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Abstract
The effectiveness of direct-acting antivirals (DAAs) against hepatitis C virus (HCV) infection is ascertained. However, some authors
raised the issue of an increased incidence of de novo hepatocellular carcinoma (HCC) in patients treated with DAAs. Aim of the study
was to evaluate the rate of HCC occurrence in a real-life cohort of patients who received anti-HCV treatment with DAAs.
A prospective multicentre study was conducted. All adult patients with HCV infection who received treatment between March

2015 and December 2017 in 4 hospital of Campania region (South Italy) with at least 6 months of follow-up were enrolled.
A total of 323 patients were included in the study. Most patients had HCV genotype 1b (61.8%). The overall SVR12 rate was

95.5%.Median time of observation was 10months. The incidence rate of HCCwas 0.2 per 100 person-months (crude incidence rate
3.4%, 95 confidence interval: 1.5%–5.3%). The median time for HCC occurrence was 11 months. HCC occurrence rate was
significantly higher among patients who did not achieve SVR12 compared with patients who did (28.6% vs 2.8%, P<0.05). No
patient with F0-F3 fibrosis developed HCC. Among patients with cirrhosis, at the multivariate time-to-event analysis, no covariates
were independently associated with the risk of HCC occurrence.
Treatment with DAAs did not increase the risk of HCC occurrence. Patients who achieved SVR12 had a lower rate of HCC

occurrence. Further studies are needed to estimate the incidence and the risk for HCC in the long-term follow-up among patients
undergoing treatment with DAAs.

Abbreviations: 12WPT = 12 weeks after the end of treatment, 1MT = 1-month of treatment, CT = computerized tomography,
DAAs = direct-acting antivirals, EOT = end of treatment, FU = follow-up, HCC = hepatocellular carcinoma, HCV = hepatitis C virus,
IQR = interquartile range, LDV = ledipasvir, MR = magnetic resonance, PM = person-months, r = ritonavir, RBV = ribavirin, SOF =
sofosbuvir, SVR12 = sustained virological response at 12 weeks of treatment, TOE = time of enrolment, US = ultrasonography.
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1. Introduction

Direct-acting antivirals (DAAs) against hepatitis C virus (HCV)
elicited great enthusiasm worldwide for their effectiveness in
eradicating the infection since the first available trials.[1–3] In fact,
treatment with DAAs leads to sustained virologic response at 12
weeks post-treatment (SVR12) in up to 99% of treated patients
with few adverse drug reactions.[4–7] Such great enthusiasm has
been undermined in the first years of DAAs availability due to the
aroused question of possible high risk of hepatocellular carcinoma
development during and after treatment administration.[8] Several
studies indeed reported high rates of both HCC occurrence and
recurrence, first related toDAAs administration.[9,10]However, all
these studies had significant bias, such as the small sample size and
the retrospective design. Moreover, the authors often reported
incidence rates of HCC that were actually not different from the
known incidence rate of HCC among the whole HCV-infected
population, which is estimated to be approximately 2% to 8%.[11]

In fact, in a recent review of 24 papers[12] the risk of HCC
recurrence among patients who received DAAs therapy was
evaluated. The authors stated that no significant conclusion can be
drawn, due to the above-mentioned bias of the available studies.
They also advocated the necessity of large prospective studies. For
what concerns the risk of de novo HCC occurrence, the largest
available study was conducted among the US veterans cohort.[13]

Results from this study reported an annual incidence rate of 1.18
per100person-yearduring andafterDAAsadministration,but the
retrospective design of the study limited generalization of the
results. For such reasons, the debate on DAAs and HCC
development is still open. In fact, it is not clear whether some
patients’ characteristics or comorbidity may have an impact on
HCC occurrence and recurrence during and after treatment with
DAAs.[14] In such a doubtful setting, results from prospective real-
life cohorts are needed to estimatewhether a significant association
betweenDAAs andHCCoccurrence really exists. The LINA (liver
network activity) is a local inter-departmental network established
in 2015 with the aim of analyzing the real-life efficacy of DAAs-
based interferon-free regimens in the treatment of chronic HCV
infection in Campania Region,[15–17] which is a high-prevalence
area for HCV infection in Southern Italy.[18] All the patients who
started anyDAAs-based interferon-free treatment in one of centers
involved in the network, regardless HCV genotype and stage of
liver cirrhosis,were included in the cohort (LINAcohort).Aunique
dataset was used to collect demographical, clinical and laboratory
data of the included patients.
The aim of this study was to estimate the occurrence of HCC

among patients with chronic HCV infection included in the LINA
cohort of patients
2. Methods

We conducted a prospective observational multicentre study
involving all the patients with HCV chronic infection who
received a DAAs-based interferon-free treatment regimen
between March 2015 and December 2017 and who referred
to one of the following hospitals (LINA cohort)[16]:
(1)
 University of Naples Federico II, Department of Clinical
Medicine and Science – Section of Infectious Diseases
(2)
 University of Campania, Luigi Vanvitelli, Infectious Diseases
Unit, Department of Mental Health and Public Medicine
(3)
 Azienda ospedaliera dei colli, HIV Unit
2

(4)
 OORR Area Stabiese – P.O. Gragnano. U.O.C. Medicina
Interna, Epatologia ed Ecografia Interventistica

The present analysis was conducted among the patients
included in the LINA cohort and selected according to the
following criteria:
Inclusion criteria for the present study were:
(1)
 Patients with chronic HCV hepatitis

(2)
 Treatment with DAAs started between March 2015 and

December 2017

(3)
 Age ≥18 years old

(4)
 More than 6 months of follow-up (FU) from the beginning of

DAAs treatment

Exclusion criteria were:
(1)
 Child C cirrhosis

(2)
 Diagnosis of active HCC at the baseline and previous HCC

diagnosis

(3)
 Consent refusal

The Metavir score was estimated with a FibroScan© exam
performed within 6 months before the beginning of the antiviral
treatment. Clinical cirrhosis was defined as the presence of at least
1 of the following signs in patients with a diagnosis of chronic
HCV infection:
(1)
 Ultrasonography (US) of the abdomen suggestive for liver
cirrhosis (ie, hypertrophy of the caudate lobe, nodularity
of the liver surfaces, altered straightness of suprahepatic
veins)[19]
(2)
 Combination of at least 2 laboratory tests suggestive for liver
cirrhosis (ie, low platelets count, low plasmatic pseudocho-
linesterase concentrations, Aspartate Aminotransferase
(AST)/Alanine Aminotransferase (ALT) ratio >1)[20–22]
(3)
 Presence of at least 1 cirrhosis-related complication (ie,
ascites, porto-systemic encephalopathy, oesophageal varices)

Patients who previously received an antiviral anti-HCV
treatment (interferon-based) were defined as treatment-experi-
enced; patients who never received a previous treatment against
HCV were defined as treatment-naïve.
Diagnosis of active HCC was made by radiological, histologi-

cal or cytological criteria, in accordance with American
Association for the Study of Liver Diseases (AASLD) hepatocel-
lular carcinoma guidelines.[23] All the enrolled patients under-
went an US of the abdomenwithin 6 months before the beginning
of DAAs treatment to rule out the presence of active HCC.
Patients with hepatic lesions at the US, underwent a computerized
tomography (CT) or a magnetic resonance (MR) to confirm the
diagnosis of HCC according to the above-mentioned guide-
lines.[23] The indication for antiviral therapy and the choice of the
interferon-free regimen was made according to international
guidelines[24] and local availability. The dose of the different
DAAs and the duration of the regimen were chosen according to
the international guidelines.[24] Among patients in the LINA
cohort,[15–17] for the present analysis we included only those who
completed 6 months of follow up after the end of treatment
(EOT). Moreover, patients with a history of HCC (as well as
those with a diagnosis of HCC at baseline) were excluded.
Finally, patients with active alcohol abuse were excluded.
Scheduled FU visits were time of enrolment (TOE), 1 month
after the beginning of treatment (1-month of therapy, 1MT), at
the EOT and at 12 weeks after the end of treatment (12WPT). All
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the patients underwent a clinical exam, an US of the abdomen
and laboratory tests at TOE and at each FU visit. Patients with
hepatic lesions at the US, underwent a CT or a MR of the
abdomen to confirm the diagnosis of HCC. Plasmatic HCV-RNA
concentrations were dosed within 3 months before the enrolment
and then at each FU visit. HCV-RNA detectable was defined as
HCV-RNA plasmatic concentrations above the lower limit of
detectability (15 IU/mL). SVR12 was defined as HCV-RNA
plasmatic concentrations below the lower limit of detectability at
12WPT. Finally, after the scheduled FU visits, all the patients
underwent a clinical examination and an US of the abdomen
every 3 month to evaluate the occurrence/recurrence of HCC. A
CT or aMRwas performed to patients with hepatic lesions at the
US, to confirm the diagnosis of HCC. The date of last FUwas also
recorded.
2.1. Study outcomes and sample size

The primary outcome of the study was to assess the incidence rate
of HCC in a real-life cohort of patients with chronic HCV
infections who received treatment with DAAs and who never had
a HCC diagnosis (HCC occurrence).
Secondary outcomes were:
(1)
 To compare the rate of HCC occurrence between patients
who achieved SVR12 and patients who did not
(2)
 To analyze the presence of risk factors for HCC occurrence
among patients who received DAAs

Assuming the previously reported average incidence rate of 6%
ofHCC among patients with liver cirrhosis,[11] we hypothesized a
10% incidence rate of HCC among patients who received
treatment with DAAs in our cohort. Given the above, the
calculated sample size was 322, with a- and b-error of 0.05 e 0.2,
respectively.
2.2. Statistical analysis

The Kolmogorov-Smirnov test was applied to quantitative
variables to check for Gaussian distribution. Data are given as
mean ± standard deviation or as median and interquartile
range (IQR) in case of Gaussian and non-Gaussian
distribution, respectively. For categorical dichotomic variables,
the x2 test (or Fisher exact test if appropriate) was used for
comparisons between 2 unpaired groups. HCC incidence
was calculated as the number of HCC divided by total person-
months (PM) of follow-up. Kaplan–Meier curves were
generated to illustrate the cumulative incidence of HCC by
SVR; the log-rank test was used to compare the differences
between the curves. A time-to-event analysis with the cox
regression model was used to estimate the risk for HCC
occurrence. Variables included in the model (and stated a priori)
were: sex, age>60 years, treatment received, treatment duration,
Child B cirrhosis, Model for End-Stage Liver Disease (MELD)
score >10, treatment-experience, failure to achieve SVR12. The
variables that showed with a P-value< .2 for HCC occurrence
at the univariate model, were included in the multivariate
model analysis. For all tests, a P-value< .05 at 2-sided test
was considered statistically significant. Statistical analysis
was carried out using the Statistical Package for the Social
Sciences version 20.0 (SPSS Inc., Chicago, IL).
3

2.3. Ethical statement

The present prospective study was conducted in accordance with
the Code of Ethics of the World Medical Association (Declara-
tion of Helsinki-Sixth Version) for experiments involving
humans. The study protocol was approved by the local Ethical
Committee (Prot. N° 259/18). Written informed consent was
obtained for all the patients involved into the study.
3. Results

Three-hundred forty-one patients were included in the study
according to the inclusion/exclusion criteria. In particular, 612
patients were excluded because they did not complete a 6 months
post-treatment FU period. Moreover, 12 patients had a diagnosis
of previous HCC at TOE, while 6 were alcohol abuser, thus they
were all excluded. Consequently, 323 patients were included in
the present analysis (Fig. 1). Clinical parameters of the included
patients at TOE are reported in Table 1.

3.1. Treatment efficacy

Sofosfbuvir (SOF) plus ledipasvir (LDV) for 24 weeks was the
most prescribed treatment in our cohort (75/323 patients,
23.2%). Among patients with HCV genotype 2, 44 (13.6%)
received SOF plus ribavirin (RBV) while 7 (2.2%) received SOF
plus daclatasvir when this treatment became available for
patients with this genotype and with contraindications to RBV
(eg, anemia, coronary diseases, severe pulmonary diseases). All
patients except 2 had HCV-RNA <15IU/mL at 1MT (321/323,
99.4%). One patient with detectable HCV-RNA at EOT
eventually achieved the SVR12, while 6 (1.9%) patients with
undetectable HCV-RNA at EOT had a relapse after treatment.
Therefore, the overall SVR12 rate was 95.5% (316/323 patients).
The SVR12 rate was lower among patients with Child B cirrhosis
compared with patients with Child A cirrhosis or with no
cirrhosis (27/31, 87.1% vs 289/292, 99.0%; P< .01). Most
patients (70.6%) had HCV genotype 1b infection and they
achieved a 97.8% SVR12 rate (223/228). All patients with HCV
genotype 2, 3, and 4 achieved the SVR12 (51/51, 19/19, and 6/6,
respectively), while patients with genotype 1a (5.9% of all
patients) achieved a SVR12 rates of 89.5% (17/19). Rates of
SVR12 according to HCV genotype and treatment are shown in
Table 2. Four out of 7 patients who failed the cure received SOF+
LDV+RBV (3 of them for 12 weeks, 1 of them for 24 weeks).
They all had a genotype 1b HCV infection and all but 1 was
treatment-experienced. Two out of 7 patients who did not
achieve SVR12 received SOF plus Simeprevir for 12 weeks (1
treatment-experienced genotype 1a and 1 treatment-naïve
genotype 1b), while the remaining patient received SOF+LDV
for 24 weeks; she had genotype 1a infection and she had already
received a previous interferon-based anti-HCV treatment. All the
323 patients completed the treatment, no discontinuation
occurred.
3.2. HCC incidence

There were 11/323 patients with a de novo diagnosis of HCC
during 3926 PM (median time 10 months, IQR: 6–14). The
incidence rate in our cohort was 0.2 per 100 PM (crude rate
3.4%, 95 confidence interval [CI]: 1.5%–5.3%). The median
time for HCC occurrence was 11 months from the beginning of
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Figure 1. Flowchart of the cohort inclusion criteria.
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the treatment course (IQR: 6–23). HCC occurrence rate was
significantly higher among patients who did not achieve SVR12
compared with the occurrence rate among patients who did (2/7,
28.6%, 1.7 per 100 PM vs 9/316, 2.8%, 0.2 per 100 PM;
P< .05). SVR12 was strongly and positively associated with time
until development of HCC (P< .01) (Fig. 2). All patients with a de
novo diagnosis of HCC had liver cirrhosis, thus HCC incidence
rate was significantly higher among patients with liver cirrhosis
compared with patients without cirrhosis (11/242, 4.5%, 0.4 per
100 PMvs 0/81, 0%, 0 per 100 PM; P< .05). Patients in class B of
Child-Pugh classification had a higher rate of HCC occurrence
compared with patients in class A (5/31, 16.1%, 1.00 per 100 PM
Table 1

Clinical parameters of the enrolled patients (N=323).
Age (yr; median, IQR) 69 (61–74)
Male Sex (n, %) 157 (48.6)
HCV-RNA (IU/mL; median, IQR) 1,306,340 (421,500–2,892,500)
HCV genotype (n, %)
1a 19 (5.9)
1b 228 (70.6)
2 51 (15.8)
3 19 (5.9)
4 6 (1.9)

MELD (median, IQR) 7 (7–9)
Liver disease stage (n, %)
No cirrhosis 81 (25.1)
Child A cirrhosis 211 (65.3)
Child B cirrhosis 31 (9.6)

Treatment experienced (n, %) 164 (50.8)

HCV = hepatocellular carcinoma, IQR = interquartile range.

4

vs 6/211, 2.8%, 0.2 per 100 PM; P< .01). Most HCC (8/11,
72.7%) occurred after the EOT, while 3/11 (27.3%) occurred
during treatment (from TOE to EOT). Finally, treatment-
experienced patients had a similar HCC occurrence rate
compared with treatment-naive patients (6/164, 3.7%, 0.3 per
100 PM vs 5/159, 3.1%, 0.3 PPM; P= .52). Table 3 shows the
characteristics of patients who had HCC occurrence.

3.3. Risk factors for HCC occurrence

All patients with a de novo diagnosis of HCC in our cohort had
liver cirrhosis (Child-Pugh A or B). Thus, the time-to-risk analysis
was conducted among the 242 patients with a diagnosis of liver
cirrhosis at the baseline. According to the univariate time-to-
event analysis, patients with Child B cirrhosis, as well as those
who failed to achieve SVR12, had a higher risk for HCC
occurrence (Table 4). However, at the multivariate time-to-event
analysis, when also male sex and treatment with SOF+LDVwere
included in the model, no covariates were independently
associated with the risk of HCC occurrence.
4. Discussion

DAAs have a great efficacy in the eradication of HCV infection.
These treatments were also effective in reducing the incidence of
several complications of cirrhosis, such as ascites and encepha-
lopathy.[16,25] However, since the interferon era, it has been
demonstrated that SVR12 achievement in patients with liver
cirrhosis does not eliminate the HCC risk.[26] These data have
been also confirmed in the first available real-life studies with
DAAs. Moreover, in the first years of DAAs availability, some



Table 2

Treatment allocation of the enrolled patients and SVR12 rates (N=323).
Genotype 1a Genotype 1b Genotype 2 Genotype 3 Genotype 4 All Genotypes

Treatment n, % SVR12 (n, %) n, % SVR12 (n, %) n, % SVR12 (n, %) n, % SVR12 (n, %) n, % SVR12 (n, %) n, % SVR12 (n, %)

SOF+RBV – – – – 44 (13.6) 44 (100) 5 (1.5) 5 (100) – – 49 (15.2) 49 (100)
12 wk – – – – 14 (4.3) 14 (100) 1 (0.3) 1 (100) – – 15 (4.6) 15 (100)
16 wk – – – – 29 (9.0) 29 (100) – – – – 29 (9.0) 29 (100)
24 wk – – – – 1 (0.3) 1 (100) 4 (1.2) 4 (100) – – 5 (1.5) 5 (100)

SOF+SIM 12 wk 1 (0.3) 0 (0) 24 (7.4) 23 (95.8) – – – – 1 (0.3) 1 (100) 26 (8.0) 24 (92.3)
SOF+SIM+RBV 12 wk – – 12 (3.7) 12 (100) – – – – – – 12 (3.7) 12 (100)
OMB/PAR/r+DAS 12 wk – – 50 (15.5) 50 (100) – – – – – – 50 (15.5) 50 (100)
OMB/PAR/r+DAS+RBV 6 (1.9) 6 (100) 48 (14.9) 48 (100) – – – – 1 (0.3) 1 (100) 55 (17.0) 55 (100)
12 wk 2 (0.6) 2 (100) 48 (14.9) 48 (100) – – – – 1 (0.3) 1 (100) 51 (15.8) 51 (100)
24 wk 4 (1.2) 4 (100) – – – – – – – – 4 (1.2) 4 (100)

SOF/LDV 5 (1.5) 4 (80) 68 (21.0) 68 (100) – – – – 2 (0.6) 2 (100) 75 (23.2) 74 (98.7)
12 wk 1 (0.3) 1 (100) 19 (5.9) 19 (100) – – – – 1 (0.3) 1 (100) 21 (6.5) 21 (100)
24 wk 4 (1.2) 3 (75) 49 (15.2) 49 (100) – – – – 1 (0.3) 1 (100) 54 (16.7) 53 (98.1)

SOF/LDV+RBV 7 (2.2) 7 (100) 19 (5.9) 15 (78.9) – – – – – – 26 (8.0) 22 (84.6)
12 wk 6 (1.9) 6 (100) 16 (4.9) 13 (81.2) – – – – – – 22 (6.8) 19 (86.4)
24 wk 1 (0.3) 1 (100) 3 (0.9) 2 (66.6) – – – – – – 4 (1.2) 3 (75.0)

SOF+DCV – – 3 (0.9) 3 (100) 7 (2.2) 7 (100) 4 (1.2) 4 (100) 1 (0.3) 1 (100) 15 (4.6) 15 (100)
12 wk – – 1 (0.3) 1 (100) 6 (1.9) 6 (100) 3 (0.9) 3 (100) – – 10 (3.1) 10 (100)
24 wk – – 2 (0.6) 2 (100) 1 (0.3) 1 (100) 1 (0.3) 1 (100) 1 (0.3) 1 (100) 5 (1.5) 5 (100)

SOF+DCV+RBV – – 3 (0.9) 3 (100) – – 10 (3.1) 10 (100) 1 (0.3) 1 (100) 14 (4.3) 14 (100)
12 wk – – 3 (0.9) 3 (100) – – – – 1 (0.3) 1 (100) 4 (1.2) 4 (100)
24 wk – – – – – – 10 (3.1) 10 (100) – – 10 (3.1) 10 (100)

GZR/EBR 12 wk – – 1 (0.3) 1 (100) – – – – – – 1 (0.3) 1 (100)
All treatments 19 (5.9) 17 (89.5) 228 (70.6) 223 (97.8) 51 (15.8) 51 (100) 19 (5.9) 19 (100) 6 (1.9) 6 (100) 323 (100) 316 (97.8)

DAS=dasabuvir, DCV=daclatasvir, EBR= elbasvir, GZR=grazoprevir, LDV= ledipasvir, OMB= ombitasvir, PAR=paritaprevir, r= ritonavir, RBV= ribavirin, SIM= simeprevir, SOF= sofosfbuvir, SVR12=
sustained virological response at 12 wk post-treatment, wk=weeks.
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concerns were raised regarding a presumed higher incidence of
HCC development in patients treated with DAAs.[9] In this study,
which was carried out among 332 patients who received
treatment with DAAs, we showed a crude HCC occurrence rate
of 3.4% (0.2 per 100 PM) during 3926 PM. This rate is not
different from the known incidence rate of HCC among patients
who had never receive antiviral treatment.[27,28] Thus, our results
do not confirm the hypothesis of an increased incidence of HCC
occurrence in the short- and in the mid-term among patients on
Figure 2. Cumulative incidence of hepatocellular carcinoma (HCC) accord

5

anti-HCV treatment. Actually, several studies and systematic
reviews have already estimated the risk of both recurrence
(among patients with a previous diagnosis of HCC) and de novo
occurrence (among patients without a previous diagnosis of
HCC) after antiviral treatment with DAAs.[12,29] However, most
available data came from retrospective cohorts and several
authors advocated the necessity of large prospective cohorts.
Nevertheless, data about the risk of HCC occurrence are very few
compared with available data on HCC recurrence. In fact, in a
ing to sustained virologic response at 12 wk post-treatment (SVR12).
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Table 3

Clinical characteristics of the 11 patients with HCC occurrence.

Sex Age, yr Genotype Treatment
Treatment
duration

Experienced/
Naive

Child-Pugh
classification

MELD
score

T.O.,
∗

mo
On/post
treatment

SVR12
(yes/no)

M 79 1b OMB/PAR/r + DAS 12 wk Experienced A5 7 6 ON Yes
M 74 1b SOF/LDV 24 wk Naive A5 7 27 POST Yes
M 57 1b SOF/LDV + RBV 12 wk Experienced A5 9 11 ON No
M 69 1b SOF/LDV 24 wk Experienced A5 6 13 POST Yes
M 73 1b SOF/LDV 24 wk Experienced A5 7 35 POST Yes
M 72 1b OMB/PAR/r + DAS + RBV 12 wk Experienced A5 8 6 POST Yes
F 70 2 SOF+RBV 16 wk Naive B7 11 7 POST Yes
M 61 1a SOF/LDV 24 wk Naive B8 12 11 POST Yes
F 71 1b SOF/LDV + RBV 24 wk Naive B8 10 23 POST Yes
F 69 1b SOF+SIM 12 wk Naive B9 21 6 POST No
M 49 4 SOF/LDV 24 wk Experienced B9 15 13 ON Yes
∗
Time of occurrence: time from treatment start and HCC occurrence.

DAS=dasabuvir, LDV= ledipasvir, OMB= ombitasvir, PAR=paritaprevir, r= ritonavir, RBV= ribavirin, SOF= sofosfbuvir, SVR12= sustained virologic response at 12 wk post-treatment, wk=weeks.
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recent meta-analysis[29] aimed at comparing the risk of HCC
occurrence and recurrence between patients treated with DAAs
and those treated with interferon-free regimens, only 9 studies
discussing the risk of de novo HCC occurrence were included.
These studies reported results from retrospective cohorts or small
prospective cohorts. Moreover, the aim of some of such studies
was often different from the evaluation of HCC occurrence. The
SVR12 rate of our cohort (95.5%) was similar to the rate
reported in other studies and real-life cohorts.[30–32] Interestingly,
the rate of HCC occurrence was significantly higher among
patients who did not achieved SVR12 compared with those who
did (2/7, 28.6%, 1.7 per 100 PM vs 9/316, 2.8%, 0.2 per 100
PM; P< .05). A similar difference was reported in the U.S.
Veteran cohort. In fact, in the retrospective analysis conducted by
Kanwal et al,[13] a considerable lower cumulative incidence of
HCC among patients who achieved SVR12 compared with
patients who did not, was reported (0.90 per 100 person-year [95
CI: 0.77–1.03] vs 3.45 per 100 person-year [95 CI: 2.73–4.18],
P< .0001). Despite the aroused risk of HCC in patients receiving
DAAs, these results suggest an association between viral
clearance and a lower risk of de novo HCC, further averting a
possible increased HCC risk during DAAs treatment. It is also
noteworthy that, according to our univariate time-to-event
Table 4

Cox regression analysis for HCC occurrence among patients with ci

Univariate analysis

HR 95 CI

Male sex 3.01 0.78–11.66
Age >60 yr 1.40 0.30–1.40
SOF+RBV 0.43 0.05–3.55
SOF+SIM 0.51 0.06–4.05
SOF+LDV 3.03 0.85–10.76
SOF+DCV

∗ ∗

OMB/PAR/r+DAS 0.96 0.20–4.63
Treatment duration 24 wk† 1.68 0.48–5.83
Child-Pugh B 4.98 1.40–17.73
MELD >10 1.77 0.45–6.96
Treatment-experience 0.82 0.24–2.83
No SVR12 6.06 1.25–29.42
∗
Not analysable, no patients who received SOF+DCV had HCC occurrence.

† Versus 16 or 12 wk.
95 CI=95% confidential intervals, aHR= adjusted hazard ratio, DAS=dasabivur, DCV=daclatasvir, HR=
ribavirin, SIM= simeprevir, SOF= sofosfbuvir, SVR12= sustained virologic response at 12 wk post-trea
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analysis, the only factors significantly associated with HCC
occurrence were class Child-Pugh B liver cirrhosis and failure to
treatment (no SVR12 achieved). At the multivariate time-to-event
model, both the covariates lose their association with HCC
occurrence, hinting a mutual influence. In fact, the SVR12 rate
was significantly lower among patients with Child B cirrhosis
compared with patients without cirrhosis or Child A cirrhosis
(27/31, 87.1% vs 289/292, 99.0%; P< .01). Supposedly, the
higher risk for HCC resulted from the univariate time-to-event
analysis among patients who failed to achieve SVR12 was mostly
related to the decompensated phase of liver diseases, which is
known to be associated with an increased incidence of
HCC.[33,34] Finally, there were no significant associations
between the different DAAs combinations and HCC occurrence
risk. Our study had some limitations. First of all, there was no
control group. While this is a main limitation of the study, it must
be stated that denying an immediate antiviral-treatment to
chronically HCV infected people would raise significant ethical
concerns. In fact, an effective anti-HCV treatment must be
provided as soon as possible both to avoid a further progression
of liver diseases and to minimize the risk of HCV transmission in
the general population. Given the lack of a control group, we
compared our results with the previously reported occurrence of
rrhosis (n=242).

Multivariate analysis

P aHR 95CI P

.110 2.30 0.57–9.26 .208

.669 – – –

.432 – – –

.525 – – –

.087 1.97 0.53–7.36 .314
∗ ∗ ∗ ∗

.960 – – –

.413 – – –

<.05 3.14 0.76–12.94 .166
.412 – – –

.752 – – –

<.05 2.32 0.40–13.25 .345

hazard ratio, LDV= ledipasvir, OMB= ombitasvir, P=P-value, PAR=paritaprevir, r= ritonavir, RBV=
tment.



Buonomo et al. Medicine (2020) 99:6 www.md-journal.com
HCC in our country. Sangiovanni et al indeed showed a 3.4%
rate per year of HCC occurrence among 417 patients with
compensated cirrhosis who did not receive DAAs or other anti-
HCV drugs.[28] This occurrence rate was similar to the rate in our
cohort; moreover, it was higher compared with the occurrence
rate in patients in our cohort who achieved SVR12 (2.8%).
Another limitation is the short median time of FU (10 months;
IQR: 6–14), which did not allow us to draw conclusions on the
long-term risk of HCC among patients who receive anti-HCV
treatment with DAAs. Furthermore, 64% of the initially included
patients (n=612) did not completed 6 months of post-treatment
observation at the time of the analysis and they were excluded
from the study. Since potential DAAs-related HCCs are unlikely
to occur in a short-term period after treatment completion, these
patients were excluded to avoid a selection bias that could have
led to a lower, and distorted, HCC occurrence. All these patients
were lost to FU after they achieved the SVR12 at the 12WPT
scheduled visit. Thus, they were probably unwilling to attend the
clinical follow up after the clearance of HCV infection. Given the
above, the sample size may be not sufficient to highlight the
presence of risk factors independently associated with HCC.
However, according to our sample size calculation, it is large
enough to estimate the incidence of HCC occurrence.
In conclusion, our results showed an incidence of HCC

occurrence among patients who received anti-HCV treatment
which is similar to the expected incidence among patients with
HCV-related liver disease. We found no independent risk factors
associated with HCC occurrence but we interestingly showed a
higher HCC incidence in patients who did not achieve SVR12.
Further studies are needed to estimate the incidence and the risk
for HCC in the long-term FU among patients undergoing
treatment with direct acting antivirals.
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