
Abstract. Background/Aim: Liver injury has been frequently
reported in association with SARS-CoV-2 infection, but data
are still lacking regarding the impact of pre-existing liver
damage and neoplasia on SARS-CoV-2 infection outcome and
vice-versa. This study aimed to assess the effects of SARS-
CoV-2 infection on hepatocellular carcinoma (HCC) in
chronic hepatitis C virus (HCV) infected patients, both in
therapeutic-naïve and patients treated with direct acting
antivirals. Patients and Methods: We conducted a
retrospective cohort study on 21 patients with a personal
history of HCV infection, that have been diagnosed with
different forms of HCC and who were subsequently infected
with SARS-CoV-2. Patients were monitored by liver function
tests, tumoral markers, blood cell count, and coagulation
profile periodically. Results: Solitary HCC nodules were
predominant among the subjects who achieved sustained
virologic response, while multinodular and infiltrative
patterns were mostly prevalent among the treatment-naïve
group. Most patients had mild and moderate COVID-19
infections. Conclusion: Within the current global pandemic

crisis, cancer patients are highly vulnerable and in need of
constant monitoring. Among patients with HCC, the ones
with cured HCV infection may be at a lower risk of fatality
than those with active HCV infection, when diagnosed with
SARS-CoV-2 infection.

Hepatocellular carcinoma (HCC) represents one of the most
prevalent malignancies in the world, as well as a leading
cause of cancer-related mortality (1). The World Health
Organization approximates that over 1 million individuals
will die from liver cancer in 2030 (2, 3). Among the well-
known factors involved in liver cancer development, hepatitis
C virus (HCV) chronic infection is associated with a 15- to
20- fold increased risk for HCC (4, 5); the annually estimated
likelihood of HCC occurrence is 3% in patients with cirrhosis
and active HCV infection (6). The use of direct-acting
antivirals (DAAs) has led to a remarkable progress in HCV
infection treatment, showing high efficacy and a very good
safety profile, even in patients with decompensated cirrhosis.
DAAs therapy resulted in significantly higher sustained
virologic response (SVR) rates in over 95% of the cases, in
all HCV genotypes (7). However, successful antiviral therapy
does not completely obliterate the risk of HCC occurrence;
therefore, it is highly essential that HCC screening never
stops in these patients (8, 9). Moreover, except for increasing
the likelihood of hepatic malignancy, HCV chronic infection
is responsible for a large variety of extrahepatic
manifestations (including metabolic disorders, extrahepatic
malignancies, autoimmune or inflammatory disorders), and
therefore, is considered a systemic disease, rather than just a
liver condition (4, 10-13).
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Within the last year, the medical world has encountered a
significant challenge, represented by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) - the fifth beta-
coronavirus known to infect humans, which has been named
coronavirus disease 2019 (COVID-19) pandemic (14). Since
this virus has emerged in late December 2019, more than 30
million people have been infected worldwide and mortality
is continuously rising.

Currently, HCV infection represents an undeniably
important comorbidity in patients infected with SARS-CoV-
2, with pre-existing chronic liver disease (CLD) being
potentially responsible for worse outcomes following SARS-
CoV-2 infection. One possible explanation is the association
of advanced liver disease with immune dysregulation,
systemic inflammation, coagulopathy, and intestinal
dysbiosis – conditions that could promote a more severe
COVID-19 evolution (15). On the other hand, SARS-CoV-2
itself may represent a newly emerged liver aggressor, and
hepatic manifestations are currently recognized as an
important element of COVID-19 – with liver biochemistry
alterations found in 15-65% of the cases (16, 17).

This study aimed to assess the effects of SARS-CoV-2
infection on HCC in chronic HCV-infected patients, both in
therapeutic-naïve and patients treated with DAAs.

Patients and Methods
We conducted a prospective observational study on 21 patients with
a personal history of HCV infection, that have been diagnosed with
different forms of HCC and who subsequently contracted SARS-
CoV-2 infection. The study was approved by the local Ethics
Committee and was performed from early April 2020 to mid-
December 2020. An informed written consent was taken from all
the subjects and all the records were confidential.

Over 42% of these patients had been administered DAA therapy
(either ombitasvir/paritaprevir/ritonavir and dasabuvir or
ledipasvir/sofosbuvir) and had achieved SVR prior to HCC
diagnosis, while the rest of them (57.14%) were treatment-naïve.
For the latter category of subjects, viral infection was assessed by
quantitative HCV ribonucleic acid (RNA) tests, that showed a high
viral load in all patients, with more than 850,000 IU/l. Liver fibrosis
was evaluated by Fibromax in all 21 patients, resulting in 14
patients with F4 degree of fibrosis (cirrhotic patients) and 7 patients
with F3 degree of fibrosis.

Inclusion criteria for the study were: history of HCV chronic
infection, with or without prior DAAs treatment, and documented
de novo HCC either by computerized tomography (CT) scan or
magnetic resonance imaging (MRI). It is important to mention that,
for patients with undetectable viral load consecutive to DAA
treatment, HCC was documented at 6 months or more after
achieving SVR. In accordance with current guidelines, all patients
with a history of HCV infection are routinely monitored every 6
months, in our clinic, even after SVR is achieved (18) and
documented SARS-CoV-2 infection, by reverse transcription
polymerase chain reaction, has been cured at least one month prior
to the first visit to our clinic (all subjects were diagnosed with
COVID-19 between April 2020 and June 2020); at the time of

SARS-CoV-2 infection, no HCC targeted therapeutic measures were
performed for any of the patients.

The exclusion criteria were: patients that discontinued
surveillance, due to COVID-19 pandemic of for personal reasons;
hepatitis B virus or HIV co-infection; decompensated cirrhosis;
other concomitant or previous malignant process.

Medical data were retrieved from the electronic records, as well
as physical source documents. This strategy allowed us to include
and analyze important parameters that were being assessed during
COVID-19 hospitalization, and compare them with the data we
achieved before and after  SARS-CoV-2 infection. Therefore, the
following parameters were evaluated before and during COVID-19,
as well as one and 6 months after coronavirus infection: alanine
transaminase (ALT), aspartate aminotransferase (AST), total
bilirubin (TB), alkaline phosphatase (AP), gamma-glutamyl
transferase (GGT), serum albumin, alpha-fetoprotein (AFP), blood
cell count, coagulation profile. Also, all patients in both groups
underwent imaging examinations, before contracting SARS-CoV-2
infection, as well as one-month and six months post COVID-19,
such as: ultrasonography, CT and, in some cases, MRI.

Retrieved data were analyzed using the statistical software SPSS
18.0 (SPSS Inc., Chicago, IL, USA). Numerical values are expressed
as mean +/- standard deviation. Values were compared by using the
ANOVA test (a p-value ≤0.05 was considered statistically significant).

Results

We retrospectively collected and analyzed data from 21
patients infected with HCV genotype 1b and diagnosed with
HCC, who subsequently contracted the SARS-CoV-2
infection. Most of these HCV-infected patients (57.14%)
were treatment-naïve, while the rest (42.86%) underwent
DAA therapy (either ombitasvir/paritaprevir/ritonavir and
dasabuvir or ledipasvir/sofosbuvir) and had achieved SVR
prior to HCC diagnosis. Further baseline characteristics are
presented in Table I.

Assessment of fibrosis degree indicated predominance of
F4 (with a total of 14 patients, representing over 66% of the
total population). As mentioned in the inclusion criteria, all
F4 patients had compensated cirrhosis. Within the patient
cohort, the prevalence of HCC types was similar (7 patients
with solitary HCC, 8 patients with multinodular HCC and 6
patients with the infiltrative type), but the distribution of
HCC types was different within each study group. Among
the treatment-naïve group, multinodular and infiltrative
forms were the most prevalent (50% and 41.66%) and the
infiltrative pattern affected only patients with fibrosis F4.
The mean size for the diffuse lesions in these patients was
9.2 cm. By comparison, among the subjects that achieved
SVR, solitary HCC nodules were predominant (two thirds of
all cases), followed by multinodular HCC, while the
infiltrative type was only reported in one patient. The mean
size of the focal lesions in the latter group was 4.1 cm. 

All patients that presented with an infiltrative HCC pattern
were evaluated by both CT scan and MRI. Typical MRI
findings were hypo-intensity on T1-weighted images and T2
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hyperintensity; 3 of the 6 patients (50%) with infiltrative
HCC also presented portal vein thrombosis (PVT). It is
worth mentioning that all 3 patients with PVT were
treatment-naïve: one patient was diagnosed with PVT before
COVID-19, and two patients were diagnosed with PVT at
the 6 months follow up post COVID-19.

According to the severity of the SARS-CoV-2 infection,
patients were divided into four categories: asymptomatic,
mild, moderate, and severe cases. 

Mild disease was defined as the presence of COVID-19
symptoms (such as fever, cough, fatigue, anorexia, shortness
of breath, myalgias, sore throat, nasal congestion, headache,
diarrhea, nausea and vomiting, anosmia, ageusia) without
evidence of viral pneumonia or hypoxia. Moderate disease
was represented by pneumonia, with obvious clinical signs

(fever, cough, dyspnea, tachypnea) but no signs of severe
pneumonia, including SpO2 ≥90% on room air. Severe
COVID-19 was considered as severe pneumonia when at
least one of the following signs were present: respiratory rate
>30 breaths/min; severe respiratory distress; or SpO2 <90%
on room air. Table II presents the distribution of patients
according to COVID-19 severity.

All four severe patients received Continuous Positive
Airway Pressure (CPAP). None of them required orotracheal
intubation. Only one patient from the DAAs treated
subgroup was asymptomatic, but he too was hospitalized for
surveillance reasons, due to the presence of personal
comorbidities (age, liver disease, active malignancy). Most
patients (as reported for the total group) had mild and
moderate disease (42.85% and 33.33%), while severe
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Table I. Baseline characteristics of the study group.

Treatment-naïve HCV infection SVR achieved post DAAs
(12 pts – 57.14%) (9 pts – 42.86%)

Solitary HCC Multi-nodular Infiltrative/Diffuse Solitary HCC Multi-nodular Infiltrative/Diffuse
nodule HCC HCC nodule HCC HCC

Total number n=1 pt n=6 pts n=5 pts (41.66%) n=6 pts n=2 pts n=1 pt 
of pts (21) (8.33%) (50%) (3 pts with PVT) (66.66%) (22.22%) (11.11%)

Mean Age 48.23+/- 15.02 53.83 +/- 17.45 51.21 +/- 21.83 48.33 +/- 18.13 51.87 +/- 16.75 53.78 +/- 21.05
Gender – female 1 pt (100%) 3 pts (50%) 3 pts (60%) 4 pts (66.66%) 1 pt (50%) 1 pt (100%)
(13 pts – 61.90%)

F4 Fibrosis 0 3 pts (50%) 5 pts (100%) 4 pts (66.66%) 1 pt (50%) 1 pt (100%)
(14 pts – 66.66%)

F3 Fibrosis 1 pt (100%) 3 pts (50%) 0 2 pts (33.33%) 1 pt (50%) 0
(7 pts – 33.33%)

HCC: Hepatocellular carcinoma; SVR: sustained virologic response; DAA: direct acting antiviral; pt: patient.

Table II. Patients' distribution, according to COVID-19 severity.

Treatment-naïve HCV infection SVR achieved post DAAs
(12 pts – 57.14%) (9 pts – 42.86%)

   Solitary HCC Multi-nodular Infiltrative/Diffuse Solitary HCC Multi-nodular Infiltrative/Diffuse
   nodule HCC HCC nodule HCC HCC
Total number n=1 pt n=6 pts n=5 pts (41.66%) n=6 pts n=2 pts n=1 pt 
of pts (21) (8.33%) (50%) (3 pts with PVT) (66.66%) (22.22%) (11.11%)

COVID-19
   Asymptomatic - - - 1 pt - -
   (1 pt – 4.76%)
   Mild 
   (9 pts – 42.85%) 1 pt 2 pts 1 pt 4 pts 1 pt -
   Moderate - 3 pts 2 pts 1 pt 1 pt -
   (7 pts – 33.33%)
   Severe
   (4 pts – 19.04%) - 1 pt 2 pts - - 1 pt

HCV: Chronic hepatitis C virus; HCC: hepatocellular carcinoma; pt: patient; SVR: sustained virologic response; DAA: direct acting antiviral.



COVID-19 patients represented 19% of the total number.
The majority of severe COVID-19 cases (75%, 3 out of 4
patients) were HCC patients with an active HCV infection
(treatment-naïve). Half of the patients with an infiltrative
HCC developed severe pneumonia. This data suggests that,
among patients with HCC, the ones with cured HCV
infection may be at a lower risk of fatality than those with
active viral hepatitis C infection, when diagnosed with
SARS-CoV-2 infection. Also, infiltrative HCC was
associated with a higher incidence of severe COVID-19
pneumonia, while recently cured HCV patients mostly
developed asymptomatic and mild disease (66.66%). 

Liver biochemistry abnormalities were reported in both
groups, even before SARS-CoV-2 infection, due to the pre-

existing liver disease, but a more marked elevation was
observed in patients with no history of antiviral treatment.
Evolution of the main biological parameters, for both
subgroups, is presented in detail in Table III and Table IV. In
both of the subgroups, a similar pattern in the dynamics of liver
biochemistry (transaminases, bilirubin, albumin, AFP) was
observed. ALT and AST presented an important elevation (×3
times) during COVID-19 (by comparison to the start values),
followed by a slight decrease at 1 month after the disease, and
appeared to slowly diminish even more; the identified values
at 6 months follow-up were comparable with the ones before
SARS-CoV-2 infection. Total bilirubin and albumin levels
showed no statistically significant alterations within the two
subgroups; however, TB was higher and albumin was lower in
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Table III. Evolution of the main biological parameters before, during, and after COVID-19 for treatment-naïve HCV-infected patients with HCC.

Treatment-naïve HCV infection
(12 pts – 57.14%)

   Solitary HCC nodule Multi-nodular HCC Infiltrative/Diffuse HCC
Total (21 pts) n=1 pt (8.33%) n=6 pts (50%) n=5 pts (41.66%)

   Pre- During Post-COVID Pre- During Post-COVID Pre- During Post-COVID 
   COV COV follow-up COV COV follow-up COV COV follow-up
   
   1 month 6 months 1 month 6 months 1 month 6 months

ALT (U/ml) 59 198 103 65 81 203 143 120 90 255 179 121
AST (U/ml) 77 233 121 81 99 243 169 132 112 278 199 140
Albumin (g/dl) 3.1 2.1 2.9 2.8 3.0 2.0 2.7 3.1 2.4 2.03 2.3 2.27
TB (mg/dl) 2.7 2.93 2.87 2.89 2.99 3.1 3.15 3.09 3.15 3.03 3.08 3.1
AFP (ng/ml) 723 799 760 735 764 855 809 777 869 951 907 885

HCC: Hepatocellular carcinoma; ALT: alanine transaminase; AST: aspartate aminotransferase; AFP: alpha-fetoprotein; TB: total bilirubin; pt: patient.

Table IV. Evolution of the main biological parameters before, during, and after COVID-19 for DAA-treated patients (who achieved SVR) with HCC.

Achieved SVR post DAAs
(9 pts – 42.85%)

   Solitary HCC nodule Multi-nodular HCC Infiltrative/Diffuse HCC
Total (21 pts) n=6 pt (66.66%) n=2 pts (22.22%) n=1 pt (11.11%)

   Pre- During Post-COVID Pre- During Post-COVID Pre- During Post-COVID 
   COV COV follow-up COV COV follow-up COV COV follow-up
   
   1 month 6 months 1 month 6 months 1 month 6 months

ALT (U/ml) 39 88 57 43 55 108 87 63 77 135 111 81
AST (U/ml) 48 97 65 54 69 129 104 77 85 144 125 95
Albumin (g/dl) 3.4 3.1 3.3 3.21 3.0 3.1 2.91 3.17 2.95 3.03 2.99 3.01
TB (mg/dl) 2.31 2.43 2.37 2.5 2.56 2.6 2.59 2.66 2.90 3.01 3.03 3.1
AFP (ng/ml) 187 291 256 231 233 289 267 240 269 312 297 277

HCV: Chronic hepatitis C virus; HCC: hepatocellular carcinoma; SVR: sustained virologic response; DAA: direct acting antiviral; ALT: alanine
transaminase; AST: aspartate aminotransferase; AFP: alpha-fetoprotein; TB: total bilirubin; pt: patient.



treatment-naïve patients. AFP levels also increased during
COVID-19 (Table III and Table IV), followed by a descending
pattern after resolution of the disease, and the levels at 6
months follow-up were similar to those before COVID-19.

Discussion

It is highly noticeable that, within our study groups, the
previously-treated subjects had more circumscribed and better
delineated lesions, with a higher prevalence of solitary masses
compared to untreated ones. However, at this point, literature
data regarding HCC occurrence and pattern after DAA therapy
is conflicting. Some studies suggest that, after using DAAs
tumor growth is accelerated, possibly due to a rapid HCV
clearance that might be responsible for ceasing the intrahepatic
immune response stimulated by chronic infection (leading to
a blockage in NK cells activation) and, subsequently, favoring
the proliferation of secluded neoplastic cells that had been,
until that moment, dormant (19-21). In contrast, several
reports showed a lower risk of HCC occurrence in patients
with SVR post DAA treatment compared to those untreated
(22, 23). Although controversy persists with regard to this
subject, we emphasize the necessity of performing a rigorous
follow-up for all patients with a history of HCV-infection
(either treated or therapeutically naïve).

Typically, when associated with PVT, HCC is
characterized by a worse prognosis, a higher likelihood of
complications, and a mediocre tolerance to treatment.
Clinically, patients with PVT present large tumor sizes,
increased number of tumoral masses, higher tumor grading,
as well as higher serum alpha-fetoprotein levels (24). These
characteristics were also observed in our 3 patients with
PVT. The patients diagnosed with PVT at 6 months after
COVID-19 resolution received palliative therapy with a
systemic agent (sorafenib), as indicated by the oncologist.

One patient with treatment-naïve HCV infection, HCC and
PVT diagnosed before COVID-19, was also examined by the
oncology specialist, with the recommendation of sorafenib,
but in his case, treatment was delayed due to various reasons.
The COVID-19 pandemic lockdown initially resulted in the
discontinuation of scheduled visits, followed by the patient’s
admission into another hospital (being discharged after
approximatively one month of hospitalization).

Within the current global pandemic crisis, patients with
cancer are considered highly vulnerable. Furthermore, a
recent research revealed that cancer patients had a higher risk
of severe clinical events associated with SARS-CoV-2
infection, than cancer-free patients (25). However, current
clinical studies are still limited by relatively small cohorts
and also by a high heterogeneity in the course of the disease.

It is a well-known fact that liver plays a key-role in all
metabolic processes, being not only the body’s largest
macrophage reservoir, but also having the ability to trigger

immune responses through pathogen recognition receptors
(PRR), such as toll-like receptors (TLRs). Moreover, the
liver’s dual blood supply facilitates antigen arrival from the
gut (26). Therefore, it is expected that the liver would take part
in the viral response against SARS-CoV-2 since the virus
binds to the angiotensin-converting enzyme 2 (ACE2)
receptor, which is found mainly in cholangiocytes, but also in
the vascular endothelium and perivenular hepatocytes (27).
Within the normal hepatocytes, ACE2 expression is typically
low, but in the cirrhotic liver increased expression is often
observed within the cirrhotic nodules (27). Moreover, hypoxia
results in an upregulation of ACE2 receptor expression on
hepatocytes; a study by Paizis et al. suggests that the
expression rate increases with the duration of hypoxia (28).
Therefore, in COVID-19 associated hypoxia, there is a high
probability that hepatocytes get directly infected by the virus
(via ACE2 receptor), especially in cirrhotic patients (27). Also,
the possibility of other SARS-CoV-2 receptors that mediate
direct liver damage during COVID-19 deserves further
inquiry. Apart from the direct hepatic effect, SARS-CoV-2
infection has been associated with an important systemic
immune response and the release of proinflammatory
cytokines, resulting in further liver damage associated with
COVID-19 (27). Regarding our study, persistent liver damage
was evident in both subgroups, most probably as a result of
both direct and indirect SARS-CoV-2 effects. 

COVID-19 is caused by the SARS-CoV-2 – a newly
emerged virus that is capable of causing liver injury by both
direct and indirect mechanisms (direct cytopathic effect,
immune-mediated damage), leading to an exacerbation of
preexisting liver disease. The vulnerability of patients with
cancer (including HCC) is a well-known fact in the light of the
current COVID-19 pandemic. Our study revealed that patients
with HCC and active HCV infection had a higher prevalence
of severe SARS-CoV-2 pneumonia. Also, infiltrative HCC was
associated with a higher incidence of severe pulmonary
disease. Liver biochemical abnormalities persisted about 6
months after COVID-19 resolution, with a similar frequency
regardless of the presence/absence of the previous HCV
antiviral treatment. However, our current clinical study, as well
as other current studies, are limited by relatively small cohorts.
Therefore, we highly encourage further research on this
subject, as well as a continuous monitoring of patients that
developed COVID-19 pneumonia, especially in the presence
of comorbidities, such as preexisting liver damage or neoplastic
lesions. Also, we emphasize the necessity of performing a
rigorous follow-up for all patients with a history of HCV-
infection, either treated or therapeutically naïve.
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