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Successful Treatment With Ledipasvir/
Sofosbuvir in an Infant With Severe
Combined Immunodeficiency Caused
by Adenosine Deaminase Deficiency
With HCV Allowed Gene Therapy with
Strimvelis
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P

atients with inborn error diseases can be candidates for autologous hematopoietic stem cells
(HSC) gene therapies (GT) but may require
negative viral screening, including hepatitis C
virus (HCV), to allow HSC manipulation in Good
Manufacturing Practices areas. In the case of HCV
positivity, patients might be excluded from life-saving treatments. As HCV antibodies could be negative in young infant immunodeficient patients due to
their immature/impaired immune system, or positive
due to maternal–fetal antibody transmission, the risk
is usually also evaluated on the basis of the HCVRNA. HCV clearance can now be achieved through
direct-acting antivirals. The fixed-dose combination

of ledipasvir/sofosbuvir (Harvoni; Gilead Sciences,
Foster City, CA) in children ages 12 to 17 years was
approved in 2017 for HCV genotypes 1, 4, 5, and
6.(1,2) For younger patients, a phase II study (3-17
years) with Harvoni is ongoing (ClinicalTrials.gov
identifier: NCT02249182) and an anecdotal report
of viral clearance has been published in a 4-year-old
boy with HCV genotype 1b infection.(3) Growing
experience on direct-acting antivirals in children,
who are more often treatment naïvely and less likely
to show hepatic cirrhosis, suggest that HCV can
be eradicated in a short time, thus allowing potential eligibility to GT for subjects in need of urgent
treatment.

Abbreviations: ADA-SCID, severe combined immunodeficiency caused by adenosine deaminase deficiency; ALT, alanine aminotransferase;
EMA, European Medicines Agency; GT, gene therapy; HCV, hepatitis C virus; HSC, hematopoietic stem cells; PEG-ADA, polyethylene-glycolconjugated bovine ADA; SVR, sustained virological response.
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Presentation of the Case

We report the experience in a male Egyptian infant
affected by severe combined immunodeficiency caused
by adenosine deaminase deficiency (ADA-SCID)
with HCV 4a genotype infection. The patient was not
eligible for GT due to the infectious risk of bone marrow cells used as starting material for the manufacture
of Strimvelis, based on the current EU Cell and Tissue
Directive. Harvoni was administered off-label to the
patient and HCV clearance allowed the patient to be
treated with autologous HSC-GT with Strimvelis for
the correction of his immunodeficiency.(4,5)
The patient was born from consanguineous parents and delivered by way of caesarean section. His
older brother died due to ADA-SCID. Our patient
was soon diagnosed with ADA-SCID and started
on polyethylene-glycol-conjugated bovine adenosine
deaminase (PEG-ADA). In the absence of a human
leukocyte antigen–identical sibling donor, the patient
was referred at 4 months of age to our institution for
HSC-GT.(5) At screening (Table 1), we diagnosed
HCV 4a genotype infection and suspended the GT
treatment program.
Vertical transmission from the mother was ruled
out, as testing resulted in HCV-RNA and antibody
being negative. Transfusions were never administered
to the child and infection from substitutive immunoglobulins was considered highly unlikely. The patient’s
contagion during caesarean section or blood withdrawal in his home country, where HCV genotype 4
is endemic, was postulated.

TABLE 1. Clinical Data and Significant Laboratory Findings
at the Start of Harvoni
Age (months)

5

Weight (kg) (percentile)

6.5 (50th)

Length (cm) (percentile)
9

58.7 (3rd)
9

White blood cell (×10 /L) (normal value, 6.7-14×10 /L)

3.8

Lymphocytes (×109/L) (normal value, 3.9-9.0)

0.8

CD3+ (cells/μL) (normal value, (2500-5600)

16

CD3+CD4+ (cells/μL) (normal value, 1800-4000)

13

CD3+CD8+ (cells/μL) (normal value, 590-1600)

0.4

CD4+ naïve (cells/μL) (normal value, 1300-3600)

1.2

ALT (IU/L) (normal value, 6-59 IU/L)

135

AST (IU/L) (normal value, 5-35 IU/L)

85

Total bilirubin (mg/dL) (normal value 0.1-1.0)

0.19

Direct bilirubin (mg/dL) (normal value 0.01-0.25)

0.14

GGT (IU/L) (normal value 11-68)
HCV antibody
Liver ultrasound

31
Negative*
Normal

*The child was on immunoglobulin supplementation, given to the
known impaired antibody production in ADA SCID patients.
Abbreviations: AST, aspartate aminotransferase; GGT, gammaglutamyl transferase.

Because of the patient’s profound lymphopenia and
reduced T-cell functions, despite the ongoing enzyme
replacement therapy with PEG-ADA, spontaneous
clearance of HCV was considered unlikely and the
patient was judged at risk of poor control of HCV
infection. Moreover, the risk/benefit of early eradication of the HCV infection was favorable because
of the urgency of treatment with Strimvelis.(4)
Sofosbuvir/ledipasvir was started at 5 months of age
at 100/22.5 mg (15/3.4 mg/kg/day) daily dose and

ARTICLE INFORMATION:
From the 1 Pediatric Immunohematology Unit and BMT Program, IRCCS San Raffaele Scientific Institute, Milan, Italy; 2 Tor
Vergata University, Rome, Italy; 3 San Raffaele Telethon Institute for Gene Therapy, IRCCS San Raffaele Scientific Institute,
Milan, Italy; 4 Vita Salute San Raffaele University, Milan, Italy; 5 Haematology and Bone Marrow Transplantation Unit, IRCCS
San Raffaele Scientific Institute, Milan, Italy; 6 Dermatology Unit, IRCCS San Raffaele Scientific Institute, Milan, Italy; 7 Unit of
Hepatology, IRCCS San Raffaele Scientific Institute, Milan, Italy; 8 MowatLabs, Pediatric Liver, GI & Nutrition Centre, King’s
College Hospital, London, UK; 9 Department of Virology, IRCCS San Raffaele Scientific Institute, Milan, Italy; 10 GlaxoSmithKline,
Stevenage, Hertfordshire UK; 11 Department of Pediatrics, Faculty of Medicine, Cairo University, Cairo, Egypt.

ADDRESS CORRESPONDENCE AND REPRINT REQUESTS TO:
Alessandro Aiuti, M.D., Ph.D.
San Raffaele Telethon Institute for Gene Therapy, Pediatric
Immunohematology and Bone Marrow Transplantation Unit
San Raffaele Scientific Institute

Via Olgettina, 60
20132 Milan, Italy
E-mail: aiuti.alessandro@hsr.it

2435

Tucci et al.

Hepatology, December 2018

FIG. 1. HCV-RNA and alanine aminotransferase (ALT) during treatment with Harvoni. HCV-RNA levels persisted high for 1
month before starting Harvoni. Plasmatic viral copies were 1.85 × 106 UI/mL at diagnosis and 1.5 × 106 UI/mL in more than one
evaluation when Harvoni was started. After 2 weeks of treatment, the viral load resulted in being negative, but on the following
plasma evaluation, the HCV-RNA was 19 copies/mL, probably due to a slight initial fluctuation around the lower threshold of PCR
method and returned persistently negative in all of the following evaluations. Although the family did not report episodes of vomiting
or lack of compliance, we cannot exclude a transient issue of administration in the first weeks of treatments. From week 5 from the
start of Harvoni onward, HCV-RNA was undetectable, allowing its suspension at week 12. ALT values remarkably decreased during
treatment. A transient ALT increase with persistent HCV-RNA negativity was detected from weeks 3 to 11 from the start of Harvoni
and ascribed to insufficient detoxification; it resolved after PEG-ADA dose adjustment. Hepatoprotective drugs (silymarin 6 mg/kg/
day and ursodeoxycholic acid 20 mg/kg/day, oral formulations) were administered from week 4, according to our local protocol for
hepatic prophylaxis in the context of hematopoietic stem cell transplantation. This may be more relevant for ADA-SCID patients,
who are known to experience also hepatic toxic damage due to accumulation of adenosine metabolites.(6) PEG-ADA was stopped 3
weeks before GT, as foreseen in the treatment schedule. The post-GT slight ALT increase may be ascribed to busulfan administration
and the PEG-ADA suspension carryover effect. The threshold of less than 12 IU/mL HCV-RNA represents our rate of undetectable
HCV-RNA levels in real-time PCR.

continued for 12 weeks. The dose was extrapolated
from that used in adults and children over 6 years
of age(1) and from treatment duration time for genotype 4a.(2) Tablets were pulverized by San Raffaele
Hospital pharmacy and the required daily dose was
packed in single sachets. The powder was dissolved
into milk and regularly administered by parents, after
appropriate training. Approval of the local Ethical
Committee and from the hospital management board
for off-label use and written informed consent from
the parents were obtained prior to treatment.
A diffuse maculo-papular skin rash appeared after 1
week of Harvoni, but did not contraindicate the continuation of therapy and resolved in 1 month. Rapid
viral clearance was observed (Fig. 1). Following consultation with European Medicines Agency (EMA),
a risk-assessment procedure was formulated for the
manipulation of HSC from a patient with previous HCV infection and shared with the Competent
Authority for Cells and Tissues (Centro Nazionale
Trapianti). Based on the evidence that sustained

2436

virological response at week 4 (SVR4) is 95% to
100% predictive of SVR24,(1) the risk assessment was
favorable, and the patient underwent treatment with
Strimvelis (Fig. 1) after conditioning with a low dose
of busulfan.(4)
HCV-RNA negative testing persisted during GT
and throughout the follow-up. Currently, the patient
is +11 months from GT, free from PEG-ADA, and
shows multilinear engraftment of transduced HSC in
the bone marrow, increasing lymphocyte count, and
restored ADA expression.

Discussion

A once-daily single dose regimen of 12-week
treatment duration with sofosbuvir/ledipasvir had an
acceptable safety profile and was efficacious in the
clearance of HCV infection in an ADA-SCID patient
allowing GT with Strimvelis. Moreover, in this patient,
SVR4 was predictive of SVR12, SVR24, and SVR48.
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The occurrence of this case triggered a change
in the control of procedures for Strimvelis, to allow
autologous bone marrow to be used for manufacture
if the HCV results from the patient are confirmed as
negative by nucleic acid testing.
Additional data on a cohort of HCV-infected
children younger than 3 years are needed to provide further evidence of the safety and efficacy of
this treatment. Our results support the need for the
development of specific recommendations regarding
the use of Harvoni off-label, while waiting for a label
extension, in infants who need life-saving treatment
with advanced therapies.
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