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Abstract

Background: Hepatitis C virus (HCV) infection in end-stage
renal disease (ESRD) heralds a bad outcome. Directly acting
antiviral (DAA) drugs sofosbuvir along with daclatasvir are
very effective in the management of HCV infection. Sofosbuvir
is excreted mainly through the kidneys. There is sparse data
worldwide on the use of sofosbuvir based drug regimens in
ESRD patients having chronic hepatitis C (CHC) virus
infection. This study was designed to evaluate the efficacy of
half dose sofosbuvir in the management of HCV infection
in ESRD patients on maintenance hemodialysis (MHD).

Methods: This clinical trial was conducted among 125 ESRD
patients on MHD at Gonoshasthaya dialysis center,
Dhanmondi, Dhaka from July 2019 to June 2022. Total
125 HCV positive patient with ESRD on MHD were included
in this study; all the patients underwent HCV-RNA PCR test.
Patients with detectable HCV RNA were observed for six
months without antiviral drugs to identify the occurrence of
spontaneous clearance of virus. Patients who had detectable
HCV-RNA after six months were treated with sofosbuvir(200
mg) and daclatasvir (60 mg), irrespective of genotype. The
drugs were given daily for 12 weeks. All the patients were on
regular follow up at two weeks interval. Blood counts, liver
function, creatinine phosphokinase and serum amylase

values were evaluated periodically; virological response was
assessed by HCV-RNA after 12 weeks of antiviral treatment.

Results: During the observation period, 29 (23.2%) patients
had spontaneous virus clearance with an undetectable HCV-
RNA. In the remaining 96 patients, the median HCV-RNA
level was 2.76x10¢ (1.56 x10°— 1.89x1091 IU. Twelve weeks
after the treatment, 91 (94.8%) patients achieved sustained
virological response (SVR) with undetectable HCV-RNA. All
patients tolerated the DAAs well and none of the patients reported
any serious adverse events. No patient discontinued antiviral
therapy due to side effects. Patients who attained SVR with
DAA, after 6 months we repeated HCV-RNA in 30 patients, in
majority of them (28, 93.3%), HCV-RNAwere undetected but in
2(6.7%) patients, HCV-RNA were detected again.
Conclusion: Daclatasvir along with half-dose sofosbuvir
are safe and effective in the treatment of CHC patients with
ESRD on MHD. Half dose sofosbuvir regimen can reduce
the cost of treatment of HCV in ESRD patients in developing
countries like Bangladesh, where cost is a significant barrier
to HCV treatment.
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Introduction:

The overall mortality in patients with end-stage renal
disease (ESRD) and coexistent hepatitis C virus (HCV)
infection is much higher than non-infected patients [1].
The worldwide prevalence of HCV infection in patients
on hemodialysis is 13.5%, whereas only 3% in the general
population [2]. Patients with severe renal insufficiency
[eGFR < 30 mL/ min/1.73 m?] including those on
maintenance hemodialysis (MHD) are difficult to treat,
as very few of directly acting antivirals (DAAs) are
available for treatment of this group. Available approved
regimens are limited to pegylated interferon with or
without low-dose ribavirin, which is associated with
poor tolerance, side effects, high dropout rates and
dismal sustained virological response (SVR) rates [3-
8].FDA-approved all-oral regimens of DA As for patients
with severe renal insufficiency with chronic hepatitis C
(CHC) are elbasvir/grazoprevir, dasabuvir/ombitasvir
and paritaprevir/ritonavir which is currently not
available in Bangladeash [9-12]. Though FDA-approved
all-oral regimens glecaprevir/ pibrentasviris now
available in Bangladesh but due to its high price its use
is very limited in poor dialysis patients.

Pangenotypic NS5B inhibitor sofosbuvir is excreted by
the kidney and there are higher concentrations of active
metabolite (GS461203) in ESRD patients. Several small
studies have shown that sofosbuvir based regimens
are safe in ESRD patients [13-17].

In November 2019, the FDA changed the label for
sofosbuvir-based regimens to allow their use in patients
with kidney disease, even those with low eGFR (eGFR
d”30 mL/min) or undergoing dialysis. Studies have
shown that sofosbuvir does not worsen eGFR in CKD
patients, nor linked to an increased risk of ESRD [18];
also there is no association between sofosbuvir and
changes in eGFR levels during and after treatment [19]

In the present study, we evaluated the efficacy of using
half-dose sofosbuvir (200 mg/day) in treatment of
hepatitis C infection in patients with ESRD on MHD.

Methods:

This clinical trial was conducted among 125 ESRD
patients on MHD at Gonoshasthaya dialysis center,
Dhanmondi, Dhaka from July 2019 to June 2022. Only
adult patients (age >18 years) on MHD for at least 3
months were included in this study. Purposive sampling
was done among the patients who fulfilled the selection
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criteria. Written informed consent was taken from every
patient. The research protocol was approved by the
Gonoshasthaya Nagar Hospital ethical committee.

We included 125 patients with CHC with ESRD on MHD.
None of the patients was co-infected with hepatitis B or
human immunodeficiency virus. All the patients
underwent HCV-RNA PCR test.Patients with detectable
HCV-RNA were observed for six months without any
antiviral drugs. Patients who had detectable HCV-RNA
after 6 months (96 patients) were treated with half-dose
sofosbuvir [200 mg] and daclatasvir (60 mg), daily for12
weeks. The proposed dose of 200 mg of sofosbuvir was
obtained by splitting the standard 400 mg pill into two
halves with each half being administered on consecutive
days. A complete evaluation of the pretreatment HCV
status including HCV-RNA, baseline liver and renal
functions and extent of liver disease was assessed by
ultrasonography was carefully reviewed and recorded
during enrollment to study.

Patients were followed up with complete hemogram,
serum amylase, creatinine phosphokinase, liver and renal
function tests at 2 weeks interval and at the end of
treatment at 12 weeks. Hepatitis C viral load was checked
at 12 weeks post-treatment for sustained virological
response (SVR 12). The virological cure or SVR12 was
defined as undetectable HCV-RNA 12 weeks after end
of treatment [9, 20]. Side effects, if any, were recorded
by the treating physician in the patient’s clinical record
file.

Data analysis was done by Statistical Package for Social
Science (SPSS-24). Results are presented as tables and
diagrams. We used mean (M), standard deviation (SD),
median (Me) and interquartile range (Q25, Q75) of the
data in thisstudy. A p value <0.05 was considered
significant.

Results:

Total 125 patients with CHC with ESRD on MHD were
selected randomly in this study.None of the patients
was co-infected with hepatitis B or human
immunodeficiency virus. Patients were observed for six
months without antiviral drugs to observe the
occurrence of spontaneous clearance of virus. During
the observation period of six months, 29 patients
(23.20%) became HCV-RNA negative spontaneously

(Figure 1).
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Fig.-1: Percentage of spontaneous virus clearance in

studied population

Ninety six patients had detectable HCV-RNA after six
months. Among them 53 (55.20%) were female and 43
(44.80%) were male. Mean age of the patients was 44.50+
11.78 years. The underlying common etiology of CKD
in this study were diabetic nephropathy in 42 (43.75%),
chronic glomerulonephritis in 33 (34.37%), and
hypertensive nephropathy in 21 (21.88%) patients.

Among them 56 patients (58.34%)were on thrice weekly
hemodialysis and 40 patients (41.66%)were on twice
weekly hemodialysis session. Mean duration of
hemodialysis was 1.6 years (0.7 -6 years).

Ninety six patients with detectable HCV-RNA
irrespective of genotype were treated with half-dose

sofosbuvir (200 mg) and daclatasvir (60 mg), daily for 12
weeks.

The median HCV-RNA level in all 96 studied patients
was 2.76x10% (1.56 x103— 1.89x109)IU. Nineteen
patients(19.79%) had evidence of compensated chronic
liver disease(CLD) at the time of enrollment to study
and 100% patients were treatment naive. Ninety one
patients(94.80%) achieved SVR with undetectable HCV-
RNA after 12 weeks (Figure 2).
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Fig.-2: Virological response in studied hemodialysis
patients after 12 weeks of the antiviral treatment

There were no significant differences in biochemical
parameters in pre- and post-treatment in patients treated
with half dose sofosbuvir and daclatasvir shown in
table-I.

Table-1

Changes in biochemical parameters pre- and post-treatment in half dose sofosbuvir and daclatasvir group

Investigations Pretreatment Post-treatment P value
Hemoglobin(g/dl) (Mean+ SD) 9.32+1.2 9.40+1.3 0.533
Bilirubin(mg/dl) Mean( Range) 0.82(0.58-1.1) 0.85(0.3-1.08) 0.785
AST U/L ) (Mean, Range) 56.23(19-290) 43.87(27-187) 0.786
ALT U/L) (Mean, Range) 52.5(23-345) 47.23(26-187) 0.635
Albumin (gm/dl) (Mean+ SD) 3.87+0.64 3.89+0.43 0.832
Creatinine phosphokinase(CPK:U/L) (Mean+ SD) 93.3242.1 89.58+1.7 0.757
Serum Amylase(U/L) (Mean+ SD) 162+1.9 149+1.7 0.657
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All patients tolerated the DAAs well and none of the
patients reported any serious adverse events (Figure
3). No patient discontinued antiviral therapy due to side
effects.

8.00%

7.50%
7.00% | 6.80%
6.00% | 6.00%
< oo | 5.10%
4.00% -
3.00% -
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Fig.-3: Percentage of antiviral side effects in studied
population

Patients who attained SVR with DAA, after 6 months
we repeated HCV-RNA in 30 patients, in majority of them
(28, 93.3%) HCV-RNA were undetected but in 2
patients(6.7%) HCV-RNA was detected again.

Discussions:

In our study total 125 HCV positive patient on ESRD on
MHD underwent HCV-RNA PCR test. All patients with
detectable HCV-RNA were observed for six months
without antiviral drugs to observe the occurrence of
spontaneous clearance of virus. During the observation
period, 29 patients (23.20%) had spontaneous virus
clearance with a undetectable HCV-RNA. The
remaining 96 patients got half dose sofosbvir (200mg)
and daclatasvir (60 mg), irrespective of genotype daily
for 12 weeks. Twelve weeks after the treatment (94.8%)
91 patients achieved SVR with undetectable HCV-RNA.

Sofosbuvir is an NS5B polymerase inhibitor and is
metabolized intracellularly and forms the active
metabolite GS-461203, followed by dephosphorylation
resulting in the inactive compound GS-331007. GS-
331007 is primarily renal excreted (78% of the
administered dose)!3-13. So, increased metabolite levels
in patients with renal impairment and its efficacy and
safety remains an important issue.

There are few studies on using full dose sofosbuvir,
half dose sofosbuvir, full dose sofosbuvir in alternate
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days?!"23. A meta-analysis comparing two subgroups
of patients who received either a full dose of sofosbuvir
(400 mg per day) or a decreased dose found that the
SVR rate was 97.1% (95% confidence interval 92.1-
99.9%) for the full-dose group and 96.2% (95%
confidence interval 88.3-100%) for the decreased-dose
group. The difference between these two groups was
not statistically significant, as indicated by the p-value
of 0.72.24

Daclatasvir is an NS5A inhibitor that is administered at
a dosage of 60 mg/day. This drug is highly bound to
plasma proteins (99%). It is metabolized in liver
(CYP3A4) and is a substrate of P-gp. Biliary excretion is
the major route of elimination'*. Studies have showed
that no dose adjustments of daclatasvir are necessary
in patients with renal impairment?>-2,

In our study, after treating 96 patients of ESRD on
MHD irrespective of genotype with half dose
(200mg)sofosbuvir and full dose (60mg)daclatasvir for
12 weeks, 91 patients (94.8%) achieved SVR at 12 weeks.
Near similar to our experience, Taneja et al.>” showed in
their study 65 patients of CKD eGFR<30ml/min/1.73m?
received half dose sofosbuvir and full dose daclatasvir
and all patients attained SVR. Chowdhury et al.?3
showed in their study among 14 patients 2 patients were
treated with sofosbuvir (400 mg) in alternate days and
daclatasvir daily these 2 patients also attained sustained
virological response at 12 weeks. Mostafi et al[28] also
showed in their study 100% patients achieved SVR
with undetectable HCV-RNA in 12 weeks who got half
dose sofosbuvir and full dose daclatasvir.

In our study, half dose sofosbuvir and full dose
daclatasvir were well tolerated by ESRD patients and
there were no major side effects and no treatment
discontinuation. Similar result is seen in Taneja et al. 27,
Several small studies and case reports have shown that
both low-dose (200 mg) and normal-dose (400 mg)
sofosbuvir were overall well-tolerated!® 2% All the
patients in our study tolerated this regimen well without
any major side effects; several case series have also
showed good safety profile of half dose sofosbuvir?!-
23.28-31 ike our study.

In our study there were no significant difference in
before and after treatment with antivirals in levels of
hemoglobin, liver function test, creatinine-
phosphokinase and serum amylase level. Mostafi et al. 28
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also showed in their study there were no significant
differences in biochemical parameters in pre and post-
treatment biochemical parametersin HD patients treated
with the half-dose sofosbuvir and daclatasvir.

Patients who attained SVR with DAA, after 6 months,
we repeated HCV-RNA in 30 patients, in majority of
them (93.34%) HCV-RNA were undetected but in 2
patients(6.66%) HCV-RNA were detected again.

The efficacy and safety of half dose sofosbuvir (200mg)
with daclatasvir(60mg) in patients of ESRD is established
in our study but the main limitation of our study are
having small sample size, genotyping was not done in
our patients. However, for the increased need of
treatment in this difficult to treat group our study can
be reliable one for further future larger studies.

Conclusion:

In hepatitis C seropositive patientsdaclatasvir along with
half-dose sofosbuvir are safe,well-tolerated and effective
in the treatment of CHC patients with ESRD on MHD.
Thus, half dose sofosbuvir regimen can be recommended
in the treatment of HCV in ESRD patients in the
developing countries which can reduce the financial
burden by reducing the treatment cost of poor dialysis
patients.

References:

1. Fabrizi F, Dixit V, Dixit V. Impact of hepatitis C on survival
in dialysis patients: A link with cardiovascular mortality? J
Viral Hepat. 2012;19:601-7.

2. Fissell RB, Bragg-Gresham JL, Woods JD, Jadoul M, Gillespie
B, Hedderwick SA, et al. Patterns of hepatitis C prevalence
and seroconversion in hemodialysis units from three
continents: the DOPPS. Kidney Int. 2004; 65:2335-42

3. Duseja A, Choudhary NS, Gupta S, Dhiman RK, Chawla Y,
Sakhuja V. Treatment of Chronic Hepatitis C in end stage
renal disease: Experience at a tertiary care centre. Trop
Gastroenterol. 2012;33: 189-92. Available from: http://
www. ncbi.nlm.nih.gov/pubme d/23600 049.

4.  Gordon CE, Uhlig K, Lau J, Schmid CH, Levey AS, Wong
JB. Interferon treatment in hemodialysis patients with
Chronic Hepatitis C virus infection: A systematic review of
the literature and meta-analysis of treatment efficacy and
harms. Am J Kidney Dis. 2008; 51: 263-77. Available from:
http://linki nghub .elsev ier.com/retri eve/pii/S0272 63860
70148 25.

5. Alavian SM, Tabatabaei SV. Meta-analysis of factors
associated with sustained viral response in patients on
hemodialysis treated with standard or pegylated interferon

for hepatitis C infection. Iran J Kidney Dis. 2010; 4: 181-
94.

Available from: http://www.ncbi.nlm.nih.gov/pubme d/
20622 305.

Okoh EJ, Bucci JR, Simon JF, Harrison SA. HCV in patients
with end-stage renal disease. American Journal of
Gastroenterology. 2008; 103: 2123-34.

Available from: http://www.ncbi.nlm.nih.gov/ pubme d/
18796 105.

Carrion AF, Fabrizi F, Martin P. Should ribavirin be used to
treat hepatitis C in dialysis patients? Semin Dial. 2011; 24:
272-4.

Liu CH, Huang CF, Liu CJ, Dai CY, Liang CC, Huang JF, et
al. Pegylated interferon-da2a with or without low-dose
ribavirin for treatment-naive patients with hepatitis C virus
genotype | receiving hemodialysis: a randomized trial.
Annals of Internal Medicine. 2013 Dec 3;159(11):
729-38.

doi:  10.7326/0003-4819-159-11-201312030-00005.
PMID: 24297189..

AASLD-IDSA. Recommendations for testing, managing,
and treating hepatitis C. [cited 2018 Feb 2].

Available from: http:// www.hcvgu ideli nes.org. Accessed
26 Jan 2018.

Roth D, Nelson DR, Bruchfeld A, Liapakis A, Silva M,
Monsour H Jr, et al. Grazoprevir plus elbasvir in treatment-
naive and treatment-experienced patients with hepatitis C
virus genotype 1 infection and stage 4-5 chronic kidney
disease (the C-SURFER study): a combination phase 3 study.
Lancet. 2015 Oct 17;386(10003):1537-45.

doi: 10.1016/S0140-6736(15)00349-9. Epub 2015 Oct 5.
Erratum in: Lancet. 2015 Nov 7;386(10006):1824. PMID:
26456905.

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-
1598.

doi: 10.1053/j.gastro.2016.02.078. Epub 2016 Mar 11.
PMID: 26976799.

Gane E, Lawitz E, Pugatch D, Papatheodoridis G, Briu N,
Brown A, et al. Glecaprevir and Pibrentasvir in patients
with HCV and severe renal impairment. N Engl J Med.
2017; 377: 1448-55.

Available from: http:// www.nejm.org/doi/10.1056/NEJMo
al704 053.

Cornpropst M, Denning J, Clemons D, Marbury T, Alcorn
H, Smith W, et al. The effect of renal impairment and end
stage renal disease on the single-dose pharmacokinetics of
PSI-7977 [abstract 1101]. 47th Annual Meeting of the
European Association for the Study of the Liver (EASL),
April 18-22, 2012, Barcelona

106



Journal of Bangladesh College of Physicians and Surgeons

Vol. 41, No. 2, April 2023

14.

20.

21.

22.

107

Smolders EJ, de Kanter CT, van Hoek B, Arends JE, Drenth
JP, Burger DM. Pharmacokinetics, efficacy, and safety of
hepatitis C virus drugs in patients with liver and/or renal
impairment. Drug Saf. 2016;39: 589-611.

Choudhary N, Kumar A, Bodh V, Bansal S, Sharma R, Jain
M, et al. Efficacy and safety of sofosbuvir-based regimens
in chronic hepatitis C patients on dialysis. Indian Journal
of Gastroenterology. 2017; 36(2): 113-6.

Saxena V, Koraishy FM, Sise ME, Lim JK, Schmidt M, Chung
RT, et al. Safety and efficacy of sofosbuvir-containing
regimens in hepatitis C-infected patients with impaired renal
function. Liver Int. 2016 Jun;36(6):807-16.

doi: 10.1111/1iv.13102. Epub 2016 Mar 24. PMID:
26923436; PMCID: PMC6453817

Singh T, Guirguis J, Anthony S, Rivas J, Hanouneh IA,
Alkhouri N. Sofosbuvir-based treatment is safe and effective
in patients with chronic hepatitis C infection and end stage
renal disease: a case series. Liver Int. 2016;36: 802-6.

Sulkowski M, Telep LE, Colombo M, Durand F, Reddy KR,
Lawitz E, et al. Sofosbuvir and risk of estimated glomerular
filtration rate decline or end-stage renal disease in patients
with renal impairment. Alimentary Pharmacology and
Therapeutics. 2022;55(9): 1169-78.

Huang CF, Tseng KC, Cheng PN, Hung CH, Lo CC, Peng
CY, et al. Impact of Sofosbuvir-Based Direct-Acting
Antivirals on Renal Function in Chronic Hepatitis C
Patients With Impaired Renal Function: A Large Cohort
Study From the Nationwide HCV Registry Program (TACR).
Clinical Gastroenterology and Hepatology. 2022;20(5):
1151-62.

Association for the Study of the Liver E. EASL
Recommendations on Treatment of Hepatitis C 2016.
Journal of Hepatology. 2016 [cited 2018 Feb 2];
Available from: http://www.easl.eu/media s/cpg/HCV2016/
English-repor t.pdf.

Gane EJ, Robson RA, Bonacine M, Maliakkal B, Kirby B,
Liu L, et al. Safety, antiviral efficacy, and pharmacokinetics
of sofosbuvir in patients with severe renal impairment. In:
65th annual meeting of the American association for the
study of liver diseases, 7 Nov 2014. Boston, MA; 2014.

Ram BK, Frank C, Adam P, Levy C, Hernandez M, Jeffers
L, et al. Safety, efficacy and tolerability of half-dose
Sofosbuvir plus simeprevir in treatment of Hepatitis C in
patients with end stage renal disease. J Hepatol. 2015;
63:763-5.

https ://doi.org/10.1016/j.jhep.2015.06.004.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Choudhary NS, Kumar A, Bodh V, Bansal SB, Sharma R,
Jain M, et al. Efficacy and safety of sofosbuvir-based
regimens in chronic hepatitis C patients on dialysis. Indian
Journal of Gastroenterology. 2017 Mar;36(2):113-116.
doi: 10.1007/s12664-017-0735-7. Epub 2017 Mar 9.
PMID: 28281085

Li M, Chen J, Fang Z, Li Y, Lin Q. Sofosbuvir-based regimen
is safe and effective for hepatitis C infected patients with
stage 4-5 chronic kidney disease: a systematic review and
meta-analysis. Virol J. 2019;16(1):34.

EMA. Daklinza product information. 2015. http://
europa.eu/docs/en_GB/document_library/
EPAR_- Product_ Information/human/003768/
WC500172848.pdf. Accessed 29 Sept 2015.

Garimella T, Wang R, Luo WL, Hwang C, Sherman D,
Kandoussi H, et al. Single-dose pharmacokinetics and safety

www.ema.

of daclatasvir in subjects with renal function impairment.
AntivirTher. 2015;5: 535-43.
doi:10.3851/imp2941.

Taneja S, Duseja A, De A, Mehta M, Ramachandran R,
Kumar V, et al. Low-Dose Sofosbuvir Is Safe and Effective
in Treating Chronic Hepatitis C in Patients with Severe
Renal Impairment or End-Stage Renal Disease. Dig Dis Sci.
2018 May;63(5):1334-1340.

doi: 10.1007/s10620-018-4979-6. Epub 2018 Feb 26.
PMID: 29484572.

Mostafi M, Jabin M, Chowdhury Z, Khondoker MU, Ali
SM, Tamanna R, et al. The outcome of Daclatasvir and low
dose Sofosbuvir therapy in end-stage renal disease patients
with hepatitis C virus infection. Ukranian Journal of
Nephrology Dial. 2020;2(66):3-8.

doi: 10.31450/ukrjnd.2(66).2020.01

Desnoyer A. Sofosbuvir in hemodialysis: 400mg daily of
only the day of hemodialysis? [abstract no. 19]. 16th
international workshop of clincial pharmacology of HIV
and hepatitis therapy, 26 May 2015, Washington, DC.

Sperl J, Frankova S, Kreidlova M, Merta D, Tothova M,
Spicak J. Combination of Sofosbuvir and Daclatasvir in the
treatment of genotype 3 Chronic Hepatitis C virus
infection in patients on maintenance hemodialysis.
TherClin Risk Manag. 2017

Singhal R, Ahlawat R, Tiwari P, Duseja A. Efficacy and
safety of Sofosbuvir with Simeprevir in hepatitis C infected
patients with severe chronic kidney disease: A systematic
review and metaanalysis. BiolEng Med Sci Rep. 2016;2:5—
12. Available from: http://bemsr eport s.org/artic le/64.



