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Abstract
BACKGROUND 
Hepatitis C virus (HCV) genotype 6 (HCV-6) infection is prevalent predominantly in Southeast 
Asia, and the data on the virologic response of HCV-6 to direct-acting antivirals (DAAs) are sparse 
in people living with human immunodeficiency virus (HIV) (PLWH).

AIM 
To assess the virologic response of HCV-6 to DAAs in PLWH.

METHODS 
From September 2016 to July 2019, PLWH coinfected with HCV-6 initiating DAAs were included. 
Laboratory investigations were performed at baseline, the end of treatment, and 12 wk off-therapy.

RESULTS 
Of the 349 PLWH included (mean age 48.9 years, 82.5% men), 80.5% comprised people who inject 
drugs, 18.1% men who have sex with men, and 1.4% heterosexuals. Coexistent hepatitis B virus 
infection was present in 12.3% of the included PLWH, liver cirrhosis 10.9%, hepatocellular 
carcinoma 0.9%, and previous HCV treatment experience 10.9%. The mean baseline plasma HCV 
RNA was 6.2 log10 IU/mL. Treatment with glecaprevir/pibrentasvir was initiated in 51.9%, 
sofosbuvir/ledipasvir 41.5%, sofosbuvir/velpatasvir 6.3%, and sofosbuvir/daclatasvir 0.3%. At 
DAA initiation, antiretroviral therapy containing tenofovir alafenamide was given in 26.4%, 
tenofovir disoproxil fumarate 34.4%, non-tenofovir alafenamide/tenofovir disoproxil fumarate 
39.3%, non-nucleoside reverse-transcriptase inhibitors 30.4%, protease inhibitors 4.0%, and 
integrase strand transfer inhibitors 66.8%; 94.8% of the included patients had CD4 counts ≥ 200 
cells/mm3 and 96.0% had plasma HIV RNA < 50 copies/mL. Overall, 96.8% achieved undetectable 
plasma HCV RNA (< 30 IU/mL) at end of treatment; and 92.3% achieved sustained virologic 
response 12 wk off-therapy in the intention-to-treat analysis (93.5% in patients receiving 
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sofosbuvir-based DAAs and 91.2% in those receiving glecaprevir/pibrentasvir).

CONCLUSION 
Similar to the observation made in HIV-negative patients, sustained virologic response 12 wk off-
therapy with DAAs is high in PLWH coinfected with HCV-6.

Key Words: Viral hepatitis; End-of-treatment response; Sustained virologic response; People who inject 
drugs; Antiretroviral therapy; Tenofovir

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Similar to the observation made in human immunodeficiency virus-negative patients, virologic 
response 12 wk off-therapy achieved with direct-acting antivirals (DAAs) was high in human immunode-
ficiency virus-positive patients coinfected with hepatitis C virus genotype 6. Estimated glomerular 
filtration rate declined with DAA initiation in patients receiving sofosbuvir and tenofovir disoproxil 
fumarate or tenofovir alafenamide, which recovered after the completion of DAA treatment.
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INTRODUCTION
With the introduction of highly effective direct-acting antivirals (DAAs), the treatment paradigm of 
acute or chronic hepatitis C virus (HCV) infections has shifted and the majority of HCV-infected 
patients with access to DAAs can be cured[1,2]. Nevertheless, an estimated 71 million people globally 
have chronic HCV infection, of which a significant number develop cirrhosis of the liver or liver cancer
[3]. Furthermore, 1.34 million deaths are caused by viral hepatitis, constituting a mortality rate 
comparable to that of tuberculosis and higher than that of human immunodeficiency virus (HIV) 
infection[3].

Currently, HCV is classified into seven genotypes and 67 subtypes[4]. Each genotype has its own 
major geographic distribution[5,6]. The prevalence of HCV viremia due to genotype 6 (GT6) is high in 
Southeast (34.8%-95.6%) and East Asia (27.4%)[6]. People who inject drugs (PWID) and individuals with 
thalassemia major are noted to have a higher prevalence of HCV GT6 infection[7]. In Taiwan, genotypes 
1b (60.1%), 2a (15.5%), and 2b (11.9%) are the main HCV genotypes in the general population, with 
genotype 6a being rare[8]. After the outbreak of HCV infection among HIV-positive PWID in Taiwan, 
genotypes 1a (29.2%), 6a (23.5%), and 3a (20.2%) have emerged as the main circulating HCV genotypes 
in this population[9].

Compared to patients with HCV non-GT6-related cirrhosis, those with HCV GT6-related cirrhosis 
have a higher risk of developing hepatocellular carcinoma[10]. In clinical trials, HCV/HIV-co-infected 
patients are no longer considered special populations, with a sustained virologic response (SVR) rate of 
90% or higher with the use of pangenotypic DAAs[11]. In the real world, however, 90% of HCV/HIV-
coinfected patients are ineligible for participation in clinical trials[12]. A systematic review concludes 
that the SVR rates with DAAs are high in patients with HCV GT6 infections in the modern era of DAAs 
except for patients with cirrhosis of the liver and prior treatment[13]. However, few patients with 
HIV/HCV GT6 coinfections were included in both clinical trials and real-world studies[14-16]. The 
present multicenter study aimed to assess the real-world SVR rates in HIV/HCV GT6-coinfected 
patients receiving contemporary DAAs.

MATERIALS AND METHODS
Study population and setting
In Taiwan, DAAs were conditionally included in the National Health Insurance coverage since January 
2017[17,18]. In January 2019, the HCV treatment program providing free-of-charge testing and DAAs 
was expanded to cover all patients with HCV viremia, including those with acute HCV infections. 
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Hepatologists and HIV-treating physicians were permitted to screen and treat HIV/HCV-coinfected 
patients who meet the inclusion criteria. Standardized clinical care and data collection, including serum 
albumin, alanine aminotransferase and aspartate aminotransferase, prothrombin time and partial 
thromboplastin time, hepatitis B virus (HBV) serological markers, HCV genotype, abdominal 
sonography, and plasma HCV RNA load at baseline, the end of treatment (EOT), and 12 wk off-therapy, 
are strictly required by the HCV treatment program.

People living with HIV (PLWH) in Taiwan are provided with free-of-charge combination antiret-
roviral therapy (ART) and monitoring of plasma HIV RNA load, CD4 lymphocyte count, renal and 
hepatic function, lipid profile, and serological markers of viral hepatitis and viral loads, if necessary, 
according to the national HIV treatment guidelines[19]. HIV care is provided by HIV-treating infectious 
disease specialists in collaboration with case managers at designated hospitals around Taiwan.

Eligible patients included in this multicenter retrospective observational study were PLWH aged 20 
years or older who were diagnosed with HCV GT6 coinfection, either HCV treatment-naïve or -
experienced, and received oral DAAs. According to Taiwan’s National Health Insurance regulation, oral 
DAAs for HCV GT6 infections include glecaprevir/pibrentasvir (GLE/PIB) for 8 wk (for patients 
without cirrhosis) or 12 wk (for those with compensated cirrhosis, Child-Pugh A), sofosbuvir/ledipasvir 
(SOF/LDV) +/- ribavirin for 12 wk, SOF/velpatasvir (SOF/VEL) +/- ribavirin for 12 wk, and 
SOF/daclatasvir (SOF/DCV) +/- ribavirin for 12 wk. The regimen of oral DAAs for HCV GT6 infections 
was chosen at the discretion of the treating physicians.

Data collection
A standardized data collection form was used to record information on demographics (year of birth and 
sex), clinical characteristics (HIV and HCV transmission routes and ART regimens), and laboratory test 
results (CD4 count, plasma HIV RNA load, hemogram, and biochemistry). The estimated glomerular 
filtration rate (eGFR) was assessed using the Chronic Kidney Disease Epidemiology Collaboration 
equation. The Fibrosis-4 index was calculated according to a previous report[20]. Serum samples to 
determine HCV RNA load were obtained at baseline (i.e. at DAAs initiation), EOT, and 12 wk off-
therapy. This retrospective study was approved by the Institutional Review Board or Research Ethics 
Committee of each participating hospital and the requirement for informed consent was waived.

The Roche cobas® HCV GT test with real-time reverse transcription-polymerase chain reaction was 
used in eight hospitals to identify HCV genotypes 1 to 6 and subtypes 1a and 1b via genotype- and 
subtype-specific primers and fluorescent dye-labeled oligonucleotide probes; the Abbott Realtime HCV 
Genotype II assay was used in 7 hospitals. If there were mixed types or any indeterminate results, a 
sequencing assay was used for final confirmation.

End-points
The primary efficacy end-point, analyzed according to the Food and Drug Administration (FDA) 
Snapshot algorithm, was SVR with undetectable HCV RNA 12 wk off-therapy (SVR12), defined as 
having HCV RNA < 30 IU/mL 12 wk after DAA treatment completion. The safety end-point was any 
adverse event leading to failure of completion of the DAA treatment course. The secondary end-point 
was HIV virologic suppression after completing DAA therapy, which was defined as plasma HIV RNA 
load < 50 copies/mL.

Biostatistics
All analyses were performed using the Statistical Program for Social Sciences (SPSS Statistics Version 21, 
IBM Corp., Armonk, New York, United States). Categorical variables were compared using X2 or 
Fisher’s exact test and non-categorical variables using Student’s t test or a Mann-Whitney U test. The 
statistical methods of this study were reviewed by the staff of National Taiwan University Hospital -
Statistical Consulting Unit.

RESULTS
From September 2016 to August 2019, a total of 349 PLWH with HCV GT6 infections receiving DAAs 
were included, with a mean age of 48.9 years (Table 1). The study population consisted mainly of PWID 
(80.5%), followed by men who have sex with men (MSM) (18.1%), and heterosexuals (1.4%). All had 
received ART at the time of DAA initiation; 94.8% had CD4 counts ≥ 200 cells/mm3, 96.0% had plasma 
HIV RNA loads < 50 copies/mL, and 7.7% had adjusted ART regimens for concerns about potential 
drug-drug interactions with DAAs (7.2%) or simplification (0.5%).

Cirrhosis of the liver and hepatocellular carcinoma were documented in 10.9% and 0.9% of the 
included PLWH, respectively. Thirty-eight PLWH (10.9%) had received HCV treatment, mainly 
interferon-based therapy (n = 35, 10.0%), before DAA initiation. Seroconversion of anti-HCV antibody 
from negativity to positivity within 1 year was documented in 5.2%. Injection drug use (IDU) (79.9%) 
was the predominant transmission route of HCV infection followed by sexual transmission (12.3%). 
Mixed infection with other genotypes was noted in 2.3% (n = 8), mainly genotype 2 (3) followed by 1a 
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Table 1 Demographic and clinical characteristics of 349 people living with human immunodeficiency virus and hepatitis C virus 
genotype 6 co-infections

Variables Data

Age at DAA initiation, mean (SD), yr 48.9 (11.7)

Male sex, n (%) 288 (82.5)

Transmission route of HIV infection, n (%)

Men who have sex with men 63 (18.1)

Heterosexuals 5 (1.4)

People who inject drugs 281 (80.5)

CD4 counts ≥ 200 cells/mm3, n (%) 331 (94.8)

Plasma HIV viral loads < 50 copies/mL, n (%) 335 (96.0)

eGFR at baseline, mean (SD), mL/min/1.73m2 94.0 (20.5)

Receiving ART, n (%) 349 (100.0)

Switch of ART before DAA, n (%) 27 (7.7)

Backbone antiretroviral agent, n (%)

TAF-based 92 (26.4)

TDF-based 120 (34.4)

Non-TDF/TAF-based 137 (39.3)

The third antiretroviral agent

nNRTI 106 (30.4)

PI 14 (4.0)

InSTI, n/N (%) 233 (66.8)

RAL 10/233 (4.3)

EVG 92/233 (39.5)

DTG 131/233 (56.2)

Cirrhosis of the liver, n (%) 38 (10.9)

Hepatocellular carcinoma, n (%) 3 (0.9)

HCV treatment-experienced, n (%) 38 (10.9)

DAA, n 4

Interferon/ribavirin, n 35

HCV seroconversion1 within 1 yr, n (%) 18 (5.2)

Transmission route of HCV infection, n (%)

Sexual transmission 43 (12.3)

Injection drug use 279 (79.9)

Blood transfusion 1 (0.3)

Unknown 26 (7.4)

HCV RNA viral load, mean (SD), log10 IU/mL 6.2 (1.1)

Mixed HCV infection, n (%) 8 (2.3)

Positive HBsAg, n (%) 43 (12.3)

Undetectable HBV DNA load (< 20 IU/mL) before DAA initiation, n/N (%) 10/13 (76.9)

Undetectable HBV DNA load after completion of DAA therapies, n/N (%) 6/7 (85.7)

DAA agents, n (%)

GLE/PIB 181 (51.9)
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SOF/LDV 145 (41.5)

SOF/VEL 22 (6.3)

SOV/DCV 1 (0.3)

Plasma HIV RNA < 50 copies/mL after DAA, n/N (%) 289/306 (94.4)

1HCV seroconversion was defined as change of anti-HCV antibody from negativity to positivity. ART: Antiretroviral therapy; DAA: Direct-acting antiviral; 
DTG: Dolutegravir; EVG: Elvitegravir; GLE/PIB: Glecaprevir/pibrentasvir; HBsAg: Hepatitis B surface antigen; HCV: Hepatitis C virus; HIV: Human 
immunodeficiency virus; InSTI: Integrase strand transfer inhibitor; n: Patient number; N: Number of patients with data available; nNRTI: Non-nucleoside 
reverse-transcriptase inhibitor; PI: Protease inhibitor; RAL: Raltegravir; SD: Standard deviation; SOF/DCV: Sofosbuvir/daclatasvir; SOF/LDV: 
Sofosbuvir/ledipasvir; SOF/VEL: Sofosbuvir/velpatasvir; TAF: Tenofovir alafenamide; TDF: Tenofovir disoproxil fumarate.

(2), 1b (1), both 1a and 1b (1), and 1 (1). Hepatitis B surface antigen testing was positive in 43 PLWH 
(12.3%). Of the 13 HBV-coinfected PLWH with determinations of HBV DNA load before DAA initiation, 
10 (76.9%) had undetectable HBV DNA (< 20 IU/mL). After DAA completion, 85.7% (6/7) had 
undetectable HBV DNA.

At DAA initiation, ART included tenofovir alafenamide (TAF)-based regimens in 26.4%, tenofovir 
disoproxil fumarate (TDF)-based regimens in 34.4%, and non-TAF/TDF-based regimens in 39.3%. The 
third agent of the ART regimen varied between non-nucleoside reverse-transcriptase inhibitors in 30.4% 
of the included PLWH, protease inhibitors (PIs) in 4.0%, and integrase strand transfer inhibitors (InSTIs) 
in 66.8% (raltegravir 4.3%, elvitegravir 39.5%, and dolutegravir 56.2%).

GLE/PIB (51.9%) was the most frequently prescribed DAA, followed by SOF/LDV (41.5%), 
SOF/VEL (6.3%), and SOF/DCV (0.3%). Before DAA initiation, the mean plasma HCV RNA load was 
6.2 log10 IU/mL, and the overall virologic response at EOT and SVR12 was 96.8% and 92.3%, 
respectively, in the FDA Snapshot algorithm (Figure 1). At EOT, plasma HCV RNA was detectable in 2 
PWID (plasma HCV RNA 238 and 10,743,433 IU/mL after treatment with GLE/PIB and SOF/VEL, 
respectively) and 1 heterosexual (plasma HCV RNA 963 IU/mL after treatment with GLE/PIB). 
Additionally, 8 PLWH (2.3%) had no data available for assessment at EOT (Figure 1), including 4 PLWH 
(3 treated with GLE/PIB and 1 SOF/VEL) who were lost to follow-up, 3 (2 GLE/PIB and 1 SOF/VEL) 
who missed the blood testing but achieved SVR12 during follow-up, and 1 (SOF/LDV) who died of a 
morphine overdose.

At 12 wk off-DAA therapy, 14 PLWH (11 PWID and 3 MSM) were classified as having no data 
(Figure 1), including 13 PLWH (7 treated with GLE/PIB, 4 SOF/LDV, and 2 SOF/VEL) who were lost to 
follow-up and 1 (treated with SOF/LDV) who died of a morphine overdose. None discontinued DAA 
due to adverse effects. Of the 13 PLWH (3.7%, including 11 PWID, 1 MSM, and 1 heterosexual) classified 
as having virologic non-response (9 treated with GLE/PIB and 4 SOF/LDV), their median plasma HCV 
RNA load was 5.0 log10 IU/mL (interquartile range 3.7-6.7 log10 IU/mL). Reinfection was considered by 
the treating physicians as the cause of virologic non-response in 10 PLWH and treatment failure in 1 
PLWH; and the causes in the remaining 2 PLWH were unclear. Of the 10 PLWH with HCV reinfection, 
5 had HCV genotyping after SVR12, and 3 underwent a genotype switch (GT3 in 2 PLWH and 1a in 1).

The virologic response to SOF-based regimens (168 PLWH) and GLE/PIB (181 PLWH) at EOT by 
FDA Snapshot algorithm was 97.6% and 96.1%, respectively (P = 0.793) (Supplementary Figure 1), and 
the SVR12 rate was 93.5% and 91.2%, respectively (P = 0.203) (Figure 2). In the per-protocol (PP) 
analysis, the virologic response rates were 99.4% (164/165) and 98.9% (174/176) at EOT, and 97.5% 
(157/161) and 94.8% (165/174) at SVR12 for SOF-based regimens and GLE/PIB, respectively (both P > 
0.05).

There was no statistically significant difference in virologic response at EOT (97.5% vs 94.3%; P = 
0.210) and SVR12 (92.1% vs 92.9%; P = 0.999) between the 279 PLWH acquiring HCV infection via IDU 
and the 70 PLWH who were MSM or heterosexuals (Supplementary Figure 2, and Figure 3). In the PP 
analysis, no statistically significant difference was detected in virologic response between the two 
groups (IDU vs sexual transmission) at EOT [99.3% (272/274) vs 98.5% (66/67); P = 0.482] and SVR12 
[95.9% (257/268) vs 97.0% (65/67); P = 0.999]. Of the 11 PWID who had no data available for assessment 
of virologic response 12 wk off-therapy, loss to follow-up was the main reason (90.9%, 10/11).

Improvement of elevated serum transaminases and Fibrosis-4 index scores was observed as soon as 4 
wk after DAA initiation (Supplementary Figure 3A-C). The median absolute and percentage changes of 
eGFR were compared among the six groups of PLWH according to the agent used (SOF, TDF, and TAF), 
which included 53 PLWH receiving SOF/TDF, 44 SOF/TAF, 71 SOF/non-TDF/non-TAF, 67 non-
SOF/TDF, 48 non-SOF/TAF, and 66 non-SOF/non-TDF/non-TAF during the DAA treatment course 
and after DAA discontinuation.

The sequential median eGFR at baseline, during the DAA course, at SVR12, and post-SVR12 of the six 
groups, are shown in Figure 4. The median eGFR of the PLWH receiving SOF-containing regimens 
declined initially after the initiation of DAA but recovered later, while that of PLWH taking non-SOF-
containing regimens increased or remained the same after DAA initiation and declined after DAA 
discontinuation. The median absolute and percentage changes of eGFR are presented in 

https://f6publishing.blob.core.windows.net/34a49216-951b-41ef-b05d-0dbec7128488/WJG-28-1172-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/34a49216-951b-41ef-b05d-0dbec7128488/WJG-28-1172-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/34a49216-951b-41ef-b05d-0dbec7128488/WJG-28-1172-supplementary-material.pdf
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Figure 1 Overall virologic responses at end of treatment and sustained virologic response 12 wk off-therapy. EOT: End of treatment; SVR12: 
Sustained virologic response 12 wk off-therapy.

Figure 2 Sustained virologic response 12 wk off-therapy stratified by sofosbuvir-based or sofosbuvir-free regimens. SOF: Sofosbuvir.

Supplementary Figure 4A and B. The eGFR — both absolute and percentage changes — after DAA 
initiation decreased most significantly in PLWH receiving SOF/TDF compared with other regimens (P 
= 0.025 and 0.013, respectively) and improved during the DAA course and after DAA discontinuation (
Supplementary Figure 3A and B). Plasma HIV RNA loads remained < 50 copies/mL in 94.4% after DAA 
discontinuation.

DISCUSSION
Our study with a large number (n = 349) of HIV/HCV GT6-coinfected patients receiving DAAs shows 
that the overall SVR12 rates in the intention-to-treat and the PP analyses were 92.3% and 96.1%, 
respectively. The majority of the included PLWH acquired HIV (80.5%) and HCV (79.9%) via IDU, and 
loss to follow-up was the main reason (92.9%, 13/14) for the lack of data required in the assessment of 
virologic response 12 wk off-therapy. Eleven of the 13 PLWH (84.6%) with virologic non-response were 
PWID, of which 10/13 (76.9%) were likely due to re-infection. Nevertheless, the SVR12 rates were 
similar when stratified by HCV transmission risk between those with and without IDU (Figure 3), as 
were the rates between SOF-based regimens and GLE/PIB (Figure 2). The median eGFR in the included 
PLWH treated with SOF/TDF declined most significantly after DAA initiation (Figure 4, 

https://f6publishing.blob.core.windows.net/34a49216-951b-41ef-b05d-0dbec7128488/WJG-28-1172-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/34a49216-951b-41ef-b05d-0dbec7128488/WJG-28-1172-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/34a49216-951b-41ef-b05d-0dbec7128488/WJG-28-1172-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/34a49216-951b-41ef-b05d-0dbec7128488/WJG-28-1172-supplementary-material.pdf
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Figure 3 Sustained virologic response at sustained virologic response 12 wk off-therapy stratified by transmission risk of hepatitis C 
virus infection. HCV: Hepatitis C virus; PWID: People who inject drugs; non-PWID: Non-people who inject drugs.

Figure 4 Comparisons of sequential changes of median eGFR from baseline, during DAA course, SVR12, and post-SVR12 stratified by 
SOF/TDF, SOF/TAF, SOF/non-TDF/non-TAF, non-SOF/TDF, non-SOF/TAF, and non-SOF/non-TDF/non-TAF regimens. eGFR: Estimated 
glomerular filtration rate; DAA: Direct-acting antivirals; SVR12: Sustained virologic response 12 wk off-therapy; SOF: Sofosbuvir; TDF: Tenofovir disoproxil fumarate; 
TAF: Tenofovir alafenamide.

Supplementary Figure 4A and B).
DAAs used in the current study were GLE/PIB, SOF/LDV, SOF/VEL +/- ribavirin, and SOF/DCV 

+/- ribavirin. Their excellent efficacy has been well-documented in a wide variety of patients, including 
treatment-naïve or -experienced patients and those with and without cirrhosis of the liver, HIV 
coinfection, chronic renal disease, and solid-organ transplantation[21-23]. For patients with HCV GT6 
infections, the reported overall SVR12 was 98% in 108 patients receiving GLE/PIB, 100% in 171 
receiving SOF/VEL +/- voxilaprevir, and 64.1-100% in 427 receiving SOF/LDV[13]. A meta-analysis 
shows that the pooled SVR of DAAs in patients with HCV GT6 infections is 95%, similar to that of 
patients with HCV GT1 and GT3 infections, respectively[24]. Nevertheless, only 28 HIV/HCV GT6-
coinfected patients were included in previous studies[14-16]. Our study provides real-world evidence to 
fill the current knowledge gap regarding use of DAAs in the HIV/HCV GT6-coinfected population.

Despite excellent effectiveness of DAAs against HCV infections, there are numerous concerns (low 
treatment completion rates, high rates of loss to follow-up and reinfections) and barriers (psychiatric 
diseases, poor access to health services, ongoing drug use, inadequate HCV testing, and reluctance of 
physicians) to including PWID for DAA treatment[25]. In our study consisting mainly of PWID, the 

https://f6publishing.blob.core.windows.net/34a49216-951b-41ef-b05d-0dbec7128488/WJG-28-1172-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/34a49216-951b-41ef-b05d-0dbec7128488/WJG-28-1172-supplementary-material.pdf
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SVR12 rate of 95.9% in PLWH acquiring HCV infection via IDU and the rate of loss to follow-up (3.9%, 
11/279) seen in the PP analysis are in line with those of previous reports in the literature. In two Spanish 
cohorts, SVR12 rates were lower for ongoing drug users [with or without opioid agonist therapy (OAT)] 
than non-drug users (79% vs 95%; P < 0.001)[26]. Furthermore, ongoing drug users had a high rate of 
loss to follow-up (17%) and reinfection (3.5%)[26]. Nevertheless, in the PP analysis, SVR12 rates did not 
differ among never-injectors (97%), PWID without OAT (95%), and those with OAT (95%) (P = 0.246). 
Ongoing drug use was associated with lower SVR12 rates, mainly due to loss to follow-up and not 
virologic failure. The German Hepatitis C-Registry also reported similar rates of SVR12 (93.7-95.9% in 
the PP analysis) and loss to follow-up (8.5%-10.2% in PWID with or without OAT)[27].

A meta-analysis performed on post-treatment HCV reinfection rates among people with recent drug 
use and IDU and those receiving OAT concluded that HCV reinfection rates were higher in the IDU 
than the OAT group (6.2 vs 3.8/100 person-years), and HCV reinfections developed early post-treatment
[28]. Thus, the authors advocated that HCV reinfection should not be the reason to withhold DAA from 
people with ongoing IDU, but harm reduction services should be integrated into DAA treatment 
programs to avoid reinfection. Moreover, regular HCV testing to detect early reinfection should be 
performed to initiate retreatment[28]. To eliminate HCV among PWID, concerted efforts should be 
made to follow the recommendations for action in a health system framework[25].

Acute kidney injury (AKI) has been reported in 1%-15% of patients receiving SOF-based DAAs[29]. 
Risk factors for AKI following SOF-based DAAs include baseline stage of chronic kidney disease, 
presence of ascites and diabetes, and concurrent use of nephrotoxic drugs[29]. Concurrent SOF use 
increases intracellular tenofovir (TFV) diphosphate concentrations in HIV/HCV-coinfected patients 
receiving TDF-based ART via inhibition of TDF hydrolysis by SOF[30,31]. There is a positive correlation 
between the TFV area-under-the-curve concentration and the levels of urine retinol binding protein-4 
and beta-2 microglobulin in a dose-dependent manner in HIV/HCV-coinfected patients receiving 
SOF/LDV[32]. A study reported significant decreases in eGFR in 273 HIV/HCV-coinfected patients 
receiving SOF/LDV with concomitant use of ART containing TDF-free, non-boosted TDF, or TDF plus 
boosted PIs, but the eGFR changes were small and reversible at 12 wk off-therapy[33]. No significant 
renal dysfunction was observed in HIV/HCV-coinfected patients with TDF-based ART or TDF plus 
boosted PIs in combination with SOF/LDV[34,35]. Our findings and the literature should provide 
reassurance that eGFR changes are minimal with the current ART and DAAs among PLWH.

Our study had several limitations. First, our study population consisted mainly of PWID who may 
have poor treatment adherence and a higher rate of loss to follow-up and reinfection, and only a small 
proportion of our patients had cirrhosis of the liver or were HCV treatment-experienced. Thus, our 
findings may not be generalizable to other populations. Second, inherently limited by the observational 
study design, detailed data regarding the types of adverse effects of DAAs, ongoing injection, 
enrollment into an OAT program, ongoing substance use during DAA, and adherence of the included 
PLWH were not available. Nevertheless, it has been known that DAAs are well-tolerated[21-23], and 
none of our included PLWH discontinued DAAs due to adverse effects. The main reason for DAA 
discontinuation was loss to follow-up. Third, not all (77.9%-91.1%) of the eGFR data during the DAA 
course, at SVR12, and post-SVR12 were available, which may have compromised our analysis and 
interpretation of the pre- and post-treatment eGFR changes. Failure to determine the urinary 
biomarkers precludes us from getting a better understanding regarding the causality of eGFR changes 
in PLWH who received TFV-based ART with or without concomitant use of SOF-based DAAs. Finally, 
HCV strains of PLWH with virologic failure were not available for analysis of emergent resistance 
mutations to provide more insight into retreatment options.

CONCLUSION
In conclusion, similar to the results in HIV-negative patients with HCV GT6 infections, our PLWH 
coinfected with HCV GT6 had an SVR12 rate of 96.1% with DAAs in the PP analysis. Small declines of 
eGFR were observed with DAA initiation in PLWH receiving SOF-based DAAs and TDF- or TAF-based 
ART, which recovered after the completion of DAA treatment.

ARTICLE HIGHLIGHTS
Research background
Hepatitis C virus (HCV) genotype 6 (GT6) infection is common in Southeast Asia, and its virologic 
response to direct-acting antivirals (DAAs) in people living with HIV (PLWH) in a large scale is 
unknown.

Research motivation
The virologic responses of HCV GT6 to DAAs in PLWH will guide national DAA treatment policies for 
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HCV infection in this population.

Research objectives
The study aimed to assess the virologic responses of HCV GT6 to DAAs in PLWH with HCV GT6 
infections.

Research methods
From September 2016 to August 2019, the overall virologic responses at the end of treatment and 
sustained virologic response 12 wk off-therapy were assessed in the 349 included PLWH with HCV GT6 
infections receiving DAAs.

Research results
The overall virologic response at end of treatment and sustained virologic response 12 wk off-therapy. 
SVR12 was 96.8% and 92.3%, respectively, in PLWH with HCV GT6 infections receiving DAAs.

Research conclusions
PLWH coinfected with HCV GT6 responded well to DAAs.

Research perspectives
National DAA treatment policies of HCV infection in Southeast Asia should take PLWH coinfected with 
HCV GT6 into consideration.
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