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Liver cancer stands now as the second leading cause of 
cancer-related death in men and the fifth in women. In 2015 
there were 854,000 incident cases of liver cancer, primarily 
hepatocellular carcinoma (HCC) making it the 6th leading 
cause of cancer worldwide (1). Most HCC occur in chronic 
hepatitis or cirrhosis, and the major risk factors include 
hepatitis B virus and hepatitis C virus (HCV) infections. 
HCV is responsible for nearly 366,000 deaths annually and 
one-quarter of all cases of HCC and cirrhosis worldwide (2).  
The cumulative incidence of HCC in untreated cirrhotic 
patients with HCV infection has been estimated in  
3–5% per year. Viral eradication is associated with a 
reduction in fibrosis progression and an improvement in 
clinical outcomes. It is well known that sustained virological 
response (SVR) following interferon (INF) therapy was 
associated with a significant reduction in de novo HCC 
occurrence. In a previous retrospective large cohort study 
including 33,005 HCV-infected patients (3), El-Serag  
et al. reported an overall incidence rate of 0.33% per year 
among 10,817 patients with SVR after INF regimen. 
However IFN therapy was highly restricted to patients with 
compensated liver disease due to safety concerns, and HCC 
still occurred more often in patients with advanced fibrosis. 
The rapid development of the direct-acting antiviral (DAA) 
agents and their widespread use in the past four years have 
revolutionized HCV treatment with a cure rates beyond 
90–95% and an excellent safety profile, even in patients with 
advanced liver disease (4,5). Whether DAAs combination 

induce a decrease of HCC occurrence comparable to IFN-
based therapies have been questionable during the last 
two years after the report of retrospective small cohort 
suggesting an increase occurrence of either de novo HCC or 
recurrence of HCC after cure, following successful DAAs 
treatment (6-10).

DAA have extensively been used in a broader spectrum 
of HCV-infected patients and the global characteristics of 
the DAA-treated population are significantly different from 
INF-patients, including a higher proportion of patients 
with more advanced liver disease or other HCC risk 
factors, as reported in Kanwal et al. study and in the French 
Hepather cohort (11,12). Several retrospective uncontrolled 
studies in 2016 reported an increased incidence of  
de novo HCC among patients treated with DAA (6-8). In 
contrast, some other retrospective and prospective cohort 
studies suggested no significant difference in liver cancer 
occurrence following DAA therapy. The results from 
the French prospective cohort (Hepather) demonstrated 
no increase in HCC occurrence among 2,156 patients 
treated with DAAs and followed up for mean time of  
18 months (13). Multivariate analysis of risk factors for 
HCC showed that SVR significantly reduces this risk. 
Another prospective UK cohort study has failed to find 
any increase of de novo HCC risk after DAA treatment 
in patients with SVR [10/406 (2.5%) vs. 11/261 (4.2%) 
in untreated patients] (14). Similar results were observed 
in studies with retrospective design. The results from a 
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large American cohort (n=5,033) treated with the DAA 
sofosbuvir showed no significant difference regarding 
HCC incidence rates between patients who received 
DAA and an untreated control cohort of 69,374 HCV 
patients after adjustment [0.77% (0.40–1.35%) and 0.67% 
(0.60–0.75%) person-years, respectively among non-
cirrhotics, and 3.24% (2.15–4.68%) and 3.67% (3.21–
4.17%) person-years, respectively among cirrhotics] (15).  
Moreover HCC incidence was reduced in Taiwanese HCV 
patients with SVR whether they have been treated with 
DAA (N=150) or interferon regimen (N=201) after a median 
observation period of 46 [12–160] months (16). The authors 
concluded that the impact of DAA-based treatment was 
similar to that of INF-based regimen in term of HCC risk 
reduction. More recently data from 2,466 cirrhotic patients 
treated with DAA in real life practice in Italy and followed 
for a median time of 14 months (range, 2–22 months) were 
reported (17). In this cohort, an overall 3.1% incidence of 
de novo HCC was observed, suggesting no increase in HCC 
appearance. HCC development was associated with a more 
advanced liver disease and DAA failure. In the Veterans real-
life clinical study, 22,500 HCV patients treated with DAAs 
combination, 87% achieved an SVR among a population 
with either advanced liver disease or comorbidities (cirrhosis 
39%, medical comorbidity with history of alcohol use 
61%, history of drug use 54%, type II diabetes 43% and/
or previous HCV treatment 22.5%) (11). An annual 
HCC incidence rate of 0.90% per year (0.77–1.03%)  
for HCV patients with SVR was observed vs. 3.45% per 
year (2.73–4.18%) for those without SVR. Annual risk of 
HCC was increased among patients with cirrhosis (1.82%). 
Reduction in risk of HCC was 76% for patients with 
SVR, and there was no significant difference regarding 
tumor characteristics between early and delayed HCC that 
developed under DAA treatment. As HCC after SVR may 
still occur in patients with advanced liver disease, continued 
ultrasound surveillance is mandatory life-long. More 
recently results from the French Hepather cohort showed 
that among 9,238 HCV patients (DAAs n=7,036, untreated 
n=2,202), after a median follow up time of 24 months, 
DAAs treatment was associated with a decrease risk of death 
[HR =0.61 (95% CI: 0.41, 0.91)] by the use of a weighted 
Cox model (12). HCC [HR =1.00 (95% CI: 0.71, 1.40)] and 
decompensated cirrhosis [HR =0.84 (95% CI: 0.53, 1.35)] 
were no more increased in DAA treated patients. 

Regarding HCC recurrence risk after DAAs treatment, 
controversial data has been published. Several retrospective 
uncontrolled studies have suggested an increased rate 

of HCC recurrence and a higher tumor burden at 
recurrence (6,7,9,10), probably due to disruption of 
immune surveillance induced by DAAs treatment. On the 
contrary, prospective French studies (CirVir and Hepather  
cohorts) (18) and some large retrospective cohorts 
reported no additional risk of HCC recurrence after DAAs 
treatment in patients with previous history of HCC cured 
(19,20). In a retrospective case-control study assessing the 
impact of DAAs on tumor recurrence, we do not observe 
significant difference regarding rate of recurrence, time to 
progression and HCC pattern between HCV patients who 
received DAA agents and an untreated HCV cohort (21). 
Liver cancer recurrence after a curative-intent therapy is 
influenced by many factors related to tumor characteristics, 
presence of cirrhosis and treatment strategy.  HCC 
recurrence is probably not related to the use of DAAs, 
but may due to the interval between HCC treatment and 
initiation of DAAs, with a higher risk of recurrence during 
the period of first months after HCC treatment (22). Thus, 
as suggested by several authors (23,24), the longer the 
interval between HCC treatment and start of DAAs therapy 
is, the lower the risk that any residual tumor is present at 
the start of DAAs therapy. Finally, Waziry et al. performed 
a systematic review and meta-analyses assessing the risk 
of HCC occurrence and recurrence in HCV-patients 
following DAA agents vs. IFN-based cure (25). A total of 
13,845 patients were enrolled from 41 studies, and the 
authors reported no significant difference in risk of HCC 
occurrence or recurrence between patients who received 
DAA or IFN therapy. 

In summary, HCV eradication by interferon-based 
therapy or by DAAs combination significantly reduce 
HCC occurrence. However residual HCC risk depends on 
the severity of underlying liver disease and comorbidities 
(alcohol and/or metabolic syndrome). SVR by interferon-
based therapy or more frequently by DAA combinations 
reduces HCC recurrence. However long term benefit of 
DAA combinations need to be evaluated on long-term 
follow-up.
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