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Abstract: Treatment of hepatitis C (HCV) has been revolutionized with the introduction of direct-
acting antivirals (DAAs). Patients can be treated at more advanced stages of liver disease, with a
growing number of cirrhotic patients achieving sustained virological response (SVR). Long-term
outcomes for cured patients and the optimal follow-up care of patients after SVR are yet to be defined,
because most studies on cirrhotic patients cured with DAAs have a short follow-up period. There
are many open questions related to patient management after viral eradication with DAAs, such
as which could be the most reliable non-invasive tool to predict liver-related complications, or to
what extent viral eradication reduces the risk of liver disease progression in the long term. Growing
evidence supports the personalization of follow-up care based on individual risk. The aim of this
narrative review is to analyze the impact of viral eradication with DAAs on clinically significant portal
hypertension, hepatocellular carcinoma, and extrahepatic manifestations, as well as to summarize
indications for optimal follow-up care of HCV patients treated with DAAs.
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1. Introduction

Hepatitis C virus (HCV) infection remains a global health problem, with 58 million
chronically infected people and 400,000 deaths/year according to the World Health Organi-
zation (WHO) estimates in 2019 [1]. Most infected patients develop chronic hepatitis, which
can determine a spectrum of clinical manifestations, from only minimal necro-inflammatory
lesions up to cirrhosis and its complications [2]. Without treatment, HCV infection leads to
cirrhosis in 10–20% of cases over a period of 20–30 years. Moreover, in untreated patients,
the annual risk of hepatocarcinoma (HCC) and hepatic decompensation is 1–5% and 3–6%,
respectively [3]. Spontaneous elimination of HCV in chronic carriers is considered to be
rare (2–3.7%) [4,5], although higher rates (19.4%) have been reported, possibly due to a
different genetic background or age distribution [6]. Transfusion-transmitted infection and
tumor-related liver failure were also found to be associated with viral clearance [4,5]. For
many years, interferon (IFN)-based therapy, the only available treatment for HCV infection,
offered unsatisfying results, with an unfavorable tolerability profile.

The clinical scenario of HCV infection has been transformed after the introduction of
direct-acting antivirals (DAAs). DAAs are highly effective and have a good safety profile,
allowing viral eradication even in patients with decompensated cirrhosis. For this reason,
there is a growing number of patients who achieve sustained virological response (SVR—
i.e., undetectable HCV RNA 12 or 24 weeks after treatment [2]) even at an advanced stage of
liver disease. Long-term outcomes and optimal management of HCV patients treated with
DAAs are yet to be defined, especially for those cured of infection when already considered
cirrhotic. The aim of this narrative review is to analyze the impact of viral eradication with
DAAs on clinically significant portal hypertension (CSPH), hepatocellular carcinoma, and
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extrahepatic manifestations, and to summarize indications for optimal follow-up care of
HCV patients treated with DAAs.

2. The DAA Revolution

HCV is an RNA virus and does not integrate into the host genome, thus allowing
complete eradication after treatment. The first approved therapy for chronic HCV infection
was IFN in 1990 [7,8]. Interferon only led to SVR in <10% of cases [9]. In the following years,
the association with ribavirin and the use of pegylated IFN increased SVR rates to about
40–50% for genotypes 1 and 4, and to approximately 80% for genotypes 2 and 3 [10]. In 2011,
the first two DAAs were introduced (boceprevir and telaprevir), marking the beginning
of revolutionary advances in HCV treatment [11]. Boceprevir and telaprevir had serious
limitations that were addressed by the following generations of DAAs: they needed to be
administered with pegylated IFN, they had an inconvenient dosing schedule, and they
were associated with severe adverse effects, such as anaemia, skin rash, and dysgeusia [11].

With the succeeding generations of DAAs, SVR rates reached >95% for all geno-
types [12] in non-cirrhotic patients, and 80–90% in cirrhotic patients [13]. DAAs also
allowed the treatment of patients who were excluded from IFN-based regimens, such as
patients with decompensated cirrhosis, autoimmune, and psychiatric diseases. Genetic
variability of HCV was challenging and led to the development of different treatment
combinations [12]. In the end, an in-depth understanding of the HCV life cycle allowed
the identification of high-barrier compounds with pan-genotypic efficacy [11]. At present,
pan-genotypic fixed-dose DAAs with a treatment duration of 8–12 weeks represent the es-
tablished standard of care for HCV infection [2]. There are only a few remaining treatment
challenges in the DAA era. DAA failure was a weak point for an otherwise outstanding
treatment. This issue was largely solved with the approval of sofosbuvir-velpatasvir-
voxilaprevir [14]. There is a small but growing population of patients resistant to this
treatment option who benefit from longer DAA treatment duration in combination with
ribavirin, although recommendations are only based on small case series [2,11]. There has
also been an extensive debate on whether patients enlisted for liver transplantation (LT) for
decompensated cirrhosis should receive DAA therapy before or after transplantation. Cur-
rent guidelines of the European Association for the Study of the Liver (EASL) recommend
treating patients with a Model for End-Stage Liver Disease (MELD) score up to 18–20 before
transplantation and deferring viral eradication in more severe patients [2]. The American
Association for the Study of Liver Diseases (AASLD) guidelines state that HCV patients
with decompensated cirrhosis should be referred to a specialized medical practitioner,
ideally in a liver transplant center [15]. In line with the European guidelines, the authors
additionally state that HCV patients with a MELD score > 20 or severe portal hypertension
complications may be better served by transplantation than antiviral treatment. Finally, the
Asian Pacific Association for the Study of the Liver (APALS) guidelines state that DAAs
may best be introduced post-transplant rather than pre-transplant in patients with very
high MELD scores, without specifying an exact cut-off score [16].

Although there are still issues that present a matter for discussion among experts,
there is no doubt that DAAs have profoundly changed the epidemiology of HCV infection.

In 2016, the WHO adopted a strategy which proposed the elimination of viral hepatitis
as a public health threat by 2030 (defined as a 90% reduction in new chronic infections and
a 65% reduction in mortality, compared with 2015 rates) [1]. Screening strategies should be
implemented and regional disparities concerning access to therapy should be addressed
in order to fully profit from these revolutionary HCV therapies and reach the ambitious
WHO goal of HCV elimination [1].

3. Impact on Clinically Significant Portal Hypertension

Successful treatment of HCV infection with interferon-based regimens reduces the
hepatic venous pressure gradient (HVPG) and decreases the long-term risk of gastro-
esophageal varices [17,18]. As expected, positive results have also been obtained with
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IFN-free regimens, although it should be noted that the risk of hepatic decompensation
persists even after viral eradication with DAAs [19]. This can be at least partly explained
by the fact that DAA-based treatments can be administered to patients who already have
portal hypertension as well as to patients with a positive history of hepatic decompensation.
In order to assess the risk of first hepatic decompensation after viral eradication with
DAA, Mendizabal et al. conducted a prospective study on a large cohort derived from the
Latin American Liver Research, Educational and Awareness Network (LALREAN) [20].
They enrolled 1760 patients with no previous history of liver decompensation, HCC, or
LT who were treated with DAAs and followed up for a median of 26.2 months. Of all
patients who achieved SVR, 3.6% (95% CI, 2.7–4.7%) suffered from disease progression
(hepatic decompensation, de novo HCC, LT, or death) during the follow-up period. SVR
reduced the risk of disease progression by 80% compared to treatment failure. In particular,
achieving viral eradication significantly reduced but did not eliminate the risk of liver
decompensation [HR 0.3 (CI, 0.1–0.8) p = 0.016]. No sub-analysis was performed to identify
the baseline characteristics that favored hepatic decompensation after SVR but advanced
fibrosis, CSPH, and albumin levels < 3.5 mg/dL were found to be risk factors for liver
disease progression. It is therefore understandable that patients with more advanced
disease stages are still at risk of hepatic decompensation even after SVR, due to other
decompensating factors of virus-related liver damage.

In order to find possible elements related to disease progression in virologically
cured patients, Montaldo et al. studied extracellular vesicle (EV) modification in a small
sample of healthy donors (HD) and HCV-infected patients, before and after treatment
(15 HD and 16 HCV patients for functional and miRNA cargo analyses, and 17 HD and
23 HCV patients for proteomic and Western blot analyses) [21]. EV from HD seem to
have an antifibrogenic ability which is lost in HCV patients even after obtaining SVR, as
suggested by previous studies [22,23]. Further studies are needed to investigate the role of
serum EV content as a possible biomarker of liver fibrogenesis.

Similarly, Pons et al. conducted a study to identify non-invasive predictors of liver
disease progression in HCV-eradicated patients with compensated advanced chronic liver
disease (cACLD), as defined in Baveno VI (liver stiffness measurement [LSM] ≥ 10 kPa and
no prior hepatic decompensation) [24]. Early non-invasive prognostic biomarkers able to
assess long-term clinical outcomes in HCV cured patients would definitely be useful tools to
guide patient management. In this study, the incidence rate of portal hypertension-related
decompensation was 0.34/100 patient-years. All patients who suffered liver decompensa-
tion (5/572) had a baseline LSM ≥ 20 kPa.

Recent evidence has shown that CSPH can improve or even regress after viral eradica-
tion with DAAs [25,26]. Unfortunately, studies are heterogeneous with regard to the defini-
tion of CSPH and only a few studies assessed the modification of CSPH after DAA treatment
using the gold-standard measurement of HVPG (CSPH = HVPG ≥ 10 mmHg) [26,27]. In
the multicenter prospective study by Lens et al., 53–65% of patients still had HVPG values
compatible with CSPH two years after SVR, and liver stiffness did not appear to correlate
with HVPG reduction after SVR [26]. Notably, 17% of patients showed an HVPG increase at
SVR 24. Baseline HVPG ≥ 16 mmHg and previous history of ascites identified the high-risk
group for hepatic decompensation after SVR. Semmler et al., on the contrary, support
the use of LSM to identify patients at risk of developing complications related to portal
hypertension [28]. In their study, the correlation between LSM and HVPG increased from
pre- to post-treatment (r = 0.45 vs. 0.60). Post-treatment LSM < 12 kPa and PLT > 150 G/L
excluded CSPH (sensitivity: 99.2%), while LSM ≥ 25 kPa was highly specific for CSPH
(93.6%). These results were validated in a cohort of cACLD patients. Spleen stiffness does
not decrease after viral eradication, as opposed to liver stiffness [29], and it seems to be able
to predict the risk of HCC [30]. Thus, the association between spleen stiffness and HVPG
after viral eradication should be investigated to assess the potential role of spleen stiffness
in the surveillance of CSPH after SVR. Studies on larger cohorts and longer follow-up
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periods are warranted to assess the true impact of HCV eradication with DAAs on clinically
significant portal hypertension.

4. Impact on Hepatocellular Carcinoma
4.1. HCC Development

In cirrhotic patients with ongoing HCV infection, the incidence of HCC ranges from
1% to 7% per year [31]. Interferon-based treatment regimens have been demonstrated to
significantly reduce the risk of tumor development by 77% [32]. In 2017, a comprehensive
systematic review, meta-analysis, and metaregression by Waziry et al. demonstrated a
similar impact of IFN- and DAA-based therapies on HCC incidence among patients with
cirrhosis [33]. As DAAs allow patients to be cured at more advanced stages of liver
disease and with higher cure rates, the impact of DAAs on HCC incidence is expected
to be even greater compared to IFN-based therapy. However, head-to-head studies are
considered unethical precisely due to the exceptional tolerability and efficacy of DAAs
which broaden the population of treated patients. The incidence of HCC in patients with
advanced compensated liver disease (ACLD)/cirrhosis cured with DAAs ranges from
1.5 to 3.6/100 patient-years, and the risk increases sixfold in patients with CSPH [34].

In recent years, research activity has been directed at identifying factors associated
with HCC development post SVR. Absence of portal hypertension, higher albumin and
baseline platelet levels were found to be protective against carcinogenesis [35]. All pre-
viously mentioned factors could simply bring together patients at less advanced stages
of liver disease, but cut-off values were sought to identify the patient population who
needed to undergo long-term surveillance. In a study by Degasperi et al., diabetes was an
independent predictor of HCC incidence in 565 DAA-treated cirrhotic patients, which could
be explained by the increased risk of liver disease progression in diabetic patients [36].
Pons et al. found that patients with LSM ≥ 20 kPa at follow-up and those with LSM
10–20 kPa and albumin levels < 4.4 g/dL made up the high-risk group for HCC develop-
ment (HCC incidence rate ≥ 1.9/100 patient-years) who needed surveillance [24]. Due to
the retrospective design of the study, the time of follow-up measurements was not standard-
ized. In a recent study by Semmler et al., simple algorithms based on factors identifying
the liver disease status (albumin, alpha-fetoprotein, liver stiffness measurement) and risk
of progression (alcohol consumption) and age (a strong driver of carcinogenesis) were
used to stratify patients according to the risk of liver cancer development [34]. Among
patients with advanced liver disease, these algorithms were able to recognize those who
were at very low risk (<1%/year) of HCC development (approximately two-thirds) [34].
For these patients, surveillance may not be cost-effective, and the authors advocate that
personalized surveillance strategies are warranted. In fact, European guidelines recom-
mend a six-monthly ultrasound surveillance for all patients who were F3 or F4 before
HCV eradication [2]. A recent Japanese study highlights the underestimated risk of loss of
patient adherence to follow-up visits after SVR [37].

4.2. HCC Recurrence

Interferon-based therapies lead to modestly reduced rates of HCC recurrence after
curative tumor treatment [38]. This benefit was maintained even when later (>two years)
recurrences were considered [38]. In vitro and in vivo studies suggested a possible addi-
tional role of interferon in the inhibition of carcinogenesis [39]. Soon after the introduction
of DAAs, in 2016, a small-cohort study by Reig et al. reported an unexpectedly high
rate of tumor recurrence coinciding with HCV eradication, with an increased number
of infiltrative or multinodular cases. This was tentatively explained by the fact that an
abrupt resolution of inflammation could inhibit the immune system control on tumor
progression [40]. In the same year, other small-scaled retrospective studies were published
which supported the possible association of DAAs with increased risk of tumor occur-
rence/recurrence [41,42]. The authors agreed that a direct oncogenic effect of DAAs was
highly improbable and that the immune response attenuation after HCV clearance could
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be the underlying causative mechanism. In the following years, larger studies showed
no evidence of increased tumor aggressiveness in de novo or recurrent HCC cases after
DAAs [43], and it was suggested that the higher HCC rate in DAA-treated patients could
have been related to the fact that DAAs were used in patients at more advanced stages of
liver disease and with an inherently higher cancer risk [44–46]. Furthermore, meta-analyses
also showed that HCC occurrence/recurrence risk in DAA-treated patients was comparable
to that of IFN-based therapies [33,47]. In a recent meta-analysis by Sapena et al. using
individual patient data from 977 consecutive patients and 328 propensity score-matched
controls from the ITA.LI.CA. cohort, the authors examined the rate of HCC recurrence in
DAA-treated patients [48]. This study finally put an end to the controversy, as it revealed
that there is no association between DAA treatment and a higher HCC recurrence rate. On
the other hand, it also showed that patients treated with DAAs remain at risk of developing
HCC, and that DAAs do not necessarily lead to improved survival rates when administered
in patients already treated for HCC [48,49].

5. Impact on Extrahepatic Manifestations

Patients with chronic HCV infection additionally have an increased mortality risk for
extrahepatic causes, such as non-Hodgkin’s lymphoma (NHL), chronic kidney disease, and
cardiovascular diseases. In a Taiwanese study which included 1095 anti-HCV seropositive
vs. 18,541 seronegative patients, anti-HCV seropositivity led to an increased mortality risk
from extrahepatic diseases with a hazard ratio of 1.35 (1.15–1.57) [50]. Achieving SVR with
DAAs is associated with a significant decrease in all-cause mortality [51].

5.1. Cardiovascular Disease

HCV infection is associated with an increased risk of cardiovascular disease-related
death and cerebrovascular events (OR, 1.65; 95% CI, 1.07–2.56; p = 0.02; OR, 1.30; 95% CI,
1.10–1.55; p = 0.002), especially in patients with other risk factors such as diabetes or
hypertension [52]. The plausible causative mechanisms which have been identified are:
metabolic alterations related to HCV infection, the profibrogenic and inflammatory status
linked to HCV infection, as well as potential direct viral mechanisms [53]. However,
studies on the topic are highly heterogeneous and need confirmation with prospective
research. Two French studies on large cohorts have shown that SVR reduces the number
of cardiovascular events [54,55]. Viral eradication with DAAs has also been found to
reduce the risk of major cardiovascular events by 67.6% in a population of patients with
a prediabetic condition, regardless of the degree of fibrosis [56]. These results are in line
with those obtained from the RESIST-HCV cohort, showing that SVR was associated with a
reduced risk of cardiovascular mortality regardless of the presence of cirrhosis (HR 0.07,
beta-2.67, p < 0.001) [57]. A small-scaled study suggests that there may be a shift to a less
atherogenic lipid profile after viral eradication with DAAs, due to an increased antioxidant
capacity of HDL and an increase in LDL-C/apoB ratio [58].

5.2. Insulin Resistance

HCV infection is associated with diabetes in 5.9–43.2% of patients [59–61]. HCV in-
duces insulin resistance through various pathogenic processes: oxidative stress, production
of inflammatory cytokines, pancreatic ß-cell dysfunction, direct inhibition of insulin signal-
ing [62]. Historically, diabetes and insulin resistance were considered negative predictors of
a response to interferon-based HCV treatment [63,64]. On the contrary, DAAs appear to be
as effective in diabetic as in non-diabetic patients [62]. Viral eradication appears to improve
the metabolism of glucose, even in patients with cirrhosis [65,66]. Diabetic patients are more
at risk of developing HCC after SVR, probably due to concurrent metabolic steatohepatitis
or reduced immune surveillance against tumor cells [62,67].
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5.3. Crioglobulinemic Disease

HCV-related cryoglobulinemic vasculitis (CV) occurs in approximately 15% of HCV-
infected patients, with a broad spectrum of clinical manifestations ranging from fatigue
and arthralgia to more serious complications with renal and neurological involvement [68].
In a recent international multicenter study on 913 patients with HCV-related CV, viral
eradication with DAAs was associated with remission of vasculitis in 87.4% of patients
35 months after treatment. Among the patients who relapsed, 100% and 85.2% had skin
and kidney manifestations, respectively. Peripheral neuropathy was present in 81.7% of
relapsing patients. Independent baseline risk factors associated with cryoglobulinemic
vasculitis relapse were male sex, skin ulcers, kidney involvement at baseline, and peripheral
neuropathy at the end of the DAA treatment [69]. A systematic review by Danishwar et al.,
which included data from 19 studies on persistence and recurrence of CV after the HCV
cure with DAAs, reported a complete clinical response in 63.7% to 90.2% of DAA-treated
patients. Relapses were detected in 4–18% of patients. Biomarkers associated with higher
incidence of persistence or recurrence of CV were identified (INFL3-rs12979860, ARNTL-
rs648122, RETN-rs1423096, and SERPINE1-rs6976053), but need further validation [70].
Interestingly, in a recent multicentric prospective study on data from the Italian Platform
for the Study of Viral Hepatitis Therapy cohort, the authors reported self-reported clinical
deterioration after an initial response in 49.6% of patients (median time of deterioration,
19 months) and that the rate of patients without any deterioration was 58% and 41% at
12 and 24 months, respectively [71]. HCV eradication may not therefore correspond to a
persistent improvement of symptoms, and clinical response can fluctuate [71].

5.4. Chronic Kidney Disease

There is an increased incidence of chronic kidney disease (CKD) and proteinuria in
HCV-infected patients [72], as is shown in a meta-analysis of nine longitudinal studies
which included 1,947,034 patients [73]. Furthermore, cryoglobulinemic vasculitis induces
the development of membranoproliferative glomerulonephritis [74].

Frequent side effects and the poor efficacy of interferon-based treatments discouraged
the use of IFN-based therapy in patients with end-stage kidney failure. Conversely, with
DAAs, viral clearance can be attained in 92–100% of HCV patients with CKD. In November
2019, the US Food and Drug Administration allowed the use of sofosbuvir-velpatasvir
in patients with renal disease, including those with an estimated glomerular filtration
rate ≤ 30 mL/min and those on dialysis, providing a solution to the unmet need of
treatment for HCV infection in patients with decompensated cirrhosis and concurrent
advanced CKD [75]. Viral eradication leads to indirect benefits in patients with CKD by
improving cardiovascular disease and reducing liver-related complications in patients with
a coexisting hepatic disease [76]. There is evidence that viral clearance with DAAs may
slow the progression of kidney impairment [77]. Because DAAs have only recently been
permitted for the treatment of patients with advanced CKD, we still cannot estimate their
impact on end-stage kidney failure. A HCV cure with DAAs has been found to reduce the
incidence of cryoglobulinemic glomerulonephritis in a large retrospective cohort study of
more than 45,000 HCV-treated patients [78].

5.5. Coagulopathy

Cirrhotic patients have a disrupted hemostatic profile, characterized by an increased
risk of both bleeding and thrombosis [79]. The hypercoagulability is at least partly due to
increased plasma levels of factor VIII and decreased protein C [80]. Treatment with DAAs
appears to reverse these alterations in patients classified as Child–Pugh A by restoring
the balance between pro- and anticoagulant factors, with more notable results appearing
12 weeks after the end of therapy [81].
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5.6. Non-Hodgkin Lymphoma

Several studies and a metanalysis support the benefit of HCV eradication in patients
with non-Hodgkin lymphoma (NHL) [82], even though there are other studies with contrast-
ing results [78]. The metanalysis by Peveling-Oberhage et al. included 254 HCV-infected
patients with NHL who underwent antiviral treatment. A strong association was found
between SVR and lymphoma response (83% response rate, 95% > CI, 76–88%) compared
to a failure in achieving SVR (53% response rate, 95% > CI, 39–67%, p = 0.0002), justify-
ing the use of antivirals as a first-line treatment in patients who do not need immediate
conventional treatment [82].

6. Impact on Survival and Quality of Life

A prospective, multi-center study on 1601 North American patients showed that viral
clearance was associated with significant improvement in fatigue, sleep, stomach pain,
and functional well-being, and these results were maintained at 12 months after treatment
completion [83]. Cirrhotic patients experienced the greatest improvements in functional
well-being. Patients enrolled in clinical trials with DAAs were also evaluated on long-
term patient-reported outcomes, showing that improvements were durable in patients
with compensated cirrhosis (up to three and a half years), but declined after two years in
patients with decompensated cirrhosis [84]. These results are necessarily limited by the
lack of a control arm.

7. Follow-Up after Eradication

According to current guidelines, the key concepts to retain on patient follow-up
indications after SVR with DAAs are the following [2]:

• Patients with no to moderate fibrosis (meta-analysis of histological data in viral
hepatitis–METAVIR–score F0–F2), no comorbidities, and those who do not have high-
risk behavior can be safely discharged from surveillance, as the risk of liver-related
complication is very low, and follow-up is not cost-effective.

• Patients with advanced fibrosis (METAVIR score F3) or cirrhosis are advised to undergo
surveillance for HCC every six months.

• Patients with less advanced fibrosis but with coexisting risk factors (alcohol use
disorder, obesity, and/or type 2 diabetes) should continue a personalized follow-up.

• Patients with pre-treatment esophageal varices and patients with liver stiffness > 20 kPa
and platelets < 150,000/µL should undergo endoscopic assessments after SVR.

• It is important to monitor patients for reinfection, and retreat if needed.

In addition, other observations are presented based on current evidence (resumed in
Figure 1):

• HCV eradication has a positive impact on HCC surveillance with alpha-fetoprotein
(AFP). In fact, inflammation can increase AFP levels leading to false-positive test
results. Consequently, the performance of serum AFP is heavily influenced by ALT
levels, and AFP surveillance is less useful in patients with ALT > 40 UI/L (AUC of
AFP for HCC 0.91 with ALT < 40 UI/L vs. 0.76 with ALT > 40 UI/L) [85].

• New algorithms based on factors identifying the liver disease status (e.g., albumin,
alpha-fetoprotein, liver stiffness measurement) and risk of progression (e.g., alcohol
consumption) and age (a strong driver of carcinogenesis) have been developed to
stratify patients according to the risk of liver cancer development [34] in order to avoid
non-cost-effective surveillance. Further studies are needed to validate these results.

• Adherence to post-SVR follow-up decreased over the long term; therefore, patients should
be encouraged to maintain their regular schedule of hospital visits if indicated [37].

• HCV eradication with DAAs reduces the risk of major cardiovascular events, improves
insulin resistance, and is associated with high rates of remission of cryoglobulinemic
vasculitis. The impact on advanced chronic kidney disease is yet to be defined.
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• Spleen stiffness could have a role in predicting HCC development and in the assess-
ment of CSPH after SVR.

• The controversy regarding the benefit of DAA-induced viral eradication after success-
ful HCC treatment appears to be finally resolved: DAA treatment is not associated
with higher HCC recurrence rates, although patients treated for HCC should undergo
a close surveillance even after SVR.
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8. Conclusions

The advent of DAAs has profoundly revolutionized the treatment of HCV-infected
patients, allowing patients with more advanced stages of liver disease and comorbidities
to be cured. There are many open questions related to patient management after viral
eradication with DAAs, such as which could be the most reliable non-invasive tool to
predict liver-related complications, or to what extent viral eradication reduces the risk of
liver disease progression in the long term. There is growing evidence of the impact of DAA-
based treatment on CSP, HCC development, and recurrence, as well as on extrahepatic
manifestations of HCV infection which will allow us to set up more cost-effective follow-up
protocols. Future research should focus on the personalization of follow-up care based on
individual risk.
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the Risk of Hepatocellular Carcinoma After Direct-Acting Antiviral Therapy: Systematic Review and Meta-Analysis. Front. Med.
2021, 8. [CrossRef] [PubMed]

68. Bonacci, M.; Lens, S.; Mariño, Z.; Londoño, M.-C.; Rodriguez-Tajes, S.; Sánchez-Tapias, J.M.; Ramos-Casals, M.; Hernández-
Rodríguez, J.; Forns, X. Long-Term Outcomes of Patients With HCV-Associated Cryoglobulinemic Vasculitis After Virologic Cure.
Gastroenterology 2018, 155, 311–315.e6. [CrossRef]

69. Fayed, A.; Hegazy, M.T.; Biard, L.; Vieira, M.; El Shabony, T.; Saadoun, D.; Casato, M.; Visentini, M.; Ragab, G.; Cacoub, P. Relapse
of Hepatitis C Virus Cryoglobulinemic Vasculitis After Sustained Viral Response After Interferon-Free Direct-Acting Antivirals.
Am. J. Gastroenterol. 2022, 117, 627–636. [CrossRef]

70. Danishwar, M.; Jamil, Z.; Khan, S.; Nakhla, M.; Ahmad, I.; Ali, M.A.; Lau, D.T.Y. Persistence of Cryoglobulinemic Vasculitis after
DAA Induced HCV Cure. J. Clin. Med. 2022, 11, 984. [CrossRef]

71. Kondili, L.A.; Monti, M.; Quaranta, M.G.; Gragnani, L.; Panetta, V.; Brancaccio, G.; Mazzaro, C.; Persico, M.; Masarone, M.;
Gentile, I.; et al. A prospective study of direct-acting antiviral effectiveness and relapse risk in HCV cryoglobulinemic vasculitis
by the Italian PITER cohort. Hepatology 2021, 76, 220–232. [CrossRef] [PubMed]

72. Cacoub, P.; Desbois, A.C.; Isnard-Bagnis, C.; Rocatello, D.; Ferri, C. Hepatitis C virus infection and chronic kidney disease: Time
for reappraisal. J. Hepatol. 2016, 65, S82–S94. [CrossRef]

73. Fabrizi, F.; Verdesca, S.; Messa, P.; Martin, P. Hepatitis C Virus Infection Increases the Risk of Developing Chronic Kidney Disease:
A Systematic Review and Meta-Analysis. Dig. Dis. Sci. 2015, 60, 3801–3813. [CrossRef]

74. El-Serag, H. Extrahepatic manifestations of hepatitis C among United States male veterans. Hepatology 2002, 36, 1439–1445.
[CrossRef] [PubMed]

75. AASLD-IDSA HCV Guidance Panel. Hepatitis C Guidance 2018 Update: AASLD-IDSA Recommendations for Testing, Managing,
and Treating Hepatitis C Virus Infection. Clin. Infect. Dis. 2018, 67, 1477–1492. [CrossRef]

76. Martin, P.; Awan, A.A.; Berenguer, M.C.; Bruchfeld, A.; Fabrizi, F.; Goldberg, D.S.; Jia, J.; Kamar, N.; Mohamed, R.; Pessôa,
M.G.; et al. Executive Summary of the KDIGO 2022 Clinical Practice Guideline for the Prevention, Diagnosis, Evaluation, and
Treatment of Hepatitis C in Chronic Kidney Disease. Kidney Int. 2022, 102, 1228–1237. [CrossRef]

77. Sise, M.E.; Chute, D.F.; Oppong, Y.; Davis, M.I.; Long, J.D.; Silva, S.T.; Rusibamayila, N.; Jean-Francois, D.; Raji, S.; Zhao, S.; et al.
Direct-acting antiviral therapy slows kidney function decline in patients with Hepatitis C virus infection and chronic kidney
disease. Kidney Int. 2019, 97, 193–201. [CrossRef] [PubMed]

78. El-Serag, H.B.; Christie, I.C.; Puenpatom, A.; Castillo, D.; Kanwal, F.; Kramer, J.R. The effects of sustained virological response to
direct-acting anti-viral therapy on the risk of extrahepatic manifestations of hepatitis C infection. Aliment. Pharmacol. Ther. 2019,
49, 1442–1447. [CrossRef]

79. Tripodi, A.; Primignani, M.; Mannucci, P.M.; Caldwell, S.H. Changing Concepts of Cirrhotic Coagulopathy. Am. J. Gastroenterol.
2017, 112, 274–281. [CrossRef] [PubMed]

80. Sinegre, T.; Duron, C.; Lecompte, T.; Pereira, B.; Massoulier, S.; Lamblin, G.; Abergel, A.; Lebreton, A. Increased factor VIII plays
a significant role in plasma hypercoagulability phenotype of patients with cirrhosis. J. Thromb. Haemost. 2018, 16, 1132–1140.
[CrossRef] [PubMed]

81. Russo, F.P.; Zanetto, A.; Campello, E.; Bulato, C.; Shalaby, S.; Spiezia, L.; Gavasso, S.; Franceschet, E.; Radu, C.; Senzolo, M.; et al.
Reversal of hypercoagulability in patients with HCV-related cirrhosis after treatment with direct-acting antivirals. Liver Int. 2018,
38, 2210–2218. [CrossRef]

82. Peveling-Oberhag, J.; Arcaini, L.; Bankov, K.; Zeuzem, S.; Herrmann, E. The anti-lymphoma activity of antiviral therapy in
HCV-associated B-cell non-Hodgkin lymphomas: A meta-analysis. J. Viral Hepat. 2016, 23, 536–544. [CrossRef] [PubMed]

83. Serper, M.; Evon, D.M.; Amador, J.; Stewart, P.W.; Sarkar, S.; Lok, A.S.; Sterling, R.K.; Reeve, B.B.; Golin, C.E.; Reddy, K.R.; et al.
Patient-reported outcomes 12 months after hepatitis C treatment with direct-acting antivirals: Results from the PROP UP study.
Liver Int. 2021, 41, 692–704. [CrossRef] [PubMed]

84. Younossi, Z.M.; Racila, A.; Muir, A.; Bourliere, M.; Mangia, A.; Esteban, R.; Zeuzem, S.; Colombo, M.; Manns, M.; Papatheodoridis,
G.V.; et al. Long-term Patient-Centered Outcomes in Cirrhotic Patients With Chronic Hepatitis C After Achieving Sustained
Virologic Response. Clin. Gastroenterol. Hepatol. 2021, 20, 438–446. [CrossRef] [PubMed]

85. Yang, J.D.; Dai, J.; Singal, A.G.; Gopal, P.; Addissie, B.D.; Nguyen, M.H.; Befeler, A.S.; Reddy, K.R.; Schwartz, M.; Harnois,
D.M.; et al. Improved Performance of Serum Alpha-Fetoprotein for Hepatocellular Carcinoma Diagnosis in HCV Cirrhosis with
Normal Alanine Transaminase. Cancer Epidemiol. Biomark. Prev. 2017, 26, 1085–1092. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1111/jvh.13215
http://doi.org/10.3389/fmed.2021.744512
http://www.ncbi.nlm.nih.gov/pubmed/34733865
http://doi.org/10.1053/j.gastro.2018.04.024
http://doi.org/10.14309/ajg.0000000000001667
http://doi.org/10.3390/jcm11040984
http://doi.org/10.1002/hep.32281
http://www.ncbi.nlm.nih.gov/pubmed/34919289
http://doi.org/10.1016/j.jhep.2016.06.011
http://doi.org/10.1007/s10620-015-3801-y
http://doi.org/10.1002/hep.1840360621
http://www.ncbi.nlm.nih.gov/pubmed/12447870
http://doi.org/10.1093/cid/ciy585
http://doi.org/10.1016/j.kint.2022.07.012
http://doi.org/10.1016/j.kint.2019.04.030
http://www.ncbi.nlm.nih.gov/pubmed/31337501
http://doi.org/10.1111/apt.15240
http://doi.org/10.1038/ajg.2016.498
http://www.ncbi.nlm.nih.gov/pubmed/27801884
http://doi.org/10.1111/jth.14011
http://www.ncbi.nlm.nih.gov/pubmed/29577605
http://doi.org/10.1111/liv.13873
http://doi.org/10.1111/jvh.12518
http://www.ncbi.nlm.nih.gov/pubmed/26924533
http://doi.org/10.1111/liv.14781
http://www.ncbi.nlm.nih.gov/pubmed/33387381
http://doi.org/10.1016/j.cgh.2021.01.026
http://www.ncbi.nlm.nih.gov/pubmed/33493697
http://doi.org/10.1158/1055-9965.EPI-16-0747

	Introduction 
	The DAA Revolution 
	Impact on Clinically Significant Portal Hypertension 
	Impact on Hepatocellular Carcinoma 
	HCC Development 
	HCC Recurrence 

	Impact on Extrahepatic Manifestations 
	Cardiovascular Disease 
	Insulin Resistance 
	Crioglobulinemic Disease 
	Chronic Kidney Disease 
	Coagulopathy 
	Non-Hodgkin Lymphoma 

	Impact on Survival and Quality of Life 
	Follow-up after Eradication 
	Conclusions 
	References

