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Abstract

Background and aims

Limited data are available on the effectiveness and tolerability of direct-acting antivirals

(DAAs) therapies in the real world for HCV-infected patients with comorbidities. This study

aimed to describe the effectiveness of OBV/PTV/r ± DSV (3D/2D regimen) with or without

ribavirin (RBV) in HCV or HCV/HIV co-infected patients with GT1/GT4 and CKD (IIIb-V

stages), including those under hemodialysis and peritoneal dialysis in routine clinical prac-

tice in Spain in 2015.

Material and methods

Non-interventional, retrospective, multicenter data collection study in 31 Spanish sites.

Socio-demographic, clinical variables, study treatment characteristics, effectiveness and

tolerability data were collected from medical records.

Results

Data from 135 patients with a mean age (SD) of 58.3 (11.4) years were analyzed: 92.6%

GT1 (81.6% GT1b and 17.6% GT1a) and 7.4% GT4, 14 (10.4%) HIV/HCV co-infected,

19.0% with fibrosis F3 and 28.1% F4 by FibroScan®, 52.6% were previously treated with

pegIFN and RBV. 11.1%, 14.8% and 74.1% of patients had CKD stage IIIb, IV and V respec-

tively. 68.9% of patients were on hemodialysis; 8.9% on peritoneal dialysis and 38.5% had

history of renal transplant. A total of 125 (96.2%) of 135 patients were treated with 3D, 10

(7.4%) with 2D and 30.4% received RBV. The overall intention-to-treat (ITT) sustained viro-

logic response at week 12 (SVR12) was 92.6% (125/135) and the overall modified-ITT

(mITT) SVR12 was 99.2% (125/126). The SVR12 rates (ITT) per sub-groups were: HCV

mono-infected (91.7%), HCV/HIV co-infected (100%), GT1 (92.0%), GT4 (100%), CKD

stage IIIb (86.7%), stage IV (95%) and stage V (93%). Among the 10 non-SVR there was

only 1 virologic failure (0.7%); 4 patients had missing data due lost to follow up (3.0%) and 5

patients discontinued 3D/2D regimen (3.7%): 4 due to severe adverse events (including 3

deaths) and 1 patient´s decision.

Conclusions

These results have shown that 3D/2D regimens are effective and tolerable in patients with

advanced CKD including those in dialysis with GT 1 or 4 chronic HCV mono-infection and

HIV/HCV coinfection in a real-life cohort. The overall SVR12 rates were 92.6% (ITT) and

99.2% (mITT) without clinically relevant changes in eGFR until 12 weeks post-treatment.

These results are consistent with those reported in clinical trials.

Introduction

Hepatitis C virus (HCV) infection is a major health problem affecting more than 71 million

people worldwide [1]. In Spain, the latest studies show an HCV infection prevalence in the

general population of between 0.87% and 1.19% [2,3]. The serious clinical outcomes of chronic

Vie-KinD study

PLOS ONE | https://doi.org/10.1371/journal.pone.0221567 September 24, 2019 2 / 14

received grant support and consultancy fees from

AbbVie, Bayer, Bristol-Myers Squibb, Gilead and

Merck, Sharp & Dhome; FGR has served as

speaker for AbbVie, Gilead and BMS; MLM has

served as a speaker for AbbVie, BMS, Gilead,

Janssen, MSD and ViiV; as a consultant for AbbVie,

BMS and Janssen and has received research

funding from FIPSE 36465/03, FIPSE 36680/07.-

NEAT IG5 (NEAT is a project funded by the

European Union under the 6th Framework

programme) contract number LSHP-CT-2006–

037570; MAC has served as a consultant for Gilead

and and ViiV healthcare, and has received speaker

fees from Janssens, Gilead, ViiV Healthcare; MMA

reports personal fees from ViiV Healthcare, Gilead

Sciences, Merck, Janssen, AbbVie and ABBOTT

Laboratories, outside the submitted work; AR has

received consultancy and speaker fees from

AbbVie, Gilead Sciences and Merck Sharp &

Dohme; JM has received honoraria, speaker fees,

consultant fees or funds for research from AbbVie,

BMS, Boehringer-Ingelheim, Gilead, Janssen,

MSD, Roche and ViiV; EGP has received speaker

fees from AbbVie and Gilead; LGB has served as

consultant for AbbVie and Intercept and has

received speaker fees from Gilead and MSD; AA,

RMG, CB, TAE, MLG, BPL, IC, SB, LB, JGS, MJP,

IMG, LM, IdlS, ML and JEL don’t have a financial

interest or affiliation with one or more

organizations that could be perceived as a real or

apparent conflict of interest in the context of the

subject of this paper; CdA and AM are paid

employees of AbbVie and may hold stock or

options. The specific roles of these authors are

articulated in the ‘author contributions’ section. The

design, study conduct, and financial support for the

study were provided by AbbVie. AbbVie

participated in the interpretation of data, review,

and approval of the manuscript.

Competing interests: MCL has served as

consultant for AbbVie, MSD, Janssen, BMS and

Gilead; MRB has received grant Research from

Gilead Science, and speaker fees from AbbVie,

Gilead and MSD; MR has received speaker fees

from AbbVie; MJDM has served as speaker for

AbbVie, Gilead, Janssen, and MSD and as a

consultant for MSD; MAS has served as advisor for

AbbVie, BMS, Gilead, MSD and Roche; CAN has

served as consultant for AbbVie and Bayer, and has

received speaker fees from AbbVie and Gilead;

SMS has served as speaker for AbbVie and MSD;

AC has served as consultant for Janssen, and has

received speaker fees from Gilead and Janssen;

MD has received grant support and consultancy

fees from AbbVie, Bayer, Bristol-Myers Squibb,

Gilead and Merck, Sharp & Dhome; FGR has

served as speaker for AbbVie, Gilead and BMS;

https://doi.org/10.1371/journal.pone.0221567


infection are cirrhosis, portal hypertension, hepatic decompensation and the development of

hepatocellular carcinoma, which leads to liver-related mortality. Approximately 10–15% of

patients with chronic HCV infection will progress to cirrhosis and up to 30% of them will

progress to hepatic decompensation [4], with a significant impact on health-related quality of

life [5,6].

Chronic kidney disease (CKD) is a major health problem in developed societies, affecting

11% of the population, and it is an underdiagnosed disease [7]. In clinical practice, Park et al.

reported that HCV patients have a 23% greater risk of having or developing CKD compared to

the general population [8]. The estimated prevalence of HCV infection in patients on haemo-

dialysis is around 5.6%, in Spain, with wide variations both geographically and between units

in the same country [9]. Moreover, Fabrizi et al. reported that anti-HCV positive patients on

dialysis have an increased risk of cardiovascular mortality (adjusted RR 1.26; 95% CI, 1.10;

1.45) or liver-related mortality (adjusted RR 3.82; 95% CI, 1.92; 7.61) compared with anti-

HCV negative patients [10]. In addition, HCV infection adversely decreases the health-related

quality of life of these patients [11].

HIV and HCV viruses share some routes of transmission (i.e. intravenous drug users

[12,13]) and consequently co-infection is common. About 25% of HIV-infected individuals

worldwide are also co-infected with HCV [14]. Co-infected patients progress faster to cirrhosis

and end-stage liver disease and are more likely to have HIV-related kidney disease than

patients with HCV alone [15].

The introduction of direct-acting antivirals (DAAs) in 2011[16], and more recently the

IFN-free DAA regimens, have increased the number of patients who respond to treatment,

and marked a new era of HCV therapy [17]. Moreover, the improvement of quality of life, effi-

cacy and overall survival of patients with chronic HCV infection has constituted an enormous

medical advance, since these new agents can cure HCV infection. Therefore, clinical practice

guidelines on hepatitis C treatment (i.e. EASL and AASLD/IDSA) recommend therapies in

patients with HCV infection and CKD with severe renal impairment or end-stage renal disease

(ESRD), including those on haemodialysis. Although, at the time of writing, there are DAA

molecules that are safe in HCV genotype (GT) 1- or 4-infected patients with severe renal

impairment, sofosbuvir is still not recommended in patients with an estimated glomerular fil-

tration rate (eGFR) less than 30 ml/min [18,19]. Ombitasvir (OBV) / paritaprevir (PTV) / rito-

navir(r) and dasabuvir (DSV) (3D) or OBV/PTV/r (2D) with or without ribavirin (RBV)

regimens have shown very high efficacy and safety results in clinical trials in HCV patients

with and without CKD. These molecules are metabolised in the liver and do not require dose-

adjustment in CKD patients according to label information. This affirmation is based on phar-

macokinetic studies comparing CKD patients (including those with ESRD) with healthy vol-

unteers, which conclude that 3D and 2D regimens have the same pharmacokinetic profile and

similar parameters in both populations [20,21].

The RUBY-I study has shown very good efficacy and safety data: SVR12 90% per intention-

to-treat (ITT) population analysis and SVR12 95% per modified-ITT (mITT) analysis were

observed in cohort 1 [22] that included non-cirrhotic patients with stage 4 or 5 CKD and HCV

GT1 infection who had never been treated. A SVR12 rate of 96% was observed in cohort 2 of

RUBY-I [23] in GT1-infected patients with compensated cirrhosis, including those previously

treated with IFN/pegIFN±RBV. The regimen was generally well tolerated for these groups of

patients. Moreover, results of the RUBY-II [24] study in HCV non-cirrhotic, treatment-naïve

patients with stage 4 or 5 CKD, including those receiving dialysis, showed that the RBV-free

regimen of both 3D and 2D resulted in an overall ITT SVR12 rate of 94% for GT1a and GT4

and a mITT SVR12 rate of 100%, with no on-treatment virological failure or relapse.
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The main purpose of this study was to describe patterns of real-world effectiveness and

safety/tolerability of the treatment with 3D/2D ± RBV in GT1 and GT4 HCV-infected patients

with CKD stages IIIb to V, including those in dialysis.

Material and methods

A non-interventional, retrospective, epidemiological, multicentre data collection study was

designed, with the participation of 31 Spanish sites distributed across the country, which

ensured a heterogeneous patient sample, reducing the likelihood of a biased study population.

The study was approved by the Spanish Agency of Medicines and Medical Devices and classi-

fied as EPA-OD (code ABB-OMD-2015-01). The study was evaluated and approved by the

Independent Ethics Committee of different hospitals involved, listed in S1 Text.

This study was designed, implemented and reported in accordance with the Guidelines for

Good Pharmacoepidemiology Practices (GPP) of the International Society for Pharmacoepi-

demiology (ISPE 2007), and with the ethical principles laid down in the Declaration of Hel-

sinki (http://www.wma.net/e/policy/b3.htm). The study guaranteed patient confidentiality and

follows European and local data protection laws. No information identifying patients was cap-

tured. The Institutional Review Board (IRB) / Independent Ethics Committee (IEC) / Compe-

tent Authorities (CA) of all sites exempted the investigators from obtaining patient consent

forms because the study was fully retrospective.

Data were collected between June and November 2016 from patients who were�18 years,

with HCV GT1 or GT4 infection (HIV-1 co-infection with undetectable HIV baseline viral

load was accepted), with CKD stage IIIb-V, fibrosis stage F0-F4 and who had started treatment

with 3D or 2D, ± RBV, in 2015 for an intended duration of 12 or 24 weeks according the

SmPC indications.

The exclusion criteria were: previous failures to any DAAs, diagnosis of hepatocellular car-

cinoma, decompensated cirrhosis, positive test result for hepatitis B surface antigen and liver

or renal transplant under immunosuppressive therapy.

Data were recorded in four different time frames: at inclusion (Baseline), after 4 weeks of

treatment, at end of treatment (EOT) and at 12 weeks after EOT to evaluate sustained virologi-

cal response at week 12 (SVR12). Socio-demographic variables (age, gender, body mass index

[BMI]), clinical variables (genotype, fibrosis stage and viral load), laboratory tests, characteris-

tics of previous therapies and the study treatment, concomitant diseases and effectiveness and

tolerability of 3D/2D ± RBV data were collected from medical records.

To assess the effectiveness of 3D/2D ± RBV treatment in the selected population, SVR12

was defined as the percentage of patients with undetectable HCV RNA 12 weeks after receiving

the treatment. For this study, HCV-RNA was quantified with a limit of detection (LoD) spe-

cific to each participant site. The percentage of patients achieving SVR12 and the correspond-

ing exact two-sided 95% confidence interval (CI) were computed based on the normal

approximation method.

The primary endpoint, SVR12, was analysed in all patients who fulfilled the inclusion crite-

ria and were treated with at least 1 dose of the 3D or 2D ± RBV treatment as ITT. The mITT

population included those patients in the ITT population minus those patients for whom

SVR12 assessment data were missing (unknown) and those patients who discontinued

treatment.

SVR12 was also analysed by sub-groups: CKD stage (IIIb, IV and V), HCV mono-infection

or HIV/HCV coinfection, genotype (GT1 or GT4) and GT1 subtype, concomitant use of RBV

and renal transplant. The SVR12 bootstrap distribution of a population parameter was used to

produce a bootstrapped confidence interval for the parameter’s true value. Five thousand
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random samples of 135 sizes were obtained to calculate SVR12 estimation and the non-

parametric 95% CI. Estimated glomerular filtration rate (eGFR) was calculated using the

serum creatinine value, based on the CKD-EPI creatinine equation [25]:

eGFR ¼ 141 �min
Creat
k

; 1

� �a

�maxð
Creat
k

; 1Þ
� 1:209

� 0:993Age � 1:018½if female�

� 1:159½if black�

where: Creat is serum creatinine in μmol/l, κ is 61.9 for females and 79.6 for males, α is -0.329

for females and -0.411 for males, min indicates the minimum of Creat /κ or 1, and max indi-

cates the maximum of Creat /κ or 1.

Stage IIIb, IV and V were defined (according to the KDIGO guidelines) [26] as an eGFR:

30–44 ml/min/1.73m2; 15–29 ml/min/1.73m2 and eGFR<15 ml/min/1.73m2 or dialysis,

respectively.

Statistical analysis

Qualitative variables were summarised in a table including absolute and relative frequencies

per treatment group and in the whole population. Quantitative variables were provided using

valid n, mean, standard deviation, two-sided 95% confidence interval (in primary endpoints),

median, interquartile range, minimum and maximum.

Quantitative variables were compared between groups using an analysis of variance

(ANOVA). Quantitative parameters without a normal distribution and ordinal parameters

were compared using a non-parametric Kruskal-Wallis test. Qualitative parameters were ana-

lysed using a χ2 test or, if assumptions were not met, a Fisher’s exact test. The significance level

was generally established at a value of α = 0.05.

Logistic regression was used to investigate the impact of the following explanatory covari-

ates on SVR12: demographic information: age, gender and BMI; HCV genotype GT1/GT4;

treatment duration; HIV/HCV co-infection or HCV mono-infection; liver parameters: albu-

min, platelet count, GOT/GPT, bilirubin and cirrhosis status (yes/no); renal parameters: creat-

inine and glomerular filtration; patients on haemodialysis or peritoneal dialysis. No multiple

logistic regression was calculated as no covariates were statistically significant.

SAS statistical software, version 9.2 (SAS Institute Inc., Cary, NC, USA) was used for all

data analysis.

Results

Patient population

A total of 137 patients were included at 31 Hepatology and ID Units across Spain, 135 of

whom were evaluable; two patients were excluded for not having started 3D/2D ± RBV treat-

ment in 2015.

Table 1 shows the demographic and clinical characteristics of HCV-infected patients at

baseline by CKD stage: the mean (SD) age of patients included in the study was 58.3 (11.4)

years, most of them were Caucasian, mean (SD) BMI was 25.4 (4.64) kg/m2, with no significant

differences across renal stages. Baseline HCV RNA levels were less than 800,000 IU/ml in 81

patients (60%). In total, 92.6% of patients were GT1 and 7.4% were GT4. Fourteen (10.4%)

had HIV/HCV co-infection, mainly transmitted through intravenous drug use (76.8%) and

sexual transmission (21.4%). At the start of the 3D/2D treatment, 11.1% patients had CKD

stage 3b, 14.8% stage 4 and 74.1% stage 5. In total, 93 patients (68.9%) were on haemodialysis

and mean time on haemodialysis was 6.9 years. One hundred and twenty-five (125) patients

Vie-KinD study
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Table 1. Baseline demographics, HCV characteristics and previous and current treatment characteristics.

Variable Stage IIIb(1)

n = 15

Stage IV

n = 20

Stage V

n = 100

Total

n = 135

Age (yrs)

Mean (SD) 65.3 (10.8) 64.5 (11.6) 56.1 (10.5) 58.3 (11.3)

Gender (%)

Male 9 (60.0%) 12 (60.0%) 72 (72.0%) 93 (68.9%)

Ethnicity (%)

Caucasian 15 (100%) 20 (100%) 98 (98.0%) 133(98.5%)

Genotype (%)

GT1 14 (93.3%) 18 (90.0%) 93 (93.0%) 125 (92.6%)

GT 1a 2 (14.3%) 4 (22.2%) 16 (17.2%) 22 (17.6%)

GT 1b 12 (85.7%) 14 (77.8%) 76 (81.7%) 102 (81.6%)

GT4 1 (6.7%) 2 (10.0%) 7 (7.0%) 10 (7.4%)

Fibrosis stage (%)

F0-F1

F2

F3

F4

1 (7.7%)

3 (23.1%)

4 (30.8%)

5 (38.5%)

10 (58.8%)

3 (17.6%)

2 (11.8%)

2 (11.8%)

32 (35.2%)

15 (16.5%)

17 (.7%)

27 (29.7%)

43 (35.5%)

21 (17.4%)

23 (19.0%)

34 (28.1%)

VHC viral load (cat3)

VHC >800,000 IU/mL 5 (33.3%) 13 (65.0%) 63 (63.0%) 81 (%)

HIV co-infection 3 (20.0%) 3 (15.0%) 8 (8.0%) 14 (10.4%)

eGFR

Mean (SD) 40.35 (11.0) 23.60 (5.1) -- --

Creatinine

Mean (SD) 1.68 (0.5) 2.83 (1.2) 6.80 (2.7) --

Total bilirubin [mg/dl]

Mean (SD) 0.37 (0.2) 0.44 (0.2) 0.41 (0.2) 0.41 (0.2)

Platelets [x10E3/l]

Mean (SD) 208733.33

(120427.5)

186350.0

(69421.9)

174737.4

(78643.0)

180276.12

(83017.92)

Hemoglobin [g/dl]

Mean (SD) 13.01 (1.5) 12.23 (1.9) 11.89 (1.7) 12.1 (1.76)

INR

Mean (SD) 1.1 (0.19) 1.2 (0.73) 1.1 (0.26) 1.1 (0.36)

Hemodialysis (%) (2) -- 1 (5.0%) 92 (92.0%) 93 (68.9%)

Dialysis (%) (2) -- 1 (5.0%) 100 (100%) 101 (74.8%)

Peritoneal dialysis -- -- 12 (12.0%) 12 (8.9%)

Renal transplant (%) -- -- 52 (52.0%) 52 (38.5%)

PREVIOUS STUDY TREATMENT

Naïve–not treated 11 (73.3%) 16 (80.0%) 70 (70.0%) 97 (71.9%)

Response:

Null response -- -- 9 (30.0%) 9 (23.7%)

Partial response 1 (25.0%) -- 10 (33.3%) 11 (28.9%)

Recurrence 1 (25.0%) 1 (25.0%) 5 (16.7%) 7 (18.4%)

CURRENT STUDY TREATMENT

3D Regimen(3)

Total 14 (93.3%) 18 (90.0%) 93 (93.0%) 125 (92.6%)

3D-RBV 10 (66.7%) 14 (70.0%) 68 (68.0%) 92 (68.1%)

3D+RBV 4 (26.7%) 4 (20.0%) 25 (25.0%) 33 (24.4%)

(Continued)
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(92.6%) received the 3D regimen and 10 patients (7.4%) received 2D. Out of the 41 patients

(30.4%) that received concomitant RBV, 33 patients (24.4%) were receiving the 3D regimen

and 8 (5.9%) the 2D regimen. The most commonly prescribed doses of RBV were 200 mg

(75.0%) and 400 mg (10.0%) and the median RBV duration was 12 weeks.

A high percentage of patients (88.9%) reported previous diseases in the 12 months prior to

3D/2D regimen initiation. The most prevalent diseases were: hypertension 70.4%; diabetes

mellitus 24.4%, hyperparathyroidism 17.8% and hyperlipidaemia 14.1%; other endocrine

comorbidities (27.4%); renal and urinary disorders (21.5%) and cardiac disorders (19.3%).

Due to the potential impact of drug-drug interactions occurrence, especially in the CKD

population, the percentage and class of concomitant medication and its management were

evaluated. A total of 127 patients (94.1%) received medication for concomitant diseases during

the 2D/3D treatment and follow-up, including new medication and medicines initiated prior

to 3D/2D. The most common concomitant medications administrated during the 3D/2D regi-

men were: beta blockers (38.5%), calcium channel blockers (38.5%), agents acting on the

renin-angiotensin system (31.9), diuretics (27.4%), antihypertensives (20.0%) and lipid-lower-

ing agents (19.3%).

Prior to 2D/3D study treatment, 12.7% of concomitant medication was prescribed for pro-

phylaxis and 89.8% continued being prescribed during the 2D/3D study. It is noteworthy that

93.5% of medication administered during the study continued to be prescribed at the end of

the study.

Overall sustained virological response rates (effectiveness)

Plasma HCV RNA was undetectable in 79.2% (99/125) of patients by week 4 and in 98.4%

(127/129) at EOT. Out of the 135 patients who initiated the 3D/2D regimen, 125 (92.6%)

achieved ITT SVR12 (95% CI: 88.2%-97.0%). Two of the 135 patients achieved SVR12

although treatment was discontinued due to adverse reactions.

Ten patients did not achieve SVR12: 1 patient (0.7%) presented virological failure as a

rebound in week 11 post-treatment (47 IU/ml) (a 42-year-old male, stage 5 on haemodialysis,

with HCV GT1b infection, who received 3D for 12 weeks); five patients (3.7%) discontinued

the treatment (four due to four serious adverse events (SAEs), including three deaths, and one

at the patient’s request) and four patients had missing data and/or were lost to follow-up.

Table 1. (Continued)

Variable Stage IIIb(1)

n = 15

Stage IV

n = 20

Stage V

n = 100

Total

n = 135

2D Regimen(4)

Total 1 (6.7%) 2 (10.0%) 7 (7.0%) 10 (7.4%)

2D-RBV -- 1 (5.0%) 1 (1.0%) 2 (1.5%)

2D+RBV 1 (6.7%) 1 (5.0%) 6 (6.0%) 8 (5.9%)

With RBV 5 (33.3%) 5 (25.0%) 31 (31.0%) 41 (30.4%)

RBV duration (w)

Mean (SD) 13.5 (6.11) 11.9 (0.17) 16.8(28.46) 15.8 (24.79)

(1): Stage IIIb GFR: 30–44 ml / min / 1.73 m2; Stage IV GFR: 15–29 ml / min / 1.73 m2
; Stage V (renal failure) GFR <15 ml / min / 1.73 m2 (including those on HD and

PD)

(2): A patient in hemodialysis was included as stage IV.

(3) 3D: Ombitasvir + Paritaprevir + Dasabuvir

(4) 2D: Ombitasvir + Paritaprevir

https://doi.org/10.1371/journal.pone.0221567.t001
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The mITT SVR12 rate was 99.2% (125 of 126; 95% CI 97.7%-100%). Fig 1A and 1B show

the overall ITT and mITT SVR12 for each of the sub-groups: no statistically significant differ-

ences were found across renal stages, genotypes, G1 subtype, HCV and HIV/HCV coinfection,

3D/2D regimen, RBV treatment or renal transplant.

Table 2 shows ITT SVR12 stratified by renal stage and RBV use: no statistically significant

differences were found in the percentage of patients achieving SVR12 by RBV use, within each

renal stage. Overall, the SVR12 rate was 91.5% for patients treated with the 3D/2D regimen

alone and 95.1% for patients treated with the 3D/2D regimen plus RBV.

eGFR evolution during treatment

The eGFR was calculated for all Stage IIIb and IV patients (n = 15 and n = 19 patients, respec-

tively) (excluding one stage-IV patient on dialysis at the physician’s discretion). Mean eGFR

Fig 1. Overall SVR12 for each sub-group of patients studied. (a) SVR12 in the ITT population. The groups analyzed are: CKD stage,

Genotype/Regimen, RBV use, coinfection and renal transplant. The overall ITT SVR12 was 92.6% (125/135; 95% CI 88.2–97.0) for patients

receiving 3D/2D regimen. (b) SVR12 in the mITT population which includes only those patients in the ITT population excluding those

patients whom SVR12 assessment data were missing (unknown) and those patients who discontinued. All percentages are over 98%.

https://doi.org/10.1371/journal.pone.0221567.g001

Table 2. SVR12 by renal stage according the RVB use.

Stage IIIb Stage IV Stage V Total

+RBV Total 5 (100%) 5 (100%) 31 (100%) 41 (100%)

SVR12 5 (100%) 5 (100%) 29 (93.5%) 39 (95.1%)

Withdrawal -- -- 1 (3.2%) 1 (2.4%)

Unknown -- -- 1 (3.2%) 1 (2.4%)

-RBV Total 10 (100%) 15 (100%) 69 (100%) 94 (100%)

SVR12 8 (80.0%) 14 (93.3%) 64 (92.8%) 86 (91.5%)

Virological failure -- -- 1 (1.4%) 1 (1.1%)

Withdrawal 1 (10.0%) 1 (6.7%) 2 (2.9%) 4 (4.3%)

Unknown 1 (10.0%) -- 2 (2.9%) 3 (3.2%)

Total Total 15 (100%) 20 (100%) 100 (100%) 135 (100%)

SVR12 13 (86.7%) 19 (95.0%) 93 (93.0%) 125 (92.6%)

Virological failure -- -- 1 (1.0%) 1 (0.7%)

Withdrawal 1 (6.7%) 1 (5.0%) 3 (3.0%) 5 (3.7%)

Unknown 1 (6.7%) -- 3 (3.0%) 4 (3.0%)

Global information +RBV 5/5 (100%) 5/5 (100%) 29/31 (93.5%) 39/41 (95.1%)

-RBV 8/10 (80.0%) 14/15 (93.3%) 64/69 (92.8%) 86/94 (91.5%)

Total 13/15 (86.7%) 19/20 (95.0%) 93/100 (93.0%) 125/135 (92.6%)

p-value

(for each stage)

1.000 1.000 1.000 --

https://doi.org/10.1371/journal.pone.0221567.t002
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for stages IIIb and IV were 40.35 and 23.6 ml/min/1.73m2, respectively, at baseline, with a

slightly variation during 3D/2D treatment at EOT (42.91 and 21.97 ml/min/1.73m2), although

these differences were not statistically significant. Mean eGFR values at the SVR12 visit were

40.24 and 21.07 ml/min/1.73m2 for Stage IIIb and IV, respectively. (Fig 2).

Table 3 shows changes in eGFR from baseline stratified by renal stages > 10 ml/min/

1.73m2. Overall, a clinical significant change in eGFR (a decrease > 10 ml/min/1.73m2) was

reported for only two patients, both in stage IIIb. Therefore, glomerular filtration deterioration

was not reported for stage 4.

Safety

A total of 64 patients (47.4%) receiving the 3D/2D regimen ± RBV experienced AEs, and

31.9% of all reported AEs were mild. AEs reported by more than 10% of patients were: asthenia

(13.3%), anaemia (12.6%) and pruritus (11.1%).

During the treatment period, 14 patients (10.4%) changed the treatment prescribed at base-

line: two patients (1.55%) changed 3D/2D regimen and 12 patients (29.3%) changed their ini-

tial RBV treatment. Both patients who changed their 3D/2D regimen suspended 3D treatment

due to adverse events.

Regarding RBV changes, eight patients reduced the dose, three patients suspended it and

one increased the dose. The reasons for these changes were adverse events (seven patients),

Fig 2. Evolution of eGFR (ml/min/1.73 m2). Evolution of mean levels of eGFR in Stage IIIb and Stage IV during

period study: from baseline to SVR12.

https://doi.org/10.1371/journal.pone.0221567.g002

Table 3. Change in eGFR from baseline (>10 ml/min/1.73m2) by renal stage.

Stage IIIb

n = 15

Stage IV

n = 20

Change eGFR 4W Decreases > 10 ml/min/1.73m2 2 (13.3%) 1 (5.3%)

Not changing 8 (53.3%) 18 (94.7%)

Increases > 10 ml/min/1.73m2 5 (33.3%) 0 (0%)

Change eGFR EOT Decreases > 10 ml/min/1.73m2 2 (13.3%) 0 (0%)

Not changing 9 (60.0%) 19 (100%)

Increases > 10 ml/min/1.73m2 4 (26.7%) 0 (0%)

Change eGFR SVR12 visit Decreases > 10 ml/min/1.73m2 2 (13.3%) 0 (0%)

Not changing 12 (80.0%) 19 (100%)

Increases > 10 ml/min/1.73m2 1 (6.7%) 0 (0%)

Only two patients decreased more than 10 units in eGFR at SVR12 visit, both stage III

https://doi.org/10.1371/journal.pone.0221567.t003
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haemoglobin (Hg) reduction (two patients), increased eGFR and simplification of treatment

pattern (one patient).

Six patients (4.4%) discontinued treatment due to AEs: two of the patients with anaemia

achieved SVR12. Four patients included in this study died. One patient died due to endocardi-

tis after completion of the 3D/2D treatment and three died during 3D/2D treatment: one

patient due to liver failure and acute kidney injury (probably attributable to the 3D/2D regi-

men by the investigator); one due to atrioventricular block (not related to the 3D/2D regimen

by the investigator); and one due to subdural haematoma (not related to the 3D/2D regimen

by the investigator).

Although mean Hb values decreased overall during the treatment period in the population

receiving RBV (from 12.7 g/dl at baseline to 11.5 and 11.3 g/dl at week 4 and EOT, respectively;

p<0.001), these values had recovered at the SVR12 visit (13 g/dl). Fig 3 shows the evolution

and changes from baseline in Hb by stage and by RBV use.

Discussion

The findings of our real-world study in terms of the efficacy of 3D/2D ± RBV replicated not

only the results of the RUBY-I [22] and RUBY-II [24] clinical trials, but also those obtained in

a small Spanish cohort in real clinical practice reported by Muñoz et al.[27]. The aforemen-

tioned study included 46 patients, 10 of whom (21.7%) with CKD stage IV and 36 (78.2%)

with CKD stage V and found an SVR12 rate of 95.7% in the ITT population. In our study of

135 patients with severe renal failure or end-stage renal disease infected by HCV GT 1 or 4

treated with 3D/2D ± RBV, the overall SVR12 was 92.9% (ITT, 125/135) and effectiveness was

found to be similar in all analysed sub-groups, with only one virological failure. These findings

suggest that 3D/2D ± RBV treatment is highly effective and feasible in clinical practice, with

mild adverse events in our studied population.

No statistically significant difference was observed in SVR12 in either 3D/2D regimens

when RBV was added to treatment (95.1% and 91.5%, respectively) in our study. These data

suggest that RBV may not be necessary in some GT1a- or GT4-infected patients with severe

renal impairment treated with a 3D/2D regimen, consistent with the conclusions from the

RUBY-II study [24].

Fig 3. Evolution and change from baseline in hemoglobin (g/dl) by stage and RBV use. In the total population

receiving RBV, there was a statistically significant decrease in Hb mean values (11.5 and 11.3 g/dl) in week 4 and EOT

(p<0.001), but values recovered at SVR12 visit (13.0 g/dl) baseline ranges (p>0.05). No differences were obtained in

patients not treated with RBV along the follow-up period.

https://doi.org/10.1371/journal.pone.0221567.g003
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It is known that HIV/HCV co-infection is associated with higher liver-related morbidity

and mortality, making it very important to treat HCV infection. Current DAAs for HCV treat-

ment have shown similar SVR results in HIV/HCV co-infected patients in various studies

[28,29]. In Germany, results from a recent study showed that SVR12 rates did not differ

between HCV mono-infected and HIV/HCV co-infected patients with liver cirrhosis (87.8%

vs 89.3%, respectively; P = 0.864) [30]. In another study, HIV/HCV co-infected patients with/

without cirrhosis treated with grazoprevir and elbasvir achieved an SVR12 of 96%, showing

that the HCV treatment regimen seems to be effective and well tolerated for patients co-

infected with HIV with or without cirrhosis [31]. On the basis of these results, the international

guidelines recommend the same treatment regimens for both HIV/HCV co-infected patients

and patients with HCV alone [32]. Our study supports this recommendation, as the 14 HIV/

HCV co-infected patients all achieved SVR12 (100%).

Glomerular filtration was calculated in non-dialysed patients and, despite a statistically sig-

nificant decrease in mean eGFR by week 4 in stage IV patients, the mean eGFR during treat-

ment remained clinically stable. In fact, only two patients in stage IIIb showed a clinically

significant change in eGFR (a decrease > 10 ml/min/1.73m2). Real-world evidence provided

by the study by Welzel TM et al. in GT1- or GT4-infected patients with renal insufficiency sup-

port our findings, as no clinically relevant changes in renal function, defined by a decrease in

eGFR of more than 10 units between baseline and end of therapy, were observed, supporting

the clinical use of the 3D/2D combination in our studied population [33].

The adverse events profile was similar to that described in other studies, where anaemia,

asthenia and pruritus were the most common AEs during 3D/2D treatment, similar to that

reported by Pockros et al.[22] Two patients discontinued the 3D/2D regimen due to anaemia.

Four patients died during the study period: three of them not related to the 3D/2D regimen

and one probably related to treatment. Treatment discontinuation was low (<10% in the over-

all population) and regimens that included ribavirin had more mild or moderate adverse

events than those without. The safety and tolerability of the 3D or 2D regimen in real-world

conditions are similar to that obtained under clinical trial conditions. Furthermore, the RBV-

free 3D/2D regimens were generally well tolerated in this patient population, which is similar

to the findings of other studies. The majority of patients (93.5%) did not discontinue their con-

comitant medication during this real-world study, suggesting that drug–drug interactions in

this population were manageable.

Due to the importance of cardiovascular comorbidities in this HCV population, particularly

in CKD patients, haematological toxicity is strictly controlled [10]. Although haemoglobin val-

ues decreased significantly during the treatment period, values recovered at 12 weeks post-

treatment, irrespective of RBV treatment, and did not affect the SVR. By contrast, platelet lev-

els increased significantly from baseline to week 4, recovering the baseline values at 12 weeks

post-treatment.

This study has several limitations, due to its retrospective nature, which may have intro-

duced selection bias, for example a mostly Caucasian race representative of Spanish popula-

tion, and issues regarding missing data, as in the case of the management of concomitant

medication or the collection of all potential treatment related AEs. Additionally, patients were

treated at each physician’s discretion, so dose adjustments and the management of AEs were

not pre-specified by a protocol. It should also be mentioned that although the study’s sample

size is limited to 135 patients, the 100-dialysis patient-sample size is noteworthy.

In this real-world study, high rates of SVR12 and good safety profiles were achieved. These

results are comparable not only with those obtained in clinical trials [21–23], but also with

studies conducted in real-world conditions [34,35]. However, it is striking that our population

included different subgroups of HCV patients, most of them on dialysis, showing that these
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regimens are effective in our diverse population, providing important guidance for clinical

decision-making. These data are relevant for those countries in which 3D/2D is currently a

heavily prescribed regimen for the treatment of HCV infection in CKD patients.

Conclusion

This study demonstrated that 3D/2D regimens with or without RBV are effective and safe in

real-world conditions in chronic HCV genotype 1 or 4 mono-infected and HIV/HCV co-

infected patients with stage 3b, 4 and 5 (end-stage) chronic kidney disease, including on dialy-

sis. The high ITT SVR12 rate obtained (92.6%) is particularly noteworthy, which is consistent

with data obtained under clinical trial conditions. 3D/2D regimens were also well tolerated in

these patients, who were treated in routine clinical practice at various Spanish centres, with

most AEs being mild or moderate.
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lencia de infección por los virus de la hepatitis b y c en Cataluña. Gastroenterol Hepatol. 2017; 40

(Espec Congr 1):13
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mento de consenso SEN-semFYC sobre la enfermedad renal crónica. Nefrologı́a 2008; 28 (3) 273–

282

8. Park H, Adeyemi A, Henry L, Stepanova M, Younossi Z. A meta-analytic assessment of the risk of

chronic kidney disease in patients with chronic hepatitis C virus infection. J Viral Hepat. 2015; 22

(11):897–905 https://doi.org/10.1111/jvh.12413 PMID: 25904153

9. Garcı́a-Agudo R, Aoufi-Rabih S, Barril-Cuadrado G. Estudio y seguimiento de la hepatitis C crónica en

hemodiálisis: conclusiones del estudio SHECTS. Nefrologia Sup Ext 2013; 4(3):33–7

10. Fabrizi F, Dixit V, Messa P. Impact of hepatitis C on survival in dialysis patients: a link with cardiovascu-

lar mortality? J Viral Hepat. 2012; 19(9):601–607 https://doi.org/10.1111/j.1365-2893.2012.01633.x

PMID: 22863263

11. Bunchorntavakul C, Maneerattanaporn M, Chavalitdhamrong D. Management of patients with hepatitis

C infection and renal disease. World J Hepatol. 2015 Feb 27; 7(2):213–25 https://doi.org/10.4254/wjh.

v7.i2.213 PMID: 25729476

12. Lin PH, Lai CC, Yang JL, Huang HL, Huang MS, Tsai MS, et al. Slow immunological progression in

HIV-1 CRF07_BC-infected injecting drug users. Emerg Microbes Infect. 2013 Dec; 2(12): e83. https://

doi.org/10.1038/emi.2013.83 PMID: 26038447

13. Clausen LN, Lundbo LF, Benfield T. Hepatitis C virus infection in the human immunodeficiency virus

infected patient. World J Gastroenterol. 2014 Sep 14; 20(34):12132–43 https://doi.org/10.3748/wjg.

v20.i34.12132 PMID: 25232248

14. Tastan Bishop O. Chapter 4.3 –Hepatitis C and HIV Coinfection in Developing Countries. In: Hepatitis C

in Developing Countries. Current and Future Challenges 2018, Pages 135–155. Available from: https://

doi.org/10.1016/B978-0-12-803233-6.00012-6

15. Karageorgopoulos DE, Allen J and Bhagani S. Hepatitis C in human immunodeficiency virus co-infected

individuals: Is this still a “special population”? World J Hepatol. 2015 Jul 28; 7(15): 1936–1952. https://

doi.org/10.4254/wjh.v7.i15.1936 PMID: 26244068

16. Vachon ML, Dieterich DT. The era of direct-acting antivirals has begun: the beginning of the end for

HCV? Semin Liver Dis. 2011 Nov; 31(4):399–409. https://doi.org/10.1055/s-0031-1297928 PMID:

22189979

17. Colombo M. Interferon-free therapy for hepatitis C: The hurdles amid a golden era. Dig Liver Dis. 2015

Sep; 47(9):727–33 https://doi.org/10.1016/j.dld.2015.04.003 PMID: 25937625

18. EASL Recommendations on Treatment of Hepatitis C 2018. Available from: https://www.journal-of-

hepatology.eu/article/S0168-8278(18)31968-8/fulltext

19. HCV Guidance: Recommendations for Testing, Managing, and Treating Hepatitis C. Patients with renal

impairment. Available from: https://www.hcvguidelines.org/unique-populations/renal-impairment

20. Shuster DL, Menon R, Cohen DE, Khatri A. Effect of chronic kidney disease on the pharmacokinetics of

Ombitasvir, Paritaprevir, Ritonavir and Dasabuvir in subjects with HCV genotype 1 infection. Hepatol-

ogy. 2015; 62(suppl. 1):744A.

21. Polepally AR, Badri P, Eckert D, Mensing S, Menon R. Effect of renal function on the pharmacokinetics

of Ombitasvir/Paritaprevir/Ritonavir Dasabuvir and ribavirin in over 2000 subjects with HCV GT1 infec-

tion. Hepatology. 2015; 62(suppl. 1):733A

22. Pockros PJ, Reddy KR, Mantry PS, Cohen E, Bennett M, Sulkowski MS, et al. Efficacy of Direct-Acting

Antiviral Combination for Patients With Hepatitis C Virus Genotype 1 Infection and Severe Renal

Impairment or End-Stage Renal Disease. Gastroenterology. 2016 Jun; 150(7):1590–8. https://doi.org/

10.1053/j.gastro.2016.02.078 PMID: 26976799

23. Vierling JM, Lawitz E, Rajender Reddy K, Cohen E, Kemmer N, Morelli G et al. RUBY-I: safety and effi-

cacy of ombitasvir/paritaprevir/ritonavir and dasabuvir with or without ribavirin in adults with genotype 1

Vie-KinD study

PLOS ONE | https://doi.org/10.1371/journal.pone.0221567 September 24, 2019 13 / 14

https://doi.org/10.1016/j.gastrohep.2015.12.011
https://doi.org/10.1016/j.gastrohep.2015.12.011
https://doi.org/10.1053/j.gastro.2016.02.039
http://www.ncbi.nlm.nih.gov/pubmed/26924097
http://www.ncbi.nlm.nih.gov/pubmed/23619256
https://doi.org/10.1016/j.jhep.2005.11.046
https://doi.org/10.1016/j.jhep.2005.11.046
http://www.ncbi.nlm.nih.gov/pubmed/16427157
https://doi.org/10.1111/jvh.12413
http://www.ncbi.nlm.nih.gov/pubmed/25904153
https://doi.org/10.1111/j.1365-2893.2012.01633.x
http://www.ncbi.nlm.nih.gov/pubmed/22863263
https://doi.org/10.4254/wjh.v7.i2.213
https://doi.org/10.4254/wjh.v7.i2.213
http://www.ncbi.nlm.nih.gov/pubmed/25729476
https://doi.org/10.1038/emi.2013.83
https://doi.org/10.1038/emi.2013.83
http://www.ncbi.nlm.nih.gov/pubmed/26038447
https://doi.org/10.3748/wjg.v20.i34.12132
https://doi.org/10.3748/wjg.v20.i34.12132
http://www.ncbi.nlm.nih.gov/pubmed/25232248
https://doi.org/10.1016/B978-0-12-803233-6.00012-6
https://doi.org/10.1016/B978-0-12-803233-6.00012-6
https://doi.org/10.4254/wjh.v7.i15.1936
https://doi.org/10.4254/wjh.v7.i15.1936
http://www.ncbi.nlm.nih.gov/pubmed/26244068
https://doi.org/10.1055/s-0031-1297928
http://www.ncbi.nlm.nih.gov/pubmed/22189979
https://doi.org/10.1016/j.dld.2015.04.003
http://www.ncbi.nlm.nih.gov/pubmed/25937625
https://www.journal-of-hepatology.eu/article/S0168-8278(18)31968-8/fulltext
https://www.journal-of-hepatology.eu/article/S0168-8278(18)31968-8/fulltext
https://www.hcvguidelines.org/unique-populations/renal-impairment
https://doi.org/10.1053/j.gastro.2016.02.078
https://doi.org/10.1053/j.gastro.2016.02.078
http://www.ncbi.nlm.nih.gov/pubmed/26976799
https://doi.org/10.1371/journal.pone.0221567


chronic hepatitis c virus (HCV) infection with severe renal impairment or end-stage renal disease. Hepa-

tology 2016; 64(suppl. 1);441A

24. Gane EJ, Sola R, Cohen E, Roberts SK, George J, Skoien R, et al. RUBY-II: Efficacy and Safety of a

Ribavirin-Free Ombitasvir/Paritaprevir/Ritonavir ± Dasabuvir Regimen in Patients with Severe Renal

Impairment or End-Stage Renal Disease and HCV Genotype 1a or 4 Infection. Hepatology 2016; 64

(suppl. 1);470A

25. https://www.niddk.nih.gov/health-information/health-communication-programs/nkdep/lab-evaluation/

gfr/estimating/Pages/estimating.aspx)

26. KDIGO 2017 Clinical Practice Guideline Update for the Diagnosis, Evaluation, Prevention, and Treat-

ment of Chronic Kidney Disease–Mineral and Bone Disorder (CKD-MBD). Available from: https://kdigo.

org/wp-content/uploads/2017/02/2017-KDIGO-CKD-MBD-GL-Update.pdf
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