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Abstract 

The literature focused on data regarding the occurrence of hepatocellular carcinoma (HCC) after interferon (IFN)-free 
therapy is ambiguous. Researchers are preoccupied to find if the risk of developing liver cancer is related only to the therapy 
per se or it is influenced by a multitude of factors. We aimed to develop a local analysis of risk factors associated with HCC 
occurrence in patients with liver cirrhosis due to HCV (hepatitis C virus) infection treated with IFN-free therapy. We made 
an observational, retrospective study, between 2016 - 2019, on 188 cirrhotic patients with HCV infection, diagnosed, treated 
and followed-up by screening for HCC occurrence, using the recordings from the patient’s charts available in the archive of 
the Gastroenterology Lab, “Aquamed” Clinic, Constanța County, Romania. We noted the demographic, lab, imagistic data 
and treatment procedures applied, comparing two groups of patients: the IFN-free therapy group – 89 patients and the 
standard IFN therapy group – 99 patients. As statistic method, we used the SAS Cox proportional hazards regression 
procedure, in order to calculate the HR (hazard ratio) and CI (confidence interval) 95% for each parameter studied as risk 
factor involved in HCC occurrence. In the unadjusted model, there was estimated an increased risk in HCC occurrence in 
IFN-free therapy group compared to standard IFN therapy group (p = 0.0341). After adjustment for age, gender, severity of 
the disease, (Child-Pugh classification) or complications, there was not a statistically significant difference between IFN-free 
therapy group or IFN therapy group in order to develop HCC (hazard ratio = 0.05, p = 0.5038). Our observational study, even 
if made on a small number of patients, confirms that IFN-free therapy is safe, the benefits obtained covering the risks. Our 
study results did not find a link between IFN-free therapy and HCC occurrence over the known risk of liver cirrhosis, when 
taking into account multiple features of disease prior to treatment onset. 
 
Rezumat 

Literatura axată pe datele referitoare la apariția carcinomului hepatocelular după terapia fără interferon (IFN) este ambiguă în 
acest moment. Cercetătorii sunt preocupați să stabilească dacă riscul de a dezvolta hepatocarcinom este legat numai de terapia 
per se sau este influențat de o multitudine de factori. În acest context, ne-am propus să facem o analiză locală a factorilor de risc 
asociați cu apariția HCC la pacienții cu ciroză hepatică datorată infecției cu virus hepatitic C (VHC) tratată fără IFN. Am efectuat 
un studiu observațional, retrospectiv, între anii 2016 - 2018 pe 188 de pacienți cu infecție cu VHC diagnosticați, tratați și urmăriți 
prin screening pentru apariția HCC, folosind înregistrările din diagramele pacientului, disponibile în arhiva Laboratorului de 
Gastroenterologie, Clinica „Aquamed”, județul Constanța, România. Am analizat datele demografice, de laborator și imagistice, 
precum și procedurile de tratament aplicate, comparând două grupuri de pacienți: grupul de terapie fără IFN - 89 pacienți și grupul 
de terapie IFN standard - 99 de pacienți. Ca metodă statistică am folosit procedura de regresie a riscurilor proporționale SAS 
Cox pentru a calcula intervalul de confidență HR și CI 95% pentru fiecare parametru studiat ca factor de risc implicat în 
apariția HCC. În modelul neajustat, s-a estimat un risc crescut de apariție a HCC în grupul de tratament fără IFN în comparație 
cu grupul standard de terapie cu IFN (p = 0,0341). După ajustarea pentru vârstă, sex, severitate a bolii (clasificarea Child-
Pugh) sau complicații, nu a existat o diferență semnificativă statistic între grupul de terapie fără IFN sau grupul de terapie 
IFN pentru a dezvolta HCC (raport hazard = 0,05, p = 0,5038). Studiul nostru observațional, chiar dacă este făcut pe un 
număr mic de pacienți, are rezultate care confirmă faptul că terapia fără IFN este sigură, beneficiile obținute acoperind 
riscurile. Rezultatele studiului nostru nu găsesc o legătură între terapia fără IFN și apariția HCC peste riscul cunoscut de 
ciroză hepatică, atunci când se iau în considerare caracteristicile multiple ale bolii înainte de debutul tratamentului. 
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Introduction 

Researchers from Western Europe, Asia and North 
America warned in the last few years that the risk of 
hepatocellular carcinoma (HCC) in cirrhotic individuals 
may be higher after attaining interferon (IFN)-free 
hepatitis C virus (HCV) clearance versus clearance with 
an IFN-containing cure [4, 17, 20]. Initial univariate 
analysis found that IFN-free therapy was associated 
with a more than double risk to develop HCC [6, 8]. 
Still, the elevated risk suggested initially seems to be 
attenuated after multivariate adjustment for baseline 
variables. It looks that the higher incidence of HCC 
following sustained virology response with IFN-free 
therapy relates to baseline risk factors and patient 
selection, and not to the use of IFN-free therapy per se 
[6]. On the background of this debate, we aimed to find 
if IFN-free therapy is a trigger for HCC occurrence, 
in patients with liver cirrhosis due to HCV chronic 
infection, and to detect the local risk factors involved 
in this oncologic pathology [1, 11, 15, 19]. 
 
Materials and Methods 

Study design: Patients 
We made an observational, retrospective study, 
between 2016 and 2019, on data provided from the 
files of 188 cirrhotic patients with HCV infection 
diagnosed, treated and followed-up by screening 
procedures according to AASLD (American Association 
for the Study of Liver Diseases) recommendations 
for HCC occurrence [2]. 
According to the treatment regimens used, patients 
were divided into two groups: the IFN-free therapy 
group – 89 patients, and standard IFN therapy group – 99 
patients. Patients with HBV (hepatitis B virus)/HDV 
(hepatitis D virus) or HIV (human immunodeficiency 
virus) infections, autoimmune diseases, NAFLD (non-
alcoholic fatty liver disease)/NASH (non-alcoholic 
steatohepatitis) proved by liver biopsy and genetic 
disorders with liver involvement (Wilson’s Disease, 
alfa 1 anti-trypsin deficiency, haemochromatosis, 
type 1 diabetes etc.) have been excluded from the 
study. There were also excluded patients with suspected 
nodules in the liver at the treatment onset. IFN-free 
therapy was represented by combinations of different 
DAAs (direct acting antiviral agents). According to 
these combinations, most of our patients (77 patients – 
88%) followed the regimen with ombitasvir, ritonavir, 
paritaprevir and daclatasvir for 12 weeks reimbursed 
by the state, and the rest of them (11 patients – 12%), 
followed the treatment with ledipasvir plus sofosbuvir 
obtained by private resources, for the same period 
of time. 
Methods 
We used the recordings from the patient’s charts 
available in the archive of Ambulatory Gastroenterology 
Department, “Aquamed” Clinic, Constanța County, 
Romania. We noted the demographic data (age, 

gender, provenience, BMI), the type of drug used, 
the duration of treatment, sustained virological response 
(SVR), the clinical and lab data recorded during the 
follow-up visits (every 6 months after the treatment 
finished), the abdominal ultrasonography results and 
the moment of HCC occurrence. Patients treated 
with IFN-based therapy followed the classical 24/48 
weeks regimens with double therapy with IFN alfa-2a/b 
plus ribavirin, according to host and viral characteristics 
at baseline. Lab tests studied were: CBC (complete 
blood count), made with the automatic analyser Becton 
Dickinson®, using the principle of flow cytometry 
equipped with LASER semiconductor and hydrodynamic 
focusing, ALT (alanine aminotransferase)/AST 
(aspartate aminotransferase) tests, made by 
standardized kinetic method IFCC (International 
Federation for Clinical Chemistry) with or without 
pyridoxal phosphate, tests of liver insufficiency 
(albumin, PT (prothrombin time)), BT (bleeding 
time)/BD (blood collection) and tumour markers 
(alfa-fetoprotein, CEA-carcinoembryonic antigen), 
using analysers provided by Roche, Siemens and 
Beckman-Coulter Companies. Abdominal ultra-
sound examinations were done with General Electric 
LogiqS7 Expert equipment at every 6 months intervals 
during the follow-up period according to guidelines, 
focused on focal lesions detection into the liver 
parenchyma, accounting those with malignant potential. 
Clinical examination was done at every visit to gastro-
enterologist and features related to general status, BMI 
(body mass index), liver and spleen features, ascites 
were noted. Complications as variceal haemorrhages, 
encephalopathy, spontaneous peritonitis or kidney 
failure due to hepatorenal syndrome were also 
encountered. 
Statistics 
The GraphPad StateMate statistical package (San Diago, 
California, La Jolla, USA, www.graphpad.com) was 
used. SAS Cox proportional hazards regression 
procedure allowed us to calculate the risk for each 
parameter involved in HCC occurrence. The parameters 
estimates, the p values (statistical significance p < 0.05), 
and HR (hazard ratio) along with the 95% CI intervals 
for each studied parameter were calculated. To provide 
strong evidence of our statistic results, we used the 
multivariate adjusted model. 
 
Results and Discussion 

The statistics was conducted in order to investigate 
differences in HCC occurrence adjusting for age, 
gender, severity of the disease, complications and 
history of IFN-free therapy. A total of 188 patients 
over 18-year-old and diagnosed with chronic hepatitis 
C infection, treated (n = 89) or not (n = 99) with 
IFN-free therapy, were followed until the HCC 
occurrence or up to 10 years. 62% (n = 116) of patients 
were males and the mean age was 61.3 years for HCC 
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group and 55.7 for non-HCC group, ranging from 
18 years to 70 years at treatment onset. There were 
24 cases of HCC diagnosed among the 188 patients. 
Descriptive statistics shown in Table I classified the 

patients according to the main demographic and disease 
features at the beginning of the study period until 
HCC occurred. 

Table I 
Main characteristics of studied patients 

 HCC group (24 patients/188) No HCC group (164 patients /188) 
Mean (SD) Age, years 55.7 (6.3) 61.3 (6.9) 
Gender (%)  

Male 
Female 

 
16/24 (66.66%) 
8/24 (33.33%) 

 
94/164 (57.31%) 
70/164 (42.68%) 

Child Pugh Class B/C 8/24 (33.33%) 40/164 (24.39%) 
Thrombocytopenia  10/24 (41.66%) 34/164 (21.34%) 
Ascites 5/24 (20.83%) 21 (12.80%) 
IFN-free therapy 10 (11.23%) 79 (88.76%) 
IFN therapy 14 (14.14%) 85 (85.85%) 

 
In the unadjusted model, there was estimated an 
increased risk in HCC occurrence in IFN-free therapy 
group compared to standard IFN therapy group (p = 
0.0341). The short length of follow-up in the IFN-
free therapy group (up to 2 years) compared to the 
long length of follow-up in IFN-therapy group makes 
believable the hypothesis that IFN-free therapy may 
be a bust for HCC occurrence. The rapid viral load 
decline produced by the potent antiviral drug used 
in combination and the abrupt cessation of liver 
inflammation are believed to adversely dampening 
cancer immune-surveillance activities that target the 
identifying and removal of cancer-prone hepatocytes, 
leading to a rapid and aberrant proliferation into the 
liver parenchyma and cancer occurrence [16, 18]. 
Using the univariate unadjusted model, our study 
results estimate that the age over 50 years old, male 
gender, Child Pugh B/C stages of the disease, ascites 
and IFN-free therapy were more often associated 
with HCC occurrence. Data are shown in Table II, 
along with the p-values. 

Table II 
The main risk factors associated with HCC occurrence 

using the unadjusted model 
Risk Factor Parameter Estimate p-Value 

Age years 0.17654 0.0001 
Male gender 0.37810 0.0002 
Child-Pugh B/C 0.65882 0.0003 
Ascites 0.11118 0.0001 
IFN-free therapy 0.08341 0.0341 

 
After this analysis, we concluded that there was a 
positive association between age over 50, male gender, 
Child-Pugh B/C stages, ascites and INF-free therapy 
with HCC occurrence. However, after adjustment 
for age, gender, severity of the disease (Child-Pugh 
classification) or complications, there was not a 
statistically significant difference between IFN-free 
therapy group or IFN therapy group in order to 
develop HCC (HR = 0.05, p = 0.5038) (Table III). 
In addition, adjusting for additional risk factors, 

patients treated with IFN-free therapy did not look to 
have an additional risk to develop HCC (Table IV). 
The HR estimates were used in order to strengths the 
analyse results. The analysis has shown that there is an 
11.16% increase in the expected hazard relative ratio 
to develop HCC over the age of 50 (the expected 
hazard was 1.11 times higher in a person who is one 
year older than 50 to have HCC), holding the rest of 
parameters constant (gender, Child Pugh stage, ascites, 
IFN-free therapy). In addition, the expected hazard 
was 1.67 times higher in male gender compared to 
women, at the same age. The HR for decompensated 
disease or only for a single time ascites in the 
patient’s history were 2.04 times higher, respectively 
1.71 times higher in order to develop HCC, holding the 
age and gender constant, no matter of treatment used. 

Table III 
SAS Cox proportional hazards regression analyse 

estimating the main risk factors for HCC 
occurrence 

Risk Factor Parameter 
Estimate 

HR 
(95% CI for HR) 

Age > 50 0.18342 1.11 (1.086 - 1.789) 
Male gender 0.45091 1.67 (1.234 - 1.956) 
Child-Pugh B/C 0.69786 2.04 (1.034 - 1.777) 
Ascites 0.11876 1.71 (1.352 - 1.992) 
IFN-free therapy 0.07231 0.05 (0.004 - 1.023) 

 
We considered as additional risk factors for HCC the 
high number of HCC in a short length of follow-up for 
IFN-free treated patients (up to 2 years of follow-up in 
IFN-free therapy group compared to up to 10 years in 
IFN group), genotype and viral load. We estimated the 
Cox proportional hazards regression model relating 
to the length of follow-up, genotype and viral load 
using the SAS Cox proportional hazards regression 
procedure. After adjusting for age, gender, severity of 
the disease and genotype, the viral load and the short 
length of follow-up period were not statistically 
significant associated with HCC occurrence in IFN-
free therapy group compared to the standard treatment 
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group. We included in Table IV along with the hazard ratios, their 95% confidence intervals. 
Table IV 

SAS Cox proportional hazards regression analyse estimating the main risk factors for HCC occurrence 
Risk Factor Parameter Estimate p-Value HR (95% CI for HR) 

Genotype 1b 0.9321 0.003 1.012 (1.006 - 1.201) 
Viral load -0.08791 0.201 0.998 (0.175 - 1.064) 
Length of follow-up  -0.01651 0.122 0.633 (0.375 - 1.144) 

 
HCC is the 5th most common type of cancer globally 
[10]. The main concern regarding the issue is to 
decrease worldwide incidence of viral infections due 
to B, C and D viruses by using curative treatments. We 
are witness of a new era in the treatment of hepatitis C 
virus chronic infection with the generically called 
IFN-free therapies. In cirrhotic patients, the survival 
rates are encouraging reaching, 92 - 96% according to 
TURQUOISE-2 TRIAL in genotype 1 (a and b) and 
4 [14], 91% in genotype 2, according to Phase III 
ASTRAL 2 trial [5] and over the expectations reaching 
89 - 91% in Phase III ALLY-3 trial [9, 12] and Phase 
III ASTRAL 3 trial [5] in hard-to-treat genotype 3 [18]. 
After a short period of follow-up, the main concern of 
physicians was directed to a possible increased risk of 
HCC induction by the DAAs treatments. Researchers 
warned recently about this high risk comparing to 
standard treatment cures, the hypothesis having major 
implications in HCV treatment management [7]. It 
looks that the rapid viral load decline and the rapid 
cessation of inflammatory liver process may lead to 
an altering of immune-surveillance activities and 
cancer occurrence by inefficient suppression of cancer 
promoters [3]. For example, one Scottish study recently 
published, claimed the significantly higher risk for 
HCC in patients treated with IFN-free treatment 
(HR = 2.48, 95% CI 1.14 - 5.37) [6].  Compared to our 
results, the mean period of follow-up was different 
from our study, 3.4 years in the Scottish study compared 
with 1.7 years for our IFN-free therapy group, due 
to low-resources settings, the reimbursed treatment 
with IFN-free therapy being available only for about 
2 years and 12% of patients being treated by self-
resources. Even if the period of follow-up was different, 
the overall rate of HCC occurrence was similar for 
both studies, around 2.53 events per 100 persons – 
years for the referred study compared to 2.95 events 
per 100 persons – years. Still, to clarify this issue, 
more and more physicians focused on making ample 
statistic analyses. The previous Scottish study made on 
a high number of patients (875 patients) attending 
SVR (sustained virological response) after 12 weeks 
of different IFN-free therapies for HCV from 12 
clinics, after multivariate adjustment for baseline 
variables, proved that no significant risk attributable to 
IFN-free therapy persisted (HR = 1.15, p = 0.744), and 
other baseline factors were associated with increased 
HCC risk. The viral load and the length of follow-up 
period after treatment cure were not involved in HCC 
occurrence in our present study. After adjusting for 

age, gender, severity of the disease and genotype, 
the viral load and the short length of follow-up period 
were not statistically significant associated with HCC 
occurrence in IFN-free therapy group compared to 
standard treatment group. Regarding the rest of risk 
factors involved in HCC occurrence, the age over 50 
years, male gender, Child-Pugh B/C stages, ascites 
and thrombocytopenia remained with the same pattern 
of involvement, as the literature confirms. 
 
Conclusions 

Our observational study, even if made on a small 
number of patients, confirms that IFN-free therapy is 
safe to use, the benefits obtained covering the risks. 
Our study results did not find a link between IFN-free 
therapy and HCC occurrence over the known risk of 
liver cirrhosis, when taking into account the multiple 
features of disease prior to treatment onset. 
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