9        0.06
   1.311 to 1.38        11.5  1.2-103        0.02
   ≤ 1.31        17.34   2.16-138.7 0.007
Patients who received IFN 0.20 0.04-0.87 0.032 1.09 0.21-5.62 0.917
Patients who achieved SVR 0.35 0.81-1.51 0.158

AST: Aspartate amino transferase; ALT: Alanine aminotransferase; Gamma-GT: Gamma-glutamyl transpeptidase; ALP: 
Alkaline phosphatase; T.Chol: Total cholesterol; T.Bil: Total bilirubin; PT: Prothrombin time; AFP: α-fetoprotein; LI: 
Liver-intervertebral disc ratio; IFN: Interferon; SVR: Sustained virologic response; F: Female.

Subgroup n Risk ratio 95%CI P -value

Age ≥ 69   75 12.51 1.63-95.82 0.015
< 69   67 9.2 1.11-76.58 0.041

Sex Male   70 8.4 1.08-65.18 0.042
Female   72     7.024 1.49-33.14 0.014

Platelet (× 103/μL)   < 120   67   4.48 1.01-19.89 0.048
 ≥ 120   75 14.96 1.89-118.2 0.013

Albumin (g/dL)  < 4.2   72 9.7 1.27-74.24 0.029
 ≥ 4.2   70 10.79        1.29-89.7 0.028

ALT ( U/L) ≥ 50   88 10.98        1.39-86.7 0.023
< 50   54        12.7 1.62-99.63 0.016

IFN - 103 13.35 1.78-100.1 0.011
+   39     3.498 0.22-55.96 0.376

SVR - 115 15.98 2.13-119.7 0.007
+   27     3.795 0.28-60.74 0.346

Table 4  Analyses of liver-intervertebral disc ratio contributions to hepatocellular 
carcinoma occurrence risk divided by other risk factors

ALT: Alanine aminotransferase; IFN: Interferon; SVR: Sustained virologic response.
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were no significant differences because the sample num-
bers were very small.

Relationship between occurrence rate and LI or AFP
The occurrence rate in patients with LI < 1.46 was sig-
nificantly higher than in those with LI ≥ 1.46 (Wilcoxon 
P < 0.0001) (Figure 3A); in addition, in those with serum 
AFP ≥ 10 ng/mL, it was significant higher than in those 
with serum AFP <10 ng/mL (Wilcoxon P < 0.0001) 
(Figure 3B).

DISCUSSION
It is known that liver fibrosis is the strongest prognostic 
factor of  chronic liver disease and liver biopsy is now 
recognized as the best method for evaluating this condi-
tion[22], although it has problems such as complications. 
Several risk factors for HCC occurrence or recurrence 
have been reported, such as age, sex[1], serum albumin 
level[23,24], AFP level[25], and high transaminase[25]. Our 
study showed almost the same results as these previous 
reports. In particular, the progression of  fibrosis may 
increase the risk of  HCC incidence, so it is very impor-
tant to determine the stage of  liver damage[26,27].　Various 
methods have been reported for the evaluation of  liver 
fibrosis and have been divided into two groups: ultra-
sonographic methods[15,17,28,29] and others[16,18]. Although 
gadolinium ethoxybenzyl diethylene triamine pentaacetic 
acid (Gd-EOB-DTPA)-enhanced MRI is one of  the most 

sensitive methods to detect HCC development, it is also 
a very important method to evaluate liver fibrosis as a 
noninvasive investigation[19,30]. We used Gd-EOB-DTPA-
enhanced MRI and the LI:EOB-MRI index = (post-liver 
intensity/post-disc intensity)/(pre-liver intensity/pre-disc 
intensity) because it has the highest accuracy of  all of  the 
calculation methods using EOB-MRI[18]. In this study, we 
used the 20-min hepatobiliary phase because many insti-
tutions accept the hepatobiliary phase as being 20 min 
after injection and it has also been accepted by consensus 
of  the International Forum for Liver MRI[31]. In our pre-
vious study, the data between 20 and 25 min showed no 
significant difference (data not shown). 

LI constantly decreased as the fibrosis stage pro-
gressed to a higher stage, but many values overlapped 
between close fibrous stages, so we decided that the best 
cut-off  point was 1.46 on the ROC curve by calculat-
ing the accuracy value and likelihood ratio. Using this 
cut-off  value, LI < 1.46 always showed a high risk, with 
both low and high risks for several other factors, show-
ing that lower LI is a strong independent risk factor and 
can complement other risk factors. LI may reflect not 
only the fibrosis stage but also functional aspects of  the 
liver because it is decided by various factors, such as de-
creased hepatocytes, deficient hepatocyte function, and 
indocyanine green clearance[32-34]. The uptake and excre-
tion of  gadoxetate disodium are carried out by the anion-
transporting polypeptides Oatp1 and Mrp2[35]. The bal-
ance of  these effects may regulate the signal intensity of  
liver parenchyma in the hepatobiliary phase followed by a 
decrease of  its signal upon hepatic damage or deteriorat-
ing cirrhosis[36-38]. Viewed from this perspective, LI could 
be an outstanding predictor that reflects the occurrence 
of  HCC and prognosis, in comparison to other methods 
that can assess only fibrosis. 

In the present study, two patients developed HCC in 
the higher-LI group. According to their clinical data, both 
had significant splenomegaly and varices, and their actual 
pathology obtained from surgery was F4. OATP1B1/
1B3 are hepatocyte-specific transporters determining 
the uptake of  Gd-EOB-DTPA during MR, and genetic 
polymorphisms of  their polypeptides might influence 
hepatic enhancement[39], but their actual influence is rela-
tively small and the intensity in the second case was ex-
tremely high, so it was thought to be difficult to explain 
this discrepancy completely. In particular, one of  the two 
patients achieved SVR during observation but developed 
HCC. AFP of  the two patients did not change even when 
HCC developed. The occurrence of  HCC after IFN 
therapy is a rare but important problem, as some stud-
ies have reported recently[40,41]. Chang et al[40] advocated 
calculating the HCC prediction score after IFN therapy 
and, using this method, the score of  our case was 5 in the 
so-called medium-risk group. Because the AUROC value 
of  Fib-4 is as high as that of  LI, the cut-off  value (4.0) 
of  Fib-4 was determined because the highest accuracy 
(0.669) was obtained, with sensitivity: 80.9%, specificity: 
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Figure 3  Relationship between cumulative occurrence rates and liver-
intervertebral disc ratio (A), cumulative occurrence rates and serum 
α-fetoprotein level (B). A: Occurrence rates with LI < 1.46 were significantly 
higher than those with LI ≥ 1.46; B: Occurrence rates with serum AFP ≥ 10 
ng/mL were significantly higher than in those with serum AFP < 10 ng/mL. LI: 
Liver-intervertebral disc ratio; AFP: α-fetoprotein. 
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64.5%, positive predictive value: 28.3%, and negative pre-
dictive value: 95.1%. Using this cut-off  value, 4 patients 
developed HCC at < 4. Interestingly, although LI and 
Fib-4 have similar ROC, there are relatively weak correla-
tions between these two methods (Pearson, r = -0.303, 
P = 0.0002), so it is thought that they complement each 
other. Our two cases in which HCC development ini-
tially could not be predicted were finally predicted using 
Fib-4. Therefore, a combination of  these two methods is 
a better predictive method than using a single predictive 
method as they complement each other and, in addition 
to information on clinical advanced liver fibrosis, such as 
low Plt, splenomegaly, and the existence of  obvious vari-
ces, they will enable more accurate prediction of  HCC 
progression. 

Methods such as LI using EOB-MRI and transient 
elastography may be strong predictors of  the HCC oc-
currence risk. Fibroscan is more cost-effective than MRI, 
but the equipment is very expensive and is restricted for 
use in specific hospitals because it can be used only to 
evaluate tissue elasticity and is ineffective in patients who 
are obese or have ascites. On the other hand, MRI can 
evaluate patients who have ascites and/or are obese and 
is used in many general hospitals, so it is a widely avail-
able method.

Our study revealed that the EOB-MRI index is asso-
ciated with the risk of  HCC occurrence in hepatitis C pa-
tients and may become a substitute for liver biopsy when 
evaluating the risk in these patients, even when their con-
dition is not appropriate for other noninvasive methods, 
and the combination of  EOB-MRI index and Fib-4 may 
become a better predictive method of  HCC progression. 
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