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Purpose: Direct acting antiviral agents (DAAs) have greatly improved the clearance of
hepatitis C virus (HCV) infection. The effect of DAAs on renal function in post-liver
transplant HCV-positive patients remains questionable, especially considering the possibility
of drug interactions between immunosuppressants and DAAs.

Patients and methods: A retrospective observational study included 84 post-liver trans-
plant patients with HCV infection. Patients were divided into two groups: group I received
sofosbuvir plus ribavirin for 24 weeks, group II received sofosbuvir plus daclatasvir for 12
weeks. Laboratory data and eGFR were determined before, at the end, and 6 months after
completion of treatment.

Results: The treatment was well tolerated with 100% sustained virologic response (SVR
12). There was no statistically significant difference between the two groups regarding
clinical and laboratory data before treatment. Mean eGFR significantly reduced from 87.36
mL/min to 76.16 mL/min in group I (P=0.001). However, within 6 months after treatment,
mean eGFR recovered to 81.51 mL/min, which was not significant when compared to
baseline eGFR (P=0.09). Mean eGFR in group II showed non-significant change. There
were no significant changes in immunosuppressive drug levels and eGFR in either group of
patients, who received either ciclosporin or tacrolimus before and at the end of treatment.
Conclusion: DDAs in post-liver transplant patients with HCV infection were well tolerated
and associated with stable renal function. Moreover, sofosbuvir plus daclatasvir regimen
showed relatively better renal safety compared to sofosbuvir plus ribavirin.

Keywords: renal function, hepatic transplantation, direct acting antiviral agents, hepatitis C

treatment

Introduction

Hepatitis C virus (HCV) infection is one of the most common causes of chronic
liver disease worldwide, with approximately 70 million infected patients, of whom
15-30% go on to develop cirrhosis with 3-5% annual risk of hepatocellular
carcinoma. HCV is one of the most common indications for liver transplantation
globally." These complications of hepatitis C can be prevented if antiviral therapy is
given before the occurrence of advanced hepatic disease, especially in children and
young adults.> HCV allograft infection is inevitable after liver transplantation (LT).
About 30% of patients develop liver cirrhosis within 5 years post-transplantation.
Eradication of HCV infection in post-LT patients is a concern due to faster cirrhosis
progression in hepatic allografts.>* The treatment of HCV infection with SVR
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achievement has many advantages regarding risk reduction
of liver decompensation and hepatocellular carcinoma,
improved survival and outcomes, even in patients with
severe hepatic disease.’

Past treatment with interferon and ribavirin for recur-
rent liver graft infection with hepatitis C virus, despite its
positive impact on survival, had several side-effects, such
as low SVR (15-35%), a high discontinuation rate (up to
40%), and significant drug—drug interactions.® Currently,
the direct-acting antivirals (DAAs) are considered the
treatment of choice for HCV infection. Recently, almost
all clinical guidelines recommend therapy of HCV RNA
positive patients regardless of underlying liver disease
severity and levels of serum alanine amino transferase.”®
DAAs have better results in management of HCV infec-
tion, with more than 95% of cases demonstrating sustained
virologic response 12 weeks post-treatment (SVR 12) in
non-cirrhotic candidates, and 90-95% in advanced and
decompensated cirrhosis.” Although eradication of HCV
infection before LT while on the waiting list is the option
to avoid reinfection of the graft, this may not be available
and practical in all cases.'® There are selected regimens of
DAAs tested for treatment of HCV infection post-LT.
Studies have shown cure rates of greater than 90% in
most patients.'" ' However, there is restricted clinical
information on the safety and efficacy of these regimens
in LT patients.

The incidence of renal impairment is 40% higher in
HCYV positive patients compared to HCV negative indivi-
duals. HCV-induced renal impairment ranges from mild to
end-stage renal disease, and it commonly complicates the
treatment outcome of HCV infection.!® Furthermore,
drug—drug interactions are a major concern regarding
renal safety, when treating HCV patients in the setting of
immunosuppressive drugs post-LT, while some DAAs
need no dose adjustment, others require meticulous dose
adjustment when given concomitantly with immunosup-
pressive therapy.’

The aim of this work was to evaluate the effect of
DAAs on renal function in post-liver transplant patients
with chronic hepatitis C virus infection at the end and after
the completion of treatment.

Patients and Methods

Our retrospective observational study included 84 post-
liver transplant Egyptian patients followed up at the
National liver Institute in Shebin-Elkom (Egypt) from
March 2017 to December 2019. Inclusion criteria were:

1) age >18 years; 2) positive HCV-RNA at the time of
transplantation; 3) no history of previous HCV treatment
before transplantation; and 4) acceptable kidney function
(eGFR above 60 mL/min). After liver transplantation, all
patients started DAAs with no previous attempts of treat-
ment for HCV. Patients were divided into two groups
according to the DAAs regimen received. Group I
received sofosbuvir plus ribavirin (51 patients, 60.7%)
for 24 weeks (EOT=24), and group II received sofosbuvir
plus daclatasvir (33 patients, 39.3%) for 12 weeks
(EOT=12). A sustained virological response was defined
at 12 weeks following the completion of treatment
(SVR=12).

Baseline laboratory data and eGFR were determined
before treatment initiation, at the end of treatment
(EOT=24 weeks for group I, and 12 weeks for group II),
and 6 months after the completion of treatment. The
Chronic Kidney Disease Epidemiology Collaboration
(CKD EPI) equation was used to estimate GFR.'” All
patients were maintained on Calcineurin inhibitors (either
Ciclosporin or tacrolimus). Ciclosporin level 2 hours post-
dose (C2) and tacrolimus trough level were determined
monthly during the period of treatment.”’ The research
protocol was approved by the Institutional Research
Board and Ethical Committee of the National Liver
Institute, Menoufia University. All data were collected
and analyzed to ensure data integrity and patient privacy.
The organs were donated voluntarily with written
informed consent, and the transplantations were conducted
in accordance with the Declaration of Istanbul.

Statistical Analysis

Data were analyzed using Statistical Package for Social
Science (SPSS) program for windows version 22 (SPSS
Inc. Chicago, IL, USA) and Microsoft excel. Numerical
data were expressed as mean and standard deviation (SD),
while categorical data were expressed as number and
percentage. Chi square (X°) was used to compare two
groups of categorical data. Independent ¢-test and Mann
Whitney test were used as appropriate to compare two
groups of quantitative variables, while paired #-test was
used to compare results of one group before and after
treatment. All statistical analyses were based on two-
sided hypothesis tests with a significance level of P<0.05.

Results
This retrospective study included 84 post-liver transplant
HCV positive patients divided into two groups. Group I
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included 51 patients who received sofosbuvir plus riba-
virin for 24 weeks: Group II included 33 patients who
received sofosbuvir plus daclatasvir for 12 weeks. There
was no statistically significant difference regarding demo-
graphics (age, gender, HCC, DM, hypertension, duration
of transplantation, and immunosuppression) and pretreat-
ment laboratory (bilirubin, albumin, ALT, AST,ALP, INR,
HbA1C, Na, K, CRP, Hb, WBC, platelets, uric acid, urea,
creatinine, and eGFR) data between the two studied
groups (Table 1). Urine analysis was done for all patients
with no specific findings are present as possible markers of
kidney disease. All patients tolerated treatment well with
100% clearance of virus at the end of treatment (EOT) and
at 12 weeks of completion of treatment (SVR 12). At the
end of treatment eGFR was found to be significantly lower
in group I (76.16 mL/min) compared to group II (86.00
mL/min) with a P-value=0.03 (Figure 1). eGFR signifi-
cantly reduced from 87.36 mL/min (pre-treatment) to
76.16 mL/min (EOT) in group I with a P-value=0.001
(Figure 1). However, within 6 months after the completion
of treatment, eGFR recovered to 81.51 mL/min with no
statistically significant difference when compared to base-
line eGFR before treatment (P-value=0.09). There was no
significant change in eGFR in group I (Figure 1). INR,
ALT, AST, uric acid, urea, and creatinine were found to be
significantly increased, while platelets were significantly
reduced at the end of treatment with a combination of
Sofosbuvir plus ribavirin (Table 2). Uric acid and platelets
were the variables that showed a significant increase and
decrease, respectively, at the end of treatment in the group
treated with a combination of Sofosbuvir plus Daclatasvir
(Table 2). All the parameters improved within 6 months
after completion of treatment in both groups (data not
shown). There was no statistically significant change in
eGFR in patients who received cyclosporine as compared
to those who received tacrolimus (Figure 2).

Discussion

Since the advent of DAAs, the pattern of HCV treatment
has changed dramatically. Compared to previous regimens
involving pegylated interferon and ribavirin, these recent
agents have a very safe profile and higher rates of SVR of
more than 95% with a shorter course of treatment.’'
Positive HCV patients at operation time almost always
show graft infection with HCV. Complications of HCV
reinfection such as graft dysfunction, cirrhosis, and higher
death rates are more common in LT patients than non-
transplant patients.”> There is a significant reduction of

morbidity and mortality after liver transplantation with
eradication of HCV infection.??

Short-term follow-up of DAAs treatment showed better
tolerance and acceptable drug—drug interactions, so this
treatment is by all accounts suitable both pre- and post-
liver transplantation.*2® However, eradication of HCV
infection in post-LT patients remains challenging with
potential drug—drug interactions.?”-*

According to our results, these combination treatments
were well tolerated and there was no termination of treat-
ment experienced by any of our patients due to adverse
events. All studied patients achieved sustained virological
response at week 12 after the completion of treatment
(SVR 12) with a 100% success rate.

Fortunately, we noticed no serious adverse events on
the graft function, as no patient encountered a graft rejec-
tion, dysfunction, or required re-transplantation amid or
following the antiviral treatment, and this was also
reported in previous different studies.”’>° One of these
studies showed that DAAs combination treatment was
much better tolerated with no significant side-effects and
no encountered acute rejection with tissue biopsy and
having clearly better efficacy than the previous studies
using a first-generation protease inhibitor with pegylated
interferon (Peg-IFN) and ribavirin.'?

The major target in antiviral treatment for chronic hepa-
titis C is sustained virological response, which is typically
accompanied by normalization of aminotransferase levels.
Some patients, especially those with advanced liver disease,
however, show persistent hepatic injury after HCV cure.’!
Interestingly, our study revealed mild elevation of amino-
transferases at the end of treatment compared to pretreat-
ment levels; however, this elevation was improved 6
months after completion of therapy. In concordance with
the demographic and laboratory findings of our study,
Welsch et al*> demonstrated factors like male gender,
Gamma-glutamyl transferase, and markers of advanced
liver disease to be baseline factors that were significantly
associated and correlated with ongoing elevation of ALT
levels after SVR; however, this was in treatment of chronic
hepatitis C infection without liver transplantation.

Regarding the assessment of renal function while using
DAAs in post-liver transplant patients infected with hepa-
titis C virus, patients treated with sofosbuvir plus ribavirin
(group I) showed a significant reduction of the eGFR at the
end of treatment from 87.36 mL/min to 76.16 mL/min, but
still in the normal range, also there was a significant
increase in serum urea, creatinine, and uric acid at the
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Table | Clinical and Laboratory Data of the Two Studied Groups Before Treatment

Variables Group | Sofosbuvir + Ribavirin Group Il Sofosbuvir + Daclatasvir Test P
(n=51) (n=33)
Age (years) 52.63+4.44 50.85+6.26 1.52 0.131
Gender:
Male (n) (%) 38 (74.5) 28 (84.8) 1.27% 0.29
Female (n) (%) 13 (25.5) 5(15.2)
HCC:
Yes (n) (%) 12 (23.5) 5(13.3) 0.87* 0.26
No (n) (%) 39 (76.5) 28 (85.7)
Diabetes:
Yes (n) (%) 41 (80.4) 28 (84.8) 0.27* 0.77
No (n) (%) 10 (19.6) 5(15.2)
Hypertension:
Yes (n) (%) 43 (84.3) 30 (90.9) 0.77* 0.52
No (n) (%) 8 (15.7) 309.1)
Immunosuppression
Tacrolimus (n) (%) 39 (76.5) 25 (75.8) 0.006* | 1.00
Ciclosporin (n) (%) 12 (23.5) 8 (24.2)
Duration of Tx (years) 8.18+1.62 7.61+1.22 1.73% | 0.09
Start of treatment after transplantation 3.14+0.80 2.91+0.27 1.32% 0.19
(years)
Tacrolimus trough level (ng/mL) 6.67+£3.43 6.00+2.08 0.87% 0.39
Ciclosporin C2 level (ng/mL) 365.92+132.55 350.14+84.90 0.001%* | 0.99
Bilirubin (mg/dL) 1.08+0.47 1.09£0.55 -0.09% | 0.95
Albumin (g/L) 3.82+0.75 3.88+0.55 -1.03% | 0.30
ALT (IU/L) 45.20+22.83 49.21£24.71 -0.78% | 0.45
AST (IU/L) 55.71+40.36 43.88£17.91 -0.82* | 0.75
ALP (IU/L) 234.57+205.45 202.70+112.69 0.81°% 0.42
INR 0.99+0.07 1.02£0.11 -1.23% | 0.22
Hb Alc 5.66x1.25 5.62+0.99 0.17% | 0.87
Na (mmol/L) 135.41+4.28 135.76+3.93 -0.37% | 0.71
K (mmol/L) 4.44£0.53 4.60£0.56 -1.32% | 0.19
CRP 7.35%£5.35 8.29+6.50 -0.32* | 0.75
Hb (g/dL) 13.21£2.01 13.64£1.63 -1.03% | 031
WBCs 6.07+1.93 5.63+1.99 1.007% | 0.32
Platelets 196.82+91.78 182.33485.66 0.73% 0.47
Uric acid mg/dL 6.96+2.04 6.65£1.30 -1.32% | 0.19
Urea (mg/dL) 42.63£17.52 38.64£14.21 1.10¥ | 0.39
Creatinine (mg/dL) 0.94+0.18 0.960.16 -0.58% | 0.57
eGFR (mL/min) 87.36+15.23 88.51+14.99 -0.34% | 0.73

Notes: *Chi* "t-test, $Mann-Whitney test.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; INR, International Normalized Ratio; HCC, hepatocellular
carcinoma; CRP, C reactive protein; Hb, hemoglobin; WBCs, white blood cells; eGFR, estimated glomerular filtration rate; Tx, transplantation.

end of treatment compared to pretreatment levels.
However, within 6 months after completion of treatment,
eGFR was recovered to 81.51 mL/min, which was not
significant when compared to baseline eGFR. In patients
treated with sofosbuvir plus daclatasvir (group II), only

uric acid was significantly increased at the end of treat-
ment compared to pre-treatment level. The difference
between the two groups regarding eGFR, creatinine, and
urea could be due to the longer treatment duration of the
Sofosbuvir/ribavirin regimen compared to the sofosbuvir/
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Figure | eGFR before treatment, end of treatment, and 6 months after completing
treatment in studied groups.

daclatasvir regimen at 24 and 12 weeks, respectively.
Also, the average serum calcineurin inhibitors (CNI)
were higher in group I compared to group II, with a higher
dose-dependent nephrotoxic potential, although the differ-
ence was not statistically significant.*> Moreover, potential
ribavirin induced tubular toxicity has been hypothesized.

Yet, ribavirin renal toxicity has not been documented.****

In the current study, elevated serum uric acid level was
demonstrated at the end of treatment in both groups, which is
supported by the outcome of a study conducted by Sato et al*®
with elevated uric acid level after sofosbuvir/ribavirin treat-
ment regimen in HCV positive patients without liver trans-
plantation. The exact mechanism is unknown; however, the
effect of the metabolite of sofosbuvir has been postulated as a
possible mechanism. Also, ribavirin hemolytic effect could
explain the same.*’ Interestingly, there was a close associa-
tion between elevated uric acid level and elevated creatinine
level, which is consistent with the finding in our study
regarding the significant elevated creatinine level in group I
compared to group II at the end of treatment.*® Furthermore,
hyperuricemia is a well-known complication after liver
transplantation.®® Finally, serum uric acid levels improved 6
months after completion of treatment.

Data from different studies on the treatment of HCV post-
LT using DAAs with and without Ribavirin is restricted in

number. Ciesek et al*® found that ribavirin was discontinued
in more than half of the patients treated with Ledipasvir/

Sofosbuvir with ribavirin. The most common cause of this

Table 2 Comparison of Laboratory Data Before and After Treatment with DAAs

Variables Group | Sofosbuvir + Ribavirin Group Il Sofosbuvir + Daclatasvir
(n=51) (n=33)
Pre-treatment Post-treatment P* Pre-treatment Post-treatment P*
(EOT 24) (EOT 12)

Tacrolimus trough level (ng/mL) 6.67+3.43 5.99+3.27 0.10 6.00+2.08 5.83%1.73 0.65
Ciclosporin C2 level (ng/mL) 365.92+132.55 439.42+163.84 0.28 350.14+84.89 478.57+152.58 0.052
Bilirubin (mg/dL) 1.08+0.47 1.56+1.79 0.048 1.0940.55 1.20£0.75 0.12
Albumin (g/L) 3.8240.75 3.81+0.79 0.93 3.98+0.55 4.00£0.59 0.80
ALT (IU/L) 45.20+22.83 52.10+33.01 0.014 49.21+24.71 50.12+36.67 091
AST (IU/L) 55.71+40.36 62.33+42.15 0.034 43.88+17.91 48.70+37.35 0.42
ALP (IU/L) 234.57+205.45 247.02+192.42 0.42 202.70%112.69 196.55+98.21 0.64
INR 0.99+0.07 1.04£0.12 0.014 1.02£0.11 1.04+0.13 0.63
Hb Alc 5.66+1.26 5.53+1.23 0.28 5.62+0.99 5.69+0.94 0.48
Na (mmol/L) 135.41+4.28 136.51£3.79 0.07 135.76+3.93 136.58+3.61 0.26
K (mmol/L) 4.44£0.50 4.48+0.56 0.59 4.60+0.56 4.3310.61 0.11
CRP 7.35+5.35 8.99+7.76 0.07 8.29+6.50 8.07+7.10 0.87
Hb (g/dL) 13.21£2.01 13.07£20.00 0.41 13.64£1.63 13.7+1.8 0.54
WBCs 6.07+1.93 6.50+2.34 0.06 5.63+1.99 6.13+3.82 0.34
Platelets 196.82+91.78 157.04+68.36 0.001 182.33+85.66 147.61+65.65 0.002
Uric acid (mg/dL) 6.96+2.04 8.30+2.58 0.001 6.651.30 7.79+2.41 0.04
Urea (mg/dL) 42.63£17.52 64.49+46.77 0.001 38.64x14.21 45.18+26.77 0.15
Creatinine (mg/dL) 0.94+0.18 1.14+0.47 0.003 0.96+0.16 0.99+0.19 0.30
eGFR (mL/min) 87.36+15.23 76.16+22.40 0.001 88.51+14.99 86.00+16.13 0.29

Note: *P-value for t-test.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; INR, International Normalized Ratio; ALP, alkaline phosphatase; CRP, c-reactive protein;

Hb, hemoglobin; WBCs, white blood cells; eGFR, estimated glomerular filtration rate.
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stoppage of ribavirin is anemia; however, the creatinine level
was not significantly changed after the end of therapy com-
pared to pretreatment measurement.

Another study demonstrated a non-significant decline
of eGFR from 66.8 mL/min to 64 mL/min in approxi-
mately 82% of HCV-positive patients with chronic kidney
disease stage 2 or 3 after LT during treatment with sofos-
buvir plus ledipasvir without ribavirin.*® Shoreibah et al*!
found that eGFR in 65% and 35% of liver transplant
recipients was stable or worsened, respectively, in HCV—
positive patients who received sofosbuvir/ledipasvir with-
out ribavirin. Patients with impaired renal function before
treatment (eGFR < 60 mL/min) represent the highest pro-
portion (48%) of those with worsened GFR 3—6 months
after treatment. In a study by Peschel et al,'° renal function
was not affected in immunosuppressed LT recipients dur-
ing DA As therapy, even in patients with renal dysfunction
at time of therapy with DAAs. Also, in a study by

1> DAAs were reported to be safe and

Skoglund et a
well tolerated during both pre- and early post-liver trans-
plantation periods. Those previously mentioned studies,
together with our results, offer a reassuring data regarding
the renal safety of DAAs therapy in post-LT HCV patients

with a very promising efficacy profile. Finally, the

introduction of DAAs showed a significant improvement
in the management of HCV infection after LT.

Based on our results, there is no significant difference
regarding eGFR before and at the end of treatment
between patients who received either cyclosporine or
tacrolimus. Also, there is no significant drug—drug inter-
actions between any of the immunosuppressive drugs or
the DAAs used in our study. We did not encounter any
significant increase or decrease in serum tacrolimus or
cyclosporine trough levels, or any significant changes in
the immunosuppression doses required for the patients in
the two groups to maintain adequate trough levels.
Overall, with close follow-up, immunosuppressive man-
agement was relatively successful.

Different studies have reported mixed findings on the
drug—drug interactions between immunosuppressants and
DAAs.'27162942 Qimilar to our results, Mansour et al*?
showed no adjustment to immunosuppression was neces-
sary due to drug—drug interaction from the DAAs included
in their study. Charlton et al"
patients experienced an increase in cyclosporine concen-

reported that one of the

trations that the investigator attributed to an interaction
with the study treatment regimen. However, this may
slightly be caused by more metabolism of the CNI as a
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result of recovery in hepatic function due to viral eradica-

112

tion. Moreover, Pungpapong et al © showed that doses of

cyclosporine or tacrolimus need to be slightly higher to set
them at therapeutic range. On the contrary, Peschel et al'”
reported that cyclosporine dosing required reduction dur-
ing DAAs treatment in five patients and increased in two
patients, While tacrolimus dosing was reduced in one
patient and increased in six patients.

Our study showed the advantage of assessing the renal
safety of DAAs in post-LT patients with HCV infection.
Also, we assessed the immunosuppressive drug levels to
evaluate any drug interaction that may require dose adjust-
ment of immunosuppressive drugs. Moreover, patients
were followed post-treatment to check if any change of
eGFR is permanent.

This study has the following limitations. Patients with
moderate or severe renal impairment were not included. The
retrospective study design may lead to under-reporting of
side-effects, and there was a relatively small number of
patients in each treatment arm. A large cohort study includ-
ing patients with all CKD stages is highly warranted.

Conclusions

Treatment of HCV positive patients with DAAs after liver
transplantation is effective and well tolerated. eGFR has been
declined in association with elevated creatinine and uric acid
levels at the end of treatment. However, all values approxi-
mately regain the pretreatment levels within 6 months after
completion of therapy. Overall renal function remained
stable, albeit sofosbuvir plus daclatasvir regimen is relatively
safer as compared to sofosbuvir plus ribavirin.

Disclosure
The authors report no conflicts of interest in this work.
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