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Abstract

Background: While renal dysfunction has been reported in

in age, gender, comorbidities and medication between pa-
tients with and without renal dysfunction.

chronic hepatitis C patients treated with Sofosbuvir-based
direct-acting antivirals in high income countries, the impact
of this treatment on renal function has not been studied in
patients from Sub-Saharan countries such as Cameroon.

Material and method: We conducted a prospective study

Conclusion: Renal dysfunction is frequent in Cameroo-
nian patients treated with Sofosbuvir, affecting more than
2 patients out of 5 during treatment. Long term renal tol-
erance and risk factors of renal dysfunction due to Sofos-
buvir should be explored in Cameroonian as well as other

Sub-Saharan African chronic hepatitis C patients.
over 6 months in a single heath care facility in Cameroon. . o

All consenting patients = 18 years treated with Sofosbuvir
regimen for 12 weeks were included. Serum creatinine was
measured at baseline and during treatment (4™, 8"and 12"
week). The Chronic Kidney Disease Epidemiology collabo-
ration equation was used to calculate the estimate glomeru-
lar filtration rate (eGFR) and renal dysfunction was defined
as a decrease of = 25% eGFR compared to baseline.

Keywords

Chronic hepatitis C, Sofosbuvir, Estimated glomerular filtra-
tion rate, Renal dysfunction, Cameroon

Background

The liver disease caused by the Hepatitis C virus
(HCV) represent a major public health concern with an
estimated prevalence of 71 million worldwide and over
390,000 deaths annually [1]. Beyond the risk of devel-
oping liver complications, mainly cirrhosis and liver can-
cer, patients with chronic hepatitis C have an increased
risk of morbidity and-mortality due to non-liver diseas-
es such as auto-immune diseases, lympho-proliferative

Result: A total of 27 patients including. 15 female were
studied. The mean age of the patients was 57.9 + 9.3 years.
Overall, we observed a significant on-treatment decline in
eGFR (mean eGFR variation: -4.3 ml/min/1.73 m?/ month;
95% CI -6.2 to -2.4; p < 0.001) with the lowest eGFR at
the 8" week of treatment. Renal dysfunction was noted in
44.5% of participants with a significant on-treatment decline
in eGFR (mean eGFR variation -6.9 ml/min/1.73 m?/month;
95% CI1-9.5 to -4.2, p < 0.001). There was no difference
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disorders (including mixed cryoglobulinemia vasculitis  riod (November 1%, 2019 to April 30%, 2020) at the
and Frank lymphoma), as well as cardiovascular and hepato-gastro-enterology unit of the Yaounde Teaching
renal complications [2]. In the kidney, HCV can induce Hospital, which is one of the main hepato-gastro-enter-
glomerular damage such as cryoglobulinemic glomeru-  ology services of the Cameroonian capital.

lonephritis (GN), mesangiocapillary GN or membranous
nephropathy. The hepato-renal syndrome can also be
found as a complication of cirrhosis [2]. Renal compli- Patients > 18 years with hepatitis C treated with So-
cations have also been reported with agents used to fosbuvir-based DAAs for 12 week-period who agreed
treat HCV. Interferon has been associated with minimal  to participate to the study were included. Patients with
change disease, focal and segmental glomerulosclero- known CKD stage 5, those with decompensated cir-
sis, membranous nephropathy, tubulo-interstitial ne- rhosis and patients who were lost to follow-up before
phritis, systemic lupus erythematosus-like syndrome the end of the treatment were excluded. Patients were
and thrombotic microangiopathy [3-5]. Kidney inju- recruited in outpatient clinics, before the initiation of
ry has not been attributed to direct-acting antivirals Sofosbuvir-based DAAs. They were then followed and
(DAAs) except for Sofosbuvir. evaluated at the 4%, 8" and 12" weeks of treatment.
Recruitment of patients was completed before the 1*
January 2020 and all patients were followed from the
beginning to the end of treatment (12 weeks).

Participants and methods

Sofosbuvir is currently the mainstay HCV infection
treatment worldwide. It is a nucleotide analogue in-
hibitor of the HCV non-Structural 5B polymerase with
similar in vitro activity against all HCV genotypes [6]. Age, gender, comorbidities, medications (NSAID,
Unlike other DAAs that are mainly of biliary elimina- Metformin, angiotensin blocker, Tenofovir, diuretics),
tion, GS-331007, the main metabolite of Sofosbuvir, is  blood pressure (BP) were recorder as well as, HCV viral
mostly eliminated through the kidney [7]. Data on the load, baseline serum transaminase and baseline hae-
nephrotoxicity of Sofosbuvir are still controversial. Ne- moglobin levels when available. The medical record of
phrotoxicity of Sofosbuvir was not reported as a safety  the patient was used to complete information obtained
signal in phase lll clinical trials; but most of the patients  during the participant’s interview. Blood samples were
included in the trials had eGFR > 60 ml/min/1.73 m?and  collected at weeks 0, 4, 8 and 12 of Sofosbuvir-based
few comorbidities [8-11]. In patients with chronic kid- DAAs treatment for serum creatinine analysis. The dai-
ney disease (CKD), Sofosbuvir was found to be safe and  ly dose of Sofosbuvir, Velpatasvir and Daclatasvir were
effective even in patients with advanced CKD including  respectively 400 mg/day, 200 mg/day and 60 mg/day.
those on dialysis [12-15]. However, acute Kidney injury
(AKI) has been reported to occur in 1-19% of patients
treated with Sofosbuvir with a higher incidence among
patients with CKD stage 3-4 [7,16-18]. AKl is found to
usually occur around 9 weeks after initiation of treat-
ment with Sofosbuvir. It is characterized by histological
feature of acute interstitial nephritis and may be revers-
ible following drug discontinuation [16,18]. Baseline Statistical analysis
CKD, presence of ascites or cirrhosis, concomitant use
of nephrotoxic drugs such as non-steroidal anti-inflam-
matory drugs (NSAID) are considered to be risk factors;
and monitoring of kidney function is recommended in
all HCV patients treated with Sofosbuvir [7,18,19].

The Jaffe’s kinetic method was used to measure se-
rum creatinine. The eGFR was assessed from baseline to
end of treatment using the Chronic Kidney Disease-Epi-
demiology collaboration (CKD-EPI) equation. Renal dys-
function was defined as a reduction of at least 25% of
the eGFR when compared to baseline.

Data were analysed with the IBM SPSS (Statistical
Package for Social Sciences) version 26.0. Qualitative
variables were presented as frequency and percentage
while quantitative variables were presented as mean *
standard deviation or median + interquartile range ac-

The Prevalence of HCV is reported to be high in cording to their distribution. A generalized linear mod-
Sub-Saharan Africa, especially among central African el was used to determine the variation of eGFR during
countries such as Cameroon where the estimated prev- treatment. Chi tests were used to compare variables
alence of HCV is 6.5% [20,21]. DAAs have been recently among patients with and without renal dysfunction. A
introduced in Cameroon and Sofosbuvir is the corner-  p-value of < 0.05 was considered as statistically signif-
stone of the treatment. Data on the renal safety of So- icant.
fosbuvir in Cameroon, as well as in the Sub-Saharan re-
gion are not currently available. We therefore sought
to describe the evolution of eGFR in patients receiving Ethical clearance was obtained from the Ethical
Sofosbuvir-based DAAs in Cameroon. committee of the Faculty of Medicine and Biomedical

. Sciences of Yaounde and administrative authorization
Material and Method was obtained from the Yaounde Teaching Hospital. A
Study design written informed consent was obtained from each par-
ticipant.

Ethical consideration

We conducted a prospective study over a6 month-pe-
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Table 1: Baseline characteristics of participants.

Variables Effective (N = 27) Percentage
Sex (male) 12 44 .4
Age (years)

(25-45) 2 7.4
(45-65) 19 70.4
=65 6 22.2
Comorbidity

High blood pressure 8 29.6
Diabetes 7 26
Gout 2 7.4
Chronic kidney disease 1 3.7
2 2 comorbidities 6 22
Medications

Angiotensin blocker 8 29.6
Metformin 5 18.5
Diuretic 3 11
HCV Genotype

1 26
4 18.5
Unknown 15 55.5
Baseline Biological data’

Haemoglobin (g/dl) 129+1.3 -
Alanine aminotransferase (Ul/I) 67 (45.7-79.0) -
Aspartate aminotransferase (Ul/l) 55.0 (IQR 46.0-80.0) -
Median viral load (x 108 copy/mm?3) 1.1 (IQR 0.7-2.25)

Creatinine (mg/dl) 1.02 (IQR 0.83-1.17) -
eGFR (ml/min/1.73 m2) 82.4 +20.6

‘Means * standard deviation or median (25" -75" interquartile range); eGFR: Estimated glomerular filtration rate.

Results

Sofosbuvir-based DAAs was initiated in 31 adult pa-
tients between November and December 2019; 4 pa-
tients were lost to follow-up before the end of treatment
and a total of 27 participants were included in the study.
The mean age was 57.9 + 9.3 years (range 33-75 years)
and 15 participants were female. Comorbidities were
noted in 33% (n = 9) of participants with high blood pres-
sure (n =8, 29.6%) and diabetes (n = 7, 26%) as the most
common. Co-infection with Hepatitis B or D virus or HIV
was not observed. Angiotensin blockers were the main
nephrotoxic drugs used. Use of traditional medicine or
non-steroidal anti-inflammatory drug was not reported
by patients before and during Sofosbuvir-based DAAs
(Table 1). Mean baseline systolic and diastolic BP were
respectively 132.3 + 20.4 mmHg and 82.6 + 12.4 mmHg
with 10 patients above 140/90 mmHg at baseline.

The median duration from HCV diagnosis to the ini-
tiation of treatment was 6 weeks (25"-75" interquartile
(IQR) 3.5-8.5). Genotype was unknown in most patients
(n =15, 55.5%). Among those with available genotype,
only genotype 1 (n =7, 26%) and 4 (n =5, 18.5%) were

Danielle et al. J Clin Nephrol Ren Care 2021, 7:063

found. The median viral load was 1.094.778 (668.760-
2.255.336) copy/mm?3. All the participants were naive
to HCV treatment. Two Sofosbuvir based-DAA combina-
tions regimen were used to treat the participants (So-
fosbuvir + Velpatasvir: n = 22, 81.5% and Sofosbuvir +
Daclatasvir: n =5, 18.5%).

At baseline, 2 patients had an eGFR < 60 ml/min/1.73
m? amongst which a known CKD stage 3b patient. For
the other patients, the mean baseline eGFR was 86.6 +
17.3 ml/min/1.73 m2.

Overall, there was a significant on-treatment de-
cline in eGFR (mean eGFR variation: -4.3 ml/min/1.73
m2/month; 95% Cl -6.2 to -2.4; p < 0.001). The lowest
eGFR was noted at week 8 while a slight increase was
observed at the end of the treatment (Figure 1).

Among the 2 patients with baseline eGFR under 60
ml/min/1.73 m?; one patient experienced an improve-
ment in eGFR and the other one (female with a known
CKD stage 3b) presented a decrease in eGFR from 30.1
ml/min/1.73 m? at baseline to 19.2 ml/min/1.73 m? at
week 8 and 22.2 ml/min/1.73 m? at the end of the treat-
ment (Figure 1).
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Figure 1: Evolution of eGFR. A) Evolution of eGFR of all the participants (N = 27); B) Evolution of eGFR of patient with
baseline eGFR = 60 ml/min/1.73 m?; C) Evolution of eGFR of patients with baseline eGFR < 60 ml/min/1.73 m?; D) Evolution
of eGFR in patients with renal dysfunction; E) Evolution of eGFR in patients without renal dysfunction.

Renal dysfunction was observed in 12 (44.5%) partic-  in HCV patients treated with Sofosbuvir-based DAAs in
ipants with a mean eGFR decline of 6.9 ml/min/1.73 m?/  a health care facility from Cameroon. Overall, we ob-
month (95% Cl -9.5 to-4.2, p < 0.001) while variation of  served a significant on-treatment decline in eGFR with
eGFR was not significant in patients without renal dys- a mean eGFR variation of -4.3 ml/min/1.73 m?/month
function (mean eGFR variation: -2.2 ml/min/1.73 m2?/ (95% Cl -6.2 to -2.4; p < 0.001). Renal dysfunction was
month; 95% Cl -4.6 to 0.2; p = 0.071) - Figure 1. Age, noted in 44.5% (n = 12) of participants with a mean
gender, comorbidities and medications were similar eGFR variation of -6.9 ml/min/1.73 m?/month (95% ClI
among patients with and without renal dysfunction (Ta- -9.5 to -4.2, p < 0.001).

ble 2). A significant on-treatment decline in eGFR has also

Discussion been reported by others. In Taiwan, Chen-Hua, et al.

. . noted that patients receiving Sofosbuvir-based DAAs
This study sought to evaluate the evolution of eGFR
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Table 2: Comparison of some variables according to on-treatment renal dysfunction.

Variable Renal Dysfunction (%) Absence of Renal Dysfunction p-Value
n=12 (%)n=15
Sex (female) 8 (67) 7 (47) 0.26
Age (= 65 years) 4 (33.3) 2 (13.3) 0.22
Comorbidities
Hypertension 4 (33.3) 4 (26.7) 0.51
Diabetes 4 (33.3) 3 (20) 0.36
Gout 2 0 0.18
Chronic kidney disease 1 0 0.44
Medication
Angiotensin blocker 4 (33.3) 4 (26.7) 0.51
Metformin 3 (25) 2(13.3) 0.4
Diuretic 2 (16.7) 1(6.7) 0.4
Biological data (baseline)
Hemoglobin (g/dl) 12.8+1.3 129+1.3 0.67
Alanine amino-transferase (Ul/l) 60.5 (27.5-77.0) 67.8 (51.8-79.2) 0.35
Aspartate amino-transferase (Ul/l) 68.5 (29.0-92.0) 51.0 (47.1-66.5) 0.8
Genotype 1 2 (66.7) 5 (55.6) 0.6
Treatment regimen
Sofosbuvir + Velpatasvir 10 (83.3) 12 (80) 0.99
Sofosbuvir + Daclatasvir 2(16.7) 3 (20)

experienced a significant on-treatment decline in eGFR  rum creatinine by > 0.3 mg/dl within 48 hours or an in-
compared to patients receiving Sofosbuvir-free DAAs  crease in serum creatinine to 1.5 times baseline within
[22]. Tsai, et al. in Asian chronic HCV cohort patients, 7 days or decrease in eGFR by 2 25% within 7 days [26].
found a significant decrease in eGFR from baseline to  However, most studies in patients receiving DAAs de-
end of treatment in patients treated with DAAs includ- fined AKI as an increase of > 0.3 mg/dl from baseline
ing Sofosbuvir. However, while an improvement of eGFR  during or after treatment. Thus, the use of the term ‘AKI’
was noted with other DAAs, eGFR remained unchanged can be confusing and other terms such as renal dysfunc-
from end of treatment to 12 weeks after treatment in  tion may be more appropriate. In our study, 44.5% (n =
patients receiving Sofosbuvir [23]. In Portugal, Soeiro, 12) of participants experienced renal dysfunction. All of
et al. also found a decrease in eGFR in HIV/HCV patients  them also had an increase of at least 0.3 mg/Il in serum
treated with Sofosbuvir + Ledipasvir including those not  creatinine levels when compared to baseline during
receiving Tenofovir [24]. Similarly, in France, Mallet, et  Sofosbuvir-based DAAs treatment. This percentage of
al. noted a significant on-treatment decline of eGFR in  treatment related renal dysfunction is high when com-
patients receiving Sofosbuvir-based DAAs and Sofos- pared to previous reports as CKD, the main risk factor of
buvir was a risk factor of eGFR decline in HCV patients  renal dysfunction, was uncommon in our cohort (93% of
treated with DAAs [25]. participants had eGFR = 60 ml/min/1.73 m?). In the USA,
Brown, et al. reported that 19% of HCV patients receiv-
ing Sofosbuvir + Ledipasvir experienced renal dysfunc-
tion during treatment and only 53% of patients with
renal dysfunction had improvement in serum creatinine
to less than 0.2 mg/dl above their baseline within 12
weeks after the end of the treatment [17]. In their North
American study, Maan, et al., found renal dysfunction
in 11% of participants with 88% of renal recovery at the
end of the study [18]. Saxena, et al. found that 2% of
patients receiving Sofosbuvir-based DAAs experienced
worsening of renal function with 1% of patients with

AKI may occur in 1-19% of patients treated with So-  baseline eGFR > 45 ml/min/1.73 m? compared to 15% of
fosbuvir-based DAAs depending on AKI definition and  patients with baseline eGFR < 45 ml/min/1.73 m? [16].
patient selection with a higher frequency among CKD  |n CKD stage 3 patients, Shin, et al., reported renal dys-
patients [7]. AKI is usually defined as an increase in se-  function in 14.3% of HCV genotype 1 patients treated
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Two of our patients had baseline eGFR < 60 ml/
min/1.73 m2. One patient experienced worsening of
renal function with the lowest eGFR at week 8" (30.1
ml/min/1.73 m? at baseline to 19.2 ml/min/1.73 m? at
week 8 to 22.2 ml/min/1.73 m? at week 12%"); while the
other patient had an improvement of his kidney func-
tion during treatment (54 to 65.4 ml/min/1.73 m?). As
his eGFR increased during the first 4 weeks of treatment
and then remained stable, it is possible that this patient
experienced an AKI before initiation of the treatment.
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with Sofosbuvir-based DAAs [27]. Comorbidities, espe- 3. Gianassi L, Allinovi M, Caroti L, Cirami LC (2019) Broad
cially diabetes, concomitant use of nephrotoxic drugs spectrum of interferon-related nephropathies-glomerulone-

. . . phhritis, systemic lupus erythematous-like syndrome and
(angiotensin blockers, NSAID), ascites, decompensat- thrombotic microangiopathy: A case report and review of

ed cirrhosis and baseline renal impairment are usual literature. World J Nephrol 8: 109-117.

risk factors of renal dysfunct!on in Iltergture FeVIEWS 4 Markowitz GS, Bomback AS, Perazella MA (2015) Drug-in-
[7,18,19]. Those factors were infrequent in our cohort, duced glomerular disease: Diret cellular injury. Clin J Am
suggesting that other factors such as African ethnicity Soc Nephrol 10: 1291-1299.

or genetic factors may be involved in nephrotoxicity of 5 ndra A, Wang JC (2017) Interferon induced thrombotic
Sofosbuvir in our population. microangiopathy (TMA): Analysis and concise review. Crit

. T . Rev Oncol Hematol 112: 103-112.
This study has some limitations. Firstly, we reported

a single-center experience and our sample size is small. 8- Li HC, Lo SY (2015) Hepatitis C virus: Virology, diagnosis
Therefore, our results may not reflect the true picture and treatment. World J Hepatol 7: 1377-1389.
of eGFR evolution in patients treated with Sofosbuvir 7- Dashti-Khavidaki S, Khalili H, Nasiri-Toosi M (2018) Poten-

based-DAA in Cameroon. The small size of our sample F'al nephro.tox'c'ty O.f.SOfOS.bUV'_r'baseq treatment in patients
infected with hepatitis C virus: A review on incidence, type

also limited the ability to conduct a multivariable analy- and risk factors. Expert Rev Clin Pharmacol 11: 525-529.
sis to identify risk factors of renal dysfunction. Secondly,
Y Y Y 8. Afdhal N, Zeuzem S, Kwo P, Chojkier M, Gitlin N, et al.

we did not evaluate the evqu‘Flon of the renal function (2014) Ledipasvir and sofosbuvir for untreated HCV geno-
after the end of treatment. This would have allowed us type 1 infection. N Engl J Med 370: 1889-1898.

to determine if eGFR improved among patients with re- 9. Kowdley KV, Gordon SC, Reddy KR, Rossaro L, Bern-

nal dysfunction. However, to our knowledge, this is the stein DE, et al. (2014) Ledipasvir and sofosbuvir for 8 or
first study that evaluated the evolution of eGFR in HCV 12 weeks for chronic HCV without cirrhosis. N Engl J Med
patients receiving Sofosbuvir based-DAA in Sub-Saharan 370: 1879-1888.

Africa. Our result of 44.5% of renal dysfunction during  10. Alqahtani SA, Afdhal N, Zeuzem S, Gordon SC, Mangia A,
treatment is of interest and further studies should be et al. (2015) Safety and tolerability of ledipasvir/sofosbuvir
done to confirm our results, identify factors which could with and without ribavirin in patients with chronic hepatitis C

virus genotype 1 infection: Analysis of phase Ill ION ftrials.
Hepatology 62: 25-30.

11. Nelson DR, Cooper JN, Lalezari JP, Lawitz E, Pockros PJ,

explain this high frequency of renal dysfunction and
evaluate the long term renal tolerance of Sofosbuvir in

our settings. et al. (2015) All-oral 12-week treatment with daclatasvir
Conclusion plus sofosbuvir in patients with hepatitis C virus genotype
3 infection: ALLY-3 phase Il study. Hepatology 61: 1127-

The eGFR should be closely monitored in Camerooni- 1135.
an HCV patients receiving Sofosbuvir-based DAAs since 12, Sise ME, Backman E, Ortiz DA, Hundemer GL, Ufere NN,
we found a significant on-treatment decline of eGFR et al. (2017) Effect of Sofosbuvir-based hepatitis C virus
with the lowest eGER at the 8" week of treatments. Re- therapy on kidney function in patients with CKD. Clin J Am

nal dysfunction is also common and reported in 44.5% Soc Nephrol 12: 1615-1623.

of patients. However, long term renal tolerance and risk ~ 13. Gil FJR, Garrido IP (2017) Tratamiento antiviral con sofos-

factors of renal dysfunction due to Sofosbuvir should be buvir en pacientes con hepatitis C e insuficiencia renal se-
. . . vera. Gastroenterol Hepatol 40: 85-86.

explored in Cameroonians as well as Sub-Saharan Afri-

can chronic hepatitis C patients. 14. Borgia SM, Dearden J, Yoshida EM, Shafran SD, Brown A,
et al. (2019) Sofosbuvir/velpatasvir for 12 weeks in hepa-
Conflict of Interest titis C virus-infected patients with end-stage renal disease

undergoing dialysis. J Hepatol 71: 660-665.

None. 15.Li M, Chen J, Fang Z, Lin Y, Lin Q (2019) Sofosbuvir-based
Authors Contributions regimen is safe and effective for hepatitis C infected pa-
tients with stage 4-5 chronic kidney disease: A systematic

Conceptualization, AAF; methodology, AAF, FMEHD review and meta-analysis. Virol J 16: 34.
and KMP software: TTOC validation, AAF, FMEHD and  16.Saxena V, Koraishy FM, Sise ME, Lim JK, Schmidt M, et
KMP; formal analysis, N.A.; investigation, TTOC and al. (2016) Safety and efficacy of sofosbuvir-containing reg-
KMP resources: AAF, TTOC, FMEHD and KMP data cu- imens in hepatitis C-infected patients with impaired renal

ration, AAF and NNAW,; writing - original draft prepa- function. Liver Int 36: 807-816.

ration, FMEHD and NNAW writing - review and editing, 17-Brown PR, Sadig O, Weick A, Lenhart A, Elbatta M, et al.

FMEHD and AAF visualization, KMP and NNAW supervi- (2018) Acute kidney injury in patients undergoing chronic
. . .. . hepatitis C virus treatment with ledipasvir/sofosbuvir. Hepa-

sion, AAF; project administration, TTOC and KMP. tol Commun 2: 1172-1178.
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