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Abstract – Background and AIM Hepatocellular carcinoma (HCC) is a frequent complication
of HCV liver cirrhosis. The reduction of risk after the clearance of HCV-RNA is debated. The aim of
our study was to detect the appearance of HCC during the follow-up after antiviral treatment with
direct acting antiviral therapy.
Patients and Methods: In four specialist Centers, 280 HCV patients were analyzed. The choice
of the regimen was based on genotype and stage of liver disease. Abdomen ultrasonography was
performed prior, at the end of therapy, and after six months. Biochemistry, BMI, presence of comorbidity, and any complications of related to cirrhosis were also evaluated.
Results: Nine HCC were found by ultrasonography (5 cases at the end of therapy, 4 cases 3
months after the end of follow-up); in all cases, HCC was confirmed by a second level imaging
examination (computed tomography or magnetic resonance). Characteristics of patients were:
male (66.9%; range 56-77), BMI (median 25.4; range 21-40). Prevalence of diabetes was 55.2%.
Genotypes were: 1b (6 patients), 1a (2 patients), 2a/2c (1 patient). The therapies were: sofosbuvir
plus simeprevir (1 patient), sofosbuvir plus simeprevir plus ribavirin (2 patients), sofosbuvir plus
daclatasvir plus ribavirin (2 patients), sofosbuvir plus ribavirin (2 patients), Viekirax + Exviera plus
ribavirin (2 patient). One patient only experienced a viral relapse at week 12 after the end of therapy. The incidence of HCC was 3.2%.
Conclusions: In patients with liver cirrhosis, even if HCV replication stops, a close follow-up
with ultrasonography is mandatory. Since the cumulative incidence is high, a greater sample size
is necessary to clarify if the interferon-free antiviral therapy had an influence on the onset of HCC.
KEYWORDS: Hepatocellular carcinoma, HCV, Direct acting antiviral, Sustained virological response,
Liver cirrhosis, Ultrasound follow-up.
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INTRODUCTION
HCC is one of the leading causes of death from
cancer in the world1. Its appearance is mainly
linked to the presence of liver cirrhosis2. The
hepatitis viruses, HBV and HCV are major etiological factors of chronic hepatitis and fibrosis3.
Vaccination coverage for HBV has significantly
reduced the amount of cases of advanced liver
disease and HBV-related HCC4.
Recently the role of non-alcoholic fatty-liver-disease (NASH) was highlighted as a risk
factor for HCC5.
The HCV infection is, however, still a current
risk factor for HCC. The HCV virus, unlike the
HBV virus, does not integrate into the genome
and its oncogenic power seems to be related
primarily to the effect of chronic inflammation
with the progressive development of fibrosis and
cirrhosis6. The average time between infection
and the development of cirrhosis is about 20-30
years; a variable proportion of patients with HCV
cirrhosis develop HCC with a very wide range of
annual incidence of between 1-8%7.
Some factors identified which are associated
with increased risk of HCC include the duration
of fibrosis8, age, sex, platelet counts, levels of
HCV-RNA9. However, even some HCV viral
components may have direct oncogenic effects;
in fact, viral proteins can induce effects of deregulation of the host cells, the DNA mutations
of infected cells, and cause immune-mediated
oxidative stress10.
BACKGROUND
Therapies based on interferon and ribavirin accounted, until a few years ago, the only drug
scheme available for viral clearance; reaching,
in some cases, a sustained virological response
(SVR), allowing the prevention of decompensation and the other major failure events related
to the advanced disease11. Also, the long-term
studies have found a reduction in the incidence
of HCC over time, but without complete elimination of the risk12. Recently, new antiviral therapies with interferon-free medications have been
introduced, such as the direct-acting antivirals
(DAA) treatments, which have shown a high effectiveness with SVR rates above 90%13-14. Such
therapies stop the necro-inflammatory activity,
preventing the progression of fibrosis to cirrhosis
and possibly reducing the risk of HCC15.
Currently, in Italy, the prescription status of
DAA is reserved for advanced forms of liver
disease such as severe fibrosis (F3 Metavir) and
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cirrhosis (F4 Metavir). The very high cost of
medications limits the therapy to patients who are
in high-risk categories; this implies that a large
part of the population that undertakes therapy
with DAA is already at the stage of cirrhosis. The
high rate of viral clearance achieved with DAA
turns off the necro-inflammatory activity and
through the stimulus chronic irritation; however,
the inveterate cirrhotic architecture is a condition
difficult to reverse and is potentially oncogenic16.
These components comprise a possible residual
risk of HCC, and therefore cannot be established,
at present, which is the real influence of the DAA.
The purpose of this study was to analyze the possible HCC appearance in cirrhotic patients after
HCV viral clearance by DAA drugs.
PATIENTS AND METHODS
Two hundred and eighty HCV patients were observed in four Italian specialistic Centers. The
monitoring period was between January 2015 and
February 2016.
HCV-RNA was assessed by PCR real-time
before the treatment and at the end of it. The
technical platform for HCV-RNA detection is
based on dual labelled fluorescent probe. The test
is performed in accordance with the CE-IVD policy following the manufacturers, using real-time
PCR with a limit of detection of 15 IU/mL.
The choice of the regimen with DAA (12/24
weeks) was based on genotype and stage of liver disease, according to the national registry of
the Italian Medicines Agency committee (AIFA).
Approved criteria included: patients with ChildTurcotte-Pugh (CTP) class A or B liver cirrhosis,
without history of previous HCC or with history
of HCC with complete radiologic response (after
surgical resection or locoregional ablation); and
patients with a METAVIR F3 fibrosis score, assessed by liver histology or transient elastography
by Fibroscan® (Echosens, Paris, France), result >
12 kPa.
The SVR is considered the absence of HCVRNA at 12 weeks after the end of therapy.
The diagnosis of HCC was based on American Association for the Study of Liver Disease
(AASLD)-guidelines17. For patients with no previous history of HCC, an ultrasound screening
was carried out. Abdomen ultrasonography was
performed prior to starting therapy. The maximum amount of time that passed between the
liver ultrasound and the beginning of treatment
B
was ten days. For patients with prior history of
HCC treated, a dynamic and multiphase contrast-enhanced computed tomography (CT) or
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hepatospecific contrast agent Magnetic Resonance Imaging (MRI) was conducted prior to
initiating therapy.
Patients with a dubious focal lesion, which
were detected prior to starting the therapy were
excluded. In addition, patients with co-infection
with HBV and HIV and HCV positive patients
after liver transplantation were also excluded.
Antiviral regimens containing interferon were
not considered. At the end of therapy and after six
months, an ultrasound was conducted again; in
the case of an appearance of a lesion, a CT scan or
MRI examination was conducted. Biochemistry,
body mass index (BMI), liver stiffness, presence
of comorbidity, and any complications related to
cirrhosis were also evaluated.
Statistical Analysis
Quantitative variables were expressed as median
and range or percentile 25-75 (P25-75); the categorical variables as count number and proportions. All calculations were done with SPSS package version 23 (SPSS Inc., Chicago, IL, USA).

RESULTS
Characteristics of the population
and antiviral treatment
A total of 280 patients were evaluated; demographic baseline characteristics at the start of
therapy with DAA are summarized in the Table
TABLE 1. Demographic baseline characteristics at the start
of therapy with DAA.
Males n, %
Age, yrs. median, range
HCV genotype 1 n, %
Child- T-Pugh A n, %
B n, %
History of previous HCC, n. %
Antiviral therapy n, %
SOF/SIM/RIBA
SOF/RIBA
3D/RIBA
SOF/DAC/RIBA
SOF/SIM
3D
HARVONI
HARVONI/RIBA

148 (53%)
68 (35-84)
213 (76%)
243 (86.8%)
37 (13.2%)
15 (5.3%)
280 (100%)
78 (27.9%)
32 (11.5%)
22 (7.7%)
14 (4.8%)
48 (16.9%)
55 (19.7%)
30 (11%)
1 (0.5%)

Abbreviations. DAA: direct-acting antivirals; SOF: sofosbuvir; SIM: simeprevir; RIBA: ribavirin; 3D: ombitasvir/paritaprevir/ritonavir – dasabuvir; DAC: daclatasvir; Harvoni:
Ledipasvir-sofosbuvir

I. In particular, the majority of patients were
males (53%), mean aged 68 (range 35-84 years),
with prevalent HCV genotype 1 infection (76%),
and CTP A (86.8%). As for severity of the liver
disease, 28 patients (13.2%) were classified as
CTP class B at the start of DAA treatment. Two
patients died of cardiac causes during treatment and two patients discontinued treatment
before the deadline. Two hundred and seventy-two (97.1%) patients obtained viral clearance
and SVR at follow-up, after the completion of a
course of therapy with DAA. Only four patients
(1.4%) had a recurrence of HCV-RNA, which
was detected at three months follow-up. Treatment regimens are illustrated in Table I. Fifteen
patients had a previous history of HCC, with a
complete radiological response at the start of
DAA therapy, according to AASLD criteria. To
limit the confounding factors, cases of non-characterized hepatic lesions were not considered.
All patients didn’t show active lesion of HCC at
the start of antiviral therapy.
Follow-up and hepatocellular
carcinoma
The median follow-up was 12 weeks (range 3-24
weeks); during which nine HCC were found.
The incidence of HCC in this cohort was 3.2%
(95% CI: 1.2- 5.2). The HCC was detected by
ultrasonography with a median from the end of
treatment of 1 month (range 0-3 months).
In particular, 5 cases were found at the end of
therapy, and 4 cases 3 months after the end of antiviral therapy; in all cases, HCC was confirmed
by a second level imaging examination (CT or
MRI). HCC with single nodule were 7 (77.7%).
Eight cases out of 9 (88.9%) developed HCC for
the first time, while one (11.1%) of the 9 patients
had an early recurrence of HCC.
The distance between the treatment of HCC
and the beginning of therapy with DAA was 49
weeks. Characteristics of these patients were:
male 66.9%, age (median 69; range 56-77), BMI
(median 25.4; range 21-40). Prevalence of diabetes was 55.2%. Genotypes were: 1b (6 patients),
1a (2 patients), 2a/2c (1 patient).
The antiviral therapies were: sofosbuvir plus
simeprevir (1 patient), sofosbuvir plus simeprevir
plus ribavirin (2 patients), sofosbuvir plus daclatasvir plus ribavirin (2 patients), sofosbuvir plus
ribavirin (2 patients), Viekirax + Exviera plus
ribavirin (2 patients). CTP A was 77.7%(Table 2).
The Barcelona Clinic Liver Cancer (BCLC) stage
system was used for staging the HCC and it was
illustrated in Table 3.
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TABLE 2. Sequences of primers for real-time PCR.
Patients Age
Sex
BMI
Diabetes Genon.
(years)				
type
				
		

ChildT-Pugh

Treatment
with DAA

1
2
3
4
5
6
7
8
9

A6
A6
A6
B8
A5
A5
A6
A5
A6

SOF/SIM/RIBA
SOF/RIBA
3D/RIBA
SOF/DAC/RIBA
SOF/SIM/RIBA
SOF/DAC/RIBA
SOF/SIM
SOF/RIBA
3D/RIBA

69
68
77
56
69
74
69
68
62

M
F
M
M
M
F
F
M
M

27.6
21
24.9
26
25.4
22.2
40
25
27

YES
YES
NO
NO
YES
NO
YES
YES
NO

1b
2ac
1b
1a
1b
1a
1b
1b
1b

Weeks of
therapy
12
16
12
24
24
24
12
12
24

Abbreviations: BMI: body mass index; DAA: direct-acting antivirals; SOF: sofosbuvir; SIM: simeprevir; RIBA: ribavirin;
3D: ombitasvir/paritaprevir/ritonavir – dasabuvir; DAC: daclatasvir

Only one patient with the appearance of HCC
experienced a viral relapse at week 12 after the
end of therapy. None of the patients have signs of
extrahepatic manifestations of HCC.
DISCUSSION
The SVR to antiviral therapy with DAA is more
than 90% and we expect a lack of progression of
the chronic liver disease and a significant reduction in complications of cirrhosis.
The interferon-based therapies performed from
over twenty years have allowed a long-term evaluation of the effects on HCV patients. There is

evidence that the therapy turned off necro-inflammatory and reduced decompensation as ascites,
hepatic encephalopathy, and variceal bleeding18-20.
Furthermore, the incidence of HCC appeared reduced, but there is still the risk, as demonstrated
in several papers16. The recent introduction of the
DAA did not allow a long-term evaluation of the
impact on the incidence of HCC21.
Our study was conducted on a population of
280 patients treated in four centers of southern
Italy. The characteristics of our cohort are similar
to the general population with chronic HCV hepatitis: prevalence of genotype 1, fibrosis 4 Metavir
score, prevalence of Child A, high viral load22.
The follow-up of patients in the first few months

TABLE 3. Characteristic of patients with appearance of HCC during follow-up.
Patients HCC before
End of therapy
6 months of follow-up
n.
DAA 					
		
HCC
BCLC
HCC
BCLC
1
Yes *
Yes
A
–		
			
one nodules			
2		 Yes
C
–		
			
one nodule
3		Yes
B
–		
			
two nodules
4		 Yes
C
–		
			
one nodule
5		
No		
Yes
A
					
one nodule
6		 No		
Yes
A
					
one nodule
7		 No		
Yes
A
					
one nodule
8		 No		
Yes
A
					
one nodule
9		 No		
Yes
A
					
one nodule

Portal
HCC
invasion
treatment
		
No

RF-ablation

Yes

Sorafenib

No

TACE

Yes

Sorafenib

No

RF-ablation

No

RF-ablation

No

RF-ablation

No

–

No

RF-ablation

*treated by percutaneous radio-frequency ablation
Abbreviations: DAA: direct-acting antivirals; BCLC: Barcelona Clinic Liver Cancer; TACE: Transarterial chemo embolization therapy, RF: radio-frequency
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of therapy confirmed a high rate of SVR (97.1%).
However, the most surprising event was the finding of nine HCC in the early weeks following
therapy with an incidence of 3.2%; in particular,
half the HCC cases occurred at the end of the
anti-viral treatment. Also one of the cases had a
recurrence of a previously treated HCC.
This result does not differ from that detected
in the inveterate cirrhotic population3,6-7. Since
this result was obtained by a small cohort of patients, further evaluation is required. The absence
of HCC at ultrasound check up performed before
treatment, does not totally exclude the presence of
a pre-existing focal lesion. However, the fast effects of the DAA on viral clearance and inhibition
of inflammatory activity would theoretically provide a protective element in cell proliferation15.
Characteristics of patients who developed
HCC do not differ from the general population, in
age, sex, BMI, diabetes prevalence and treatment
patterns; genotype 1 is prevalent as in the rest of
the cohort. HCC appeared as a single lesion in
eight patients, while in one patient we detected
two lesions during the follow-up; furthermore, in
two patients it was detected portal invasion at the
end of treatment.
This rapid occurrence of neoplastic proliferation considering the short time of follow-up of
just three months is unusual. In a recent study,
Bruix et al23 found 27% of HCC recurrence in
patients with previous treatment for HCC in the
follow-up at a short distance after the end of
therapy with DAA. In a recent Italian report, by
Brillanti et al24, 344 patients were monitored for
24 weeks, resulted in an incidence of 7.6% of
HCC. In uni- and multivariate analysis, HCC was
independently associated with the CTP class and
presence of prior HCC. These studies confirm
that both the viral clearance and the shutdown of
the necro-inflammatory activity are not sufficient
element to reduce the risk of HCC; furthermore,
the occurrence of cases in the first few weeks
from the ending of antiviral treatment suggests
the presence of unrecognized mechanisms of factors inducing HCC.
Finally, these new drugs developed for
HCV-patients are a result of the continued research in this field. Recently, the American Food
and Drug Administration (FDA) and European
Medicines Agency (EMA) have recognized the
clinical value of genetic variants in metabolic
pathways and have developed guidelines for industry concerning pharmacogenetics data submission with new drugs25. Current knowledge of
pharmacogenomics has increased individualized
therapy adjusted in accordance with the patient’s
genetic profile. Furthermore, substantial knowl-

edge of pharmacogenomics is a prerequisite for
its application to clinical practice, to prevent the
drug-drug interaction based on individual metabolic-genetic profiles26-28.
This approach could allow the use of new
natural remedial in addition to conventional therapies either to prevent or minimize toxicity29.
Over the next few years, the emergence of drugdrug interactions in the new therapies as results
of genomic alteration (i.e. anti-HCV concomitant
to cancer), will drive diagnostics companies to
develop new tests which will be able to produce
results that are indicative for tailoring a patient’s
treatment30.
In the 3rd millennium, the promise that the
pharmaceutical and biotechnological companies
should keep is that they will join together, in
order to develop a specific test suitable for genotyping and phenotyping the individual metabolic
profile of HCV-patients31.
CONCLUSIONS
At this stage, it is impossible to say if DAA had
an influence on the appearance of HCC. Further
studies with greater sample size are necessary to
clarify this issue.
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