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Abstract

:

Chronic hepatitis C virus infection is still one of the major risk factors for the development of hepatocellular carcinoma (HCC), the most frequent type of primary liver cancer. Direct-acting antivirals have substantially improved the cure rate of the virus, but the risk of hepatitis C virus-related HCC remains high, mainly in patients with advanced liver fibrosis and cirrhosis. HCC is often asymptomatic and, therefore, remains undetected until the late tumor stage, which is associated with poor survival rates. Therefore, to improve the surveillance programs following HCV eradication, there is a need to summarize predictive factors or potential biomarkers, to specifically identify patients likely to develop HCC after direct-acting antiviral treatment. This review outlines the most recent data about different predictive factors for HCC development after direct-acting antiviral treatment of hepatitis C virus-infected patients, to improve the clinical management of patients with chronic hepatitis C virus.
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1. Introduction


Primary liver cancer is now the sixth most frequently diagnosed type of cancer and the third leading cause of cancer-related mortality [1], with hepatocellular carcinoma (HCC) accounting for up to 85% of all primary liver cancer cases. HCC develops almost exclusively with a background of chronic hepatic inflammation, which is mainly caused by viral hepatitis, chronic alcohol consumption, or an unhealthy diet.



Chronic hepatitis C virus (HCV) infection is one of the major risk factors in the development of HCC. It is caused by the capacity of HCV to evade the host’s immune system in approximately 80% of patients [2]. Chronic HCV infection induces, not only persistent epigenetic alterations [3], but also misbalances the liver immune microenvironment [4,5,6], which leads to serious, irreparable liver damage.



HCV is a virus with a positive-strand RNA, which belongs to the Hepacivirus genus, within the virus family Flaviviridae. Despite the high global prevalence of infection by HCV, estimated at 2.5% of the world population [7], the first hope for the elimination of HCV worldwide appeared recently. Thirty-two years after the discovery of HCV [8], the understanding of its virological features, worldwide epidemiology, and, mainly, recent antiviral therapeutic developments have raised the prospect of its global eradication. Indeed, direct-acting antiviral (DAA) agents against HCV infection have been a remarkable success. This has been demonstrated by complete viral eradication in up to 95% of HCV patients. The successful fight against HCV even garnered a Nobel Prize in Physiology or Medicine in 2020 for Dr. Harvey Alter, Dr. Charles Rice, and Dr. Michael Houghton, for their important contributions to the identification and characterization of the virus [9].



Even though the introduction of DAA therapies has significantly changed the landscape of HCV, the risk of HCV-related liver cancer remains high, mainly in patients with advanced liver fibrosis and cirrhosis [10,11,12]. Indeed, antiviral treatment among HCV-infected individuals reduces, but does not prevent, de novo HCC development [13,14]. Moreover, the risk of HCC recurrence seems to be almost unaffected by HCV elimination [15]. Thus, one of the biggest future challenges will be the early diagnosis of HCC development after DAA treatment. The main complication of early diagnosis of HCC is that it is often asymptomatic and, consequently, remains undetected until the late tumor stage. Thus, there is a need to summarize the predictive factors or potential biomarkers that could help predict HCC risk, by identifying patients likely to develop cancer and including them in surveillance programs. In this brief review, we provide the most recent data pertaining to possible predictive factors and biomarkers for HCC development after DAA treatment of chronic HCV patients, Figure 1.




2. Predictive Factors and Biomarkers for HCC Development after DAA Treatment of HCV


2.1. Sustained Virological Response Achievement


Sustained virological response, induced by DAA treatment, is associated with a reduction in HCC risk in the medium and long term, while failure to achieve a sustained virological response is strongly linked with development of HCC, as demonstrated previously [16,17,18,19,20]. Prospective and retrospective studies investigating the link between the occurrence of HCC and sustained virological response induced by DAA treatment were recently summarized elsewhere [12].




2.2. History of HCC


A history of previous HCC is another well-known factor strongly associated with the development of HCC after DAA treatment of HCV. A recent meta-analysis found that the HCC recurrence in patients with HCC history is considerably high after DAA therapy (about 30% of patients), particularly, soon after the termination of DAA treatment [14].



In addition, dysplastic nodule occurrence before starting DAA therapy was associated with early HCC within 1-year of treatment of HCV [21]. Similarly, Mario et al. demonstrated that the risk of HCC development after DAA treatment was significantly increased in patients with hepatic nodules at baseline in a cohort of cirrhotic HCV patients [22].




2.3. Age and Gender


Patient demographic parameters such as advanced age are known to be linked with HCC development after HCV eradication [23]. For instance, a recent study revealed that cumulative HCC incidence was increased in the 75–84-year age group, compared to those 60–74 [24]. Aside from age, male gender [23,25] and patient lifestyle, including smoking and alcohol consumption, are risk factors for HCC development after sustained virological response achievement [11].




2.4. Liver Fibrosis


As mentioned before, DAA-induced HCV elimination does not eradicate the risk of HCC development, especially among chronically infected HCV patients with advanced liver fibrosis and cirrhosis. This is not surprising, as this therapy does not immediately revert the underlying pathology of liver, even though sustained virological response can reduce fibrosis progression or even stimulate fibrosis regression. However, higher liver fibrosis stages are usually associated with a lower reversibility potential [26]. Thus, liver fibrosis prior to treatment is definitely one of the most important predictive factors for HCC development after DAA treatment [12].



Consistent evidence demonstrates that liver stiffness measurement (LSM) can be used as a non-invasive marker, helping to predict HCC development after DAA treatment in cirrhotic patients. Indeed, several studies have evaluated this predictive marker using different LSM threshold levels to discriminate HCC risk in HCV patients at various stages of cirrhosis [23,27,28,29,30,31,32]. A recent meta-analysis confirmed the predictive value of LSM for HCC development in DAA-treated patients [33].



Similarly, the liver fibrosis 4 index (FIB-4), a noninvasive test combining classical biochemical values (AST, ALT, platelets) and the age of HCV patients, can be used to predict whether a patient is at higher risk of developing HCC after sustained virological response. In particular, among HCV-infected patients who had achieved a sustained virological response after antiviral treatment, a FIB-4 score higher than 3.25 identified the high-risk population. Importantly, an FIB-4 score higher than 3.25 could serve as a predictive factor, even in the non-cirrhotic patient group [34,35].




2.5. Serum Biomarkers: AFP and Others


Alpha fetoprotein (AFP) is the main circulating biomarker used clinically as a prognostic and diagnostic factor for HCC. However, AFP is sub-optimally effective in the early detection of HCC. AFP circulating levels show a wide variation in specificity and sensitivity, among others reasons due to elevated levels of AFP in liver diseases, including viral hepatitis. Nevertheless, AFP has been identified as a possible predictive factor for HCC development after DAA treatment. Tanaka et al. reported that among both cirrhotic and non-cirrhotic DAA-treated patients who achieved a sustained virological response, baseline AFP levels (≥10 ng/mL) were significantly associated with higher HCC risk [36]. Similarly, a recent study revealed that patients with higher post-treatment AFP had a high risk of recurrence of HCC [37]. In line with these findings, several other studies have confirmed AFP as a circulating biomarker associated with HCC development after DAA treatment [38,39,40].



Furthermore, low levels of albumin and low platelet count were associated with higher incidence of HCC in cirrhotic HCV patients treated by DAA [20,32,39].



Another serum marker that could help identify chronic HCV patients at high risk of do novo HCC is the serum level of Wisteria floribunda agglutinin-positive Mac-2 binding protein (WFA+ −M2BP), as identified recently by Yasui et al. in a cohort of Japanese patients [40]. In addition, serum sphingolipids were proposed as possible biomarkers that can help identify patients at risk of de novo HCC development after DAA treatment. Specifically, Mücke et al. described C16Cer as an early biomarker in a cohort of cirrhotic HCV patients [41].



Furthermore, Faillaci et al. proposed that the DAA-induced increase of circulating VEGF could be responsible for HCC development after DAA treatment, mainly in predisposed patients [42]. Similarly, Ramadan et al. showed that serum VEGF levels were significantly increased in those HCV patients treated with DAA and developing HCC, as compared to those who did not receive DAA therapy [43].




2.6. miRNA


Another promising circulating biomarker for HCC development after DAA treatment could be based on microRNA (miRNA) profile. Indeed, Pascut et al. identified circulating miR-3197 as a possible biomarker, identifying patients who could develop early HCC following DAA treatment [44]. Importantly, differences were observed, even before the initiation of treatment, suggesting that some chronic HCV-infected patients might already be susceptible to HCC development before DAA therapy.




2.7. Underlying Metabolic-Associated Fatty Liver Disease


Other factors that could contribute to increased risk of development of HCC after DAA treatment are underlying metabolic associated fatty liver diseases, such as nonalcoholic fatty liver disease (NAFLD), as well as its more progressed clinical manifestation, nonalcoholic steatohepatitis (NASH). The impact of liver steatosis on HCV-related outcomes was summarized in a recent review [45], showing that liver steatosis has severe consequences, including a higher risk of liver fibrosis and HCC. Peleg et al. identified liver steatosis as a major risk factor of all-cause mortality and HCC in HCV patients who achieved a sustained virological response following DAA treatment, regardless of the stage of liver fibrosis [46]. Similarly, a recent study revealed that the underlying NAFLD is strongly associated with higher incidence of HCC in HCV patients after DAA treatment [38]. Indeed, growing evidence suggests that successful DAA treatments may cause modulations in lipid profile, ameliorate hepatic steatosis, reduce the incidence of metabolic alterations, including diabetes mellitus and insulin resistance, and improve the risk of cardiovascular disease [47].




2.8. Genetic Variants


A recent study by Degasperi et al. identified the genetic risk score (GRS) associated with hepatic fat content, as an independent predictive factor for de novo HCC in cirrhotic HCV patients treated by DAA. GRS includes selected variants in four major genes associated with hepatic steatosis and HCC: patatin-like phospholipase domain containing protein 3 (PNPLA3), transmembrane 6 superfamily member 2 (TM6SF2), membrane bound O-acyltransferase domain containing 7 (MBOAT7), and glucokinase regulator (GCKR). Interestingly, single genetic risk variants were not linked to HCC incidence in this study [48].




2.9. Epigenetic Changes


The epigenetic regulation of a gene is a highly complex process, by which the activity of a specific gene can be controlled by the structure of nearby chromatin. Although HCV is not incorporated into the host genome, it dysregulates the DNA methylation and modifies histone proteins, as summarized recently [49]. These epigenetic alterations play their part in liver carcinogenesis, including its initiation and progression. Hamdane et al. revealed that chronic HCV infection induces specific genome-wide alterations in H3K27ac that are associated with modifications in expression of mRNAs and proteins. Importantly, these alterations persisted, even after virus eradication with DAA treatment, and were associated with HCC risk [3].



Similarly, another study by Perez et al. revealed a profile of epigenetic alterations induced by HCV, including significant modulations in the active chromatin markers H3K9Ac and H3K4Me3, as well as in the silent chromatin marker H3K9Me3. The authors demonstrated that even these epigenetic changes remained present as an ‘HCV-induced epigenetic signature’ after virus eradication with DAA treatment and are associated with the development of HCC [50]. Thus, such persistent epigenetic alterations after DAA treatment provide a possibility to serve as biomarkers for risk of HCC development and as new potential therapeutic targets, to erase the HCC-associated gene expression signature.




2.10. Immunological Biomarkers


Chronic HCV, as well as other chronic infections, cause a significant deterioration of the host’s immune system. Thanks to the DAA cure, it is now possible to understand how a long-lasting chronic infection modulates the immune system, which alterations persist after HCV elimination, and the immune system’s reinvigoration capacity after HCV infection. A recent review comprehensively summarized observations from various immune cells during and after chronic HCV infection clearance, showing that many imprints of chronic HCV infection in diverse immune subpopulations, including features of immune exhaustion, persist for years, despite HCV elimination [51,52]. Thus, today, it is clear that a long-term HCV chronic infection causes irreversible damage to the immune system. Intrahepatic chronic inflammation in the liver has a tumor-promoting effect and deregulates innate and adaptive immune responses, contributing to cancer cell survival, proliferation, and migration. Therefore, it is highly likely that de novo HCC development and recurrence after DAA treatment is directly linked to HCV-induced dysregulation of the antitumor immune function, even long after HCV eradication.



The recovery or normalization of some immune cell functions after DAA treatment has been reported. For instance, Jiang et al. revealed that the functions of circulating natural killer (NK) cells are normalized rapidly, during and after DAA treatment, and are similar to healthy controls [53]. However, such a decrease in the cytotoxic function of NK cells by DAA may attenuate the anti-tumor power of these cells. In parallel, the frequencies of circulating regulatory T cells (Tregs) stay high even long after the end of DAA therapy, which may significantly contribute to the immunosuppressive environment and hamper the anti-tumor immune response, as reviewed recently [52]. Other T cell populations stay poorly functional and do not consistently recover after HCV eradication [54,55]. Therefore, specific HCV alterations of the immune system can serve as predictive factors of de novo occurrence or recurrence of HCC after DAA treatment.



In 2018, one of the first studies revealed the possible immune-related differences of patients who later developed HCC as either de novo or as HCC recurrence after DAA treatment, compared to patients who did not develop HCC. The authors demonstrated that chronic HCV patients who would later develop HCC probably already had a specific immune profile before the start of DAA treatment, in particular higher serum levels of multiple immune mediators (IL-3, IL-21, IL-22, VEGF, TRAIL, APRIL, TWEAK, SCF, and MIG) [56], when compared to DAA-treated patients who did not develop HCC after therapy.



Another study recently reported significantly higher levels of IL-13 and IL-4 in HCV patients who developed de novo HCC following DAA treatment. In this study, all patients with a history of HCC before DAA treatment were excluded from analyses. HCV-infected patients treated with DAA were analyzed before treatment and followed up for 4 years. Patients who developed de novo HCC following DAA treatment were compared to matched control patients that were selected based on DAA treatment, sex, age, fibrosis status, and platelet counts. As significant differences in IL-13 and IL-4 were observed, before DAA treatment, this study validates the existence of a specific immune-related profile in patients who develop de novo HCC after DAA-induced virus eradication [57].




2.11. Predictive Models and Scores


The integrated predictive models combine different markers to better identify patients likely to develop cancer. In 2018, Ioannou et al. published one of the first predictive models that help to estimate HCC risk after DAA treatment [58]. The models included cirrhosis status, achievement of sustained virological response, age, platelet count, serum albumin, and aspartate aminotransferase versus alanine aminotransferase ratio. A recent study constructed a model based on albumin–bilirubin score, platelet count, and the presence of diabetes mellitus, to predict the risk of HCC occurrence after HCV eradication [59]. Similarly, Innes et al. identified a predictive model based on age, male sex, albumin–bilirubin score and platelet count as the best-performing model to predict HCC risk among cirrhotic patients after HCV treatment [60]. Another study, from Tani et al., used a simple scoring system based on age of HCV patients and AFP level after DAA treatment to select patients with a high risk of HCC development [61]. Finally, a prediction model combining body mass index, FIB-4, and albumin and AFP level at sustained virological response time points was recently proposed as an efficient surveillance strategy for HCC occurrence after DAA treatment [62].





3. Conclusions


DAA treatment among HCV-infected patients reduces risk but does not completely prevent the development of de novo HCC, while the risk of HCC recurrence seems to be almost unaffected by viral clearance. Although cirrhotic HCV patients are at higher risk of developing HCC after DAA treatment, HCC may also develop in livers with mild to moderate fibrosis. This indicates that multiple factors, including metabolic, genetic, epigenetic, and immune alterations, are crucial in determining the onset of HCC or its recurrence after HCV eradication.



In line with these findings, it is important to classify chronically HCV infected patients as being at risk for HCC development and to implement efficient follow-ups for them after HCV eradication. Predictive factors and specific circulating biomarkers for risk of development of HCC after DAA treatment are greatly needed, to improve the clinical management of chronic HCV patients prior to HCC development. The combination of clinical, biological, genetic, and immune predictors will lead to improved HCC risk stratification.



In the longer term, achieving HCV elimination worldwide seems unlikely, despite effective treatments. Moreover, patients remain at risk of reinfection even after successful treatment. As DAA treatment among HCV-infected patients does not completely prevent the development of HCC, HCV-related HCC will not disappear until the successful development and global use of an efficient HCV vaccine. Indeed, the prevention of HCV through vaccination would be the best strategy to prevent the eventual development of HCC related to this virus.
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Figure 1. Predictive factors for hepatocellular carcinoma (HCC) development after direct-acting antiviral treatment of HCV. 
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