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Long term immunological perturbations post DAA therapy in chronic HCV/HIV co-infected patients
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Abstract: Direct-acting antiviral (DAA) therapies are efficacious for the achievement of sustained virologic response (SVR) in almost all treated hepatitis C virus (HCV)-infected patients. However, the impacts of HCV eradication on immune function and chronic immune activation in the long-term remain controversial and limited, especially in patients co-infected with human immunodeficiency virus (HIV). Indeed, although restoration of many immune responses clearly can be observed, several features of immune perturbations persist over time after HCV clearance. Understanding the degree and reasons of the partial recovery of the immune system in chronic HCV/HIV co-infection after HCV elimination is pivotal to avoid disease progression and possible long-term clinical outcomes in cured patients, as well as contributing to the development of immunotherapy drug design.
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Introduction

Hepatitis C virus (HCV) infection among HIV infected people is a pivotal cause of comorbidities and overall mortality. In the combined antiretroviral therapy (cART) era, liver disease is the main cause of non-AIDS death in HIV infected individuals and HCV co-infection is responsible for 90% of deaths in HIV positive patients with end stage liver disease. The clinical course of HCV disease is accelerated during co-infection with HIV, with higher rates of progression to liver disease in terms of fibrosis progression, risk of decompensation, cirrhosis and liver cancer development. Both HCV and HIV infection lead to increased production of inflammatory cytokines and chemokines, giving rise to a state of chronic inflammation, with consequent progressive T cell exhaustion and immune dysregulation in HCV/HIV co-infected individuals (Kim and Chung, 2009; Chen et al., 2014; Mastroianni et al., 2014; Gonzalez et al., 2010). Suppression of HCV replication by DAA regimens, greatly improves rates of cure in HCV/HIV co-infected patients on cART, probably by decreasing immune activation and ameliorating efficacy of cART in these individuals. However, it is not completely acknowledged whether, following DAA treatment, HCV eradication brings to a recovery of both innate and adaptive immune responses, and of lymphocyte homeostasis previously dysregulated by the virus (Rial-Crestelo et al., 2020).

What are the effects of DAA therapy on immune reconstitution in HCV/HIV co-infected patients?

HCV/HIV co-infected patients suffer from higher inflammation than HCV mono-infected patients, and despite cART, residual immune activation remains also in HIV mono-infected patients. Furthermore, recovery of immune response to HCV is important in cases of re-exposure, or for the resolution of extrahepatic manifestations. It has been well accepted that achievement of sustained virologic response (SVR) is associated with at least partial restoration of T cell immune function, downregulation of hepatic inflammation and reduction in liver-related mortality in cART treated HCV/HIV co-infected individuals (Parisi et al., 2018; Emmanuel et al., 2019; Shrivastava et al., 2018; López-Cortés et al., 2018). DAA therapy is expected to ameliorate symptoms and mortality from severe extrahepatic manifestations, as well as improve quality of life in HCV/HIV co-infected individuals. However, it does not completely restore immune and liver functions (Brochado-Kith et al., 2021). Indeed, although a reduction of global T cell immune response occurs after DAA therapy, higher immune activation may remain for a longtime after the end of treatment. This suggests that a complete restoration of the immune response, similar to that observed after spontaneous viral clearance, may not be obtained, remarking that long-term antigenic stimulation gives an irreversible modification on the T cell compartment. Different authors showed conflicting data in HCV/HIV co-infected patients on cART. In fact, while some studies displayed a functional improvement of immune system by a significant decrease of plasma biomarkers and a decline in the activation of immune cells, others suggested a long-term imprint of HCV on immune cells, that remained largely unchanged following HCV clearance. In particular, studies focused on total CD4+ and CD8+ T cell activation, provided evidences on whether T cell activation was reduced following DAA treatment in HCV/HIV co-infected patients on cART (Parisi et al., 2018; Emmanuel et al., 2019; Shrivastava et al., 2018; López-Cortés et al., 2018; Brochado-Kith et al., 2021; Najafi Fard et al., 2018). Emmanuel and co-workers reported a decrease in total activated (HLA-DR+ and CD38+) CD4+ and CD8+ T cells up to one year post-SVR in HCV mono-infected and more evident in HCV/HIV co-infected patients (Emmanuel et al., 2019). In another study, T cell activation was found unvaried both in HCV mono- and HCV/HIV co-infected patients 12 weeks after DAA treatment, with only a reduction of total CD4+ and CD8+ T cells producing IFN-gamma, IL-17, and IL-22 (Najafi Fard et al., 2018). Recently, Brochado-Kith and collaborators showed a significant reduction in plasma biomarkers and gene expression related to antiviral/inflammatory response in HCV/HIV co-infected patients, especially in levels of chemokines and interferon-stimulated genes (ISGs). However, a complete recovery of the immune function was not achieved, when compared with HCV and HIV mono-infected patients (Brochado-Kith et al., 2021). All the studies described above considered the effects of DAA therapy on immune system at SVR, or for short time follow-up. Conversely, a recent study by our group aimed at evaluating the impact of HCV eradication following DAA therapy on early and late longitudinal phenotypic changes in activated, differentiated and exhausted T cells, and also in inflammatory biomarkers, indoleamine 2–3 dioxygenase (IDO) activity, and liver stiffness scores in HCV mono-infected and HCV/HIV co-infected patient on cART. We showed that, especially in the HCV/HIV co-infected patients, immune activation may persist for a long time after the end of treatment despite an improvement of liver-specific outcomes, thus confirming the previous reported conclusions (Farcomeni et al., 2021). Whether these effects were sustained and/or were extended to the memory T cell subsets or innate cell compartment was unclear.

The frequency of T cells with phenotype Foxp3+ CD25+ CD4+, known as Tregs, is often increased in chronic HCV infection and is responsible of the immune suppressive response in the liver. However, after HCV eradication by DAA therapy, frequency of Tregs did not completely normalize in co-infected subjects on successful cART (Tumino et al., 2017). Similarly, the frequency of HLA-DR-CD33+CD11b+ myeloid-derived suppressor cells (MDSC) were expanded in co-infected subjects (Tumino et al., 2017). The frequency of MDSC increased post-DAA therapy in HCV/HIV co-infected individuals, probably participating to the overall immune suppression (Tumino et al., 2017). In summary, studies that describe DAA-mediated clearance of HCV, suggested only limited recovery of the immune system and an immune suppressive environment with persistence of cells like Tregs and MDSC. These immune suppressive conditions might decrease immune response to vaccinations, reduce immune surveillance against cancer, and increase re-activation of latent infections of herpesviruses and hepatitis B virus, respectively (Macias et al., 2019a; Fabbri et al., 2017). Finally, an incomplete reconstitution of HCV-specific CD4+ and CD8+ T cells might increase the risk of HCV persistence upon re-exposure and re-infection in high-risk populations like HCV/HIV co-infected patients.

Clinical benefits on disease progression in HCV/HIV co-infected subjects were also observed in terms of liver disease and fibrosis scores, after HCV eradication with DAA therapy (Macias et al., 2019b; Schwabl et al., 2017; Navarro et al., 2017; Lledo et al., 2018).

In conclusion, additional evaluations examining immune reconstitution after treatment with DAA drugs in HCV/HIV co-infected subjects are warranted, to more fully appreciate the long-term implications and health outcomes of HCV clearance.

Can DAA treatment restore the metabolic disturbances in HCV/HIV co-infection?

Both HCV and HIV infections have been related with metabolic alterations affecting lipid and glucose metabolism. In particular, in chronic HCV/HIV co-infection on cART a higher prevalence of dyslipidemia and dysglycemia due to the host’s inflammatory and immune activated state was observed (Collins et al., 2019). Because of the important metabolic disorder and related diseases due to HCV infection, the question of whether the benefit of DAA treatment can restore the metabolic impairment is of pivotal importance. Recent studies reported that DAA therapy may provide beneficial effects on both glucose and lipid metabolism early after treatment in HCV/HIV co-infected individuals on cART. However, these effects gradually decline with the extension of follow-up (Zeng et al., 2020). In contrast, another study did not find the same effect on glucose metabolism post DAA treatment in HCV/HIV co-infected patients (Chaudhury et al., 2017). The contradictory of these results may be explained by the duration of follow-up after the end of treatment and by the different characteristics of infected individuals (Zeng et al., 2020). Another recent study described that in cART treated HCV/HIV co-infected patients with advanced HCV-related cirrhosis, plasma metabolomic profile changed after HCV clearance with DAA therapy. Besides, plasma level changes were related to improvements in cirrhosis scores and inflammatory status of patients (Virseda-Berdices et al., 2022). Therefore, the question of whether DAA therapy can bring to a positive impact on the metabolic impairment is still on debate and needs further studies with longer duration of follow-up, particularly in the HCV/HIV co-infected population.

What is the residual risk of disease progression in HCV/HIV co-infection after sustained virologic response?

It is plausible that HCV eradication by DAA therapy helps to replacing an antiviral immune function that may hinder some features of HIV-1 replication in HCV/HIV co-infection (Sikavi et al., 2018). Recovery of immune homeostasis may involve many clinical benefits, ranging from protection of reinfection or reactivation of HCV and of other viruses, to protection from hepatocellular carcinoma (HCC) development, and conceivably to regression of liver fibrosis. In fact, data from many studies have shown a clear advantage of HCV cure in reducing liver damage progression and also in reducing the probability of HCC in people living with HIV, especially in those treated at an initial stage of fibrosis (Salmon-Ceron et al., 2019). On the contrary, evidence that DAA treatment did not completely hamper progressive inflammation and liver damage in co-infected people (Ganesan et al., 2019), gave rise to post-SVR outcomes, such as liver fibrosis’ advancement, risk of reinfection, and HCC development. In fact, the risk of developing HCC remained elevated in co-infected people, and was not completely abolished upon HCV clearance, in those subjects with advanced fibrosis or cirrhosis (Gobran et al., 2021). Also, molecular studies on HCV-infected hepatocytes or on liver biopsy samples from infected patients, told us that chronic HCV infection causes epigenetic and gene expression alterations. These abnormalities, that persisted after HCV eradication in HCV/HIV co-infected subjects on cART, may be associated with risk for HCC development (Rial-Crestelo et al., 2020). Other factors may be implicated in liver disease progression and HCC development in HCV/HIV co-infected subjects. First, metabolic abnormalities including insulin resistance that may result in accumulation of triglycerides in hepatocytes, with consequent hepatic steatosis. This can accelerate liver damage and increase risk of developing HCC regardless HCV status (Jeyarajan and Chung, 2020). Second, gut dysbiosis and intestinal impairment are characteristics of HIV infection that are not restored by ART (Gobran et al., 2021). Considering that DAA mediated HCV eradication does not influence gut dysbiosis in cirrhotic HCV mono-infected subjects, dysbiosis may persist as an important risk of liver disease progression in HCV/HIV co-infection after DAA therapy. DAA treatment might not be sufficient to stop liver disease’ progression regarding inflammation, oxidative stress, liver damage and metabolic dysregulation, especially in HCV/HIV co-infection. Therefore, defining how inflammation and chronic immune activation are interconnected during DAA therapy, understanding the mechanisms of HCV related immune dysfunction and barriers to immune reconstitution after viral clearance is of pivotal importance to diminish the long-term effects and progression of chronic HCV infection in HCV/HIV co-infection (Fig. 1).
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Figure 1: Outcomes of DAA therapy in chronic HCV/HIV co-infection.

Unanswered questions

Several important questions remain to be investigated, as many effects of chronic HCV infection on different compartments of the immune system which may persist for years despite antigen elimination. Longer follow-up studies are needed to verify whether there is a decline of inflammatory parameters over time in successfully DAA treated HCV/HIV co-infected patients, and whether following HCV clearance, long-term recovery of the interferon system is achieved. Identifying differences in immune responses between HCV mono- and HCV/HIV co-infected subjects might help to understand the relationship between HCV/HIV co-infection and progression of HIV disease. More comprehensive studies on exhausted HCV-specific CD4+ and CD8+ T cells are necessary since there might be certain levels of heterogeneity regarding subpopulations of exhausted HCV-specific cells becoming restored after DAA mediated clearance of the virus. Moreover, clearance of HCV by DAA therapy may cause a higher efficacy to cART therapy by reducing immune activation in co-infected individuals and a better clinical management of co-infected patients under suppressive cART. Furthermore, the effect of DAA treatment on HIV reservoir persistence in ART-treated HCV/HIV patients, should be analyzed in new longitudinal studies, and additional therapeutic interventions can be required to monitor residual HIV transcription in ART-treated patients and restore immune competence following DAA therapy. Another aspect may be defining the risk of disease progression and HCC development after HCV clearance by DAA treatment which is an important issue that could be relatively easy to solve, utilizing large number of patients in long-term follow-up studies. Association of specific clinical characteristics such as diabetes, alcohol intake, advanced age, coexistent nonalcoholic fatty liver disease, with a higher risk of HCC development among post-SVR patients may impact surveillance recommendations and increase cost-effectiveness.

Conclusions

In most cases, HCV elimination by DAA treatment in HCV/HIV co-infected individuals on cART improves liver inflammation and HCV-related extrahepatic diseases. However, while some aspects of the immune response are restored, others remain altered, indicating an active role of immunity besides DAA mediated viral clearance. Long-term chronic HCV infection might irreversibly damage the immune system, perhaps by inducing epigenetic changes that persist after virus eradication (Perez et al., 2019; Polyak et al., 2021).

• a long-term antigenic stimulation may imprint an irreversible change on the T cell compartment in HCV/HIV co-infected individuals.

Clarifying the extent and levels of the deficient recovery of the immune system in ART treated HIV patients after HCV eradication by DAA therapy might be relevant:

• to understand the susceptibility to the development of immune-mediated diseases, cancer and co-infections, also contributing to drug design and vaccine.

• to appropriately manage and improve clinical outcomes for HCV/HIV co-infected patients.

• to clarify how HCV and HIV reciprocally influence hepatic pathophysiology.

Until more definitive knowledge can be developed, continued assessment of immune activation and inflammation biomarkers as well as clinical follow-up of HCV/HIV patients treated with DAA therapy, including assessment of fibrosis progression and HCC surveillance, would appear to be warranted.
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