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Hepatitis B virus (HBV) risk and hepatocellular 
carcinoma (HCC)

Epidemiology

It is estimated that over 50% of HCC cases worldwide are 
related to chronic HBV (1,2). Since the implementation 
of worldwide HBV vaccination there has been an overall 
decline in the burden of HBV, yet the HBV burden 
remains quite high in various parts of the world. There are 
approximately 350–400 million people across the world 
infected with HBV, the majority reside in or originate from 
Asia. Each year HBV accounts for 749,000 new cases of 
HCC and 692,000 HCC-related deaths (3). The annual 
incidence of HCC is estimated to be <1% for non-cirrhotic 
HBV infected patients and 2–3% for those with cirrhosis. 
Because of worldwide and geographic variations in HBV 
incidence, the burden of HBV related HCC also varies. 
Asian-Pacific and sub-Saharan Africa represent the highest 
incidence of HCC worldwide. Much lower risk of HBV 
associated HCC is seen in the United States with less than 

20% incidence. Due to its diversity, Europe has different 
areas: low risk (18%) in West and North and high risk (51%) 
East and South (4). Occult HBV or subclinical infection as 
defined by detectable HBV DNA in the liver but hepatitis 
B surface antigen (HBsAg) seronegativity is now recognized 
as increased risk for HCC. The risk is most notable in those 
over the age of 50 (5,6). Recently published data reveal that 
in China, the age-standardized death due to HBV-related 
HCC and cirrhosis in 2013 was 10.95 and 4.91 per 100,000 
people (7). Fifty-five percent of all HCC cases worldwide 
are reported from China (8).

In 1991, the WHO recommended the integration of 
the HBV vaccine into national immunization programs 
in countries with an HBV carrier prevalence of 8% or 
higher by 1995 and in all other countries by 1997 (9). The 
universal infant vaccination rate in sub-Saharan Africa 
was initially quite low at 5% in 2000 but increased to 
72% by 2012. Parts of the Pacific region had the lowest 
immunization rates, but by 2012 had increased to the 
highest rates at 91%. Taiwan has an exceptionally higher 
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rate of HCC in HBV infected children. Thirteen years after 
the introduction of universal infant vaccination, the annual 
incidence of HCC dropped in several groups of children: 
per 100,000 decline from 0.7 to 0.36 in children ages 6–14; 
decline 0.52 to 0.13 in ages 6–9 (10,11). The introduction 
of universal HBV vaccination in the 1980s for newborns has 
begun to modify the natural history of HCC. Studies from 
Taiwan, which introduced vaccination and post-exposure 
prophylaxis with HBV immunoglobulin in 1984 for high-
risk patients [surface antigen positive (HBsAg) and HBV 
e antigen (HBeAg) positive mothers], have demonstrated 
a 65–75% reduction in the incidence of HCC in children 
aged 6–14 years. However, the current preventive strategy 
does not address older adult HBV patients, most of whom 
were infected at birth prior to the availability of the HBV 
vaccine.

Risk factors

The risk of HCC in those infected by HBV is influenced 
by virus-related, host-related, dietary and lifestyle factors. 
Of note in HBV-related HCC, cirrhosis is absent in up to 
one-third of patients. This is in contrast to other etiologies 
of liver disease, whereby cirrhosis is the background liver 
histology in the vast majority (80%) (11,12). Older age and 
male gender are well established factors that carry higher 
risk of HCC. Perhaps this gender difference is driven 
by the protective effects of estrogen interacting with the 
hepatocyte nuclear factor 4 α (13) and IL-6 signaling (12). 
Coinfection with other liver specific viruses has been noted 
to increase HCC risk: chronic hepatitis C virus (HCV) 
and human immunodeficiency virus (HIV). Hepatitis D 
virus (HDV) or hepatitis delta is a virus that only exists 
in the setting of HBV infection as a co-existing infection 
because of its reliance on HBV for its propagation. There 
is heterogeneity as risk of HCC with HDV. Similarly, those 
infected co-infected with HBV and HDV have a 3-fold 
higher risk of progressing to cirrhosis more rapidly as 
compared to HBV monoinfected; the Eurohep cohort also 
predicts a 3.2-fold increase in HCC risk in those co-infected 
with HDV-HBV (14). This was replicated in a large US 
veteran cohort as well (15). While some studies showed the 
risk of HCC was higher in the absence of cirrhosis, raising 
the possibility of direct oncogenic activity of HDV (16). 
Alcohol use is strongly synergistic in raising risk for HCC 
in those with HBV; it has been noted to double risk of 
HCC (17). Dietary intake of aflatoxin in Asia and Africa 
is also known to contribute to a higher risk of HCC in 

those infected with HBV (18). Tobacco use has also been 
associated with higher rates of HCC in those with HBV.

Evidence mainly from the Far East has demonstrated 
that there is a family based susceptibility to HCC. Genetic 
host factors are known to drive this association, with the 
identification of single nucleotide polymorphisms (SNPs). 
SNPs have been identified through genome wide association 
studies (GWAS): STAT4 (19), TPTE2 (20), CTLA-4 (21) 
and DCL1 (22) genes, as well as in the region containing 
the UBEB4, KIF1B and PGD genes (23). Additional SNPs 
have been described, but it is accepted that these identified 
SNPs only partially account for the variability in HCC 
susceptibility. Overall they carry a low risk ratio for HCC 
development as summarized by Iavarone et al. (24).

HBV viral factors

HBV is considered a carcinogenic virus. Chen et al. 
demonstrated in the largest study to date that the risk of 
developing HCC was directly proportional to the HBV 
DNA level (25). 3,653 HBsAg+ subjects were enrolled. 
The mean follow up period was 11.4 years. After adjusting 
for all other confounding variables, it was noted that 
subjects with persistent elevation of serum HBV DNA 
had a high HCC risk, most notably HBV DNA 10,000 
copies/mL. The integration of HBV DNA into the host 
genome has been well described. Like other viruses, there 
is a lack of proof-reading ability by the HBV polymerase 
therefore leading to genomic variability. Ultimately this 
leads to selection of HBV quasi-species containing several 
mutations. HBV virions contain a circular partially double-
stranded DNA of nearly 3,200 nucleotides. Soon after 
entry into the hepatocyte, HBV DNA is converted into a 
covalently closed circular DNA (HBV cccDNA) where it 
remains stable in the cell nucleus. The viral proteins HBx 
and HBc are engaged to regulate its transcription and viral 
replication. This integration of the HBV DNA into the host 
genome contributes to viral pathogenesis both by cis-acting 
mechanism and by the continuous expression of trans-
acting wild-type and truncated HBx or truncated preS/S 
polypeptides bearing enhanced transforming properties (26).

Regarding other viral factors, it was reported in a 
large Taiwanese cohort with HBV related HCC (HBeAg 
negative), levels of HBV surface antigen were positively 
correlated with incidence of HCC in those with lower levels 
of HBV DNA (27).

HBV genotypes A-H have been identi f ied and 
characterized. HBV genotype C has been associated with 
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a higher risk of HCC (28). Pressures of selection driven 
by antiviral therapies, vaccinations and duration of HBV 
infection are what lead to mutations. These mutations 
are found in a region known as the basal core promoter 
(BCP)/preCore region and the preS/S region. While data 
from Asia suggests an increased risk of cirrhosis and HCC 
from genotype C, other studies have found genotype B to 
predispose to HCC among children and well as in non-
cirrhotic patients (29,30). A high viral load and HBeAg 
seropositivity also confer increased HCC risk. HBeAg 
seropositivity, a marker of active viral replication was 
an independent predictor of HCC in a group of 11,893 
Taiwanese patients followed for 10 years (31). The 
REVEAL-HBV study followed 3,653 Taiwanese patients 
with HBV and found a proportional increase in risk of 
cirrhosis and HCC with increased viral load even after 
adjusting for covariates such as sex, age, smoking, and 
alcohol use (32). There is a significantly higher risk of HCC 
with the emergence of the double mutation T1762/A1764 
in HBV genotypes B and C (33,34).

The exact oncogenic mechanism of HBV remains 
a mystery, but certain subsequent events have been 
characterized: intracellular DNA rearrangement and 
enhanced mutagenesis; active cell inflammation and 
proliferation. Following HBV DNA integration into host 
genome, insertional mutagenesis of cancer related genes 
and chromosomal instability occur. Persistent hepatocyte 
inflammation leads to premalignant and malignant 
characteristics that are associated with oxidative stress, 
which subsequently incites repeated cycle of apoptosis, 
necrosis and compensatory regeneration. It has been 
postulated that HCC develops from ineffective regulation 
of liver cell senescence, which regulates tumor immune 
surveillance. Senescence surveillance of pre-malignant 
hepatocytes is an important step against the development 
of tumors. Hepatic fibrosis, which is stimulated by hepatic 
stellate cell activation is another factor that encourages 
development of HCC, as high-grade dysplastic nodules in 
fibrotic livers are immediate precursors to HCC (35,36). 
Additionally, chromosomal aberration and epigenetic 
modifications such as DNA methylation leading to 
silencing of tumor suppressor genes have been described 
in cirrhosis (37,38).

The HBx regulatory protein has been shown to interfere 
with normal control of cell cycle progression, through its 
ability to bind different cellular partners and to activate 
transcription as well as various signaling cascades (39). HBV 
integration frequently involves the HBx which frequently 

undergoes deletion at the 3' end, causing expression 
of C-terminal-truncated HBV protein able to enhance 
HCC cell invasiveness and metastasis (40). HBx aids in 
overcoming senescence, a process by which proliferation 
of damaged cells is limited and risk of malignancy is 
reduced by triggering expression of tumor suppressors. 
Several mechanisms have been described by which this 
occurs: (I) inhibiting the P53 nucleotide excision repair and 
transcription-coupled repair function; (II) decreasing the 
expression of the P53 activators ASPP1 and ASPP2; (III) 
suppressing the cyclin-dependent kinase (CDK) inhibitors 
INK4A and P21 via promoter methylation that results in 
inactivation of the RB tumor suppressor (40).

HCC screening in HBV

The majority (70–90%) of patients with HBV who develop 
HCC have underlying cirrhosis, with the annual incidence 
of HCC is approximately 2.5% (11), Thus, any patient with 
HBV related cirrhosis should undergo screening biannually. 
Importantly however, HCC can develop in HBV patients 
without cirrhosis. The threshold for screening HBV 
patients without cirrhosis, which considers the cost effective 
of screening relative to life years gained by screening, occurs 
when the annual incidence of HCC is ≥0.2%. Beasley et al. 
found that Asian men, regardless of their replicative status, 
begin to meet this threshold at age 40, while the equivalent 
risk in Asian women occurs at age 50 (41,42). Studies 
suggest that African/North American Black patients are a 
population at risk at particularly young age as well (see Table 1). 
Caucasian patients who lose surface antigen, in contrast to 
Asian patients, have a reduced risk of HCC. Other specific 
patients with HBV who are at increased risk of HCC 
include patients co-infected with HIV with a family history 
of HCC. 

Population based studies have also identified specific 
HBV viral factors predictive of HCC development. The 
consensus is that HBV patients with active viral replication 
as denoted by high HBV DNA, HBeAg positivity, and 
active inflammation [elevated alanine aminotransferase 
(ALT)] should clearly undergo surveillance. 

The largest clinical trial to demonstrate a benefit of 
HCC surveillance with respect to survival was performed in 
Shanghai, China, in 18,816 patients with current or prior 
HBV infection. Patients were randomized to screening 
with liver ultrasound and alpha-fetoprotein (AFP) every 
6 months or standard of care. Although adherence to 
screening was less than 60%, HCC mortality was still 
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reduced by 37% in the screening group vs. the control 
group (43). Ultrasonography (u/s) is the most commonly 
employed imaging modality for HCC surveillance and 
has been shown to have acceptable diagnostic accuracy 
for HCC detection with a sensitivity of 65–80% and 
specificity greater than 90%. Consensus guidelines from 
the American Association for the Study of Liver Diseases 
(AASLD) (44) and the European Association for the Study 
of Liver Diseases (EASL) (45) recommend 6-month interval 
screening with ultrasonography, as the cost-effective 
modality for screening purposes. Multi-phase computed 
tomography (CT) or magnetic resonance imaging (MRI) 
have higher diagnostic accuracy for HCC detection and 
should be performed when ultrasound results are suboptimal 
or abnormal. Screening with serological testing for AFP 
is not currently recommended due to poor sensitivity and 
specificity by the AASLD & EASL, whereas the National 
Comprehensive Cancer Network (NCCN) suggests that 
AFP may have utility when combined with ultrasound for 
at-risk individuals (46). In fact, newer data suggests that 
the addition of AFP to u/s may enhance the sensitivity of 
screening in patients with cirrhosis (47). However, the data 
are less robust in viral induced cirrhosis compared to non-
viral induced cirrhosis (48). With regard to surveillance in 
HBV infection, every 6-month screening for HCC with 
AFP testing alone is not adequate. Chen et al. compared 
this screening strategy in 5,581 male HBsAg+ patients and 
found no difference in overall survival at 5 years compared 
to a control population undergoing standard of care (49).

Carcinogenic properties of HCV

HCV may have a direct or indirect role in carcinogenesis, 
mainly through fibrosis. Patients with advanced fibrosis or 
cirrhosis are at increased risk for carcinogenesis because 

chromosomal alterations that occur in fibrotic tissue 
are associated with tumor formation (1,50). In cirrhotic 
hepatocytes telomere shortening may lead to chromosome 
uncapping which induces DNA damage and chromosomal 
fusion (1). Cells with fused chromosomes that enter the 
cell cycle may develop translocations and chromosomal 
instability that may lead to carcinogenesis.

HCV may promote carcinogenesis through chronic 
inflammation or stimulation of hepatic stellate cells with 
subsequent fibrosis. Chronic liver inflammation has been 
associated with a shift in signaling from tumor growth 
factor beta resulting in a change from tumor suppression 
to fibrosis and carcinogenesis (51). Proliferative changes 
in hepatic tissue related to ongoing inflammation from 
hepatitis are associated with repeated cycles of cell death 
and regeneration (50). Repeated cell cycles are associated 
with accumulation of mutations that may transform 
hepatocytes to malignant cells through a multistage process. 
However, chronic inflammation by itself does not seem to 
promote carcinogenesis because patients with autoimmune 
liver disease who have persistent chronic liver inflammation 
from autoimmune liver disease rarely develop HCC. HCV 
nonstructural protein genes promote fibrosis partly through 
inducing transforming growth factor beta and activating 
hepatic stellate cells (52). This has been demonstrated in 
cell culture systems when sera from HCV patients stimulate 
hepatic stellate cell proliferation, which subsequently 
leads to fibrosis (52). HCV core protein may promote 
carcinogenesis. In a transgenic mouse model HCV core 
protein led to the development of HCC without the genetic 
aberrations typically seen in carcinogenesis, such as in colon 
cancer (53).

HCV genotype 3 is independently associated with a 
higher risk of HCC. Nkontchou et al. first described this 
when comparing HCV subjects and specifically examined 

Table 1 High risk groups with HBV and HCC screening recommendations

Group Incidence of HCC (%/year)

Asian male; HBV > age 40 0.4–0.6

Asian female; HBV > age 50 0.3–0.6

HBV with HCC family history Higher than without family history

African/North American Blacks with HBV HCC occurs at younger age

HBV cirrhosis 3–8

HCV cirrhosis 3–5

HBV, hepatitis B virus; HCV, hepatitis C virus; HCC, hepatocellular carcinoma.
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differences in HCC incidence amongst various HCV 
genotypes (54). In multivariate analysis, genotype 3 
infection conferred an increased risk of HCC [hazard ratio 
(HR) 3.54; 95% confidence interval (CI), 1.84–6.81], even 
after the adjustment was made for alcohol abuse. This was 
seen again in a large cohort of patients from a United States 
Veterans Affairs medical system. Of 110,484 patients with 
HCV viremia, 8,337 (7.5%) were infected with genotype 
3. After adjusting for age, diabetes, body mass index or 
antiviral therapy, HCV genotype patients had a higher risk 
of developing cirrhosis (unadjusted HR, HR =1.40; 95% 
CI =1.32–1.50) and HCC (unadjusted HR =1.66; 95%  
CI =1.48–1.85). Increased hepatic steatosis is seen uniquely 
in genotype 3 patients because of direct viral effects, and is 
independent of coexisting obesity, diabetes and alcohol use 
(55,56). It is postulated that the steatosis may play a role in 
accelerating fibrosis and/or have a direct oncogenic effect. 

Viral hepatitis treatment considerations with HCC

Treatment of viral hepatitis will be discussed here in the 
setting of HCC; as other contributors will be focusing on 
treatment of HCC in respective manuscripts.

HBV

Fortunately, antiviral therapy, which can help prevent the 
development of cirrhosis and HCC, is now the standard 
of care for patients with chronic active HBV infection. A 
preponderance of data now confirms a significant benefit 
of long-term nucleos(t)ide analogue (NA) therapy in 
preventing HCC in the setting of chronic HBV infection. 

Lamivudine, one of the earliest NA’s, has been shown to 
improve liver function not only in those without HCC but 
also in those with HCC (57). Furthermore data suggests 
it may improve liver function and prevent premature liver 
related mortality in HBV related HCC patients. In a large 
study of Asian HBV infected cirrhotic/advanced fibrotic 
patients that received lamivudine, a smaller percentage of 
treated patients (3.9%) developed HCC as compared to 
placebo (7.4%) (58). In addition, it has been observed that 
a higher percentage of patients experience severe flares of 
hepatitis in those undergoing chemotherapy or locoregional 
therapy with higher HBV viral loads (59), therefore 
suppressing viral replication is of paramount importance. 
It has been well established that acute HBV flares can lead 
to hepatic decompensation and death. Surgical resection of 
HCC is a widely-employed modality used to treat HCC. 

HBV antiviral therapy is essential in preserving function of 
the remnant liver. Similarly, as described above, higher pre-
operative viral loads are associated with worse overall and 
recurrence free survivals after curative resection (60).

 Regarding individual treatments, NA has been shown to 
lengthen survival in those HBV infected patients with HCC 
treated with trans-arterial chemoembolization (TACE) (61). 
A comparison of 472 entecavir (ETV)-treated patients 
vs. 1,143 untreated patients, the in the cumulative HCC 
incidence rates were 3.7% and 13.7% respectively (62).

Most expert society guidelines recommend initiating 
HBV treatment with advance stage fibrosis. Interferon (IFN) 
based therapies and now NAs are available for the treatment 
of HBV. Both agents have been shown to improve tests 
of liver inflammation, liver function and hepatic fibrosis. 
Patients with cirrhotic stage hepatic fibrosis are less tolerant 
of IFN based therapy, therefore NA is recommended in the 
vast majority of these patients (11). 

HCV

The goal of antiviral therapy for chronic HCV is to achieve 
a sustained virologic response (SVR). The long-term goal 
is to reduce or eliminate complications from cirrhosis, 
including ideally HCC. Significant improvements have 
been made in achieving high rates of sustained (SVR) or 
virologic cure with the introduction of IFN-free direct 
acting antiviral therapy. Most of the data on reduction of 
complications from cirrhosis, including HCC is based on 
the experience with IFN based therapy.

IFN based therapy was one of the original therapies 
for HCV. While weighed down by toxicities, IFN 
has been shown to reduce the recurrence of HCC in 
numerous cohorts of patients that loco-regional therapy: 
surgical resection, percutaneous ethanol ablation, and 
radiofrequency ablation in studies. Achieving SVR with 
IFN based therapy has been noted to be an independent 
risk factor for a reduction in the risk of HCC recurrence 
after any such liver directed therapy. Overall improvement 
in patient survival was noted in SVR achieving patients 
as well, owing the improvement in liver histology that is 
seen with SVR (63). Antiviral therapy has been used (I) to 
achieve a SVR with the goal of reducing or eliminating 
complications from chronic liver disease including HCC; (II) 
as maintenance therapy in patients with bridging fibrosis 
and cirrhosis; (III) as chemotherapy to treat HCC; (IV) to 
prevent recurrence after resection or ablative therapies.

With regards to HCV and HCC, a similar paradigm was 
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described by Japanese investigators describing a cohort of 
patients that underwent surgical resection for HCC (64). 
Advanced age (≥55 years; HR, 3.1) and advanced liver 
fibrosis (≥F3; HR, 9.0) still were noted in a multivariate 
analysis to carry higher HCC risk despite SVR (64). 
This has been replicated in numerous other studies as 
summarized by Hiramatsu et al. (65). Diabetes as also 
emerged as independent risk for development of HCC, so 
attention needs to be turned to the aggressive treatment of 
his disease as a separate entity. 

IFN has been largely replaced by all oral, IFN-free 
regimens, where available, which are associated with higher 
rates of virologic cure and improved side effect profile. 
However, long term follow up after virologic cure is 
available for patients treated with IFN-free based regimens 
is limited due to recent availability. Recent findings will be 
further discussed later in this manuscript.

Anti-carcinogenic properties of interferon

Antiviral therapy may reduce the risk of HCC through 
anti-fibrotic effects by reducing inflammation or through 
antineoplastic properties. Antineoplastic properties of 
IFNs may be demonstrated through their effects on HCV 
induced fibrinogenesis and hepatic stellate cells. IFN-alpha 
with ribavirin decreases HCV stimulated hepatic stellate cell 
proliferation by 50% (66). IFN may promote fibrinolysis by 
inhibiting tissue inhibitor of metalloproteinase (an inhibitor 
of fibrin degradation) or promoting hepatic stellate cell 
death. In a rat model of carbon tetrachloride induced 
liver fibrosis, significantly lower levels of tissue inhibitor 
of metalloproteinase were found in rats treated with 
pegylated-IFN (PEG-IFN) alpha-2b compared to untreated 
rats, P<0.05 (67). Hepatic stellate cell apoptosis was higher 
in the animals administered PEG-IFN compared to the 
control group (P<0.01). IFN free regimens with direct 
acting antiviral therapy are not believed to affect stellate 
cell fibrosis formation, but instead may reduce fibrosis 
by inhibiting viral replication and thus the inflammatory 
response that stimulates stellate cell fibrogenesis. 

Therapy for HCC has been challenging and sorafenib 
had been the only chemotherapeutic to demonstrate a 
survival benefit in the past fifty years. IFN has antineoplastic 
properties that are partly mediated through inhibition 
of angiogenesis and promoting tumor cell apoptosis. In 
mice models of HCC IFN-alpha decreases serum vascular 
endothelial growth factor and microvessel density which is 
associated with a significantly lower rate of lung metastases 

and recurrent HCC after resection, P<0.05 (68). IFN 
may inhibit tumorogenesis through anti-angiogenesis by 
downregulating vascular endothelial growth factor. A mouse 
model of HCC demonstrates that animals administered 
IFN-alpha 2b had decreased gene expression of vascular 
endothelial growth factor and cyclooxygenase-2 (69). 
Apoptosis was greater in the tumor cells of mice treated 
with IFN compared to controls (P<0.01). Thus, IFN not 
only inhibited tumor growth through anti-angiogenesis, 
but also through increased apoptosis in tumor cells. Other 
studies in tumor cell lines demonstrate the apoptotic effects 
of IFN alpha and 5-fluorouracil are mediated partly through 
the Fas/FasL pathway (70).

In summary, animal studies and studies in tumor cell 
lines demonstrate antineoplastic effects of IFN on HCC 
through multiple mechanisms. These effects are mediated 
through inhibiting fibrosis production, hepatic stellate cell 
activation, inhibition of tumor angiogenesis and promoting 
tumor apoptosis.

HCC in patients treated with IFN based therapy

The risk of HCC in HCV patients who achieve SVR 
is markedly reduced, but patients remain at risk for 
HCC, especially patients who have bridging fibrosis or  
cirrhosis (71). Although eradication of HCV virus in the 
serum 12 weeks after therapy is terminated serves as a 
surrogate to eradicating virus in the liver, studies have 
shown that HCV RNA persists in the liver and peripheral 
blood mononuclear cells in some sustained viral responder 
(72,73). A study in nine sustained viral responders found 
that peripheral blood mononuclear cells from three of these 
individuals elicited productive infection in vitro (72). The 
association of persistent viral RNA in peripheral blood 
mononuclear cells or in the liver and the risk of HCC is 
unknown. 

Studies demonstrate that the risk of HCC in individuals 
who achieve virologic cure is reduced compared to non-
responders (74-78). In a multicenter retrospective study 
of 479 HCV patients treated with IFN or PEG-IFN with 
or without ribavirin, 142 (29.6%) subjects had a sustained 
response (74). The HR for HCC in sustained responders 
was 0.46 (95% CI, 0.12–1.70), P=0.25 compared to those 
who did not have a sustained response. All the patients in 
the study had bridging fibrosis or cirrhosis and the median 
follow up was 2.1 years. An analysis of 1,124 HCV patients 
reported that 3.5% of patients with virologic cure developed 
HCC after a median follow up of 5.8 years (75). The 
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patients with virologic cure who developed HCC were more 
likely to be male, older, and have more advanced fibrosis 
compared to patients with a SVR who did not develop 
HCC. Three of the 13 patients with virologic cure who 
developed HCC had mild fibrosis. There was no significant 
difference in the rate of HCC in the partial response group 
compared to the non-responders. In an analysis of 1,191 
HCV patients treated with IFN and 452 untreated patients 
estimates of HCC rates after 5 and 10 years of treatment 
with IFN were 2.1% and 7.6% compared to 4.8% and 
12.4% without treatment (76). The risk of HCC was lowest 
in patients with normal ALT values with or without HCV-
RNA clearance, HR =0.32, P=0.012. A meta-analysis of 
11 studies involving 2,178 patients found that HCC was 
3.7 times more common in non-responders compared 
to sustained viral responders, Odds ratio =3.7 (95% CI, 
1.7–7.8) (71). Even in patients who did not achieve an SVR 
there seems to be a benefit from IFN because the risk of 
HCC in untreated patients was 2.7-fold higher. Thus, 
HCC occurs in HCV infected patients who have achieved 
virologic cure, but almost all of these patients had bridging 
fibrosis and cirrhosis. Compared to patients treated with 
IFN versus those never treated, odds ratio =2.7 (95% CI, 
1.9–3.9). Thus, patients with SVR and bridging fibrosis 
or cirrhosis may warrant ongoing surveillance for HCC, 
particularly older patients, male patients, and patients with 
elevated ALT.

Among patients who develop HCC after virologic cure, 
HCV RNA can be found in hepatic tissue (79). Microscopic 
pathologic features of HCC are similar between patients 
who have achieved virologic cure and non-responders. At 
the molecular level, however, alterations in mitochondrial 
DNA and methylation status are less frequent in HCC’s 
from those with virologic cure than HCC’s from patients 
with chronic HCV (73). The implications of these 
differences in molecular alterations in HCC’s from those 
cured and chronic HCV patients are unknown.

HCC and IFN maintenance therapy

Because IFN has anti-fibrotic and anti-carcinogenic 
properties the use of IFN as maintenance therapy in patients 
who were non-responders to prior treatment provided the 
rationale for several clinical trials. In a randomized trial 
of 53 patients Shiffman et al. found that maintenance IFN 
therapy with 3 MU three times a week reduced fibrosis 
stage with a decrease in stage from 2.5 at baseline to 1.7 
after 30 months of therapy compared to essentially no 

change in fibrosis score in the group that stopped IFN (80). 
The study was not designed to detect significant differences 
in rates of HCC between the groups. In a clinical trial that 
included 90 patients randomized to IFN-alpha 6 million 
units for 12 to 24 weeks or symptomatic treatment (control 
group), followed for 2 to 7 years, 2 (4%) patients in the IFN 
group and 17 (38%) patients in the control group developed 
HCC, P=0.002 (81). Data from these studies provided 
rationale to consider prescribing IFN maintenance therapy 
in HCV patients with advanced fibrosis who were non-
responders.

The HCV Antiviral Long-Term Treatment against 
Cirrhosis (HALT-C) trial was designed to determine if 
long term treatment with PEG-IFN reduces progression 
of liver disease as indicated by death, HCC, hepatic 
decompensation or progression to cirrhosis in patients with 
bridging fibrosis (82). A total of 1,050 patients with bridging 
fibrosis or cirrhosis who had not had a response to previous 
therapy with PEG-IFN and ribavirin were randomized 
to 90 micrograms per week of subcutaneous PEG-IFN 
alpha-2a or no treatment. More than 90% of patients were 
genotype 1 and the average age was 50 years old in each 
group. At 3.5 years after randomization 12 patients in the 
PEG-IFN group and 15 patients in the control group 
developed HCC, P=ns. There were no differences in HCC 
rates when results were stratified by the presence or absence 
of cirrhosis. A subsequent analysis from HALT-C on the 
effect of PEG-IFN maintenance therapy on HCC in HCV 
patients with bridging fibrosis or cirrhosis was conducted 
in 1,005 patients reported the annual incidence for HCC 
was 1.1% in the cohort (83). During a median follow up of  
4.5 years the cumulative 5-year incidence of HCC 
for treated patients and controls was 5.4% and 5.0%, 
respectively, P=0.78. The cumulative 5-year incidence was 
higher among patients with cirrhosis than with bridging 
fibrosis, 7.0% and 4.1%, respectively, P=0.08. The rate 
of HCC in patients without cirrhosis was unexpected. 
Significant predictors for developing HCC were older 
age, Black race, esophageal varices, low platelet count, and 
history of ever smoking. 

Smaller studies suggest certain groups of patients may 
benefit from maintenance therapy. A study of 125 patients 
60 years of age and older with chronic HCV treated with 
IFN alpha 3 million units two to three times a week for a 
mean of 2.5 years compared rates of HCC to 240 patients 
treated with herbal medicines (84). The 5-year cumulative 
rates of HCC in the IFN group and herbal group were 5.9% 
and 13.7%, respectively. The authors suggest that older 
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patients with advanced fibrosis may benefit from prolonged 
IFN therapy. It is interesting to note that in individuals 
with HCV who receive IFN therapy AFP levels decline 
regardless of virologic response (85). AFP levels may 
decrease by 57% in patients treated with IFN.

IFN as a chemotherapeutic agent for HCC

IFN-alpha is prescribed as a chemotherapeutic agent for 
the treatment of malignant melanoma and hematologic 
malignancies such as hairy cell leukemia. There have been 
trials of IFN for treating patients with HCC, but many 
studies have included patients with predominantly HBV 
(86,87). The largest randomized clinical trial of HCV 
patients with HCC treated with IFN did not demonstrate 
a benefit with therapy (88). In this trial 58 patients were 
randomized to 3 MU of IFN alpha-2b three times a week 
for one year or symptomatic treatment. Partial tumor 
response, and tumor progression were not significantly 
different between the two groups. Overall survival in 
the IFN group and control group were 58% and 38%, 
respectively, P=0.19. The study may not have shown 
significant benefit because the sample size may have been 
too small as it was powered to detect a 30% improvement 
in overall survival. Also, patients in this trial had advanced 
HCC and it may be that IFN may benefit patients with 
earlier stage disease. IFN therapy was poorly tolerated with 
48% of patients discontinuing treatment. Based on these 
data, IFN cannot be recommended for treatment of HCC 
outside of a clinical trial.

IFN after liver resection or ablation to prevent or treat 
recurrent HCC

IFN has been studied as adjuvant therapy after liver 
resection or ablation of HCC in HCV infected cirrhotics 
because of its anti-carcinogenic properties (89-95). Among 
209 patients with HCV who underwent curative resection 
for HCC, 70 patients underwent IFN therapy (89). 
Three-year tumor free survival rates were higher among  
40 patients who achieved virologic cure or a biochemical 
response compared to the untreated group, 71% vs. 46%, 
P<0.001. Patients with a single tumor derived the most 
benefit from IFN therapy. In a randomized clinical trial, 
150 HCV patients with HCC, of whom 80 were HBV core 
antibody negative and 70 were core antibody positive, were 
randomized within 6 weeks after liver resection to IFN 
administered 3 MU three times a week for 48 weeks or an 

untreated control group (90). In the overall study group, 
there were no significant differences in HCC recurrence 
rates between the treated and control group after liver 
resection. The subgroup of patients who derived a benefit 
from post-resection treatment with IFN were those HCV 
patients who were HBV core antibody negative; the risk 
of HCC recurrence 2 years or later after resection was 
reduced by 70%, HR =0.3 (95% CI, 0.09–0.9), P=0.048. 
Patients with HCV who have had prior HBV infection 
may be at increased risk for HCC compared to patients 
with HCV who have not had HBV because HBV may 
promote carcinogenesis through mechanisms independent 
of HCV virus. Patients with single HCC’s less than 3 cm 
without vascular invasion treated with IFN were less likely 
to develop recurrent HCC compared to the control group, 
HR =0.4 (95% CI, 0.19–0.89), P=0.02. Investigators tested 
the efficacy of IFN-alpha in combination with 5-fluouracil 
in 30 patients with advanced HCC and tumor thrombi 
in the main portal vein after resection (91). Patients 
received subcutaneous IFN-alpha 5 MU three times a 
week postoperatively for a total dose of 60 MU. 5-FU at a 
dose of 300 mg/m2 was administered through the proper 
hepatic artery during the first and second postoperative 
week. The primary outcome was a complete response 
defined as normalization of tumor marker levels and 
disappearance of all tumors and portal vein thrombosis on 
CT or MRI. A partial response was defined as a decrease in 
tumor marker levels and a decrease in tumor size between 
50–99% of the original size. The average tumor size 
was 16 mm. Six (20%) patients had a complete response,  
4 (13%) patients had a partial response and 19 (63%) patients 
had progressive disease. The median overall survival was  
9.5 months and 3-year survival rate was 21%. The median 
survival in patients with a complete or partial response and 
patients with disease progression or no changes was 29 
and 6 months, respectively. The median overall survival 
for patients whose tumors stained IFN type 2 receptor 
(IFNAR2)-positive and IFNAR2-negative were 16 and 
5.5 months respectively, P<0.0025. Although this study 
has several limitations, including lack of a control group 
and the authors did not provide the underlying etiology of 
liver disease it provides several ideas for future studies. The 
identification of IFNAR2 as a potential prognostic indicator 
of therapeutic efficacy of IFN is an interesting finding that 
should be explored in future studies. Others have evaluated 
IFN in combination with traditional chemotherapies after 
liver resection. Eighty-six patients with HCC and tumor 
thrombi in the main portal vein or branches were divided 
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into two groups who underwent resection (92). One group 
received 5-FU, adriamycin, cisplatin, and IFN-alpha after 
resection and thrombectomy while the second group 
underwent resection and thrombectomy only. Median 
tumor free survival and overall survival in the group that 
received chemotherapy and the group that underwent 
resection only were 5.1 vs. 2.5 months, respectively, 
P=0.017 and 11.5 and 6.2 months, respectively, P=0.007. In 
multivariate analysis chemotherapy along with pathologic 
grading and tumor size were independent prognostic factors 
of tumor free survival.

The results of a meta-analysis demonstrated that IFN 
therapy appears to be effective after curative treatment for 
HCC in HCV patients because of improved survival and 
lower recurrence rates (96). However, the authors caution 
the routine use of IFN cannot be advocated based upon 
the available evidence because the studies included in the 
analysis were heterogeneous and in some cases benefits 
of IFN were only demonstrated in subgroup analyses. 
Some studies have included patients with early HCC while 
others have evaluated it in patients with more advanced 
cancer. Another difference among studies is some studies 
have included patients with HCV while other studies 
have included patients with HBV or both HBV and HCV. 
Patients with HBV and HCC in may not be comparable to 
patients with HCV and HCC because patients with HBV 
may develop HCC in the absence of advanced fibrosis 
and thus more likely to be resection candidates. Studies 
have compared IFN alone or in combination with other 
chemotherapeutic agents. A reasonable approach is to 
consider PEG-IFN with ribavirin after resection or ablation 
in patients who can tolerate therapy and who do not have 
decompensated cirrhosis with the goal of achieving virologic 
cure. The data do not support the routine use of IFN after 
resection or ablation in HCV patients with HCC.

Direct acting agents (DAA) for HCV and HCC

Use of IFN-free DAA for the treatment of HCV has been 
quite a revolution for the field of hepatology and virology. 
Traditional cure rates have risen from ~50% range to well 
above 90% in most groups of patients. Long term data is not 
yet available as to the impact of these newer agents and the 
incidence of HCC. It has been recognized that liver related 
complications such as hepatic encephalopathy and variceal 
hemorrhage are reduced and there is an improvement in 
hepatic function as demonstrated by the reduction in the 
Model for End-Stage Liver Disease (MELD) score (97).  

A retrospective study from Japan recently reported that HCV 
genotype 1b infected patients that were cured by DAA as 
compared to those cured by IFN had similar rates of HCC 
development after cure (98). This study compared 77 DAA 
treated patients with a historical database of 528 patients. 

Recent reports have emerged demonstrating increased 
aggressiveness and rates of HCC recurrence in patients 
with cured HCV after achieving a complete response to 
resection or local ablation. Reig et al. reported from a 
multicenter cohort in Spain that HCC recurrence rates 
were calculated to be higher as compared to the placebo 
arm of the international STORM study (99). In this 
retrospective analysis, 103 subjects were treated with 
DAA, and 58 met criteria for inclusion. After a median of 
5.7 months 16 subjects developed HCC recurrence in the 
following pattern: intrahepatic growth [3], new intrahepatic 
lesion (1 nodule in 5 subjects, up to 3 nodules less than or 
equal to 3 cm in 4 subjects, and 1 with multifocal disease). 
HCC treatment was with local ablation or resection. In a 
different study, Italian authors report an unusually high 
occurrence of HCC in patients with HCV related cirrhosis 
cured by DAA, again in a retrospective study (100). HCC 
was detected in 26 patients: 17 patients with previously 
treated HCC and 9 patients with no history of HCC. HCC 
recurrence rates were compared to historical data from the 
same institution. 

Microenvironment and viral induced inflammation 
both play a key role in in chronic liver injury and tumor 
initiation (101). It has been well recognized that the 
immune system has an anti-tumor function. There is a 
complex and delicate equilibrium between a pro-tumor 
and anti-tumor function of the immune system. It has 
been proposed that HCV treatment with DAA modifies 
natural killer function and expression of IFN response 
(102,103). With the initiation of DAA, there is rapid decline 
in the burden of HCV RNA, and possibly dysregulation 
of the anti-tumor response. Additionally, there may be a 
disturbance of immune surveillance with this rapid viral 
clearance. Again, these postulations need further validation. 
Furthermore, many more patients with decompensated liver 
disease (Childs B and C cirrhosis) who were never previously 
candidates for HCV treatment are now being treated with 
DAA; these patients carry an incrementally higher risk 
of HCC vs. compensated patients. Conversely, a French 
collaborative group reported no evidence for increased risk 
of HCC who achieved SVR (104). This included patients 
that had evidence of hepatic decompensation and some that 
underwent liver transplantation. 
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Conclusions

Chronic HBV and HCV are both associated with the 
development of HCC, although through different 
mechanisms. Treatment of chronic HBV with oral antiviral 
therapy results in lower rates of HCC. The risk of HCC 
is substantially reduced in patients with chronic HCV 
who achieve virologic cure, but the risk is not completely 
eliminated and patients with advanced cirrhosis should 
continue surveillance for HCC. More studies are needed 
to elucidate the effect that DAA have on HCC. Certainly, 
patients who are otherwise treatment candidates should be 
considered for antiviral therapy with the goal of achieving 
virologic cure. 
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