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Abstract

Background: Long-term outcome of DAAs therapy in kidney transplant recipients was unknown. Thus, we aimed
to evaluate it in a Chinese cohort of HCV-infected kidney transplant recipients.

Methods: Single-center and retrospective study of HCV-infected kidney transplant recipients initiating an DAAs
regimen between January 2015 and December 2017 was conducted. Totally 26 KTX recipients were divided into
three groups, including KTX-HD Group, DAA-KTX Group and KTX-DAA Group. On-treatment response was defined
as target not detected within 12 weeks. SVR 48, 96 were defined as HCV-RNA negativity 48, 96 weeks after
treatment cessation, respectively.

Results: HCV genotype was predominantly 1b (80.8%), followed by 2a. All (100%) patients achieved on-treatment
response. Time to first TnD was 1.9 ± 0.6 weeks, with no significant difference among the three groups. All patients
achieved SVR, with an SVR rate of 100.0% (26/26) among the patients who were followed up over 48 weeks after
treatment cessation, and the same SVR rate (24/24) among the patients who were followed up over 96 weeks.
Trough levels of Tac remained stable under DAAs therapy, without any dose adjustment. Two patients with
abnormal GFR before treatment experienced serum creatinine elevation. Other adverse events included nausea,
diarrhea, acid regurgitation, bilirubin elevation and edema of lower limbs. All patients recovered after treatment
cessation without reductions in dose, or withdrawal of DAAs or immunosuppressive agents.

Conclusions: HCV genotype 1b and 2a are the only genotypes and 1b is predominant in our center. Antiviral
treatment with DAAs in HCV-infected kidney transplant recipients is persistently effective and well tolerated during
long-term follow-up. A regular monitoring of renal function in patients who receive DAAs regimens with
preexisting impaired renal function is strongly recommended. Furthermore, the trough CNIs levels were
recommended to be frequently monitored.
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Summary of the article’s main point
Antiviral treatment with DAAs in HCV-infected kidney
transplant recipients is persistently effective and well tol-
erated during long-term follow-up. A regular monitoring
of renal function in patients who receive DAAs regimens
with preexisting impaired renal function is strongly
recommended. Furthermore, the trough CNIs levels
were recommended to be frequently monitored.

Background
Worldwide, approximately 118.9 million people are liv-
ing with HCV RNA, indicating current or chronic infec-
tion, which corresponds to a global viraemic prevalence
of 1.7% [1]. Furthermore, HCV infection is more preva-
lent among kidney transplant recipients than the general
population [2], resulting in potential increased both
morbidity and mortality [3]. High risk of HCV infection
after a kidney transplant is thought to be, in part, sec-
ondary to the use of immunosuppressant, leading to the
proliferation of the HCV.
Either poor efficacy or high prevalence of adverse ef-

fects have limited the use of pegylated interferon (IFN)-
based regimens, especially for kidney transplant recipi-
ents, which may potentially trigger off an increased risk
of allograft rejection and graft failure. However, the ad-
vent of direct-acting antiviral agents (DAAs), which are
oral, IFN-free molecules that target HCV proteins, have
taken the HCV treatment into a new era. Several studies
demonstrated good outcome in achieving sustained viro-
logic response (SVR) with minimal adverse effects in
transplant recipients [2, 4–6], with the limitations of
small sample size and short follow-up period. Thus, we
aimed to evaluate the long-term outcome of DAAs ther-
apy and the impact on plasma concentration of immu-
nosuppressants in a Chinese cohort of HCV-infected
kidney transplant recipients.

Methods
Patients
This study was conducted at Beijing Friendship Hospital,
Capital Medical University (Beijing, China). We retro-
spectively reviewed all HCV-infected kidney transplant
recipients that initiated an IFN-free DAAs regimen be-
tween January 2015 and December 2017. Totally 26 kid-
ney transplant (KTX) recipients were enrolled, among
whom 11 patients were on hemodialysis (HD) with renal
allograft failure who received a low-dose Calcineurin in-
hibitor (CNIs)-based regimen (KTX-HD Group). Others
with functioning renal allograft who received a higher-
dose CNIs-based regimen than KTX-HD Group (KTX
Group) were separated into two sub-groups, including
DAAs treatment prior to transplant (DAA-KTX Group,
n = 7) and after transplant (KTX-DAA Group, n = 8).

Both HIV and HBV test were negative. None was
treatment-experienced.

Immunosuppressive regimens
Triple-therapy maintenance immunosuppression
consisted of CNIs combined with both Mycophenolate
mofetil (MMF) and prednisone (Pred). Double-therapy
maintenance immunosuppression consisted of CNIs
combined with either MMF or Pred. Monotherapy
maintenance immunosuppression consisted of only
CNIs. CNIs consisted of either tacrolimus (Tac) or cyclo-
sporin A (CyA).

HCV treatments
Genotype was confirmed and viral load was measured
before therapy. The appropriate DAAs regimen was
made according to annual guidelines. Except for one pa-
tient receiving 400 mg/QD sofosbuvir (SOF) monother-
apy, others received 400 mg/QD SOF combined with
either 90 mg/QD Ledipasvir (LDV) or 60 mg/QD
Daclatasvir (DCV). Treatment response was evaluated
by HCV-RNA at the first week, the second week, the
fourth week, and every 12 weeks thereafter. On-
treatment response was defined as target not detected
(TnD) within 12 weeks. Sustained virologic response
(SVR) 48, 96 were defined as HCV-RNA negativity 48,
96 weeks after treatment cessation, respectively. Adverse
events were scored according to the Common Toxicity
Criteria Adverse Events (CTCAE) version 4.0 [7].

Statistical methods
Database management and statistical analysis were
performed using SPSS 19.0. Continuous variables were
expressed either as mean ± standard deviation for
Gaussian distributions or median (range) for non-
Gaussian distributions. Kolmogorov–Smirnov test was
applied to determine whether continuous variables were
normally distributed. Independent-sample t-test was
used for statistical analysis. All statistical tests were
two-tailed and p < 0.05 was considered statistically
significant.

Results
Clinical characteristics
Overall, the HCV genotype was predominantly 1b
(80.8%). Others were genotype 2a. Viral load before
treatment was 6.5 ± 1.3 log10 IU/ml in total, with no sig-
nificant differences among the three groups (5.9 ± 1.1
log10 IU/ml versus 6.5 ± 0.5 log10 IU/ml versus 7.2 ± 1.6
log10 IU/ml; P-value = 0.356, 0.448, 0.182). Except for
one patient with cirrhosis receiving a 24-week therapy,
others without cirrhosis received a standard 12-week
DAAs therapy. At the initiation of DAAs therapy, 6
(75.0%) patients had a normal glomerular filtration rate
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(GFR) in KTX-DAA group, except for two patients with
abnormal GFR of 45.1 and 27.0 ml/min, respectively.
The characteristics of evaluated patients were given in
Table 1.

Virologic outcomes
All (100%) patients achieved on-treatment response.
Time to first TnD was 1.9 ± 0.6 weeks, with no signifi-
cant difference among the three groups (2.2 ± 0.6 weeks
versus 1.7 ± 0.5 weeks versus 1.6 ± 0.5 weeks; P-value =
0.701, 0.453, 0.505). None experienced virologic relapse.
All patients achieved SVR, with an SVR rate of 100.0%
(26/26) among the patients who were followed up over
48 weeks after treatment cessation, and the same SVR
rate (24/24) among the patients who were followed up
over 96 weeks. The virologic outcomes were detailed in
Table 2.

Impact on plasma concentration of immunosuppressants
In KTX-DAA group, except for one patient receiving
CyA-based therapy, others received Tac-based triple-
therapy. Trough levels of Tac were randomly monitored
before and after 4 weeks during treatment, which
remained stable under DAAs therapy (3.8 ± 0.9 ng/ml
versus 3.8 ± 1.4 ng/ml; P-value = 0.959), without any dose

adjustment. The level of CyA was 95.4 ng/ml and 87.8
ng/ml before and after 4 weeks during the treatment,
respectively, without any dose adjustment.

Adverse events
Adverse events (AEs) were observed in four (36.4%)
patients in KTX-HD group, one patient (14.3%) in DAA-
KTX group, and four (50.0%) patients in KTX-DAA
group. Two patients with abnormal GFR before treat-
ment experienced both serum creatinine (Scr) elevation
(AE grade 1) and edema of lower limbs (AE grade 1).
Except for one patient with bilirubin elevation (AE grade
2) in KTX-HD group, others experienced AEs grade 1.
All AEs according to subgroups were given in Fig. 1. All
patients recovered after treatment cessation without re-
ductions in dose, or withdrawal of DAAs or immuno-
suppressive agents. None were hospitalized due to AEs.

Discussion
According to the report from Chinese CDC, the
estimated incidence of HCV was approximately 1.6 ‱ in
2017 [8]. A previous study indicated that genotype 1b and
2a were predominant in China, especially in the North [9].
Determination of HCV genotype was important for the
choice of IFN-free DAAs regimens, that different HCV

Table 1 Characteristics of patients

Parameter Total KTX-HD KTX

DAA-KTX KTX-DAA

Patients 26 11 7 8

Age, years [mean ± SD] 49.0 ± 9.6 52.6 ± 10.0 39.7 ± 5.5 52.1 ± 6.6

Gender (male) [n (%)] 19 (73.1) 8 (72.7) 5 (71.4) 6 (75.0)

Transplant frequency [n (%)]

1 12 (46.2) 6 (54.5) 2 (28.6) 4 (50.0)

2 12 (46.2) 5 (45.5) 4 (57.1) 3 (37.5)

≥3 2 (7.7) 0 (0.0) 1 (14.3) 1 (12.5)

HCV genotype [n (%)]

1b 21 (80.8) 10 (90.9) 5 (71.4) 6 (75.0)

2a 5 (19.2) 1 (9.1) 2 (28.6) 2 (25.0)

Cirrhosis [n (%)] 1 (3.8) 0 (0.0) 0 (0.0) 1 (12.5)

Immunosuppressive regimens [n (%)]

Triple-therapy 18 (69.2) 3 (27.3) 7 (100.0) 8 (100.0)

Double-therapy 6 (23.1) 6 (54.5) 0 (0.0) 0 (0.0)

Monotherapy 2 (7.7) 2 (18.2) 0 (0.0) 0 (0.0)

DAAs regimens [n (%)]

SOF 1 (3.8) 0 (0.0) 1 (14.3) 0 (0.0)

SOF + LDV 17 (65.4) 8 (72.7) 4 (57.1) 5 (62.5)

SOF + DCV 8 (30.8) 3 (27.3) 2 (28.6) 3 (37.5)

Viral load, log10 IU/ml [mean ± SD] 6.5 ± 1.3 5.9 ± 1.1 6.5 ± 0.5 7.2 ± 1.6

Treatment cycle, weeks [median (range)] 12 (12-12) 12 (12-12) 12 (12-12) 12 (12-24)
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genotypes respond differently, until the emergence of pan-
genotypic DAAs [10]. However, pangenotypic DAAs were
not in widespread use in China so that the prognosis was
still highly associated with genotype. In our study, 1b and
2a were the only genotypes and 1b was predominant,
which was consistent with previous study and considered
to be curable by SOF-containing antiviral therapy.
The present study highlights the short-term efficacy of

DAAs regimens among HCV-infected kidney transplant
recipients, that the reported SVR 12 rate was 98.3%, ran-
ging from 91.3 to 100.0% [11]. In our study, all patients
achieved on-treatment response within four weeks, mostly
two weeks, indicating both quick and effective response of
DAAs regimens. The SVR rate of 100.0% in short-term
follow-up was in accordance with previous studies [4, 12,
13]. In addition, the dose of CNIs seemed irrelative to the
virologic response in this study. The latest study by
Fernandez-Ruiz et al. also showed an SVR rate of 95.8% in
the mid-term follow-up [14]. However, the long-term effi-
cacy of DAAs has not been reported. Our study showed

an SVR rate of 100.0% (26/26) among the patients who
were followed up over 48 weeks after treatment cessation,
and the same SVR rate (24/24) among the patients who
were followed up over 96 weeks, demonstrating a good
outcome in long-term follow-up.
The reported AEs included general symptoms (fa-

tigue nausea dizziness or headache, 39.3%, 137/349),
gastrointestinal symptoms (gastrointestinal bleeding or
diarrhea, 7.2%, 25/349), and unstable blood pressure
(1.1%, 4/349). The reported severe AEs included
anemia, portal vein thrombosis, and streptococcus
bacteraemia and pneumonia [11]. In our study, com-
mon AEs were partly different with the previous
study. However, the association between DAAs and
AEs was not clear. Nevertheless, none of severe AEs
were observed and all patients recovered after treat-
ment cessation, without reductions in dose, or with-
drawal of DAAs or immunosuppressive agents, which
was in accordance with the previous study, indicating
the safety of DAAs regimens.

Table 2 Virologic outcomes

Parameter Total KTX-HD KTX

DAA-KTX KTX-DAA

On-treatment response [n (%)] 26 (100.0) 11 (100.0) 7 (100.0) 8 (100.0)

Time to first TnD, weeks [mean ± SD] 1.9 ± 0.6 2.2 ± 0.6 1.7 ± 0.5 1.6 ± 0.5

Virologic relapse [n (%)] 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

SVR 48 [n (%)] 26 (100.0) 11 (100.0) 7 (100.0) 8 (100.0)

Follow-up over 96 weeks after treatment cessation [n (%)] 24 (92.3) 9 (81.8) 7 (100.0) 8 (100.0)

SVR 96 [n (%)] 24 (100.0) 9 (100.0) 7 (100.0) 8 (100.0)

Fig. 1 Adverse events of DAAs regimen
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Chen et al. [11] reviewed six references and found no
significant difference of Scr or GFR pre- and post-DAA
therapy. However, a worsening proteinuria was observed
in patients with proteinuria of greater than 500mg/d
before therapy by Lubetzky et al [5] A recent study also
revealed a slight decrease in GFR during the first year
following the end of treatment, while the graft function
remained stable over the pre-treatment year [14]. In our
study, Scr was not significantly changed in most pa-
tients, except for two patients with impaired but stable
renal function before therapy, who had a Scr elevation
(AE grade 1) without acute rejection and recovered after
treatment cessation, that was consistent with the recent
study by Brown et al. [15] Although doubtful, these data
suggested possible association between AKI and SOF-
containing DAAs administration. Furthermore, recent
study on the histopathology showed acute interstitial
nephritis in patients with AKI after SOF-containing anti-
viral therapy [16]. Thus, we recommend a regular moni-
toring of renal function in patients who receive DAAs
regimens with preexisting impaired renal function.
Both Tac and CyA are substrates of liver cytochrome

(CYP) P450 isoforms 3A4. Given the limited impact on
CYP3A4 of SOF, LDV and DCV, no clinically relevant
drug-to-drug interactions are expected when SOF, LDV
or DCV coadministered with CyA or Tac [17, 18]. Lin et
al. [19] reviewed 22 patients on CNIs treatment, of
whom the majority had stable CNIs trough levels during
antiviral treatment. The similar result was observed in re-
cent study [20]. However, another study observed a sig-
nificant decrease of trough Tac levels throughout the
course of therapy, especially during the first month [14].
Bixby et al. [21] also found a great decrease of Tac concen-
tration in the first 4 weeks of DAAs therapy and stable
levels thereafter in a liver transplant cohort. Our study
reviewed 7 patients with stable trough Tac levels before
and after 4 weeks during DAAs therapy, without any dose
adjustment, which revealed a different result from part of
previous studies. However, due to the limit of sample and
incomplete monitoring during the whole treatment, fur-
ther study was required to verify this result. Given the risk
of rejection, the trough CNIs levels were still recom-
mended to be frequently monitored during DAAs therapy.
Several studies have demonstrated a significant sur-

vival benefit for HCV-infected patients receiving kidney
transplant over remaining on dialysis [22]. Due to the in-
creased risks of death, allograft loss and posttransplant
complications for transplant with HCV, transplant clini-
cians have embraced pre-transplant treatment for HCV.
However, with the development of DAAs, both necessity
and superiority of pre-transplant treatment for HCV re-
mains controversial. Unlike their uninfected counter-
parts, HCV-infected transplant candidates may have the
option of being offered and accepting a kidney from an

HCV positive donor, yielding the benefit of decreased
time on the waitlist [13, 23]. In addition, our study
found a good outcome of antiviral therapy after kidney
transplant during long-term follow-up, weakening the
necessity and superiority of pre-transplant treatment.
Nevertheless, some clinical trials have focused on data
collection of transplant outcomes allografts from HCV-
infected donors to uninfected recipients [24], which
might change the treatment strategies in the future.
Our study has several limitations. It is a retrospective

study with a small sample size. All patients were treat-
ment naïve and DAAs regimens were limited to SOF,
LDV and DCV, so the results may not be generalizable
to these other patient groups. Furthermore, the geno-
types were limited to 1b and 2a, as would be expected in
a study on a North Chinese population. Whether our
findings would be applicable to other patient popula-
tions must be determined by larger prospective studies.

Conclusions
HCV genotype 1b and 2a are the only genotypes and 1b is
predominant in our center. Antiviral treatment with DAAs
in HCV-infected kidney transplant recipients is persistently
effective and well tolerated during long-term follow-up. A
regular monitoring of renal function in patients who
receive DAAs regimens with preexisting impaired renal
function is strongly recommended. Furthermore, the
trough CNIs levels were recommended to be frequently
monitored.
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