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Abstract

Purpose of Review The hepatitis C virus (HCV) is a major cause of liver-related morbidity and mortality, and a major risk
factor of hepatocellular carcinoma (HCC) around the world. Early detection, continued prevention of transmission, and anti-
viral treatment of chronically infected persons are the pillars to decrease incidence and mortality of HCV. The widespread
access to safe and effective direct acting anti-viral agents (DAA) has allowed the elimination of the infection possible in
almost all treated patients, thus leading to a significant reduction of liver-related and overall mortality due to HCV in the
cured population. Treatment of HCV does not completely eradicate HCC risk in populations with advanced liver disease and
those with cofactors known to promote liver carcinogenesis such as diabetes, obesity, and excessive alcohol consumption.
Recent Findings Molecular-based biomarkers are expected to overcome the limits of liver disease severity, thus improving
the identification of screening candidates.

Summary The implementation of risk-stratified surveillance programs coupled with the identification of biomarkers to
predict HCC in HCV cured patents is deemed necessary for implementing the cost-effective management of these patients.

Keywords Hepatitis C virus - Direct-acting antiviral agents - Hepatocellular carcinoma - Surveillance - Viral hepatitis

elimination

Introduction

The hepatitis C virus (HCV), a single-stranded RNA virus
belonging to the Flaviviridae family, is globally responsible
for more than 150,000 deaths from hepatocellular carcinoma
(HCC), every year [1]. This is the inevitable consequence
of 58.5 million people living lifelong with this virus, a huge
reservoir of chronic hepatitis C that is refuelled by more
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than 1.5 million new infections every year. The fact that the
number of new infections with HCV surpasses the number
of people being treated leads to a restless accumulation of
chronically infected persons who remain at lifelong risk of
developing end-stage liver disease and HCC [2, 3]. From
1990 to 2019, the prevalence of HCV-related HCCs rose
from 22 to 28% [4], reflecting not only a reshuffle of the
global incidence of the various risk factors for HCC but also
the increased longevity of the exposed population which
allows full expression of the carcinogenetic potential of
HCC risk factors. In 2020, liver cancer in persons chroni-
cally infected by HCV rose to more than 50% of all liver
cancers in countries with the highest burdens, such as the
USA, Pakistan, and Egypt. Compared to hepatitis B virus,
the global leading risk factor of HCC and the dominant fac-
tor of HCC mortality in males, HCV is the first and second
leading cause of liver cancer deaths for females and males,
respectively [1]. As a matter of fact, the incidence of HCC
is on the raise globally, with an expected increase from
841,000 cases in 2018 to 1.4 million cases in 2040 that fuels
increasing trends of mortality rates in less economically
developed countries [5]. Currently, despite the availability
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of such highly performant antiviral therapy to treat hepati-
tis C as direct antiviral agents (DAA), only one-fifth of all
viraemic individuals have been identified, making therefore
the WHO target of the elimination of HCV as a global health
threat by 2030 unlikely to be reached [6]. To strengthen the
commitment of the stakeholders engaged in the fight against
HCYV, the European Association for the Study of the Liver
(EASL) has suggested the positioning of hepatitis C in the
context of Europe’s efforts to prevent cancer, with the aim
of including HCC among lifesaving screening programs that
are recommended by the Commission [7]. Owing to the fact
that the risk of neoplastic transformation of the liver stays
lifelong even after pharmacological eradication of HCV,
but it is magnified in patients with advanced liver disease
[8—10], identification and treatment of early HCV infection
become imperative. This is even more so in patients with
additional liver injuries like those with overweight, alcohol
abuse, tobacco smoking, diabetes, hepatitis B, or HIV, co-
morbidities that add on to the carcinogenic potential of HCV
that is expressed both as genetic and epigenetic changes in
the liver cells [11]. At the same time, the accumulation of
cured patients with any stage of hepatitis C calls for the
implementation of cost-effective, risk-stratified screening
aimed at optimizing both early diagnosis and cure of liver
cancer [12]. Unfortunately, working against this goal is the
histological and molecular heterogeneity of the tumour, not
to speak of the time dependence of the outcomes in patients
with HCC, the lack of calibration studies of the currently
available biomarkers and their nonlinear trajectory over
time, which conflicts with the linearity of the models uti-
lized for assessing the predictive power of such biomarkers.

Mechanisms of HCV-Related Liver
Carcinogenesis

The neoplastic transformation of an HCV-infected liver is a
multifactorial process driven by persisting liver cell inflam-
mation associated with unrested virus replication as docu-
mented by the clear epidemiological association that exists
between HCC and cirrhosis. The starting point is the per-
sistence of an immune cell-mediated attack to the infected
liver cells which causes the release of reactive oxygen spe-
cies (ROS) and pro-inflammatory cytokines by liver, natural
killer, and T cells. Liver inflammation, however, should be
regarded as a double-edged sword as, in certain contexts, it
may be a favourable histologic predictor of HCC outcome,
owing to the fact that immune cell infiltrates may circumvent
cancer-dependent immunotolerance and destroy transformed
liver cells [13]. On the other hand, persistent necro-inflam-
mation of the liver cells is harmful to it fuels the process of
oxidative stress resulting in the induction of epigenetic and
oncogenic alterations, and telomere shortening, altogether

well-known drivers of genomic instability [13—-16]. The
fibrotic remodelling of the liver consequent to the chronic
inflammation that is elicited by HCV is an add on complica-
tion as it fuels the process of liver carcinogenesis driven by
the core and the non-structural NS5A proteins of the virus,
a mechanism that impairs liver cell homeostasis [17-20].
All in all, the virus ability of evading the virus-neutralizing
response of the host immunity is the turning point allow-
ing HCV to hijack the homeostatic mechanisms of the liver
cells and promote liver carcinogenesis [14—16]. In this con-
text, gut microbiota seems to play a significant role as sug-
gested by the increased incidence of liver cancer that has
been observed in mice transplanted with a microbiota from
patients with HCC as compared with mice with transplanted
microbiota from healthy donors [21].

Which HCV Infected Individuals Are at Risk
of HCC?

Any longstanding infection with HCV builds on the risk
of liver carcinogenesis, which, however, appears to be
accelerated by the hepatic accumulation of fibrosis, co-
occurrence of metabolic morbidities, and such lifestyle
factors as alcohol abuse, tobacco smoking, and seden-
tary life. For the sake of cost effectiveness, surveillance
with abdominal ultrasound is recommended whenever
the risk of developing HCC approaches the threshold
of 1.5% per year, a recommendation that holds true for
both viraemic and DAA-cured individuals with chronic
hepatitis C [8-10, 13]. Not surprisingly, the annual risk
of HCC in DAA-cured patients with advanced hepatitis
C is much lower than that in untreated or patients who
failed to respond to anti-HCV therapy (1.8% vs. 2.8%),
as reported in a large cohorts of veterans in the USA [22].
HCC risk in individuals achieving the pharmacological
eradication of HCV tends to be more profoundly attenu-
ated in the absence of advanced fibrosis compared to
what happens when liver shows either pre-cirrhotic or
cirrhotic changes. At the same time, HCC risk is exacer-
bated by the coexistence of co-morbidities like diabetes,
overweight/obesity, tobacco smoking, and heavy alcohol
use, probably because they fuel liver cell inflammation,
and the combinations of risk factors were often shown
to be synergistic rather than additive [23-25]. Accord-
ing to a simulation model (HEP-SIM) devised to predict
the burden of US population with HCV in need of HCC
surveillance, HCC incidence was predicted to shrink from
30,000 people in 2012 to 13,000 in 2040, whereas the
percentage of candidates with a cured hepatitis C in need
of surveillance was estimated to rise from 8.5% in 2012
to 64.6% in 2040, totalling 6000 per 100 thousand/year
[26]. In the era of hepatitis C elimination, the exponential
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growth of HCV-cured individuals who may benefit from
HCC surveillance has made impellent the development
of cost-effective screening programs based on HCC risk
stratification, as seen in Table 1, mainly focused on the
identification of patients with advanced liver disease. To
assess liver disease severity, a widely adopted approach
is the simplified algorithm FIB-4 score, which combines
the routine chemistries transaminases and platelet count
with patient age. The > 3.25 cut-off, which identifies
patients with cirrhosis, is also able to separate non-cir-
rhotic patients with a > 2% annual risk of HCC from simi-
lar patients with < 0.5% annual risk of malignant trans-
formation of the liver, for whom surveillance does not
appear to be cost effective [30-33, 30, 31]. All attempts to
reinforce clinical algorithms for HCC prediction through
the incorporation of genetic scores failed to convincingly
serve the purpose. One recent example is the incorpora-
tion of polygenic scores in cirrhotic patients with a cured
HCYV or alcoholic disease, where the aMAP score built
on age, sex, albumin, bilirubin, and platelet count was
potentiated by the incorporation of six single-nucleotide
polymorphisms (SNIPS) for the lipid metabolism and one
SNIP for Wnt-beta-catenin into a. This model failed to
predict HCC with respect to aMAP alone [34]. Alarm-
ingly enough, screening of the general population for
other cancers like prostate, breast, and colon cancer did
not provide survival benefits when the standard screen-
ing tests were coupled with a polygenic score compared
to the standard screening tests alone [35]. Though the
race towards risk-stratified screening for HCC remains
a priority as it should to provide less-intensive screen-
ing to low-risk individuals and reduce the unnecessary
harms and costs of over-screening, yet the implementa-
tion of risk-stratified surveillance for HCC has to cope
with numerous hurdles. These include the histological
and molecular heterogeneity of the tumour, the lack of
external validation, and calibration of most of the current
biomarkers and the time dependence of the outcomes.

Strategies of HCC Surveillance

Ultrasound is the standard of care imaging modality recom-
mended for HCC surveillance by all liver societies for both
viraemic and HCV-cured patients. Semi-annual abdomi-
nal ultrasound exam is recommended by all societies for
patients with cirrhosis, whereas surveillance of those
with metavir F3 stage is advised by EASL and APASL
only. Indeed, AASLD recommends against surveillance
of patients with advanced fibrosis but without cirrhosis.
Alpha fetoprotein (AFP) is insufficient as a standard alone
biomarker for HCC screening, but it has a role in conjunc-
tion with other tests for the early detection of HCC [8,
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31, 36]. Risk-stratified screening with ultrasound and high
scores of GALAD, a phase III validated biomarker that
includes gender, age, AFP-L3, AFP and des-carboxy pro-
thrombin (DCP) level, is recommended by the International
Liver Cancer Association ILCA for patients with advanced
fibrosis [37]. However, in a prospective cohort phase 111
study of patients with HCV, alcohol abuse, or NAFLD,
GALAD was associated with an increase in false-positive
results that caused the score performance to be modest and
not different from the standard of care US screening [38].

Surveillance with abdominal ultrasound confers signifi-
cant clinical benefits in patients with cirrhosis in virtue
of its ability to identify liver cancer at a curable stage.
This is the convincing message of a systemic review of
59 studies comparing 41,052 patients with HCC detected
by surveillance and 104,344 patients with an incident
HCC, where patients under surveillance had 1.86 (95%
CI 1.73-1.98) gain of early detected tumours, 1.83 (95%
CI 1.69-1.97) gain of receiving curative therapies, and
0.67 (95% CI1 0.61-0.72) reduction of mortality. Interest-
ingly, all those clinical benefits came at the expenses of
mild in severity harms that affected 8.8%—27.8% of the
individuals [39]. In a previous meta-analysis of 32 stud-
ies with 13,367 patients, the same group reported quite
a low diagnostic sensitivity of ultrasound of 47% (95%
CI 33%-61%), that however could be raised to 63% (95%
CI 48%—75%) by combined determination of serum AFP
[40]. Though semi-annual surveillance with ultrasound
is associated with superior survival compared to annual
surveillance (40.3 vs. 30 months, p = 0.03), yet overall
survival cannot be further improved with quarterly surveil-
lance [41, 42]. As seen in Table 2, the recommendations of
the international societies do not perfectly match with each
other with respect to the recommendations for liver biopsy
and second level imaging techniques that are employed to
achieve the final diagnosis of HCC.

Surveillance is recommended in patients with clini-
cal decompensation only when liver transplantation is an
option, whereas pending is the identification of what age
cut off stops surveillance to be cost-effective. In HCV-
cured patients with advanced fibrosis, biannual HCC sur-
veillance with ultrasound and AFP was considered cost-
effective up to the age of 60, resulting in additional 23
quality adjusted life years and detection of 24 potentially
curable tumours per 1000 patients [44]. From a public
health perspective, this has important implications given
the growing population of aged patients with a cured hep-
atitis C, in whom HCC risk is not abolished following
HCV eradication, whereas virus sterilization is widely
recognized to increase life expectancy in consequence of
a reduction of mortality from clinical decompensation and
extra hepatic complications of hepatitis C [45]. In coun-
tries that are on track of reaching the WHO goals of HCV
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Table 2 Recommendations of the international liver societies for HCC surveillance

Recommendation EASL [8, 30]

AASLD [31]

APASL [36, 43]

Under surveillance population Patients with

Patients with cirrhosis

Patients with

(post SVR) advanced fibrosis/  Non cirrhotics: men from endemic country > 40 advanced fibrosis/
cirrhosis years, women from endemic country > 50 years, cirrhosis
persons from Africa at earlier age, with family
history and those with PAGE B score > 10
Surveillance interval Six Six Six
(months)
Surveillance tools [N US + AFP US + AFP
(CEMRI/CECT if limited US visualization)
HCC diagnosis CECT/CEMRI/CEUS CECT/CEMRI/CEUS CECT/CEMRI/CEUS
(cirrhotic patients; liver nodule (s) > 1 cm)
Biopsy indication Non-cirrhotic patients Non-cirrhotic patients Unsolved

(liver nodule(s) > 1 cm)

AASLD, American Association for the Study of Liver Diseases; AFP, alpha fetoprotein; APASL, Asian Pacific Association for the Study of
the Liver; CECT, contrast-enhanced computed tomography; CEMRI, contrast-enhanced magnetic resonance imaging; CEUS, contrast-enhanced
ultrasound; EASL, European Association for the Study of the Liver; HCC, hepatocellular carcinoma; US, ultrasound

elimination by 2030, the population with a cured hepatitis
C who are in need of surveillance is expanding to a point
to surpass the canonical population with HCV-related
HCC, further supporting the race towards development of
cost-effective strategies of HCC surveillance. However,
mitigating against the effectiveness of HCC surveillance
in these populations are several hurdles that span from
the underuse of screening to the suboptimal accuracy of

Imaging Techniques

Blood Biomarkers

currently available screening tests. To improve patient
adherence to screening, programs of mail outreach coupled
with specific training of nurses and dedicated pathways
to screening have proven to be of some efficacy [46]. As
seen in Fig. 1, accuracy of screening tests can be improved
with two-phase CT and contrast-enhanced MRI that in one
study yielded superior sensitivity for early-stage HCC
detection than ultrasound (86% vs. 29%, respectively).

Risk Scores

==
[ & cfDNA / ctDNA G gender
¥ o (HelioLiver Test)
‘/‘/ZA 76% sensitivity A age
— (91h% spﬁci{lcéty)
ase |l stus
= ’ ’ L arrus
Low dose CT scan A SFB
83% sensitrivity
96% ifici
(Bhase IV sty D oo

Urine Biomarkers

7 ctDNA panel
- aFP
" 77-92% sensitivity
90% specificity
Contrast-enhanced aMRI (phase /it stady)

Non contrast-enhanced aMRI

Contrast-enh. d Non -enhanced
86% sensitivity 79% sensitivity
97% specificity 98% specificity

(phase IV study) (phase Il studies)

80% sensitivity
89% specificity
(phase Il study)

Fig. 1 Alternative surveillance strategies for early-stage HCC detection. AFP, alphafetoprotein; AMRI, abbreviated magnetic resonance imaging;
cfDND, cell-free DNA; CT, computed tomography; ctDNA, circulating tumour DNA [47-52]
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However, the use of second-level imaging is limited by
cost, radiologic capacity, and potential adverse effects by
contrast and/or radiation exposure [47, 48]. A user-friendly
diagnostic approach like abbreviate magnetic resonance
imaging (AMRI) might better serve certain patients like
obese individuals, patients with metabolic associated ste-
ato-hepatitis, and those with decompensated cirrhosis. In
a meta-analysis of 15 studies including 917 patients with
HCC, this approach allowed detection of any-size tumour
in 86% of the affected patients and in 69% of those with <
2 cm HCC [53e]. AMRI overcame ultrasound in terms of
sensitivity while it paralleled contrast-enhanced AMRI in
terms of specificity (94%). Mitigating the appeal of non-
contrast AMRI represented by low invasiveness, cost, and
repeatability are some technical constrains like the lower
contrast-to-noise ratio (CNR) and dependence from diffu-
sion-weighted imaging (DWI) that may challenge the iden-
tification of HCC nodules [54, 55]. Noticeably, patients
investigated with second-level imaging techniques and,
in general, low-risk patients may suffer potential harms
related to overdiagnosis that offset the minimal benefits
of screening [56].

The Remaining Challenges

In low- and middle-income countries, the price of medica-
tions and diagnostics has been the main obstacle to scal-
ing up testing and treatment of hepatitis C; thus, reducing
cost of antiviral therapy is a prerequisite for implementing
the WHO plans of HCV elimination on a global scale.
A significant step forward in this direction was taken by
the Clinton Health Access Initiative and the Hepatitis
Fund that recently announced pricing breakthrough to
reduce cost of viral hepatitis treatment by over 90% [57].
Another pillar of the fight against the lethal consequences
of hepatitis C is the optimization of secondary preven-
tion of HCV-related HCC which concerns also individu-
als with a cured infection. While the lack of performant
biomarkers for risk-stratified screening of individuals at
risk of developing HCC stands as a major hurdle to the
implementation of cost-effective programs of HCC sur-
veillance; at present a heterogeneous array of experimental
blood-based biomarkers are under scrutiny for prediction
of HCC in both viraemic and cured individuals. Promising
data are accumulating on the use of vehicles of small RNA
clusters like the extracellular vesicles, cell-free DNA, and
polygenic algorithms combined with demographic features
of the patient and classical biomarkers of HCC: all in all,
those studies reported > 90% specificity and 74%-100%
sensitivity of the newest biomarkers [58]. While needing
to be prospectively and externally validated, these bio-
markers might allow for risk-stratified surveillance to

become a standard of care to be employed in the secondary
prophylaxis of HCV-related HCC, too. With this in mind,
biannual ultrasound should be recommended for low-risk
patients, whereas patients at higher risk of HCC should
be more aggressively screened using AMRI or CT-scan
along intensified screening intervals. In patients at inter-
mediate risk of HCC, surveillance should be reinforced
through education programs, mailed outreach, and dedi-
cated pathways. Remaining challenges are the lack of vali-
dated cut-offs for risk stratification and difficulty of grant-
ing an increased access to AMRI or CT scan for millions
of screening candidates worldwide. Owing to the fact that
the future of surveillance of infectious diseases might be
shaped by emerging forms of artificial intelligence, right
now the latter may be of strategic importance in the edu-
cational activity. As a matter of fact, a questionnaire-based
study that was conducted in two liver transplant centres in
the USA to investigate the power of generative pretrained
transformers (GPT) to empower patients and improve
health literacy in the liver cancer domain gave a rather
disappointing message. The study, in fact, highlighted
better responses on basic knowledge, life style, and treat-
ment of liver cancer (and cirrhosis) than those regarding
diagnosis and preventing medicine, as highlighted by the
rates of comprehensive responses (41.1%) of the 164 ques-
tions graded by two transplant hepatologists, only [59].
As expected, central to primary prevention of hepatitis
C-related HCC remains the development of a protective
vaccine, owing to the fact that despite any effort to prevent
HCYV transmission and treating the reservoir of infected
individuals, new infections continue to outpace achieving
SVR. Despite promising interactions with virus replica-
tion, there is limited evidence to date that currently devel-
oped vaccines are protective against HCV [60].

Conclusion

Over the past decade, the advent of DAAs has allowed for
HCYV cure in almost all treated patients, reducing liver-
related and overall mortality in this population. However, the
risk of developing HCC remains in subsets of patients that
require lifelong surveillance. Today, international scientific
liver societies recommend biannual HCC screening in post-
SVR patients with cirrhosis/advanced liver fibrosis by US
with or without AFP. However, the non-screened population,
which is growing by the day, does not have a homogene-
ous risk of HCC occurrence, with patients characterized by
cofactors such as diabetes, obesity, and excessive alcohol
consumption still being at risk of developing HCC. On the
other hand, the current HCC surveillance strategy has limita-
tions in terms of compliance and ultrasound sensitivity. For
these reasons, there is a strong need for reliable and widely
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accepted risk stratification tools that can be used to narrow
the under-screened population, focus efforts on the high-risk
population, and improve the cost-effectiveness of current
screening programs. Ideally this could lead to personalized
screening strategies based on the individual risk of HCC,
reserving tools with better sensitivity, such as AMRI or low-
dose CT, for the higher-risk patients.
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