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Introduction

Introduction of highly effective direct acting antivirals (DAAs) for hepatitis C (HCV) with cure rates exceeding  90% have[1], resulted in a paradigm shift in the response to the HCV epidemic. In 2016 the  World Health Assembly endorsed the Global Health Sector Strategy on Viral Hepatitis 2016– 2021, which calls for the elimination of viral hepatitis as a public health threat by 2030 [2].

Georgia is a small Eastern European country (population 3.7 million) with high HCV prevalence of 5.4% [3]. For many years economic reasons limited access to hepatitis C treatment in Georgia. In response to a societal demand in  2011 the Government of Georgia substantially stepped up its efforts by first implementing a national program to provide free access to HCV treatment for patients with  HIV/HCV co-infection (implemented in collaboration with the Global Fund to Fight AIDS, TB and Malaria since 2011); In 2103 the government provided free of charge hepatitis C treatment in the penitentiary system and negotiated a 60% price reduction for the combination of pegylated interferon and ribavirin for the general population (2013). 

These efforts culminated in  the launch of the world’s first hepatitis C elimination program in April 2015.  This program involved a partnership with U.S. Centers for Disease Control and Prevention (CDC) and a commitment from Gilead Sciences to donate its direct acting antivirals (DAAs) to treat all Georgians living with HCV infection free of charge [4]. The program aims to decrease HCV prevalence by 90% primarily through a test and treat approach strengthened by effective prevention measures. The national elimination strategy set ambitious targets to diagnose 90% of people with HCV, to treat 95% of those diagnosed and to cure 95% of those treated by 2020.

We assessed the progress towards achieving national targets by quantifying the national-level HCV care cascade after three years of the elimination program. The concept of “care cascade” initially emerged as a framework to monitor system wide performance along the continuum of care for people living with HIV and later was successfully applied to hepatitis  C  [5, 6]. We also evaluated outcomes of HCV treatment regimens used within the national elimination program.

Methods 

The National Hepatitis C Elimination Program
The hepatitis C elimination program in Georgia launched in April 2015 with 4 specialty clinics authorized to provide care and treatment services, all are in the capital city of Tbilisi.  Over the following three years, the number of authorized clinics expanded to XX, with locations throughout the country.  

Since the launch in 2015, the national program has offered free of charge hepatitis C virus (HCV) screening and free of charge treatment to all adult citizens of Georgia aged at 18 years or older. Patients who screen positive for HCV, are referred to one of the designated treatment sites for further workup, including confirmatory testing and if positive, genotype testing and additional laboratory workup and imaging to determine level of fibrosis. Patients are required to co-pay, on a sliding scale, based on ability to pay, for the additional testing required for staging and management. All services are services are free for registered socially vulnerable persons, while for others there is co-payment scheme based on income status. In order to improve access to treatment and encourage follow-up including SVR testing, during the three years, costs of testing have been reduced for patients, and some testing has been eliminated. Currently confirmatory testing, HCV genotyping, HCV RNA quantification for SVR assessment are provided free of charge to all patients regardless of income status.  

During the first year of the program sofosbuvir (SOF) was the only direct acting antiviral (DAA) available within the program. SOF was used in combination with ribavirin (RBV), with or without pegylated interferon (IFN), depending on the HCV genotype and level of fibrosis.  An expert group of Georgian clinicians in consultation with international experts determined the treatment regimens by genotype and level of fibrosis as well as the guidelines for patient management during treatment and testing folowig treatment completion.  In March 2016, fixed dose combination of ledipasvir/sofosbuvir (LDV/SOF) became available, and the treatment guidelines were modified.  All persons failing initial SOF-based regimens were re-treated with LDV/SOF with extended duration, or in combination with RBV and/or IFN. All drugs are provided free of charge to patients.

During the initial phase of the program treatment was offered to only patients with advanced liver fibrosis, defined as Fibrosis-4 (FIB-4) score of greater than 3.25 or liver stiffness greater than 9.5 kPa on transient elastography [7-9]. Patients not meeting this criteria had their treatment deferred.  Beginning in June 2016 treatment was expanded to all HCV patients regardless of degree of liver damage.  Each patient’s records is reviewed by a national committee of infectious disease experts who approve the patient for treatment and recommend the specific treatment regimen for that patient.  

A national HCV treatment database was established at the launch of the program.  The database undergoes periodic modifications and improvements.  The database collects case-based information, including demographic, laboratory and clinical data, on each person enrolled in treatment program using a standardized protocol. 

HCV Care Cascade and Treatment Outcomes

We constructed an HCV care cascade for adults in Georgia, based on the estimated 150,000 persons age ≥ 18 years with active HCV infection [3].  All patients who were screened or entered the treatment program during April 2015 - March 2018 are included in the analysis. Data on the number of persons screened for HCV was extracted from the national HCV screening database. Treatment outcomes, we utilized data from the Georgia National HCV treatment program database including all data on persons tested for chronic HCV infection through SVR.  Both HCV RNA and HCV core antigen testing is available for confirming active HCV infection and are both included in the analysis (note: HCV core antigen was only used for confirming active HCV infection, and was not used to determine SVR). Cure, or SVR, was defined as undetectable plasma level of HCV RNA 12-24 weeks after completing treatment.  

SVR rates were calculated using both per-protocol and intent-to-treat analysis. Per-protocol approach included only those with complete SVR data, while in intent-to-treat analysis all persons eligible for SVR assessment were included. Per-protocol approach was used for assessing treatment efficacy by treatment regimen, genotype and liver damage status. 

All analyses were performed with SAS version 9.3 software (SAS Institute, Inc., Cary, NC, USA).

Results

Figure 1 summarizes HCV care cascade in Georgia as of March 31, 2018. Since the start of the elimination program in April 2015, 974,000 thousand adults (35% of adult general population of Georgia) were screened for HCV infection. Overall 86,624 persons tested positive for HCV antibody, of which 61,925 (71.5%) underwent HCV confirmatory testing with either HCV RNA or HCV core antigen. Chronic HCV infection was confirmed in 52,856/61,925 (85.4%) persons; overall approximately 35% of the 150,000 estimated number of people living with chronic HCV infection have been identified by the elimination program.  

A total of 45,334 persons initiated treatment, 85.8% of identified persons with chronic HCV infection. Of these, 40,946 (90.3%) completed treatment and 3,052 (6.7%) were on therapy by the end of March 2018.  Of those who began treatment, 421 (0.9%) died during their treatment, 221 (0.5%) discontinued treatment because of adverse events and 694 (1.5%) self-discontinued or were lost to follow-up. 

When we looked at treatment outcomes, of the 40,946 who completed treatment, 3,690 (9.0%) were within the  24 weeks of completion and not eligible for SVR, thus, 37,256 (91.0%) persons were eligible for SVR assessment.  Of these, 29,620 (79.5%) returned for their final evaluation, and 7,636 (20.5%) did not return for SVR more than 24 weeks following completion of treatment. 

Complete SVR data for assessing treatment outcomes were available for 5,080 persons treated with initial SOF-based therapy, 24,812 persons treated with initial LDV/SOF-based therapy and 550 persons re-treated with LDV/SOF-based therapy after failure of initial regimen.  Among 29,620 persons assessed for SVR 29,090, including 550 re-treated persons, achieved a cure, representing 19.4% of the total estimated population with chronic HCV infection. In the per-protocol analysis, SVR rate achieved was 98.2% (29,090/29,620), and 78.1% (29,090/37,256) in the intent-to-treat analysis. 

Overall SVR rate among persons treated with initial SOF-based treatment was 82.1% (4,170/5,080); of these, persons with HCV genotype 3 infection had the highest SVR of 91.8% (2,117/2,305) as compared to genotype 1 – 69.4% (1198/1725) p<0.0001 and genotype 2 - 81.4% (852/1047) p<0.0001 (Table 1). 

Initial LDV/SOF based treatment yielded overall SVR rate of 98.4% (24424/24812). The drug was highly effective regardless of HCV genotype – 98.5% (11275/11444) in genotype 1, 98.8% (5209/5272) in genotype 2, 98.0% (7418/7570) in genotype 3, 100% (17/17) in genotype 4 and 99.2% (504/508) among persons with indeterminate genotype. The drug was effective both among persons with advanced liver fibrosis 97.5% (5648/5792) and without it 98.7% (18581/18820) (Table 2).   

Re-treatment with LDV/SOF based regimens also proved to be effective with an overall SVR rate of 93.1% (512/550). Re-treatment was less effective in genotype 3 patients compared to all other genotypes (p<0.001 in all comparisons), especially among genotype 3 patients with advanced liver fibrosis (Table 3). 

Discussion

Our analysis shows that Georgia has made substantial progress towards eliminating hepatitis C as a major public health threat. Over the first three years of the elimination program more than 52,000 were diagnosed, over 45,000 initiated treatment and  98.2% of those assessed for SVR achieved a cure. Mathematical modeling showed that these efforts already averted 2,500 HCV related deaths and 5,200 new HCV infections [10].
 
Our study quantified the HCV care cascade in Georgia three years after starting the national hepatitis C elimination program. The cascade highlights that there are gaps along the entire continuum of care. The most significant gap is at the stage of diagnosis and the overall success will depend on the ability of the elimination program to identify 90% of people living with HCV infection. The country is ramping-up wide scale HCV screening and has already tested close to one million persons. However, many at-risk Georgians remain unscreened, underlining the need for targeted services for those at highest risk of HCV infection [11]. Scaling-up screening efforts alone is not sufficient if people with positive HCV antibodies are not engaged in care. As shown in our study of almost 87 thousand persons with positive anti-HCV antibodies in Georgia 24,699 (28.5%) did not get confirmatory testing for chronic HCV infection, which is an unacceptably high drop-out rate. Reaching 90% target for diagnosis will require both high HCV testing coverage and effective linkage to confirmatory testing and care services.

Improvements are needed in the subsequent stages of the cascade including in treatment uptake. Overall 85.8% of diagnosed persons initiated treatment. This compares favorably to recent international reports [12-14], but it also falls short from the national target of treating 95% of diagnosed persons. Acknowledging the need for innovative strategies to increase access to services, Georgia began decentralizing HCV care through integrating screening and treatment services within primary healthcare across the country and within harm reduction services for PWID. Decentralization has been shown to be beneficial in international settings and it is expected to increase the impact in Georgia as well, particularly for vulnerable populations [15-18].

Treatment completion rate was very high with lost to follow-up rate of just 1.5%. Significant loss of patients occurred after completion of treatment when 20.5% of persons eligible for SVR assessment did not return for the final test. International real-world experience with follow-up after treatment is scarce and reported data show lower drop-out rates, e.g.  HCV-TARGET study reported of up to 8% drop-out [19]. Even though the cure rate was very high in those who returned for post-tretmnet testing (intention-to-treat), it difficult to know the actual cure rate with such a lost to follow up rate.  . For the time being only 19% of estimated number of HCV patients have documented cure. However, if we assume that SVR rates are same in lost and returning persons, the proportion of cured persons increases to 24%, but this needs to be validated since patients who don’t return for final testing may have lower cure rates. 

SOF-based treatment had lower overall SVR rate compared to LDV/SOF (82.1% vs. 98.4%, p<0.0001). Particularly low response rates were seen with SOF/RBV dual combination in comparison to interferon based combinations?, with SVR ranging between 69% and 77%. These data are in line with international experience [20-22].

As it would be expected LDV/SOF achieved high cure rate in genotype 1 patients in our Georgian cohort similar to data from clinical trials and real-world studies [23-25]. LDV/SOF in combination with ribavirin proved to be highly effective in genotype 2 and 3 infections, and thus can be considered as pangenotypic combination at least in Georgian settings. 

One of the most important highlights of Georgian program is the high cure rates in HCV genotype 3, despite it being considered the most challenging genotype to treat [26]. Georgia’s experience shows that high cure rates can be achieved in this genotype even without newer generation DAAs. SOF-based treatment an achieved SVR rate of 91.8%, reaching 97% when used in combination with IFN even in patients with advanced liver fibrosis/cirrhosis. LDV/SOF in combination with RBV also proved to be highly effective with a 98% cure rate. International experience of using LDV/SOF in genotype 3 is very limited, and in the few published studies SVR ranged between 78% and 91%, which is lower than Georgian experience [22, 27-29]. SVR rates shown in the elimination program are comparable or even higher than those achieved with newer generation DAAs [30, 31]. The only challenge in Georgian settings seem to be SOF-experienced genotype 3 patients, who had lower SVR rates after re-treatment with LDV/SOF of 75.8%. However, re-treatment data was available only for 99 such persons, which is too  small a sample size to draw meaningful conclusions. 

LDV/SOF based treatment achieved high cure rates in genotype 2 patients as well of 98.8% when used as an initial regimen and 95.4% among SOF-experienced persons. Such high cure rates using  LDV/SOF in genotype 2 infection can be explained by genetic characteristics of HCV circulating in Georgia. Sequencing studies identified that more than 70% of genotype 2 viruses are actually recombinant form 2k/1b (RF_2k/1) [32, 33]. This chimera virus possesses genotype 2 sequence in the structural and genotype 1 sequence in the non-structural region of the virus affecting response to antiviral therapy [34]. Studies have shown that RF_2k/1b respond well to genotype 1 specific treatment options including to LDV/SOF [35, 36]. This also explains lower SVR rates among persons treated with SOF/RBV dual regimen. 

Our analysis has strengths and limitations. The national treatment database, which contains information on all diagnosed persons enrolled in the elimination program provides accurate treatment related information on a national level. On the other hand, data available in the national system has limited ability to answer questions as to why people are lost to follow-up along the continuum of care, and thus we were able to conduct only a quantitative  analysis to report the country’s progress towards elimination targets. In addition, national HCV screening and treatment databases are two separate systems not allowing us to accurately track transition from screening through diagnosis and care. Additional studies are needed for better understanding reasons behind the gaps in the cascade. 

In summary, Georgia has an unprecedented opportunity to eliminate hepatitis C as a major public health threat. Closing the gaps in the HCV care continuum will be critical for achieving this goal along with implementing prevention interventions. Strong governmental commitment coupled with effective local and international partnerships provide a basis for turning this ambitious goal into reality. If the goal is reached, this will be the first case in the history of medicine when chronic infection is eliminated with medicines and without a vaccine. 
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