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Abstract
Background: Liver transplant population has been considered as a special population in the treatment of hepatitis
C virus infection, not only because of lower sustained virological response (SVR) rates in comparison with pretransplant
setting, but also for other aspects (i.e., immunosuppressive therapy, renal function, drug–drug interactions). We aimed to
evaluate the efficacy and safety of the combined treatment with sofosbuvir and daclatasvir with or without ribavirin in
liver transplant recipients with recurrent hepatitis C following transplantation and screening for the development of
hepatocellular carcinoma during treatment, after the end of treatment, or during follow-up. This multicenteric prospective
study was conducted in Egypt. This study included 40 patients who underwent living donor liver transplantation that
started treatment at least 3 months following transplantation. All participants received 400 mg sofosbuvir once daily plus
daclatasvir 60 mg daily ± ribavirin. Treatment lasted for up to 24 weeks, and participants were followed up as outpatients
monthly for 12 and 24 weeks and 36 weeks post-treatment to determine sustained virological response (SVR12 and
SVR24), considered to be a cure and detection of any changes in tumor markers or radiological imaging during follow-up.
Results: In the current study, 40 patients (100%) have good response to treatment during treatment and during followup (SVR 12 was 100%). No abnormal side effects to treatment were detected; also, no drug–drug interactions were noted
during the treatment.
Conclusions: Treatment of HCV after living donor liver transplantation with combined sofosbuvir and daclatasvir is safe
and well-tolerated and provides high rates of SVR.
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Background
End-stage liver disease (ESLD) caused by hepatitis C virus
(HCV) infection is the main indication of liver transplantation (LT) in most transplant programs [1].
Most patients will go on to develop viral recurrence,
and it has been widely appreciated that the clinical course
of HCV in LT recipients is accelerated in comparison with
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chronic hepatitis C in the non-transplant population, such
that 8 to 44% of the patients will go on to develop cirrhosis within 5 to 10 years after transplantation [2].
Clinical decompensation in a significant proportion of
HCV recipients who have developed cirrhosis of the
allograft, with 40% developing clinical decompensation
at 1 year, and up to 60% will suffer a decompensation
episode 3 years after the diagnosis of cirrhosis. This
unfortunately significantly affects patient survival, with
an estimated survival rate of less than 10% at 3 years [3].

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

Aly et al. Egyptian Liver Journal

(2020) 10:47

Treatment of hepatitis C in the post-liver transplantation patient is a rapidly evolving field. When treating
hepatitis C in this setting, the main goals of therapy include (a) cure of HCV chronic infection in the allograft
post-transplant; (b) minimize the risk of developing
HCV-associated complications in the allograft, such as
fibrosing cholestatic hepatitis and allograft failure; and
(c) prevent the development of hepatic fibrosis and thus
preserve the function of the transplanted liver [4].
Treatment with pegylated interferon (PEG-IFN) and
ribavirin (RBV) had been the standard of care for HCV
patients for a decade, until the development of several
direct-acting antivirals (DAAs) [5].
The association of sofosbuvir and daclatasvir has been
shown to have very high antiviral efficacy when administered with or without ribavirin to previously naïve or
non-responder patients with chronic HCV infection.
Combination with daclatasvir in a LT recipient with severe recurrent cholestatic hepatitis C has been reported,
showing a favorable outcome and the lack of drug interactions with calcineurin inhibitors (CNI) [6].
Owing to the low incidence of HCC among SVR patients, the study of factors associated with liver cancer
development in this population is rather problematic. So
far, no single clinical or histological predictor of HCC
development has been identified in SVR patients, reinforcing therefore the concept that HCC risk in HCV
patients may be multifactorial [7].
The aim of this study was to evaluate the virological
response, clinical efficacy, and safety of the combined
sofosbuvir and daclatasvir in living donor liver transplant
recipients with recurrent hepatitis C following transplantation and screening for the development of hepatocellular carcinoma during treatment, after the end of
treatment, or during follow-up.

Methods
This was a multicenteric prospective study conducted in
Egypt. This study included 40 patients who underwent
living donor liver transplantation who started treatment
at least 3 months following transplantation provided that
no abnormality was detected in liver functions related to
immunosuppression and no prior history of treatment of
hepatitis C infection. All patients were fully investigated
for complete blood picture, liver function tests, coagulation profile, sodium, potassium, kidney function tests,
HCV antibodies and quantitative HCV RNA by PCR,
HBV markers, tumor markers including alpha fetoprotein (AFP), and abdominal ultrasonography.
Eligible patients had no evidence of advanced fibrosis
(METAVIR score ≤ F2) on fibroscan performed not more
than 6 months before screening.
All participants received 400 mg sofosbuvir once daily
plus daclatasvir 60 mg daily ± ribavirin. Treatment lasted
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for up to 24 weeks, and participants were followed up as
outpatients monthly for 12 and 24 weeks and 36 weeks
post-treatment to determine sustained virological response (SVR12 and SVR24); also, patients were followed
up for any changes in tumor markers or radiological imaging during follow-up.
A stable tacrolimus-based or cyclosporine-based immunosuppressive regimen was required, and glucocorticoids were permitted at a dose of 5 mg per day.

Statistical analysis
All collected data were analyzed and correlated. Statistical
analysis was performed using the Statistical Package for Social Sciences (SPSS) version 24. Basic descriptive statistics
including means and standard deviations were performed.
A comparison of qualitative data between groups was performed using the chi-square test. Independent test or
Mann–Whitney U test was used to compare quantitative
data between groups with parametric distribution or nonparametric distribution, respectively. The continuous variables across time were compared using the paired t test or
Wilcoxon signed-rank test. Differences were considered
statistically significant if the p value was less than 0.05.
Results
This prospective multicenteric study included 40 patients, 37 males (92.5%) and 3 females (7.5%); their mean
age was 55.3 ± 5.6 (33–62) years. Thirteen of them were
diabetics (32.5%) and 27 (67.5%) were not diabetics.
There is a statistically significant reduction in
hemoglobin levels at the first month after starting treatment (p = 0.013) and 9 months after the end of treatment
(p = 0.018). Otherwise, the reduction at the other different
treatment stages and follow-up is not significant.
As regards the platelet count, there is a statistically
significant increase at the first month (p = 0.003) after
onset of the treatment and 9 months after the end of the
treatment (p = 0.005). There is a highly statistically
significant increase in platelet count at 6 months after
the end of treatment (p < 0.001); otherwise, the increase
at the other different treatment stages is insignificant.
There is a statistically significant decrease in ALT levels
at the first month after starting treatment (p = 0.001) than
that before starting treatment and a statistically significant
decrease after the end of treatment (p − 0.004); also, there
is a highly statistically significant decrease in ALT at other
different stages of treatment (p < 00.1), but there is no statistically significant change in AST levels at different
stages of treatment or at follow-up. The same in AFP that
shows no statistically significant change in its levels at different stages of treatment or after the end of treatment.
There is a highly statistically significant increase in serum
albumin level after the end of the treatment (p = 0.001) and
a statistically significant increase in serum albumin level at
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3 months after the end of treatment (p = 0.019), at 6
months after the end of treatment (p = 0.04), and at 9
months after the end of treatment (0.004). As regards
ALP, there is a statistically significant decrease in alkaline phosphatase level at 1 month after starting treatment (p = 0.002), after the end of treatment (p =
0.002), and 6 months after the end of treatment (p =
0.002) than that before starting treatment, while there
is a highly statistically significant decrease in alkaline
phosphatase levels at 3 months (p = 0.00) and at 9
months (p 0.00) after the end of the treatment.
There is a significant decrease in bilirubin levels at the
end of treatment (p = 0.003), 6 months after treatment (p =
0.04), and 9 months after the end of treatment (p = 0.045),
while there is no significant difference first month after
starting treatment and 3 months after the end of treatment.
There is a highly statistically significant decrease in
blood urea level at 3 months after the end of treatment
(p = 0.001).
There is a statistically significant decrease in urea at
the end of treatment (p = 0.005), 6 months after the end
of treatment (p = 0.005), and 9 months after treatment
(0.002), but there is no statistically significant difference
in blood urea levels at 1 month after starting treatment;
also, there is no statistically significant difference between serum creatinine levels at different stages of treatment and follow-up.
There is a highly statistically significant decrease in
INR levels at the first month after starting treatment (p
= 0.00). There is a significant decrease in INR levels at 3
months after the end of treatment (p = 0.002).

There is an insignificant decrease in INR levels after
the end of treatment and 6 and 9 months after the end
of treatment (Table 1).
All cases had negative PCR after the first month of treatment and continued till the end of follow-up (Table 2).
No ultrasonographic changes as regards hepatic focal
lesion were detected during the course of treatment or
after the course of treatment up to 9 months (Table 3).
Table 4 shows fibroscan results of the patients before
treatment.

Discussion
This study included 40 patients who underwent living
donor liver transplantation that started treatment at least
3 months following transplantation and no prior history
of treatment of hepatitis C infection.
This study showed that 100% of patients achieved SVR
after treatment of HCV with combined sofosbuvir and
daclatasvir.
Poordad and his colleagues showed that 12 weeks of
treatment with the pan-genotypic combination of daclatasvir with sofosbuvir and ribavirin achieved SVR12 rates
of 83% and 94% in the advanced cirrhosis and posttransplantation cohorts, respectively [8].
Another study by Pellicelli and his colleagues evaluated the safety and efficacy of sofosbuvir and daclatasvir
with or without RBV among 12 post-LT patients with
severe recurrent HCV who were treated through an
international compassionate use program. Three patients
had fibrosing cholestatic HCV and 9 had cirrhosis. The
mean MELD at baseline was 22 and the mean Child-

Table 1 Comparison between baseline and follow-up values of lab investigations of patients
Baseline

During treatment

Follow-up

1 month

p
value

EOT

p
value

3 months

p
value

6 months

p
value

9 months

p
value

11.1 ± 0.58

0.018

Hemoglobin (g/
dl)

11.5 ± 0.91

11.2 ± 0.77

0.013

11.4 ± 0.75

0.55

11.3 ± 0.69

0.45

11.3 ± 0.43

0.21

Platelets

153.6 ±
39.4

184.1 ±
59.1

0.003

160.6 ±
36.2

0.43

157.3 ±
38.9

0.69

191.8 ±
36.2

< 0.001 179.7 ±
36.2

0.005

ALT (IU/l)

45.9 ± 15.2

35.8 ± 10.4

0.001

37.6 ± 7.9

0.004

34.3 ± 11.1

< 0.001 33.7 ± 12.4

< 0.001 32.6 ± 11.1

< 0.001

AST (IU/l)

36.8 ± 13.4

35.0 ± 7.1

0.35

33.7 ± 12.4

0.33

36.9 ± 8.6

0.98

38.5 ± 10.5

0.49

37.6 ± 7.9

0.64

AFP (ng/ml)

28.4 ±
17.05

28.9 ± 17.6

0.95

31.4 ± 18.9

0.54

35.3 ± 20.2

0.08

26.6 ± 14.8

0.64

22.6 ±
13.02

0.13

Albumin (g/dl)

3.23 ± 0.39

3.23 ± 0.35

0.49

3.6 ± 0.38

0.001

3.5 ± 0.42

0.019

3.4 ± 0.39

0.04

3.5 ± 0.45

0.004

ALP (IU/l)

132.8 ±
45.1

107.6 ±
11.5

0.002

103.5 ±
48.2

0.002

99.3 ± 14.9

< 0.001 107.6 ±
11.5

0.002

99.3 ± 14.9

< 0.001

Bilirubin (mg/dl)

1.07 ± 0.14

1.03 ± 0.15

0.28

0.99 ± 0.11

0.003

1.3 ± 1.7

0.08

0.04

0.99 ± 0.20

0.045

Urea (mg/dl)

0.99 ± 0.16

45.3 ± 16.9

40.0 ± 10.6

0.18

34.9 ± 10.7

0.005

34.3 ± 9.04

0.001

34.8 ± 7.7

0.005

34.6 ± 7.4

0.002

Creatinine (mg/dl) 0.91 ± 0.33

0.92 ± 0.25

0.99

0.93 ±
0.159

0.72

0.93 ± 0.16

0.52

0.96 ± 0.23

0.43

0.95 ± 0.24

0.65

INR

0.92 ± 0.19

< 0.001 1.3 ± 1.6

0.63

0.93 ± 0.19

0.002

1.04 ± 0.14

0.36

1.03 ± 0.22

0.34

1.06 ± 0.13

EOT end of treatment, ALT alanine aminotransferase, AST aspartate aminotransferase, AFP alpha fetoprotein, ALP alkaline phosphatase
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Table 2 PCR changes during treatment
Item

Frequency

Table 4 Fibroscan of the patients at baseline
Percentage

PCR before

Values

N (%)

F1

11 (27.5)
29 (72.5)

Mean ± SD

366057.5 ± 376220.9

F2

Min–max

698–2000000

F1 minimal fibrosis, F2 fibrosis has occurred and spread inside the areas of the
liver including blood vessels

PCR 1 month after starting treatment
Positive

0

0

Negative

40

100

Positive

0

0

Negative

40

100

PCR after the end of treatment

PCR 3 months after the end of treatment
Positive

0

0

Negative

40

100

PCR 6 months after the end of treatment
Positive

0

0

Negative

40

100

PCR 9 months after the end of treatment
Positive

0

0

Negative

40

100

Pugh score was 10. During treatment, 3 deaths occurred:
one due to rapidly progressive liver failure, one due to
gastrointestinal bleeding, and one due to septic shock.
Severe adverse events occurred among 4 of the
remaining 9 patients and were attributed to the severity
Table 3 Ultrasonographic changes during the course of
treatment
Item

Frequency

Percentage

Splenomegaly

6

155

Normal

24

85

US before treatment

US 1 month after starting treatment
HFL

0

0

No HFL

40

100

HFL

0

0

No HFL

40

100

US after the end of treatment

US 3 months after the end of treatment
HFL

0

0

No HFL

40

100

US 6 months after the end of treatment
HFL

0

0

No HFL

40

100

US 9 months after the end of treatment
HFL

0

0

No HFL

40

100

HFL hepatic focal lesion

of the patients’ underlying liver disease rather than directly to the antiviral treatment. The 9 patients who completed 24 weeks of treatment all had undetectable HCV
RNA at the end of treatment. At the time the study was
published, post-treatment virologic data was available
for 5 patients, all of whom had achieved SVR (24). In
this series as well as an additional case report describing
the successful treatment of a patient with post-LT
fibrosing cholestatic HCV with sofosbuvir and daclatasvir for 24 weeks, there were no apparent drug–drug interactions between DAA and tacrolimus [9].
High rates of virologic and clinical response were seen
in 23 patients with post-LT fibrosing cholestatic HCV
treated with sofosbuvir (n = 8) or sofosbuvir and daclatasvir (n = 15) based regimens [10].
An ongoing prospective multicenter study in France
by Manns et al. evaluating the efficacy of sofosbuvir and
daclatasvir with or without ribavirin has found high SVR
rates in post-LT patients with aggressive recurrent HCV
infection [11].
In a study by Suraweera and his colleagues, they reported data on 130 LT patients who underwent treatment
for 12 or 24 weeks. The mean time period between LT
and treatment was 74.2 (± 73.5) months. Eleven patients
received sofosbuvir and daclatasvir without ribavirin for
12 weeks and had a response rate of 100% at the end of
treatment as well as a SVR12 rate of 100%. Sixty-four
patients underwent this same regimen for 24 weeks and
had a response rate of 100% at the end of treatment and a
SVR12 rate of 97%. Three patients received sofosbuvir and
daclatasvir with ribavirin for 12 weeks; the end-oftreatment response rate was 67%, with a SVR12 rate of
67%. Fifty-two patients underwent the same regimen for
24 weeks and achieved an end-of-treatment response rate
of 98% and a SVR12 rate of 96% [12].
The authors also concluded that ribavirin did not have a
statistically significant influence on SVR and that further
prognostic factors needed to be defined. Thirty patients
were reported to have experienced severe side effects, with
the most common being hematologic toxicity. Two patients died, 1 from diabetic coma and the other from HCV
recurrence at 6 weeks post-treatment. Tacrolimus dosing
was adjusted in 56% of patients, cyclosporine in 49% of patients, and everolimus in 38% of patients [12].
In the current study, the initial values of bilirubin, alkaline phosphatase, and liver enzymes were normal at
baseline and improved during the treatment period and
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follow-up. No liver toxicity of the administered antivirals
was observed. The values of albumin and platelets are
significantly improved during treatment and follow-up.
Also, there were no changes in the ultrasonographic
findings noted after starting treatment and there were
no hepatic focal lesions detected during treatment or
follow-up period.
The study regimen was compatible with multiple immunosuppressive regimens without dose adjustments,
and there were no events of graft rejection.
In contrast, Price et al. found that regimens containing
the NS3 protease inhibitors simeprevir or paritaprevir
can have significant pharmacokinetic interactions with
calcineurin inhibitors [13].
Adverse events during treatment were consistent with
the underlying disease; no treatment-specific safety signals were apparent and no serious adverse events were
detected due to treatment protocol.
According to data from eight studies being presented at
The International Liver Congress™ 2017 in Amsterdam, The
Netherlands, there remains continued debate on whether
patients are at risk of developing liver cancer after achieving
sustained virological response (SVR) with a direct-acting
antiviral (DAA) regimen for hepatitis C virus (HCV).
Despite Trépo and his colleagues found initially promising results, more than one study investigating genetic
predisposition to liver cancer failed to identify any robust predictor of HCC development in HCV patients
that can be used in clinical practice to optimize the
management of patients with a liver cancer [14].
There was a decreased risk of HCC with antiviral
treatment that was based on clinical trial data using
INF-based regimens, but recently, results of studies linking the use of DAA therapy with an increased risk of
HCC present an interesting dilemma for clinicians [15].
In the current study, no development of HCC was
noted in the studied group.

Conclusion
In the current study, 40 patients were treated with combined sofosbuvir 400 mg and daclatasvir 60 mg for 24
weeks. All patients received treatment at least 3 months
following transplantation. Forty patients (100%) have
good response to treatment during treatment and during
follow-up (SVR 12 was 100%). No abnormal side effects
to treatment were detected; also, no drug–drug interactions were noted during treatment. No HCC was detected during treatment and follow-up.
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