
NLM Citation: LiverTox: Clinical and Research Information on Drug-
Induced Liver Injury [Internet]. Bethesda (MD): National Institute of 
Diabetes and Digestive and Kidney Diseases; 2012-. Onasemnogene 
Abeparvovec. [Updated 2020 Aug 20].
Bookshelf URL: https://www.ncbi.nlm.nih.gov/books/

Onasemnogene Abeparvovec
Updated: August 20, 2020.

OVERVIEW

Introduction
Onasemnogene abeparvovec is a unique gene therapy agent used to correct the abnormal gene responsible for 
spinal muscular atrophy type 1, a rare progressive neuromuscular disorder that typically leads to disability and 
death within the first two years of life. Onasemnogene abeparvovec is given as a one-time intravenous infusion 
and has been linked to serum aminotransferase elevations which can be associated with jaundice and severe 
acute liver injury.

Background
Onasemnogene abeparvovec (on” a sem’ noe jeen a” be par’ voe vek) is a biologic agent and gene therapy 
designed to correct the gene defect of spinal muscular atrophy (SMA), a rare inherited disease that results in 
progressive neuromuscular disability leading to severe muscle weakness, paralysis, need for ventilatory support 
and death usually within the first two years of life. The disease is due to a genetic deficiency in survival motor 
neuron (SMN) caused by a bi-allelic loss-of-function mutation in the SMN1 gene which is critical for motor 
neuron survival. The severity of SMA varies based upon the activity and number of copies of the SMN2 gene 
which ordinarily contributes only a small proportion of needed SMN activity because of the unstable protein 
variant that it encodes. Despite this limitation, SMN2 expression can partially compensate for the reduction of 
SMN activity in patients with SMA1, particularly if the SMN2 gene is present in more than 2 copies. 
Onasemnogene abeparvovec consists of an adeno-associated virus type 9 (AAV9) carrying complementary DNA 
encoding the missing SMN1 protein. A single infusion leads to widespread and sustained expression of the 
normal SMN protein in motor neurons as well as other cell types including in heart, muscle, pancreas and liver. 
In pilot studies a single infusion of onasemnogene abeparvovec led to long term improvements in motor 
function in infants with SMA1 and survival without ventilatory support beyond the ages predicted by natural 
history studies of this ordinarily fatal genetic disorder. Onasemnogene abeparvovec was approved for use in the 
United States in infants with genetically proven SMA1 in 2019. Trials of onasemnogene abeparvovec in other 
types of SMA and in older subjects are currently ongoing. The recommended dose is 1.1 x 1014 vector genomes 
per kg body weight infused over 60 minutes on a single occasion. Treatment with high doses of systemic 
corticosteroids starting one day before the infusion and continuing for at least 30 days in gradually reducing 
doses is recommended. Onasemnogene abeparvovec is available under the commercial name Zolgensma. 
Adverse events associated with the gene therapy include local injection reactions, nausea, ALT elevations and 
hypersensitivity reactions. Importantly, serum ALT and AST elevations occur in a high proportion of patients 
and regular monitoring for the first 3 months after the infusion is required.



Hepatotoxicity
Prospective studies suggest that 90% of subjects who receive onasemnogene abeparvovec develop some degree of 
serum aminotransferase elevations during the 1 to 2 months after receipt of the infusion. In a small proportion 
of infants the elevations are as high as 10 to 20 times the ULN. These abnormalities can be ameliorated, if not 
prevented, by prophylactic therapy with corticosteroids. Typically, methylprednisolone in doses of 1 mg per 
kilogram body weight is given the day before the infusion and two days afterward, whereupon it is continued in 
gradually decreasing doses and with switching to oral prednisolone for a total of 4 weeks. Serum ALT and AST 
elevations typically arise within the first week after the initial infusion and can reappear during the period of 
corticosteroid dose reduction. Importantly, in postmarketing studies in more than 300 infants with SMA1, at 
least two instances of ALT elevations with jaundice and evidence of severe hepatic dysfunction were reported. 
Reinstitution of high doses of methylprednisolone was followed by clinical recovery and both patients were 
ultimately able to stop corticosteroids and had evidence of long term improvement in muscle function and 
development. Onasemnogene abeparvovec should be administered only by physicians with expertise in the 
management of SMA and in use of this gene therapy and its adverse effects.

Likelihood score: D (possible cause of clinically apparent liver injury).

Mechanism of Injury
The mechanism of onasemnogene abeparvovec hepatotoxicity is thought to be an immunologic response to the 
expression of viral vector or SMN gene products by the liver. The liver injury typically arises concurrent with the 
appearance of anti-AAV9 antibodies. Of interest, cases of severe hepatotoxicity were also observed in early phase 
clinical trials of a genetic therapy using a related AAV vector (AAV8) in patients with X-linked myotubular 
myopathy. In addition, liver injury was identified in preclinical studies done in rhesus macaques given an AAV9 
vector carrying the human SMN gene. These findings suggest that a number of related AAV vectors may be 
associated with dose dependent liver injury in susceptible individuals.

Outcome and Management
Onasemnogene abeparvovec hepatotoxicity is usually responsive to an increase in dose of corticosteroids or 
their reinstitution if they have been discontinued. Infants receiving this gene therapy should be monitored before 
and at regular intervals for at least 3 months. Infants with ALT or AST elevations above 10 times ULN after 
onasemnogene abeparvovec therapy should be treated with reinstitution of high dose corticosteroids and 
followed carefully during subsequent dose reductions.

Drug Class: Gene Therapy
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