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Introduction: Hepatitis C virus (HCV) infection is common among end-stage renal disease
patients undergoing hemodialysis. The standard treatment for HCV infection has been
interferon-ribavirin combination prior to renal transplantation. However, compared to direct-
acting antiviral agents (DAAs), the risk of graft rejection is higher with interferon therapy.
Many recent studies have investigated the efficacy and safety of DAAs for treating HCV
infection in kidney disease in adults; however, it has not been established in pediatric
patients. To the best of our knowledge, this is the first report describing successful treatment
using the DA As sofosbuvir/daclatasvir in two pediatric kidney transplant recipients who had
HCV genotype la infection without liver fibrosis.

Case Presentation: Case 1 describes a 13-year-old Indonesian boy who had undergone
hemodialysis since 2014 after being diagnosed with end-stage renal disease (ESRD) secondary
to bilateral renal hypoplasia. Later, he had HCV infection and was treated with interferon-based
therapy with ribavirin prior to living-related renal transplantation (LRRT). The HCV was
undetected and his liver function normalized six months after treatment initiation. However,
10 months after treatment initiation, he had HCV virological breakthrough, leading to cessation
of'interferon therapy. Plans for LRRT were continued and HCV treatment using DA As was set up
to be given post LRRT. Case 2 describes a 14-year-old Indonesian girl who also had hemodialysis
prior to LRRT after she was diagnosed with ESRD secondary to nephrotic syndrome. Later, she
had HCV infection and was treated with interferon and ribavirin prior to the live-unrelated renal
transplantation. HCV infection did not resolve, in addition, she experienced thrombocytopenia—
which is a side effect of interferon—resulting in termination of interferon treatment. Both cases
were treated with DAAs one year following renal transplantation after reaching stable graft
function, leading to achievement of sustained virological response at 24 weeks.

Conclusion: Post-transplantation treatment of chronic HCV is preferred in KTRs. The
sofosbuvir/daclatasvir regimen as an interferon-free therapy is a safe, effective option for
HCV infection in pediatric KTRs, who can tolerate sofosbuvir/daclatasvir well and respond
favorably without significant adverse events.

Keywords: kidney failure, chronic, interferon, renal transplantation, antiviral agents,
hepatitis C

Introduction
Hepatitis C virus (HCV) infection is associated with significant morbidity and mortal-
ity among renal disease patients undergoing hemodialysis (HD).! Additionally, in adult
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kidney transplant recipients (KTR), HCV infection pre-
transplantation increases the risk of graft failure and death.'

In 2009, Kidney Disease Improving Global Outcomes
(KDIGO) recommended interferon-based therapy pre-
renal transplantation or DAAs post-transplantation for
adult KTR with HCV.? However, recent KDIGO (2018)
no longer encourages interferon-based therapy to treat
HCV infection in chronic kidney disease (CKD).?
Moreover, direct-acting antiviral agents (DAAs) are
recommended for treating chronic HCV-infected KTR
because of the poor efficacy and higher risk of acute
allograft rejection associated with interferon-based
therapy.* However, there are limited literatures about the
use of DAAs in pediatrics and clinical trials are ongoing.’

In this case series, we report achieving successful
eradication—via using DAAs sofosbuvir/daclatasvir regi-
men—of HCV infection in pediatric KTR without liver
fibrosis who experienced treatment failure with interferon
and ribavirin prior to renal transplantation. To the best of
our knowledge, this is the first report describing successful
treatment using DAAs in two pediatric KTR who had

HCV genotype la infection.

Case Presentation

Case |
A 13-year-old Indonesian boy who experienced successful
living-related renal transplantation (LRRT) in 2017 (his 50-
year-old father was his kidney donor) has been living with
normal graft function. He underwent hemodialysis (HD) in
2014 after being diagnosed with end-stage renal disease
(ESRD) secondary to bilateral renal hypoplasia. He was
prepared for LRRT in March 2015; however, two months
prior to the procedure he was infected with the hepatitis
A virus (HAV). The HAV infection subsequently resolved,
and LRRT preparations proceeded. Unfortunately, seven
days prior to the scheduled LRRT procedure, there was
a sudden significant rise in alanine transaminase (ALT) and
aspartate aminotransferase (AST) levels, resulting in cancel-
lation of the procedure. The rise in ALT and AST levels was
later revealed to be caused by HCV seroconversion
(Figure 1). The patient was always hemodialyzed with
a single-use dialyzer, and there was no history of blood
transfusions or family history of viral hepatitis; however,
there was an HCV outbreak in our pediatric dialysis unit in
2015.

In April 2015, his liver function markers rose (AST
498 U/L, ALT 816 U/L, Gamma-Glutamyltransferase

(GGT) 170 U/L) and he was subsequently diagnosed
with HCV infection (viral load 3.75 x 10° IU/mL, 5.57
log TU/mL of serum HCV RNA) (Figure 1). HCV RNA
genotype testing was conducted using hybridization probe
(The Versant HCV Genotype 2.0 Assay (LiPA), Siemens),
which revealed HCV genotype la. A 7.3-kPa liver stiff-
ness was observed with transient elastography (fibroscan),
which was categorized as F1-F2 (mild-moderate liver
fibrosis) (Figure 1).

He received interferon-based therapy with ribavirin
post-HD once a week since September 2015. Six months
after treatment initiation, the HCV was undetected and his
liver function normalized. However, 10 months after treat-
ment initiation, he had HCV virological breakthrough,
suggested by HCV RNA of 1.28 x 10* IU/mL (4.11 Log
IU/mL), leading to cessation of interferon therapy.

Plans for LRRT were continued and HCV treatment
was set up to be given a year post LRRT when stable renal
graft function was achieved. In September 2017, LRRT
was conducted. One year post-LRRT, graft function was
normal; thus, treatment with DAAs for chronic HCV
infection was commenced. Owing to a lack of evidence
regarding treatment safety with DAAs in pediatrics, we
arranged a thorough discussion with the Hospital Ethics
Committee to obtain parental consent. In December 2018,
he began receiving sofosbuvir/daclatasvir for 12 weeks.
Evaluation immediately after (March 2019), at 12 weeks
(June 2019), and at 24 weeks (October 2019) following
treatment cessation showed no HCV recurrence (Figure 1).
Adverse effects, such as mild fever, fatigue, musculoske-
letal pain, decreased appetite, itching and nasal congestion,
were not found during treatment with DAAs.

Case 2

A 14-year-old Indonesian girl who experienced successful
live-unrelated renal transplantation from a 21-year-old
donor in April 2017 has been living with normal graft
function. In November 2014 she was diagnosed with
ESRD secondary to nephrotic syndrome and started reg-
ular HD via single-use dialyzer. She had a history of
repeated blood transfusions but no family history of viral
hepatitis.

She was diagnosed with HCV infection with a high viral
load (2.69 x 10° TU/mL, 6.43 log TU/mL of serum HCV
RNA) and rising liver function markers (AST 180 U/L,
ALT 133 TU/L, GGT 142 U/L) in September 2015 (Figure
2). HCV RNA genotype testing was conducted using hybri-
dization probe (The Versant HCV Genotype 2.0 Assay
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Figure | Course of disease and treatment (Case ).

(LiPA), Siemens), revealing HCV genotype la. A 4.8-kPa
liver stiffness was observed with transient elastography
(fibroscan), which was categorized as FO-F1 (mild liver
fibrosis) (Figure 2).

She began receiving pegylated interferon and ribavirin in
October 2015 prior to renal transplantation. Ten months later
(August 2016), real-time PCR still showed the presence of
HCV RNA (2.56 x 10° TU/mL, 5.41 Log IU/mL). In addi-
tion, she experienced thrombocytopenia—which is a side
effect of interferon—resulting in termination of treatment.

In April 2017, she received kidney transplantation. At
two months post-transplantation, she was diagnosed with
post-transplant diabetes mellitus (PTDM), which mani-
fested as a spontaneous inguinal abscess (10 x 3 X
0.5 cm), hyperglycemia (617 mg/dL), and ketonemia with-
out acidosis. This PTDM is believed to be associated with
her status as HCV-infected KTR, in addition to the side
effect of tacrolimus—corticosteroid combination. PTDM
resolved after tapering off methylprednisolone and seven
months of insulin therapy.

At 20 months post-renal transplantation, graft function
was normal; thus, treatment of HCV infection with DAAs

was initiated. Since data about the treatment safety with
DAAs in pediatrics are limited, we obtained parental consent
after arranging meticulous discussion with the Hospital
Ethics Committee. She started receiving sofosbuvir/daclatas-
vir in December 2018. HCV RNA with real-time PCR imme-
diately after, at 12 weeks, and at 24 weeks after treatment
initiation showed no HCV RNA (Figure 2). There were no
adverse effects during treatment with DAAs.

Discussion

Prevalence of adult hepatitis C in Indonesia is 1.01%
(approximately 2.6 million people) in 2017.° However, its
prevalence in children, especially children with ESRD, is
unknown. In Egypt, 18% of pediatric CKD cases had HCV
infections.” In our pediatric dialysis unit, the trend of HCV
infection fluctuated from 0 to 5 cases among 26 to 38 HD
cases per year over the past 6 years. HD is also known as
a risk factor of HCV infection in dialysis units; moreover,
mortality among the dialysis population with HCV infection
in Asia Pacific was higher.® This fact is dismaying, consider-
ing that in Indonesia, the cost of HD per patient annually may
reach USD $12,000, two-fold higher than peritoneal dialysis
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Figure 2 Course of disease and treatment (Case 2).

(PD) (USD $6000).” However, more patients in our setting
prefer HD to PD, while the seroconversion rate of HCV was
lower in PD compared to HD.® Nonetheless, we also have
been facing challenges in PD setting due to the mechanical

711 as well as the PD-related infections,”!?

complications,
which may contribute to patients’ inclination to HD.
Particularly in our unit, these HCV infection cases are good
examples to other dialysis patients that in HD unit, there has
always a risk of developing HCV infection.

Adaptive and humoral immune responses in HCV infec-
tion are commonly delayed by one and two months; hence,
HCYV specific antibodies can only be detected starting three
months after infection. However, the rise of serum transami-
nases secondary to the infection occurs in advance (approxi-
mately two months after initial infection)."* In our first case,
there was a significant rise in serum transaminases without
detected HCV antibodies, and anti-HCV was reactive in the
following month. This phenomenon aligned with the natural
course of HCV infection; however, it hindered our diagnosis
of HCV infection.

The major goal of HCV infection treatment in KTR is to

prevent viral replication after kidney transplantation.'*

A recent recommendation suggests starting DAA treatment
after kidney transplantation in CKD with HCV infection to
gain 0.5 quality-adjusted live years and to save more than
$40,000 over the remaining life span of a KTR.'> Compared
to interferon-based therapy, DAAs for HCV infection in KTR
has better efficacy and tolerability post-transplantation.'®
Side effects of interferon-based therapy include hematologi-
cal disorder, which is consistent with case 2 in our report who
had thrombocytopenia as a side effect of interferon and
ribavirin therapy.'” Minor adverse events such as mild
fever, fatigue, musculoskeletal pain, decreased appetite, itch-
ing and nasal congestion were reported in cases of previous
use of DAAs in adolescents.'® Other adverse events in adults
were tinnitus, diarrhea, elevation in serum creatinine, abdom-
inal pain, and unstable blood pressure. No such events were
noted in our cases.

In Indonesia, less than 1% of the HCV-infected popula-
tion was treated with DAAs." Recently, FDA approved
DAAs (sofosbuvir/ledipasvir) use for children, who are 12
years old or older and weigh at least 35 kg, to treat HCV
genotypes 1, 4, 5 and 6 infections.’ Because of the unavail-
ability of sofosbuvir/ledipasvir (Harvoni©) in Indonesia, we
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used sofosbuvir/daclatasvir regimen, which is being sup-
ported by the government. Use of Harvoni© in our country
would require importing the regimen from abroad. It would
also be costly, because patients have to independently fund
the medications. This situation is sometimes found in our
country; as a developing country, we found constraints in
resources to provide the standardized medical service.
Previously, there were publications from Indonesia describ-
ing a similar challenge due to the unavailability of supporting

laboratories,>* 22

which could require specimen transfer to
laboratories outside the country and necessitated out-of-
pocket expenses. As a matter of fact, the gross domestic
product per capita of Indonesia in 2018 was USD
$3893.60, while the cost of Harvoni© is USD $94,500 for
a 12-week-treatment (in America).”*** Therefore, sofosbu-
vir/daclatasvir regimen was preferred for the benefit of the
patients. Sofosbuvir/daclatasvir as regimen of choice for
HCV-infected KTR is efficient and safe in adults; however,
only partial results of two pediatric trials involving chronic
HCV infection population have been reported to date.’>’
Additionally, a recent study in Egypt revealed that there
were no differences in efficacy and safety between the use
of sofosbuvir/ledipasvir and sofosbuvir/daclatasvir in adoles-
cents with HCV non-KTR without other comorbidities.?® In
their study, all of the subjects achieved SVR12 regardless of
the treatment regimen, which justified our decision to use
sofosbuvir/daclatasvir regimen in our patients.

Tacrolimus target levels post-transplantation in pediatric
KTR were 10-12 ng/mL (month one), 810 ng/mL (months
two to three), 6-8 ng/mL (months four to six) and
4-6 ng/mL (after month six).>’ Therefore, we monitored
tacrolimus levels accordingly after transplantation and par-
ticularly during administration of DAAs (Figure 1). The
first tacrolimus measurements within a month post-DAAs
initiation in our cases showed elevation past the target level
(Figure 3). Moreover, there was a significant increase in
serum creatinine level in case 1 (Figure 3A), raising
a suspicion that DAAs may potentiate tacrolimus nephro-
toxicity. A 2017 review stated that the incidence of nephro-
toxicity is higher in patients receiving a medium-dose
regimen of tacrolimus (0.15 mg/kgBW/day) compared to
a low-dose regimen (0.1 mg/kgBW/day).?® This explains
the rise of serum creatinine in case 1 (Figure 3A) compared
to the stability of serum creatinine in case 2 (Figure 3B).
Older donor age in kidney transplantation also contributes
to the nephrotoxicity side effects of tacrolimus,*® thus align-
ing with the fact that case 1 received kidney from his 50-
year-old father, whereas the donor for case 2 was 21 years

old. Therefore, the tacrolimus dose was reduced to maintain
a level within the desired target for both cases, and also to
preserve graft function particularly for case 1. However,
when DAAs were discontinued, the tacrolimus levels
dropped in both cases, necessitating an increased dose of
tacrolimus.

Tacrolimus is a substrate of liver cytochrome (CYP)
3A4, which is commonly repressed during chronic HCV
infection by the inflammatory cytokines.*® Treatment with
DAAs overrides the inflammatory inhibition of CYP3A4
and enhances tacrolimus metabolism, leading to decreased
concentration and eventually requiring an increase in
tacrolimus dose.**° In our cases, tacrolimus levels rose
during DAAs treatment. Only one study in 2016 reported
an increase of tacrolimus levels and serum creatinine
levels during DAAs treatment in 13 out of 47 subjects.*
A recent pharmacology study in 2018 suggested that the
bioavailability of tacrolimus administered in Asians is
greater,”! implying that the tacrolimus dose requirement
may be lower generally in our cases and required adjust-
ment while on DAAs.

Case 1 exhibited a timely course of HCV infection and
that the first measurement of anti-HCV was non-reactive.
This hindered the diagnosis of HCV. Moreover, hepatitis
A infection occurred prior to HCV infection, and LRRT
added the unique feature of this case. Another hallmark of
this case series is the PTDM phenomenon that occurred in
case 2. HCV-infected KTR patients are known to have an
increased risk of developing PTDM, particularly those who
receive tacrolimus and corticosteroid post-transplantation.*
Inhibitory actions on the insulin regulatory pathways of the
liver by HCV lead to insulin resistance and eventually result
in PTDM.

Ultimately, both cases achieved sustained virological
response (SVR) at 24 weeks (SVR24), indicating that
treatment for HCV infection using DAAs is effective and
well tolerated in post-transplantation patients, particularly
in the pediatric population. This is similar to a 2016 study
in China, which revealed successful treatment using sofos-
buvir/daclatasvir in adult HCV-infected KTR genotype 1
without liver involvement, achieving SVR at 12 weeks.?
In addition, sofosbuvir/daclatasvir combination has
recently been reported as effective and safe to treat chronic
HCV genotype 4 infection without other comorbidities in
children aged 8 to 18 years old.'"® To the best of our
knowledge, this is the first report describing successful
treatment using DAAs in two pediatric KTR who had
HCV genotype la infection.

International Journal of Nephrology and Renovascular Disease 2020:13

143

Dove


http://www.dovepress.com
http://www.dovepress.com

Ambarsari et al

Dove

Case 1: Male, 13 years old, 36 kg
10
12-week DAAs Treatment
9
8
7
6
5
4
3
o —4—Serum creatinine
14 14 mg/dL
12 12 1.2 12 13 13 /R
1 —-Tacrolimus level
(ng/dL)
0
Dec-18 Jan-19 Feb-19 Mar-19 Apr-19 May-19 Jun-19 Jul-19 Aug-19 Sep-19 Oct-19
Tacrolimus | 3.5mgo.m|3.5mgom|2.5mgom|25mgo.m|2.5mgom| 3mgo.m 3mgo.m 3mgo.m 3mgo.m 3mgo.m 3mgo.m
oral dose 4 mgo.n 3mgo.n | 2.5mgo.n 2.50.n 2mgo.n 3mgo.n | 3.5mgo.n| 3mgo.n | 3.5mgo.n | 3.5mgo.n | 3.5mgo.n
B Case 2: Female, 14 years old, 34 kg
8
12-week DAAs Treatment
7
6
5
4
3
2 o
—&—Serum creatinine
(mg/dL)
1 0.73 iz 0.79 081 0.69 0.82 0.73 07 0.73 0.78 0.72
. A "
Y = i\t/*\t—‘— ’ Y x —aA —&-Tacrolimus level
(ng/dL)
0
Dec-18 Jan-19 Feb-19 Mar-19 Apr-19 May-19 Jun-19 Jul-19 Aug-19 Sep-19 Oct-19
Tacrolimus | 1mgo.m |0.5mgo.m|0.5mgo.m|0.5mgo.m|05mgo.m| 1mgo.m 1mgo.m 1mgo.m 1mgo.m 1mgo.m | 0.5mgo.m
oral dose 1mgo.n | 0.5mgo.n | 0.5mgo.n | 0.5mgo.n | 0.5mgo.n 1mgo.n | 0.5mgo.n| 0.5mgo.n | 0.5mgo.n | 0.5mgo.n| 0.5mgo.n

Figure 3 (A) Tacrolimus and creatinine serum levels changes while on treatment with DAAs (Case |). (B) Tacrolimus and creatinine serum levels changes while on
treatment with DAAs (Case |).

Conclusion

Sofosbuvir/daclatasvir,

preferably administered post-

transplantation, is a safe and effective interferon-free treat-

ment option in chronic HCV-infected pediatric KTRs.

Further studies are warranted to confirm the efficacy and
safety of DAAs in pediatric KTRs with chronic HCV
infection, and to elucidate the effects of DAAs on tacroli-

mus levels and nephrotoxicity.
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