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Background: To explore the safety and efficacy of direct antiviral therapy in patients with hepatitis C virus
(HCV) infection after renal transplantation.

Methods: We retrospectively reviewed the medical information of 15 cases of HCV" patients treated
with direct antiviral therapy after renal transplantation in our center. The effectiveness of direct antiviral
therapy was evaluated by analyzing the HCV-RNA levels of patients at 1, 4, 12, 24, and 48 weeks before
and after antiviral therapy. In addition, parameters including the rejection rate, the blood concentration of
anti-rejection drugs, liver function level [alanine aminotransferase (ALT), aspartate transaminase (AST)],
estimated glomerular filtration rate (¢GFR) and serum creatinine (CREA) levels were used to assess its safety.
Results: A total of 15 patients were enrolled in the study. All patients turned HCV-RNA negative after
12 weeks of direct-antiviral therapy; the serological test of all patients demonstrated an 100% response rate
in rapid virological response (RVR) (15/15), 12-week sustained virological response (SVR12), and 24-week
sustained virological response (SVR24). In addition, compared to pre-treatment, the liver function within
12, 24, and 48 weeks after treatment was significantly improved. Moreover, eGFR, CREA, and anti-rejection
drug concentration remained stable while acute rejection reaction and other obvious side effects were not
observed throughout the treatment period.

Conclusions: The direct antiviral therapy was well-tolerated and effective for patients with chronic
hepatitis C after renal transplantation.
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Introduction blood and the use of blood products. Studies have shown
that the incidence of HCV infection in CKD patients

Hepatitis C virus (HCV) infection is a global public health is significantly higher than in normal people (2). HCV

problem with an infection rate of approximately 2.5% and infection was also reported to be closely related to the

the number of infected people approaching 180 million (1).
Blood is the main means of HCV transmission, and chronic
kidney disease (CKD) patients with regular hemodialysis
are prone to HCV infection due to the requirements
of establishing extracorporeal circulation pathways for
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occurrence of membrane proliferative glomerulonephritis
with cryoglobulinemia (3). Therefore, The Kidney Disease
Improving Global Outcomes (KDIGO) recommends that
CKD patients with HCV infection be regularly checked

for creatinine clearance and proteinuria status and receive
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antiviral therapy (4). Studies have demonstrated that renal
transplantation has a longer survival than hemodialysis in
patients with end-stage renal disease and HCV infection (5).
However, other research has found that the long-term survival
rates of human/graft were lower in kidney transplant recipients
with HCV infection than in non-HCV infection recipients (6),
which was mainly due to the poor tolerance and low sustained
virological response (SVR) to pegylated interferon alpha (PEG
IFN-a) and ribavirin before the advent of direct antiviral
agents (DAAs). DAAs have replaced interferon as the standard
treatment for chronic hepatitis C based on their ability to
effectively eliminate HCV and improve or reduce the progress
of the disease for the purpose of treatment (7). However, there
are few clinical reports about the application of such drugs in
patients with renal transplantation, while the mechanism of
their interaction with conventional immunosuppressive agents
such as tacrolimus and mycophenolic acid remain unclear.
Furthermore, investigations into the safety and efficacy
of DAAs in the management of HCV patients after renal
transplantation in a large sample size are also lacking. Thus, we
reviewed the medical records of HCV" patients who received
DAAs after renal transplantation in our center from January
2016 to July 2018.

Methods
Inclusion and exclusion criterium

Inclusion criteria

Patients received renal transplantation with complete
follow-up data in our center from January 2016 to
December 2018; patients diagnosed with HCV infection
before renal transplantation under diagnostic criteria
based on the “Hepatitis C prevention guidelines (updated in
2015)” issued by the Chinese Medical Association Liver
Diseases Society (8); no prior treatment with DAA; baseline
estimated glomerular filtration rate (eGFR) levels before
antiviral therapy higher than 30 mL/min/1.73 m’); no
contraindications for taking DAA.

Exclusion criteria
Patients co-infected with human immunodeficiency virus

(HIV); patients with HCV combined with other viral
hepatitis; patients with incomplete medical records.

Treatment regimen of HCV

Since PEG IFN-a was closely related to post-transplant
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rejection, all patients in our center had complete HCV
genotyping (HCV-GT) before kidney transplantation, and
DAA treatment (excluding PEG IFN-a) was started after
stabilizing renal function. The Asian Pacific Association for
the Study of the Liver (APASL) Guidelines recommend that
different HCV-GT treatments require different DAAs (9).
Thus, the specific protocols were as follows: HCV-GT-
la patients used a combination of sofosbuvir 400 mg/d
+ ledipasvir 90 mg/d; HCV-GT-1b patients received a
compound dosage form of sofosbuvir 400 mg/d + ledipasvir
90 mg/d or sofosbuvir 400 mg/d + daclatasvir 60 mg/d; HCV-
GT-3b patients were treated with sofosbuvir 400 mg/d +
daclatasvir 60 mg/d; HCV-G'T-6a patients were treated
with sofosbuvir 400 mg/d + ledipasvir 90 mg/d. Patients
began DAA treatment with a 12-week cycle after their
condition stabilized which was considered to be the taking
of a maintenance dose of immunosuppressant, stable graft
function, and no complications such as infection.

Assessment of the general clinical status

According to the post-operation interval, a comprehensive
follow-up was performed every 1-4 weeks, including
physical examination, medication, liver and kidney function,
blood routine, drug concentration, HCV-RNA, and eGFR
calculation using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) formula (10).

Virological assessment

If the recipients presented with positive HCV antibody
when entering the waiting list, serum HCV-RNA detection
was required, and the serum HCV-RNA test was performed
again before the kidney transplantation to confirm the
diagnosis. The serum HCV-RNA was detected at 1, 4, 12,
24, and 48 weeks after DAA treatment, and the serum HCV
antibody was detected after 12 weeks of DAA treatment.
The virological response indicators after anti-chronic HCV
therapy are shown in Table 1.

Statistical analysis

SPSS 17.0 was used for statistical analysis. Continuous
variables conformed to a normal distribution are expressed
as mean = standard deviation (x+s); Student’s unpaired #-test
was used to compare continuous variables, and categorical
variables were compared using chi-square test (y’-test).
P<0.05 was considered as statistically significant.
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Table 1 Definition of virological response indicators for antiviral treatment of chronic hepatitis C virus (HCV)

Terms Definition

RVR HCV RNA below the LLD at week 4 of treatment

EVR HCV RNA decreased by >2 Log at week 12 compared with pre-treatment

cEVR HCV RNA below the LLD at week 12 of treatment

pEVR HCV RNA decreased by >2 Log but higher than LLD at week 12 of treatment compared with pre-treatment
DVR Based on pEVR, HCV RNA lower than LLD by week 24 of treatment

PR Based on pEVR, HCV RNA still higher than LLD by week 24 of treatment

NR HCV RNA decreased by <2 Log at week 12 compared with pre-treatment

Breakthrough HCV RNA rebound during treatment after achieving virological response

Relapse After achieving a virological response, HCV-RNA can be detected within 24 weeks of treatment

SVR HCV-RNA was lower than LLD within 12 and 24 weeks after treatment, and was recorded as SVR12 and SVR24

respectively.

RVR, rapid virological response; LLD, lower limit of normal detection; EVR, early virological response; cEVR, complete early virological
response; pEVR, partial early virological response; DVR, delayed virological response; PR, partial response; NR, no response; SVR,

sustained virological response.

Results
Baseline characteristics (detailed in Table 2)

A total of 15 patients were enrolled in the study, all of
whom were diagnosed with chronic end-stage renal
disease and HCV" and received HCV™ donor kidneys for
transplantation. There were 11 males and 4 females. The
age at time of transplantation ranged between 33 and
65 (48.8£13.6) years old. Before surgery, 14 patients
presented with positive anti-HCV antibodies while 1 patient
presented negative; the HCV-RNA load was greater than 10’;
all patients were to receive their first kidney transplant; no
clinical symptoms of cirrhosis was observed in patients with
or without abnormal liver function indexes before surgery.

The use of immunosuppressive drugs

The immunosuppressive regimens of 15 patients with renal
transplantation were as follows: DO methylprednisolone
500 mg + Thymoglobuline 50 mg, D1 methylprednisolone
500 mg + Thymoglobuline 50 mg, D2 methylprednisolone
250 mg + Thymoglobuline 25 mg, D3 methylprednisolone
250 mg + Thymoglobuline 25 mg. The immunosuppressive
regimens after renal transplantation were as follows: 15
patients received tacrolimus + mycophenolate mofetil +
methylprednisolone. The initial dose of tacrolimus was
0.6-0.8 mg/kg/d, and the tacrolimus dose was adjusted
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according to the blood concentration. The tacrolimus
concentration was maintained at 5-10 ng/mL within
3 months after surgery; The concentration of tacrolimus
was maintained at 5-10 ng/mL after 3 months, the initial
dose of mycophenolate mofetil was 1.0-1.5 g/d, and the
maintenance dose was 1.0 g/d. Methylprednisolone was
initiated at a dose of 20 mg/d, and reduced by 4 mg every
3 days and finally maintained at 8 mg/d.

Efficacy

All patients received DAA treatment; HCV-RNA levels
decreased to the normal range at about 1 week (detailed
in Figure I). Sustained virologic response (SVR) and
HCV-RNA levels lower than the minimum limit of
detection (LLD) at 12 and 24 weeks after treatment were
considered as indexes for efficacy evaluation. DAAs were
selected for different HCV-GT treatments based on the
recommendations of the Asian-Pacific Association for the
Study of the Liver (APASL) guidelines (detailed in 7able 3).
The SVR12 and SVR24 levels after antiviral therapy are
listed in Table 4.

Safety and tolerance

No adverse events associated with direct antiviral drugs were

observed throughout the study period (detailed in Zibles 5-7).
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Table 2 Baseline characteristics of enrolled patients

Variables

General information

Sex

Age at transplantation (years)
HCV antibody

HCV-RNA

HCV genotypes

Male: 11 cases; female: 4 cases
33-65 (48.8+13.6)
Positive: 14 cases; negative: 1 case
Higher than 10°

1a: 2 cases; 1b: 8 cases; 3b: 3 cases; 6a: 2 cases

HCV, hepatitis C virus.

1.00E+08 —— Patient 1
—— Patient 2

1.00E+07 —— Patient 3
— Patient 4

1.00E+06 — Patient 5

1 00E+05 - Patient 6
— Patient 7

1.00E+04 — Patient 8
— Patient 9

1.00E+03 — Patient 10
—— Patient 11

1.00E+02 — Patient 12
—— Patient 13

1.00E+01 — Patient 14

1.00E+00 Patient 15
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Figure 1 HCV-RNA in 15 patients before and after DDA
treatment. All patients received DAA treatment; HCV-RNA levels
decreased to the normal range at about 1 week. HCV, hepatitis C

virus; DAA, direct antiviral agent.

Discussion

HCV is a flavivirus of the genus hepatitis, the genome of
which is a single-stranded positive RNA characterized by
significant heterogeneity and high variability (11). The
analysis of HCV strains of all known genomic sequences
demonstrate that the nucleotide and amino acid sequences
are quite different among HCV strains and the degree of
variation in each part of the genome is also inconsistent (11).
The high variability of HCV has made it difficult to
develop a vaccine which can effectively prevent hepatitis
C, and patients infected with a certain type of HCV have
poor immunity, allowing them to be reinfected by HCVs
of different genotypes. Currently, HCV can be divided into
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at least 6 genotypes and multiple subtypes. In accordance
with internationally accepted methods, HCV genotypes
are represented by Arabic numerals, and gene subtypes are
expressed in lower case letters (12). The HCV genotypes of
Chinese patients have been reported to be mainly type 1b
(56.8%), while type 2 accounts for 24.1%, type 3 accounts
9.1%, type 6 accounts for just 6.3%, and types 4 and 5 are
absent in the population. HCV-GT follow-up in our center
revealed 2 cases of type la (2/15, accounting for 13.3%),
8 cases of type 1b (8/15, accounting for 53.3%), 3 cases of
type 3b (3/15, accounting for 20.0%), and 2 cases of type 6a
(2/15, accounting for 13.3%) (13).

At present, HCV infection is more common in
hemodialysis and infusion of blood products, and there
are also some donor-derived infections among transplant
patients (14). Chronic hepatitis C after renal transplantation
is a significant cause of liver disease and a high-risk factor
for cirrhosis, liver cancer, and death after transplantation;
it is also an independent risk factor affecting long-term
kidney-related survival post-transplantation (15). In
addition, HCV infection has also been associated with
proteinuria, renal allograft, hepatitis C-associated nephritis,
and chronic rejection after renal transplantation. Thus, it
is of great importance to treat these patients with antiviral
therapy (16).

PEG IFN-a still remains in the main scheme of anti-viral
treatment of hepatitis C according to the HCV prevention
and treatment guidelines in China (2015 edition). However,
its application in HCV" patients after renal transplant
has been limited to a large extent by the risk it poses
in inducing rejection of solid transplanted organs and
poor tolerance in kidney transplant patients. Although
DAAs have achieved significant efficacy in a non-general
population (17), clinical data of DAAs in the treatment of
patients with kidney transplantation and HCV™ are still
rare. The most concerning questions for transplant doctors
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Table 3 Usage of direct antiviral drugs for different hepatitis C viruses

Type of virus Number of cases Drug regiment Clinical efficacy
1a 2 Sofosbuvir + ledipasvir RVR + SVR
1b 5 Sofosbuvir + ledipasvir RVR + SVR
1b 3 Sofosbuvir + daclatasvir RVR + SVR
3b 3 Sofosbuvir + daclatasvir RVR + SVR
6a 2 Sofosbuvir + ledipasvir RVR + SVR

RVR, rapid virological response; SVR, sustained virological response.

Table 4 HCV antibody status before and after treatment with DAAs

Status Pre-treatment 4 weeks 12 weeks 24 weeks 48 weeks
Positive 14 14 14 14 14
Negative 1 1 1 1 1

The status of HCV antibody at each time point after treatment was consistent with that of pretreatment. HCV, hepatitis C virus; DAA, direct
antiviral agent.

Table 5 Liver function (ALT, AST)

Indicators Pre-treatment 4 weeks 12 weeks 24 weeks 48 weeks
ALT (U/L) 71+45 32+11 32+10 27+8 24+9
AST (U/L) 62+30 28+9 22+6 2216 20+6

P value - P'<0.05 P*>0.05 P°>0.05 P*>0.05

After DAA treatment, there were statistical differences in ALT and AST in all patients compared with those before treatment, and there
were no statistical differences at different time points after treatment. P'<0.05 (statistical difference between 4 weeks of treatment and
pre-treatment); P*>0.05 (no statistical difference between 12 weeks of treatment and 4 weeks); P*>0.05 (no statistical difference between
24 weeks of treatment and 4 weeks); P*>0.05 (no statistical difference between 48 weeks of treatment and 4 weeks). ALT, alanine
aminotransferase; AST, aspartate transaminase; DAA, direct antiviral agent.

Table 6 Graft function and status (CREA, eGFR, FK506-TL, and rejection)

Pre-treatment 4 weeks 12 weeks 24 weeks 48 weeks
CREA (umol/L) 113+33 115+30 117+39 120+40 11032
eGFR (mL/min/1.73 m?) 59.3+15.3 57.1£13.8 58+17.1 57.3£19.5 60.8+18.1
Fk506-TL (ng/mL) 5.6+1.3 6.1+1.2 5.9+1.4 5.8+1.2 6.0+1.2
Rejection - 0/15 0/15 0/15 0/15
P value - P'>0.05 P*>0.05 P*>0.05 P*>0.05

There were no statistical differences in CREA, eGFR, Fk506-TL, and rejection between receiving DAA treatment and pre-treatment.
P'>0.05 (no statistical difference between 4 weeks of treatment and pre-treatment); P>>0.05 (no statistical difference between 12 weeks of
treatment and pre-treatment); P*>0.05 (no statistical difference between 24 weeks of treatment and pre-treatment); P*>0.05 (no statistical
difference between 48 weeks of treatment and pre-treatment). CREA, creatinine; eGFR, estimated glomerular filtration rate; DAA, direct
antiviral agent.
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Table 7 Blood routine (WBC, PLT)

Variable Pre-treatment 4 weeks 12 weeks 24 weeks 48 weeks
WBC (x10°% 6.85+4.03 7.19+3.96 7.93+3.27 7.72+£3.47 8.23+4.39
PLT (x10°9) 198+73 233+68 240+87 248+92 231463
P value - P'>0.05 P*>0.05 P*>0.05 P*>0.05

After DAA treatment, there was no statistical difference in WBC and PLT between all patients compared with those before treatment.
P'>0.05 (no statistical difference between 4 weeks of treatment and pre-treatment); P>>0.05 (no statistical difference between 12 weeks of
treatment and pre-treatment); P*>0.05 (no statistical difference between 24 weeks of treatment and pre-treatment); P*>0.05 (no statistical
difference between 48 weeks of treatment and pre-treatment). WBC, white blood cell; PLT, platelet; DAA, direct antiviral agent.

are the following: (I) whether DAA requires adjustment of
dose in patients with impaired liver and kidney function;
(IT) the nature of the interaction between DAAs and
immunosuppressants; (I1I) the level of DAA tolerance in
patients after transplantation, and whether DDAs cause
other adverse events such as rejection.

In this study, all patients underwent DAA treatment
after graft function recovered and condition stabilized. The
median level of serum CREA was 11333 pmol/L, and
the median level of eGFR was §9.3+15.3 mL/min/1.73 m’.
DAA drug selection was based on different genotypes. Previous
studies suggest sofosbuvir not be adjusted in patients with
eGFR >30 mL/min, but for patients with eGFR <30 mL/min
or infected via hemodialysis, the recommended dose of
sofosbuvir has yet to be determined (18). There is no
need to adjust the daclatasvir dose in patients with renal
impairment (19), nor is there a need to do so with
the ledipasvir dose in patients with mild or moderate
renal impairment. However, for patients with severe
renal impairment and end-stage renal disease requiring
hemodialysis, there has been no assessment of the safety
and efficacy of ledipasvir performed thus far. A multi-
center study demonstrated that antiviral therapy in patients
with chronic hepatitis C infection were safe and effective
before and after renal transplantation, and the antiviral
treatment of hepatitis C after transplantation increased the
availability of the transplant and reduced the waiting time.
Furthermore, delayed treatment until post-transplantation
seemed to have no adverse effect on the overall survival of
the allogeneic kidney and the recipient (20). However, due
to the limited amount of data reported, we believe that the
optimal treatment time for patients with chronic hepatitis C
and end-stage renal disease is when the kidney transplant is
completed and renal function has recovered. The selected
DAA regimen was sofosbuvir + daclatasvir and sofosbuvir/
ledipasvir (complex dosage form). All patients received
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conventional doses of antiviral therapy.

Since the regiment of DAA for patients with chronic
hepatitis C and end-stage renal disease after renal
transplantation has been determined, questions have then
emerged concerning whether the metabolism of DAA
drugs would affect the metabolism of immunosuppressants
and further affect the function of renal graft. In our
study, the concentration of immunosuppressant in
patients treated with DAA was not changed before and
after treatment, and no interaction was found between
DAA drugs and the metabolism and blood concentration
of immunosuppressants. Furthermore, other studies
also suggested no interaction between sofosbuvir and
immunosuppressants including tacrolimus, mycophenolate
mofetil, prednisone, cyclosporine or azathioprine (21). In
addition to sofosbuvir and ribavirin, sofosbuvir/ledipasvir
has also been approved for the treatment of hepatitis C
patients after liver transplantation, and no interaction with
these immunosuppressive agents has been found. Our
results also showed that the grafts status, including serum
CREA, eGFR and other indicators presented no significant
statistical differences before and after treatment. No graft
rejection was found during the clinical observation period in
all patients who received DAA treatment. Therefore, it was
safe to treat patients with HCV+ end-stage renal disease
with DAAs after receiving a kidney transplant.

Although investigations about the effectiveness of
DAA drug treatment after organ transplantation are rare,
all previous studies concerning the therapeutic effect of
DAA in renal transplant patients were in accordance with
our expectations, and our results were similar to previous
studies. Both SVR12 and SVR24 were 100%, and all
patients had a continuous viral response after 48 weeks
of follow-up. In addition, the follow-up results also
demonstrated that the transaminase before treatment and
the liver function index post-treatment were significantly
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improved. All the above results initially indicate that the
existing DAA regimens can achieve significant efficiency
in HCV" patients after kidney transplantation. However,
due to the small sample size of current studies, a multi-
center prospective study in a larger scale is still required to
further confirm the validity. Mao ez al. reported that seven
patients with renal transplantation and HCV™ were treated
with sofosbuvir 400 mg/d + daclatasvir 60 mg/d, all of
whom achieved satisfactory clinical outcomes including an
100% SVR24 level and no adverse effects of DAAs on renal
function were observed (22).

Since some DAAs have not yet been listed in China, the
clinical research in this field has been severely restricted.
Considering the differences across ethnic populations and
the HCV genotype distribution across continents, reports
from non-Chinese contexts were not fully applicable to our
research. Our study provides a reference for the DAAs used
in China and suggests that the DAA regiment based on
sofosbuvir is relatively stable and safe in the management
of chronic hepatitis C infection in patients with end-
stage renal disease after renal transplantation. We believe
that DAAs will provide new opportunities and choices for
patients with chronic hepatitis C by virtue of their limited
effects and significant clinical efficacy. However, a multi-
center large-scale prospective study is still required in the
near future to further validate these conclusions.
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