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Abstract

Direct-acting antivirals (DAAs) have dramatically changed 
the landscape of chronic hepatitis C virus (HCV) treatment 
and significantly reduced the risk of HCV-related hepatocel-
lular carcinoma (HCC) after achieving sustained virologic 
response. However, the risk of HCC persists, particularly in 
patients with pre-treatment cirrhosis or fibrosis stage 3 (F3), 
even after DAA-induced viral eradication. While professional 
guidelines agree on the need for surveillance in cirrhotic pa-
tients, there is no consensus regarding surveillance for the 
pre-treatment F3 population following HCV eradication. The 
risk of HCC in the F3 population falls below the threshold 
for cost-effective surveillance. However, co-existing risk fac-
tors—such as diabetes, hepatic steatosis, alcohol use, ad-
vanced age, and elevated alpha-fetoprotein levels—may 
warrant reconsideration of HCC surveillance in this group. 
This underscores the need for an individualized, risk-based 
approach to HCC surveillance. This review provided a simpli-
fied algorithm to assist clinicians in managing patients with 
HCV after DAA-induced sustained virologic response.
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Introduction
The World Health Organization declared that chronic hepati-
tis C virus (HCV) infection affected an estimated 58 million 
individuals globally in 2022. Each year, approximately 1.5 
million new cases and 300,000 deaths are attributed to the 
disease. Alarmingly, only 21% of those infected have been 
diagnosed, and just 13% have received treatment, highlight-
ing the urgent need for effective HCV elimination strategies.1 

In June 2016, the World Health Organization introduced its 
inaugural global health sector strategy, which outlines objec-
tives for HCV, including a 90% reduction in both incidence 
and prevalence, treatment of 80% of individuals eligible for 
chronic infection therapy, a 65% reduction in deaths caused 
by HCV, and ensuring universal access to essential preven-
tion and treatment services by 2030.2,3

Chronic infection with HCV often results in necro-inflam-
mation and fibrosis. Around 65–85% of individuals acutely 
infected with HCV develop chronic hepatitis.2 Initial clinic-
based estimates overstated the prevalence of cirrhosis, while 
community studies show it affects 5–10% of individuals after 
20 years of HCV infection.2

The Global Burden of Disease estimated 534,000 new cas-
es of primary liver cancer in 2019 and determined that 28.5% 
of liver cancer incidence is attributable to HCV.1,4 Primary 
liver cancer ranks as the third leading cause of cancer-relat-
ed mortality worldwide. New cases are projected to increase 
from 0.9 million in 2020 to 1.4 million by 2040. Hepatocel-
lular carcinoma (HCC) constitutes approximately 80% of all 
primary liver cancers, with HCV serving as a major driver of 
HCC globally.5 The yearly occurrence of HCC in individuals 
with HCV-related chronic hepatitis is approximately 1–4%, 
rising to 3–8% in patients with cirrhosis caused by HCV.6,7

The introduction of direct-acting antiviral (DAA) therapy 
has transformed HCV management and advanced progress 
toward its elimination. DAA therapy achieves sustained vi-
rologic response (SVR) in over 95% of treated individuals.3 
Studies have demonstrated that achieving SVR through DAA 
therapy can lead to a roughly 70% reduction in the risk of 
HCC in individuals with chronic HCV infection, regardless of 
cirrhosis status.8,9 This protective effect becomes apparent 
within three to six months following viral eradication and 
continues to increase over time.5,9

Despite the reduction in HCC risk after HCV eradication, 
the risk persists in the pre-treatment bridging fibrosis or cir-
rhosis population.10 This review provides an updated per-
spective on HCC after HCV eradication, focusing on risk fac-
tors, pathogenesis, and surveillance approaches in the DAA 
era.

DAA impact on HCC: Turning the tide on risk reduc-
tion
Multiple studies have approved that interferon (IFN)-based 
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therapy-induced SVR can significantly reduce the risk of HCC 
occurrence compared with non-SVR patients.11,12 However, 
two small-scale cohorts conducted during the early DAA era 
in 2016 observed an unusually high incidence of de novo HCC 
after DAA-induced viral eradication (3.16% among cirrhosis 
patients without prior HCC during 24 weeks of follow-up) 
and a high recurrence rate of HCC (27.6% among cirrhosis 
patients with a prior history of HCC). These studies raised 
concerns about whether DAA treatment might contribute 
to HCC development or at least be less effective than IFN-
based therapy in reducing HCC risk after achieving SVR.13,14 
Later, multiple large-scale cohorts with extended follow-up 
periods after SVR confirmed that early HCC recurrence rates 
do not differ significantly between patients treated with IFN 
therapy and those who received DAA therapy. Ioannou et 
al. conducted a cohort study that included 62,354 Veterans 
Affairs (VA) patients. The patients were divided into those 
receiving IFN-only (35,871 patients), DAA + IFN (4,535 pa-
tients), and DAA-only regimens (21,948 patients). Over an 
average follow-up of 6.1 years, the study suggested that 
achieving SVR significantly reduced HCC risk, regardless of 
the treatment regimen. Patients who attained SVR experi-
enced a 71% reduction in HCC risk compared to those with 
treatment failure. Notably, the risk reduction was consist-
ent across treatment types, with an adjusted hazard ratio 
(HR) of 0.29 (95% CI 0.23–0.37) for DAA-only regimens, 
0.48 (95% CI 0.32–0.73) for DAA + IFN, and 0.32 (95% CI 
0.28–0.37) for IFN-only regimens. SVR is the key determi-
nant of reducing HCC risk, rather than the type of antiviral 
therapy used. There was no evidence that DAA therapy in-
creased the risk of HCC compared to IFN-based therapy.15 Li 
et al. used data from 17,836 HCV-infected VA patients and 
demonstrated no significant difference in HCC risk between 
DAA- and IFN-treated patients, with an HR of 1.07 (95% 
CI, 0.55–2.08). In cirrhotic patients who achieved SVR, the 
HCC incidence rate was comparable between the DAA and 
IFN groups (2.12 vs. 2.28 per 100 person-years), and there 
was no significant difference in HCC-free survival. However, 
untreated cirrhotic patients had a much higher HCC incidence 
rate (4.53 per 100 person-years) than those treated with ei-
ther DAAs or IFN. Previously reported higher HCC rates with 
DAAs may have been influenced by selection bias, as DAAs 
were often used in patients with greater baseline risk factors 
for HCC.16 A similar conclusion was reached by Lee et al. In 
their retrospective cohort study, they included 603 patients 
treated with PegIFN and 479 patients treated with DAAs. The 
DAA group consisted of older patients with a higher propor-
tion of individuals with cirrhosis. Initial observations showed 
a higher incidence of HCC in the DAA group compared to the 
PegIFN group. However, after adjusting for baseline differ-
ences through multivariate analysis, there was no significant 
association between treatment regimen and HCC risk. These 
findings were further supported by propensity score match-
ing, which confirmed similar HCC risks between the PegIFN 
and DAA groups.17

Multiple meta-analyses also support that DAA therapy has 
a comparable effect to IFN in reducing HCC risk. Huang et al. 
included 20 cohorts encompassing 61,334 chronic HCV pa-
tients and found no significant difference in HCC risk between 
DAA- and IFN-treated patients. Both treatments effectively 
reduced HCC occurrence and recurrence rates, provided SVR 
was achieved. The analysis concluded that achieving SVR, 
regardless of treatment regimen, is key to reducing HCC risk, 
and there is no evidence to support the hypothesis that DAA 
therapy increases the risk of HCC compared to IFN thera-
py.18 Saraiya et al. reached a similar conclusion in popula-
tions with a history of HCC. Their meta-analysis included 24 

studies with a total of 1,820 chronic HCV patients with a 
history of HCC. Nine of the 24 studies compared DAA-treated 
and IFN-treated or untreated patients. They suggested that 
HCC recurrence rates after DAA therapy were comparable to 
IFN, especially if DAA treatment was delayed for at least six 
months following a complete response to HCC.19

Furthermore, Signer et al. conducted a large population-
based analysis including 30,183 adult HCV patients who re-
ceived DAAs and concluded that, compared to IFN-based 
treatment, DAA therapy demonstrated an even greater re-
duction in liver cancer risk, with a 31% lower risk (HR: 0.69, 
95% CI: 0.59–0.81).20 Whether DAA therapy offers superior 
efficacy over IFN in reducing HCC risk remains controversial. 
However, current high-quality evidence indicates that DAA 
therapy is not inferior to IFN in suppressing HCC risk among 
HCV patients. As additional studies are conducted, the long-
term benefits of DAA treatment are expected to become in-
creasingly evident.

Decoding the pathogenesis of HCC after HCV eradi-
cation: Genetic and epigenetic alterations
As discussed previously, HCV eradication reduces but does 
not eliminate the risk of HCC. Virus eradication may abort or 
mitigate some pro-carcinogenesis processes, including: (1) 
Immune-mediated production of reactive oxygen species and 
pro-inflammatory cytokines, leading to genomic instability 
and oncogenic transformations. (2) HCV proteins, including 
core and NS5A, disrupting hepatocyte proliferation, differ-
entiation, apoptosis, and neovascularization (3) Endoplasmic 
reticulum stress caused by HCV replication.5,21–24 However, 
tumorigenesis persists after virus eradication, likely due to 
the latent accumulation of genetic mutations.25 The genetic 
and epigenetic modifications accumulated during chronic 
HCV infection underscore the mechanisms driving hepato-
carcinogenesis after HCV eradication.6

One prominent genetic alteration observed in HCC is as-
sociated with the telomerase reverse transcriptase gene, 
including promoter mutations and chromosomal rearrange-
ments. Additionally, mutations are frequently identified in 
genes linked to oxidative stress responses, cell cycle regu-
lation, chromatin remodeling, and liver differentiation pro-
cesses. These alterations involve critical molecular pathways, 
including Wnt/beta-catenin, p53, PI3K/Akt/mTOR, RAS/RAF/
MAPK signaling cascades, and TGF signaling pathways.6,26,27

HCV infection also induces epigenetic changes in hepato-
cytes, which can contribute to the development of HCC even 
after achieving SVR. A study by Hamdane et al. revealed that 
histone modifications induced by HCV, particularly changes in 
H3K27ac, persist in the human liver following viral eradica-
tion with DAAs. Using genome-wide ChIP-seq and RNA-seq 
analyses of liver tissues, they identified the upregulation of 
SPHK1 as a critical alteration linked to an elevated risk of 
HCC post-SVR.28 A comprehensive transcriptomic analysis of 
post-SVR liver tissues showed that certain pro-carcinogen-
esis pathways, involving cell proliferation, adhesion, cycle 
regulation, and inflammation, remain upregulated despite 
viral eradication and fail to return to baseline.29

Chronic HCV infection and its associated inflammation 
led to a gradual, multi-step accumulation of genetic and 
epigenetic alterations, contributing to hepatocarcinogene-
sis. While achieving SVR through DAA therapy halts inflam-
mation and fibrosis progression and reduces carcinogenic 
risk, accumulated genetic and epigenetic changes prior to 
viral eradication may remain imprinted in the liver. These 
alterations can drive abnormal cell proliferation, impaired 
apoptosis, and disrupted intracellular signaling, forming the 
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molecular foundation for HCC development post-HCV eradi-
cation (Fig. 1).6

Risk factors for HCC after HCV eradication
Research indicates that DAA regimens improve fibrosis 
scores in 61.9% of patients within 12 weeks, regardless of 
clinical or virological factors.30 However, the correlation be-
tween pre-treatment bridging fibrosis, liver cirrhosis, and an 
increased risk of HCC in HCV patients is well-established.10 
A cohort of 572 patients who achieved SVR with a medi-
an follow-up of 2.8 years identified key predictors of HCC 
risk, including albumin levels (<4.4 g/dL) and liver stiffness 
measurement (LSM) (≥10 kPa) at follow-up. Patients with 

LSM ≥20 kPa or LSM 10–20 kPa with low albumin levels 
were at the highest risk of HCC, with an HCC incidence of 
≥1.9 per 100 patient-years.31 Liver fibrosis serologic mark-
ers, such as the fibrosis-4 index (FIB-4), have proven valu-
able in predicting HCC occurrence following the achieve-
ment of SVR through DAA therapy. A cohort of 48,135 HCV 
patients suggested that pre-SVR FIB-4 scores ≥ 3.25 were 
significantly associated with a higher annual HCC incidence 
(3.66 per 100 patient-years) compared to those with FIB-4 
scores <3.25 (1.16 per 100 patient-years) during an aver-
age follow-up of 5.4 years.32

Not only does the pre-treatment fibrosis stage matter, but 
a lack of fibrosis regression after viral eradication could also 
be a predictor of HCC risk. Ravaioli et al. investigated the role 

Fig. 1.  Pathogenesis of HCC development in HCV patients who achieve SVR by DAA. DAA eradicates the HCV virus and the associated inflammatory process, 
halting further liver fibrosis progression or decompensation. However, the latent accumulation of genetic and epigenetic aberrations persists and eventually leads to HCC 
development, even after HCV eradication. HCC, hepatocellular carcinoma; SVR, sustained virologic response; DAA, direct-acting antiviral agent; HCV, hepatitis C virus.



Journal of Clinical and Translational Hepatology 20244

Xie C. et al: HCC risk and surveillance post-HCV cure

of LSM changes as a predictor of HCC development among 
139 HCV-related cirrhotic patients after HCV cure. During a 
median follow-up of 15 months, the significant reduction in 
LSM was lower in the patients who developed HCC than in 
those who did not (18.0% reduction vs. 28.9% reduction, 
p = 0.005). Further multivariate analysis indicated that (1) 
LSM reduction of less than 30%, (2) Child-Turcotte-Pugh-B, 
and (3) A prior history of HCC were independently associated 
with an increased risk of HCC.33

Liver steatosis (LS) is a common histological presentation 
during chronic HCV, and the presence of LS is associated 
with fibrosis progression.34 Furthermore, in a recent study, 
LS significantly increased the risk of HCC, independent of 
the fibrosis stage, in patients who achieved SVR with DAA. 
Peleg et al. conducted a cohort study that included 515 
chronic HCV patients with a mean follow-up of 24 months. 
Those with LS had a 7.5-fold higher risk of combined mor-
tality and HCC compared to those without LS, even after 
adjusting for metabolic syndrome components. There was 
no difference in the prevalence of advanced fibrosis or cir-
rhosis. This study highlighted LS as a critical predictor of 
HCC risk and suggested rigorous screening for patients with 
LS after SVR.35

Pre-existing diabetes mellitus (DM) is another risk factor 
for HCC after HCV cure. Hyperinsulinemia and insulin-de-
pendent signaling pathways may play a role in the develop-
ment and progression of HCC. Additionally, insulin resist-
ance has been shown to accelerate fibrosis progression in 
patients with HCV infection.36,37 Among patients without a 
cirrhosis diagnosis, those with DM were associated with an 
approximately twofold higher risk of developing HCC than 
counterparts without DM. However, the DM-associated HCC 
risk was not statistically significant among cirrhotic pa-
tients.38 Degasperi et al. studied 565 patients with cirrhosis 
who received DAAs to achieve SVR. Among patients without 
a prior history of HCC, DM was independently associated 
with an increased risk of developing de novo HCC, with an 
HR of 2.52. Similarly, among patients with a prior history 
of HCC, DM was associated with a higher recurrence rate, 
with an HR of 4.12.39 These findings suggest that DM is a 
key risk factor for HCC in the HCV-cured population and un-
derscore the need for close monitoring of patients with DM 
following DAA therapy.

Alcohol consumption is an independent risk factor for HCC 
and can synergistically interact with other factors, such as 
viral hepatitis and diabetes, to further elevate HCC risk. Its 
carcinogenic effects may be mediated through several mech-
anisms, including acetaldehyde’s mutagenic impact and re-
active oxygen species generation due to excessive hepatic 
iron accumulation. Additionally, alcohol has been shown to 
enhance hepatitis C virus-related liver tumorigenesis via Toll-
like receptor 4 signaling pathways.40 Among patients with 
DAA-induced SVR, HCC annual incidence was significantly 
higher among patients with alcohol use (1.01 per 100 pa-
tient-years) compared with those without alcohol use (0.72 
per 100 patient-years).38 Another cohort study also reported 
that excessive drinking (≥60 g/day) after HCV cure is an 
independent risk factor for HCC development.41

Sangiovanni et al. conducted a large-scale multicenter 
prospective study that indicated cirrhosis patients with a pre-
vious history of HCC recurrence have a significantly higher 
rate of HCC incidence (HR 2.87; 95% CI 1.35–6.09; p = 
0.02). This suggests that a history of HCC recurrence is also 
a predictor of HCC risk after HCV cure.42

A study conducted in Japan, including 1,088 HCV-infected 
patients, suggested that advanced age (greater than 75) and 
post-treatment alpha-fetoprotein (AFP) values (above 6 ng/

mL) were two independent predictors associated with an in-
creased risk of HCC after DAA-induced SVR.43

HCC surveillance after SVR
Despite the remarkable reduction in HCC risk following DAA-
induced SVR, as mentioned above,8 cirrhosis remains at high 
risk for HCC, with a yearly incidence as high as 2.12 per 100 
person-years.16 The role of AFP in HCC surveillance has been 
debated due to its low specificity, particularly in viremic pa-
tients, where active hepatitis can confound results at lower 
AFP thresholds (12–20 ng/mL). However, AFP’s diagnostic 
accuracy improves significantly after achieving viral eradi-
cation, and higher AFP levels are associated with HCC risk 
at baseline and during follow-up in HCV-cured patients.10 A 
recent cost-effectiveness study indicated that combining ul-
trasound (US) with AFP is the most cost-effective strategy for 
HCC surveillance, offering greater benefits compared to the 
US-alone strategy or no surveillance in patients with com-
pensated cirrhosis.44 However, the US has limited accuracy 
in some populations, such as obese patients. Thus, other 
enhanced detection modalities, such as CT and MRI, should 
be considered as alternatives. The availability of resources 
and costs require careful assessment, and CT or MRI should 
be prioritized for patients at relatively high risk of HCC inci-
dence.45–47

The pre-treatment fibrosis stage should favorably con-
sider non-invasive tests (NITs) instead of liver biopsy, such 
as LSM by vibration-controlled transient elastography and 
blood-based scores like the FIB-4 and AST to platelet ratio 
index. A combination of NITs could improve the accuracy of 
fibrosis assessment. In cases of interpretation discrepancies 
between NITs, alternative assessment modalities such as US, 
upper endoscopy, or liver biopsy could be considered.10 Pro-
fessional guidelines agree that patients with pre-treatment 
cirrhosis should undergo regular HCC surveillance after 
achieving SVR, typically with ultrasound every six months, 
with or without AFP testing. This recommendation reflects the 
persistent and significant risk of HCC even after viral eradica-
tion. However, there is no consensus for patients with pre-
treatment bridging fibrosis (F3) or earlier stages of fibrosis 
(F0–F2), as their risk of HCC is relatively lower, balancing the 
clinical benefit and cost-effectiveness.10,48,49 The American 
Association for the Study of Liver Diseases (AASLD) has the 
most conservative recommendation regarding HCC surveil-
lance. Lifelong routine semi-annual HCC surveillance is only 
recommended for HCV patients with cirrhosis, and routine 
surveillance is not recommended for HCV patients without 
cirrhosis, including F3.49 The European Association for the 
Study of the Liver (EASL) offered relatively aggressive rec-
ommendations, suggesting lifelong routine semi-annual HCC 
surveillance for patients with pre-SVR fibrosis stage F3 and 
F4/cirrhosis who achieve SVR with DAA therapy.10 The Asian 
Pacific Association for the Study of the Liver (APASL) offered 
the most aggressive recommendations on HCC surveillance. 
It concurred with EASL on lifelong routine semi-annual sur-
veillance for F3/F4, but also suggested semi-annual surveil-
lance in the first two years after achieving SVR for those with 
pre-SVR fibrosis F0-2, followed by annual screening thereaf-
ter. If SVR patients have other comorbidities, such as alco-
hol abuse and/or diabetes mellitus, regular HCC surveillance 
should be conducted.48 Another hepatology organization, 
the International Liver Cancer Association, did not specify 
an HCC surveillance recommendation and suggested that 
surveillance policies should consider target populations and 
resource availability, tailored by each local health authority. 
Individuals with cirrhosis or stage 3 fibrosis should undergo 
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HCC risk assessment, with surveillance methods adapted to 
local resources.50

Table 1 highlights the similarities and differences in pro-
fessional guidelines for HCC surveillance following SVR. 
These guidelines aim to refine HCC risk prediction after DAA 
treatment, allowing for more tailored surveillance.10,48,49 
This likely reflects the challenges of varying NIT accuracy in 
staging fibrosis in active HCV infection patients with intra-
hepatic inflammation. Additionally, the cost-effectiveness of 
HCC screening in certain populations, particularly those with 
lower risk, remains controversial.10

There is a lack of consensus on surveillance recommen-
dations for patients with F3 or those without cirrhosis, as 
well as debates about the optimal surveillance intervals and 
methods for HCC surveillance after HCV eradication. Achiev-
ing a balance between the benefits of routine screening and 
its potential costs and harms remains unclear after HCV 
eradication, and further studies are needed to refine surveil-
lance strategies. 22,51

Although some debate remains, it is generally accepted 
that an annual HCC risk exceeding 1.5% is the threshold for 
cost-effective surveillance.10,49 A meta-analysis conducted 
by Lockart et al., including 44 studies and 107,548 person-
years of follow-up, revealed that the incidence of HCC was 
significantly higher in patients with cirrhosis (2.1 per 100 
person-years) compared to those with F3 (0.5 per 100 per-
son-years) after SVR. This study justifies HCC surveillance 
for patients with cirrhosis despite the incidence decreas-
ing over time, particularly in younger individuals with com-
pensated cirrhosis. In contrast, the substantially lower risk 
observed in F3 patients falls below the threshold for cost-
effective surveillance. Thus, the results of this study do not 
support routine HCC screening for F3 patients who achieve 
SVR. For patients with cirrhosis, older age and a history 
of prior liver decompensation were associated with an in-
creased risk of HCC, while a longer duration of follow-up 
after HCV cure was linked to a lower incidence.52 A similar 
conclusion was drawn in another meta-analysis conducted 
by Kim et al., which included data from 31 studies involv-
ing 27,711 patients with cirrhosis and 11 studies involving 
32,123 patients without cirrhosis, including those with F3. 
The findings showed a significantly elevated HCC incidence 
in patients with cirrhosis (2.99 per 100 person-years), while 
the incidence was much lower in patients without cirrho-
sis (0.47 per 100 person-years) and those with F3 fibrosis 
(0.63 per 100 person-years). Notably, among patients with 
cirrhosis, HCC incidence was highest in studies with short-
er follow-up periods (6.17 per 100 person-years for less 
than one year) and gradually declined with longer follow-up 
times, reaching 1.83 per 100 person-years after three or 

more years. The study concludes that while HCC risk ap-
pears to decline over time following HCV cure, it remains 
high in patients with cirrhosis and above the thresholds for 
cost-effective HCC surveillance.53 This conclusion is consist-
ent with a recent VA cohort, where individuals with pre-
treatment cirrhosis or a pre-treatment FIB-4 score greater 
than 3.25 showed a gradual decline in yearly HCC inci-
dence over time, but the rate consistently stayed above the 
threshold recommended for surveillance even after seven 
years of follow-up after viral eradication.54 Similar to IFN-
based therapy, patients with pre-treatment cirrhosis or an 
FIB-4 score greater than 3.25 remain at high risk of HCC 
even after 10 years of SVR.32 In contrast, patients without 
cirrhosis, including those with F3 fibrosis, have significantly 
lower HCC incidence rates, falling below the thresholds for 
cost-effective HCC surveillance. The absence of study het-
erogeneity in the F3 fibrosis subgroup strengthens the evi-
dence that routine HCC screening may not be necessary for 
this population.53

Based on the meta-analysis studies above, patients with 
F3 have an annual HCC incidence of about 0.5–0.63 per 100 
person-years,52,53 far below the recommended cost-effec-
tive surveillance threshold. However, if F3 fibrosis patients 
have additional risk factors, such as diabetes, hepatic stea-
tosis, alcohol use, advanced age, or elevated AFP levels, 
they may face an increased risk of HCC even after achieving 
SVR. For these F3 fibrosis patients with relatively higher 
risk factors, annual HCC surveillance should be considered. 
A tailored approach, including ultrasound with or without 
AFP testing, should be considered to ensure timely detec-
tion based on individual risk profiles.51 Duration of surveil-
lance remains an ongoing debate, but there is limited data 
to make validated suggestions for the pre-treatment F3 
fibrosis population with SVR. The authors propose a sim-
plified algorithm for HCV patients who achieve SVR (Fig. 
2) to guide clinicians in real-world practices, reflecting the 
balance of surveillance benefits with its potential costs and 
risks, while emphasizing a personalized, risk-based strat-
egy. The authors suggest that based on the pre-treatment 
fibrosis stage, determined by NITs (preferred) or liver biop-
sy, universal HCC screening for F4 or cirrhosis patients with 
semi-annual US +/- AFP aligns with AASLD/EASL/APASL 
guidelines. The F3 population requires a personalized ap-
proach with a thorough discussion of the risks and benefits 
of HCC surveillance between providers and patients, espe-
cially for those with additional risk factors such as DM, LS, 
alcohol use, advanced age, and elevated AFP, who need to 
consider annual US+/- AFP. This approach balances current 
AASLD and EASL guidelines regarding HCC surveillance af-
ter HCV eradication. The authors do not recommend HCC 

Table 1.  Professional guidelines for HCC surveillance for HCV patients with SVR after DAA therapy10,48,49

Pre-treatment 
fibrosis stage AASLD EASL APASL

F4/cirrhosis Lifelong semi-annual screen* Lifelong semi-
annual screen ‡

Lifelong semi-annual screen ¥

F3 No recommended Lifelong semi-
annual screen ‡

Lifelong semi-annual screen ¥

F0-2 No recommended No recommended Semi-annual for the first two years and annual 
thereafter*. Regularly screen once other risk 
factors present, such as alcohol abuse and/or DM

*US±AFP, ‡ US, ¥ US with AFP, AFP-L3, and/or DCP. AASLD, American Association for the Study of Liver Diseases; EASL, European Association for the Study of Liver; 
APASL, Asian Pacific Association for the Study of Liver; HCC, hepatocellular carcinoma; SVR, sustained virologic response; DAA, direct-acting antiviral agent; HCV, hepa-
titis C virus; F0-F4, fibrosis stages 0 to 4; DM, diabetes mellitus; US, ultrasound; AFP, alpha-fetoprotein; AFP-L3, lens culinaris agglutinin-reactive alpha-fetoprotein 
isoform; DCP, des-γ-carboxy prothrombin.
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surveillance for F0-2 patients, aligning with the AASLD and 
EASL guidelines, which differs from the APASL guideline. 
Further studies are needed to refine and justify this tenta-
tive strategy.

Conclusions
The advent of DAAs has dramatically impacted chronic HCV 
management, significantly reducing the risk of HCC develop-
ment. However, in patients with cirrhosis who achieve HCV 
eradication, the risk of HCC remains high and exceeds the 
surveillance threshold, justifying lifetime HCC surveillance. 
For patients with pre-treatment stage 3 fibrosis, HCC surveil-
lance after viral eradication remains a topic of debate. Tai-
lored screening strategies that balance risk, cost, and benefit 
are essential for improving outcomes in this group. Further 
studies that carefully assess risk factors for HCC occurrence 
after HCV viral eradication are needed to optimize individual-
ized surveillance approaches.

Funding
Kentucky Medicaid (SUP26-C5531), NIH (P20 GM103436 
supplement), and NIAAA (U01 AA026980-06) to AKS.

Conflict of interest
AKS has been an Associate Editor of Journal of Clinical and 
Translational Hepatology since 2016. The other author has 
no conflict of interests related to this publication.

Author contributions
Writing of the manuscript (CX), and important intellectual 
input (AKS). All authors reviewed and approved the final ver-
sion.

References
[1]	 Younossi ZM, Wong G, Anstee QM, Henry L. The Global Burden of Liver 

Disease. Clin Gastroenterol Hepatol 2023;21(8):1978–1991. doi:10.1016/j.
cgh.2023.04.015, PMID:37121527.

[2]	 Martinello M, Solomon SS, Terrault NA, Dore GJ. Hepatitis C. Lancet 2023; 
402(10407):1085–1096. doi:10.1016/S0140-6736(23)01320-X, PMID:377 
41678.

[3]	 Bhattacharya D, Aronsohn A, Price J, Lo Re V. Hepatitis C Guidance 2023 
Update: AASLD-IDSA Recommendations for Testing, Managing, and Treating 
Hepatitis C Virus Infection. Clin Infect Dis 2023. doi:10.1093/cid/ciad319, 
PMID:37229695.

[4]	 Liu Y, Zheng J, Hao J, Wang RR, Liu X, Gu P, et al. Global burden of pri-
mary liver cancer by five etiologies and global prediction by 2035 based on 
global burden of disease study 2019. Cancer Med 2022;11(5):1310–1323. 
doi:10.1002/cam4.4551, PMID:35118819.

[5]	 Yeo YH, Abdelmalek M, Khan S, Moylan CA, Rodriquez L, Villanueva A, et 
al. Current and emerging strategies for the prevention of hepatocellular 
carcinoma. Nat Rev Gastroenterol Hepatol 2024. doi:10.1038/s41575-024-
01021-z, PMID:39653784.

[6]	 Oe N, Takeda H, Eso Y, Takai A, Marusawa H. Clinical and Molecular Basis 
of Hepatocellular Carcinoma after Hepatitis C Virus Eradication. Pathogens 
2022;11(4):430. doi:10.3390/pathogens11040430, PMID:35456105.

[7]	 Shiha G, Mousa N, Soliman R, Nnh Mikhail N, Adel Elbasiony M, Khattab 
M. Incidence of HCC in chronic hepatitis C patients with advanced hepatic 
fibrosis who achieved SVR following DAAs: A prospective study. J Viral Hepat 
2020;27(7):671–679. doi:10.1111/jvh.13276, PMID:32050037.

[8]	 Zhu X, Jia L, Yue M, Zhang A, Xia X, Yu R, et al. DAA treatment for HCV re-
duce risk of hepatocellular carcinoma: a 10-years follow-up study based on 
Chinese patients with hepatitis C. Sci Rep 2024;14(1):23760. doi:10.1038/
s41598-024-75280-w, PMID:39390065.

[9]	 Singal AG, Lim JK, Kanwal F. AGA Clinical Practice Update on Interaction Be-

Fig. 2.  A simplified algorithm for HCC surveillance in HCV patients who have achieved SVR by DAA. The algorithm provides recommendations for clinicians 
on HCC surveillance after HCV eradication. It is determined by the pre-treatment fibrosis stage, which is assessed by NITs (preferred) +/- liver biopsy. For F3 patients, 
clinicians need to apply individualized strategies and consider other associated risk factors for HCC. HCC, hepatocellular carcinoma; SVR, sustained virologic response; 
DAA, direct-acting antiviral agent; HCV: hepatitis C virus; F0-F4, fibrosis stages 0 to 4; DM, diabetes mellitus; US, ultrasound; AFP, alpha-fetoprotein.

https://doi.org/10.1016/j.cgh.2023.04.015
https://doi.org/10.1016/j.cgh.2023.04.015
http://www.ncbi.nlm.nih.gov/pubmed/37121527
https://doi.org/10.1016/S0140-6736(23)01320-X
http://www.ncbi.nlm.nih.gov/pubmed/37741678
http://www.ncbi.nlm.nih.gov/pubmed/37741678
https://doi.org/10.1093/cid/ciad319
http://www.ncbi.nlm.nih.gov/pubmed/37229695
https://doi.org/10.1002/cam4.4551
http://www.ncbi.nlm.nih.gov/pubmed/35118819
https://doi.org/10.1038/s41575-024-01021-z
https://doi.org/10.1038/s41575-024-01021-z
http://www.ncbi.nlm.nih.gov/pubmed/39653784
https://doi.org/10.3390/pathogens11040430
http://www.ncbi.nlm.nih.gov/pubmed/35456105
https://doi.org/10.1111/jvh.13276
http://www.ncbi.nlm.nih.gov/pubmed/32050037
https://doi.org/10.1038/s41598-024-75280-w
https://doi.org/10.1038/s41598-024-75280-w
http://www.ncbi.nlm.nih.gov/pubmed/39390065


Journal of Clinical and Translational Hepatology 2024 7

Xie C. et al: HCC risk and surveillance post-HCV cure

tween Oral Direct-Acting Antivirals for Chronic Hepatitis C Infection and Hepa-
tocellular Carcinoma: Expert Review. Gastroenterology 2019;156(8):2149–
2157. doi:10.1053/j.gastro.2019.02.046, PMID:30878469.

[10]	Reiberger T, Lens S, Cabibbo G, Nahon P, Zignego AL, Deterding K, et 
al. EASL position paper on clinical follow-up after HCV cure. J Hepatol 
2024;81(2):326–344. doi:10.1016/j.jhep.2024.04.007, PMID:38845253.

[11]	Hsu CS, Chao YC, Lin HH, Chen DS, Kao JH. Systematic Review: Impact of 
Interferon-based Therapy on HCV-related Hepatocellular Carcinoma. Sci Rep 
2015;5:9954. doi:10.1038/srep09954, PMID:25963067.

[12]	Morgan RL, Baack B, Smith BD, Yartel A, Pitasi M, Falck-Ytter Y. Eradica-
tion of hepatitis C virus infection and the development of hepatocellular 
carcinoma: a meta-analysis of observational studies. Ann Intern Med 
2013;158(5 Pt 1):329–337. doi:10.7326/0003-4819-158-5-201303050-
00005, PMID:23460056.

[13]	Conti F, Buonfiglioli F, Scuteri A, Crespi C, Bolondi L, Caraceni P, et al. Early 
occurrence and recurrence of hepatocellular carcinoma in HCV-related cir-
rhosis treated with direct-acting antivirals. J Hepatol 2016;65(4):727–733. 
doi:10.1016/j.jhep.2016.06.015, PMID:27349488.

[14]	Reig M, Mariño Z, Perelló C, Iñarrairaegui M, Ribeiro A, Lens S, et al. Un-
expected high rate of early tumor recurrence in patients with HCV-related 
HCC undergoing interferon-free therapy. J Hepatol 2016;65(4):719–726. 
doi:10.1016/j.jhep.2016.04.008, PMID:27084592.

[15]	Ioannou GN, Green PK, Berry K. HCV eradication induced by direct-acting 
antiviral agents reduces the risk of hepatocellular carcinoma. J Hepatol 
2017. doi:10.1016/j.jhep.2017.08.030, PMID:28887168.

[16]	Li DK, Ren Y, Fierer DS, Rutledge S, Shaikh OS, Lo Re V 3rd, et al. The short-
term incidence of hepatocellular carcinoma is not increased after hepatitis 
C treatment with direct-acting antivirals: An ERCHIVES study. Hepatology 
2018;67(6):2244–2253. doi:10.1002/hep.29707, PMID:29205416.

[17]	Lee HW, Han DH, Shin HJ, Lee JS, Kim SU, Park JY, et al. Hepatocellular 
Carcinoma Risk According to Regimens for Eradication of Hepatitis C Virus; 
Interferon or Direct Acting Antivirals. Cancers (Basel) 2020;12(11):3414. 
doi:10.3390/cancers12113414, PMID:33217965.

[18]	Huang P, Liu M, Zang F, Yao Y, Yue M, Wang J, et al. The development of 
hepatocellular carcinoma in HCV-infected patients treated with DAA: A com-
prehensive analysis. Carcinogenesis 2018;39(12):1497–1505. doi:10.1093/
carcin/bgy099, PMID:30602007.

[19]	Saraiya N, Yopp AC, Rich NE, Odewole M, Parikh ND, Singal AG. Systematic 
review with meta-analysis: recurrence of hepatocellular carcinoma following 
direct-acting antiviral therapy. Aliment Pharmacol Ther 2018;48(2):127–
137. doi:10.1111/apt.14823, PMID:29851093.

[20]	Singer AW, Reddy KR, Telep LE, Osinusi AO, Brainard DM, Buti M, et al. 
Direct-acting antiviral treatment for hepatitis C virus infection and risk of 
incident liver cancer: a retrospective cohort study. Aliment Pharmacol Ther 
2018;47(9):1278–1287. doi:10.1111/apt.14593, PMID:29516535.

[21]	Wölfl M, Rutebemberwa A, Mosbruger T, Mao Q, Li HM, Netski D, et al. Hepa-
titis C virus immune escape via exploitation of a hole in the T cell repertoire. 
J Immunol 2008;181(9):6435–6446. doi:10.4049/jimmunol.181.9.6435, 
PMID:18941234.

[22]	Llovet JM, Kelley RK, Villanueva A, Singal AG, Pikarsky E, Roayaie S, et al. 
Hepatocellular carcinoma. Nat Rev Dis Primers 2021;7(1):6. doi:10.1038/
s41572-020-00240-3, PMID:33479224.

[23]	Chusri P, Kumthip K, Hong J, Zhu C, Duan X, Jilg N, et al. HCV induces trans-
forming growth factor β1 through activation of endoplasmic reticulum stress 
and the unfolded protein response. Sci Rep 2016;6:22487. doi:10.1038/
srep22487, PMID:26927933.

[24]	Axley P, Ahmed Z, Ravi S, Singal AK. Hepatitis C Virus and Hepatocellu-
lar Carcinoma: A Narrative Review. J Clin Transl Hepatol 2018;6(1):79–84. 
doi:10.14218/JCTH.2017.00067, PMID:29607308.

[25]	Bamford S, Dawson E, Forbes S, Clements J, Pettett R, Dogan A, et al. 
The COSMIC (Catalogue of Somatic Mutations in Cancer) database and 
website. Br J Cancer 2004;91(2):355–358. doi:10.1038/sj.bjc.6601894, 
PMID:15188009.

[26]	Fujimoto A, Furuta M, Totoki Y, Tsunoda T, Kato M, Shiraishi Y, et al. 
Whole-genome mutational landscape and characterization of noncoding 
and structural mutations in liver cancer. Nat Genet 2016;48(5):500–509. 
doi:10.1038/ng.3547, PMID:27064257.

[27]	Zucman-Rossi J, Villanueva A, Nault JC, Llovet JM. Genetic Landscape and Bio-
markers of Hepatocellular Carcinoma. Gastroenterology 2015;149(5):1226–
1239.e4. doi:10.1053/j.gastro.2015.05.061, PMID:26099527.

[28]	Hamdane N, Jühling F, Crouchet E, El Saghire H, Thumann C, Oudot MA, et al. 
HCV-Induced Epigenetic Changes Associated With Liver Cancer Risk Persist 
After Sustained Virologic Response. Gastroenterology 2019;156(8):2313–
2329.e7. doi:10.1053/j.gastro.2019.02.038, PMID:30836093.

[29]	Takeda H, Takai A, Iguchi E, Mishima M, Arasawa S, Kumagai K, et al. On-
cogenic transcriptomic profile is sustained in the liver after the eradication 
of the hepatitis C virus. Carcinogenesis 2021;42(5):672–684. doi:10.1093/
carcin/bgab014, PMID:33617626.

[30]	Cheng CH, Chu CY, Chen HL, Lin IT, Wu CH, Lee YK, et al. Direct-act-
ing antiviral therapy of chronic hepatitis C improves liver fibrosis, as-
sessed by histological examination and laboratory markers. J Formos 
Med Assoc 2021;120(5):1259–1268. doi:10.1016/j.jfma.2020.11.018, 
PMID:33339709.

[31]	Pons M, Rodríguez-Tajes S, Esteban JI, Mariño Z, Vargas V, Lens S, et al. Non-
invasive prediction of liver-related events in patients with HCV-associated 
compensated advanced chronic liver disease after oral antivirals. J Hepatol 
2020;72(3):472–480. doi:10.1016/j.jhep.2019.10.005, PMID:31629779.

[32]	Ioannou GN, Beste LA, Green PK, Singal AG, Tapper EB, Waljee AK, et al. 
Increased Risk for Hepatocellular Carcinoma Persists Up to 10 Years Af-
ter HCV Eradication in Patients With Baseline Cirrhosis or High FIB-4 

Scores. Gastroenterology 2019;157(5):1264–1278.e4. doi:10.1053/j.gas-
tro.2019.07.033, PMID:31356807.

[33]	Ravaioli F, Conti F, Brillanti S, Andreone P, Mazzella G, Buonfiglioli F, et 
al. Hepatocellular carcinoma risk assessment by the measurement of 
liver stiffness variations in HCV cirrhotics treated with direct acting anti-
virals. Dig Liver Dis 2018;50(6):573–579. doi:10.1016/j.dld.2018.02.010, 
PMID:29567413.

[34]	Asselah T, Rubbia-Brandt L, Marcellin P, Negro F. Steatosis in chronic hepa-
titis C: why does it really matter? Gut 2006;55(1):123–130. doi:10.1136/
gut.2005.069757, PMID:16344578.

[35]	Peleg N, Issachar A, Sneh Arbib O, Cohen-Naftaly M, Harif Y, Oxtrud E, 
et al. Liver steatosis is a major predictor of poor outcomes in chronic 
hepatitis C patients with sustained virological response. J Viral Hepat 
2019;26(11):1257–1265. doi:10.1111/jvh.13167, PMID:31243878.

[36]	Kukla M, Piotrowski D, Waluga M, Hartleb M. Insulin resistance and its 
consequences in chronic hepatitis C. Clin Exp Hepatol 2015;1(1):17–29. 
doi:10.5114/ceh.2015.51375, PMID:28856251.

[37]	Luna-Cuadros MA, Chen HW, Hanif H, Ali MJ, Khan MM, Lau DT. Risk of 
hepatocellular carcinoma after hepatitis C virus cure. World J Gastroenterol 
2022;28(1):96–107. doi:10.3748/wjg.v28.i1.96, PMID:35125821.

[38]	Kanwal F, Kramer J, Asch SM, Chayanupatkul M, Cao Y, El-Serag HB. Risk 
of Hepatocellular Cancer in HCV Patients Treated With Direct-Acting Anti-
viral Agents. Gastroenterology 2017;153(4):996–1005.e1. doi:10.1053/j.
gastro.2017.06.012, PMID:28642197.

[39]	Degasperi E, D’Ambrosio R, Iavarone M, Sangiovanni A, Aghemo A, Soffredini 
R, et al. Factors Associated With Increased Risk of De Novo or Recurrent 
Hepatocellular Carcinoma in Patients With Cirrhosis Treated With Direct-Act-
ing Antivirals for HCV Infection. Clin Gastroenterol Hepatol 2019;17(6):1183–
1191.e7. doi:10.1016/j.cgh.2018.10.038, PMID:30613002.

[40]	Matsushita H, Takaki A. Alcohol and hepatocellular carcinoma. BMJ Open 
Gastroenterol 2019;6(1):e000260. doi:10.1136/bmjgast-2018-000260, 
PMID:31139422.

[41]	Minami T, Tateishi R, Fujiwara N, Nakagomi R, Nakatsuka T, Sato M, et al. 
Impact of Obesity and Heavy Alcohol Consumption on Hepatocellular Car-
cinoma Development after HCV Eradication with Antivirals. Liver Cancer 
2021;10(4):309–319. doi:10.1159/000513705, PMID:34414119.

[42]	Sangiovanni A, Alimenti E, Gattai R, Filomia R, Parente E, Valenti L, et al. 
Undefined/non-malignant hepatic nodules are associated with early occur-
rence of HCC in DAA-treated patients with HCV-related cirrhosis. J Hepatol 
2020;73(3):593–602. doi:10.1016/j.jhep.2020.03.030, PMID:32243959.

[43]	Tani J, Morishita A, Sakamoto T, Takuma K, Nakahara M, Fujita K, et al. 
Simple scoring system for prediction of hepatocellular carcinoma occurrence 
after hepatitis C virus eradication by direct-acting antiviral treatment: All 
Kagawa Liver Disease Group Study. Oncol Lett 2020;19(3):2205–2212. 
doi:10.3892/ol.2020.11341, PMID:32194718.

[44]	Parikh ND, Singal AG, Hutton DW, Tapper EB. Cost-Effectiveness of 
Hepatocellular Carcinoma Surveillance: An Assessment of Benefits and 
Harms. Am J Gastroenterol 2020;115(10):1642–1649. doi:10.14309/
ajg.0000000000000715, PMID:32530829.

[45]	Nahon P, Najean M, Layese R, Zarca K, Segar LB, Cagnot C, et al. Early hepa-
tocellular carcinoma detection using magnetic resonance imaging is cost-
effective in high-risk patients with cirrhosis. JHEP Rep 2022;4(1):100390. 
doi:10.1016/j.jhepr.2021.100390, PMID:34977518.

[46]	Yoon JH, Lee JM, Lee DH, Joo I, Jeon JH, Ahn SJ, et al. A Comparison of 
Biannual Two-Phase Low-Dose Liver CT and US for HCC Surveillance in a 
Group at High Risk of HCC Development. Liver Cancer 2020;9(5):503–517. 
doi:10.1159/000506834, PMID:33083277.

[47]	Gupta P, Soundararajan R, Patel A, Kumar-M P, Sharma V, Kalra N. Ab-
breviated MRI for hepatocellular carcinoma screening: A systematic re-
view and meta-analysis. J Hepatol 2021;75(1):108–119. doi:10.1016/j.
jhep.2021.01.041, PMID:33548385.

[48]	Kanda T, Lau GKK, Wei L, Moriyama M, Yu ML, Chuang WL, et al. APA-
SL HCV guidelines of virus-eradicated patients by DAA on how to monitor 
HCC occurrence and HBV reactivation. Hepatol Int 2019;13(6):649–661. 
doi:10.1007/s12072-019-09988-7, PMID:31541423.

[49]	Marrero JA, Kulik LM, Sirlin CB, Zhu AX, Finn RS, Abecassis MM, et al. Diag-
nosis, Staging, and Management of Hepatocellular Carcinoma: 2018 Practice 
Guidance by the American Association for the Study of Liver Diseases. Hepa-
tology 2018;68(2):723–750. doi:10.1002/hep.29913.

[50]	Allaire M, Bruix J, Korenjak M, Manes S, Maravic Z, Reeves H, et al. What 
to do about hepatocellular carcinoma: Recommendations for health au-
thorities from the International Liver Cancer Association. JHEP Rep 
2022;4(12):100578. doi:10.1016/j.jhepr.2022.100578, PMID:36352896.

[51]	Pan CQ, Park AJ, Park JS. New perspectives in hepatocellular carcinoma 
surveillance after hepatitis C virus eradication. Gastroenterol Rep (Oxf) 
2024;12:goae085. doi:10.1093/gastro/goae085, PMID:39319076.

[52]	Lockart I, Yeo MGH, Hajarizadeh B, Dore GJ, Danta M. HCC incidence af-
ter hepatitis C cure among patients with advanced fibrosis or cirrhosis: A 
meta-analysis. Hepatology 2022;76(1):139–154. doi:10.1002/hep.32341, 
PMID:35030279.

[53]	Kim NJ, Vutien P, Cleveland E, Cravero A, Ioannou GN. Fibrosis Stage-spe-
cific Incidence of Hepatocellular Cancer After Hepatitis C Cure With Direct-
acting Antivirals: A Systematic Review and Meta-analysis. Clin Gastroen-
terol Hepatol 2023;21(7):1723–1738.e5. doi:10.1016/j.cgh.2022.04.013, 
PMID:35525392.

[54]	Kim NJ, Vutien P, Berry K, Ioannou GN. Hepatocellular Carcinoma Risk De-
clines but Remains High Enough for Screening in the First 7 Years After 
Hepatitis C Virus Cure With Direct-Acting Antivirals in Patients With Cirrho-
sis or High Fibrosis-4 Score. Gastroenterology 2022;163(4):1104–1106.e3. 
doi:10.1053/j.gastro.2022.06.057, PMID:35777481.

https://doi.org/10.1053/j.gastro.2019.02.046
http://www.ncbi.nlm.nih.gov/pubmed/30878469
https://doi.org/10.1016/j.jhep.2024.04.007
http://www.ncbi.nlm.nih.gov/pubmed/38845253
https://doi.org/10.1038/srep09954
http://www.ncbi.nlm.nih.gov/pubmed/25963067
https://doi.org/10.7326/0003-4819-158-5-201303050-00005
https://doi.org/10.7326/0003-4819-158-5-201303050-00005
http://www.ncbi.nlm.nih.gov/pubmed/23460056
https://doi.org/10.1016/j.jhep.2016.06.015
http://www.ncbi.nlm.nih.gov/pubmed/27349488
https://doi.org/10.1016/j.jhep.2016.04.008
http://www.ncbi.nlm.nih.gov/pubmed/27084592
https://doi.org/10.1016/j.jhep.2017.08.030
http://www.ncbi.nlm.nih.gov/pubmed/28887168
https://doi.org/10.1002/hep.29707
http://www.ncbi.nlm.nih.gov/pubmed/29205416
https://doi.org/10.3390/cancers12113414
http://www.ncbi.nlm.nih.gov/pubmed/33217965
https://doi.org/10.1093/carcin/bgy099
https://doi.org/10.1093/carcin/bgy099
http://www.ncbi.nlm.nih.gov/pubmed/30602007
https://doi.org/10.1111/apt.14823
http://www.ncbi.nlm.nih.gov/pubmed/29851093
https://doi.org/10.1111/apt.14593
http://www.ncbi.nlm.nih.gov/pubmed/29516535
https://doi.org/10.4049/jimmunol.181.9.6435
http://www.ncbi.nlm.nih.gov/pubmed/18941234
https://doi.org/10.1038/s41572-020-00240-3
https://doi.org/10.1038/s41572-020-00240-3
http://www.ncbi.nlm.nih.gov/pubmed/33479224
https://doi.org/10.1038/srep22487
https://doi.org/10.1038/srep22487
http://www.ncbi.nlm.nih.gov/pubmed/26927933
https://doi.org/10.14218/JCTH.2017.00067
http://www.ncbi.nlm.nih.gov/pubmed/29607308
https://doi.org/10.1038/sj.bjc.6601894
http://www.ncbi.nlm.nih.gov/pubmed/15188009
https://doi.org/10.1038/ng.3547
http://www.ncbi.nlm.nih.gov/pubmed/27064257
https://doi.org/10.1053/j.gastro.2015.05.061
http://www.ncbi.nlm.nih.gov/pubmed/26099527
https://doi.org/10.1053/j.gastro.2019.02.038
http://www.ncbi.nlm.nih.gov/pubmed/30836093
https://doi.org/10.1093/carcin/bgab014
https://doi.org/10.1093/carcin/bgab014
http://www.ncbi.nlm.nih.gov/pubmed/33617626
https://doi.org/10.1016/j.jfma.2020.11.018
http://www.ncbi.nlm.nih.gov/pubmed/33339709
https://doi.org/10.1016/j.jhep.2019.10.005
http://www.ncbi.nlm.nih.gov/pubmed/31629779
https://doi.org/10.1053/j.gastro.2019.07.033
https://doi.org/10.1053/j.gastro.2019.07.033
http://www.ncbi.nlm.nih.gov/pubmed/31356807
https://doi.org/10.1016/j.dld.2018.02.010
http://www.ncbi.nlm.nih.gov/pubmed/29567413
https://doi.org/10.1136/gut.2005.069757
https://doi.org/10.1136/gut.2005.069757
http://www.ncbi.nlm.nih.gov/pubmed/16344578
https://doi.org/10.1111/jvh.13167
http://www.ncbi.nlm.nih.gov/pubmed/31243878
https://doi.org/10.5114/ceh.2015.51375
http://www.ncbi.nlm.nih.gov/pubmed/28856251
https://doi.org/10.3748/wjg.v28.i1.96
http://www.ncbi.nlm.nih.gov/pubmed/35125821
https://doi.org/10.1053/j.gastro.2017.06.012
https://doi.org/10.1053/j.gastro.2017.06.012
http://www.ncbi.nlm.nih.gov/pubmed/28642197
https://doi.org/10.1016/j.cgh.2018.10.038
http://www.ncbi.nlm.nih.gov/pubmed/30613002
https://doi.org/10.1136/bmjgast-2018-000260
http://www.ncbi.nlm.nih.gov/pubmed/31139422
https://doi.org/10.1159/000513705
http://www.ncbi.nlm.nih.gov/pubmed/34414119
https://doi.org/10.1016/j.jhep.2020.03.030
http://www.ncbi.nlm.nih.gov/pubmed/32243959
https://doi.org/10.3892/ol.2020.11341
http://www.ncbi.nlm.nih.gov/pubmed/32194718
https://doi.org/10.14309/ajg.0000000000000715
https://doi.org/10.14309/ajg.0000000000000715
http://www.ncbi.nlm.nih.gov/pubmed/32530829
https://doi.org/10.1016/j.jhepr.2021.100390
http://www.ncbi.nlm.nih.gov/pubmed/34977518
https://doi.org/10.1159/000506834
http://www.ncbi.nlm.nih.gov/pubmed/33083277
https://doi.org/10.1016/j.jhep.2021.01.041
https://doi.org/10.1016/j.jhep.2021.01.041
http://www.ncbi.nlm.nih.gov/pubmed/33548385
https://doi.org/10.1007/s12072-019-09988-7
http://www.ncbi.nlm.nih.gov/pubmed/31541423
https://doi.org/10.1002/hep.29913
https://doi.org/10.1016/j.jhepr.2022.100578
http://www.ncbi.nlm.nih.gov/pubmed/36352896
https://doi.org/10.1093/gastro/goae085
http://www.ncbi.nlm.nih.gov/pubmed/39319076
https://doi.org/10.1002/hep.32341
http://www.ncbi.nlm.nih.gov/pubmed/35030279
https://doi.org/10.1016/j.cgh.2022.04.013
http://www.ncbi.nlm.nih.gov/pubmed/35525392
https://doi.org/10.1053/j.gastro.2022.06.057
http://www.ncbi.nlm.nih.gov/pubmed/35777481

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿DAA impact on HCC: Turning the tide on risk reduction﻿

	﻿﻿﻿Decoding the pathogenesis of HCC after HCV eradication: Genetic and epigenetic alterations﻿

	﻿﻿﻿﻿Risk factors for HCC after HCV eradication﻿

	﻿﻿﻿HCC surveillance after SVR﻿

	﻿﻿﻿﻿Conclusions﻿

	﻿﻿﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿References﻿


