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SUMMARY

Assessment of the relevance of tandem mass spectrometry-based
newborn blood spot screening for isovaleric acidemia (IVA)

Mandate

Inborn errors of metabolism (IEMs) are hereditary metabolic diseases rarely seen in
newborns. They are caused by genetic variants in a gene that encodes an enzyme or
transporter involved in a metabolic pathway. The timing of symptom onset and the
severity of the clinical manifestations differ among IEMs, but also from patient to patient.
Many IEMs can be managed by adjusting the patient’s diet, using medications or
supplements of the deficient metabolites, and preventing metabolic stress, such as
fasting. The primary objective of neonatal IEM screening is to identify newborns with an
IEM before symptom onset and to manage them quickly to improve their prognosis.

The Ministére de la Santé et des Services sociaux (MSSS) asked the Institut national
d'excellence en santé et en services sociaux (INESSS) to assess the advisability of
adding blood spot screening for nine inborn errors of metabolism to Québec's

neonatal screening program. The relevance of screening for isovaleric acidemia (IVA) is
addressed in this report.

Methodology

To evaluate the advisability of adding neonatal screening for isovaleric acidemia (IVA) to
the Québec program, we conducted an exhaustive scientific literature search, with no
restrictions on study design. Contextual and experiential data were gathered from
experts, patients, parents or caregivers of IEM patients, and members of the general
public. All the data (scientific, contextual and experiential) were submitted to the Comité
d’excellence clinique for deliberation with a view to drawing up the final recommendation.

Health problem

Isovaleric acidemia is an autosomal recessive disease caused by a deficiency in
isovaleryl-CoA dehydrogenase (IVD), an enzyme involved in the conversion of isovaleryl-
CoA to 3-methylcrotonyl-CoA in leucine metabolism. The birth prevalence of IVA is
estimated at approximately 1 case in 100,000 births but shows wide regional variability
(1:25,000 to 1:600,000). In Québec, IVA is one of the diseases covered by the
Programme alimentaire québécois pour le traitement des maladies métaboliques
héréditaires (PAQTMMH) (Québec Dietary Program for the Treatment of Hereditary
Metabolic Diseases), in which fewer than five patients were enrolled between 2011 and
2015, according to the annual reports. According to the experts on the advisory
committee, fewer than five IVA patients are being followed at Québec’s metabolic
disease referral centres.



All Canadian provinces and territories, with the exception of Québec, have included IVA
in their neonatal screening programs. However, there is no international consensus on
the relevance of newborn blood spot screening for IVA.

There are four forms of the disease: a neonatal form, a chronic intermittent form, a
chronic progressive form, and a mild form, which is detected by neonatal screening.
Patients with the neonatal or chronic intermittent form experience metabolic
decompensation after catabolic stress or increased protein intake. These two forms differ
in the timing of symptom onset: almost all patients with the neonatal form will experience
a first metabolic decompensation within the first 2 weeks of life, whereas patients with the
chronic intermittent form will experience symptom onset between the first month and the
tenth year of life. The death rate for patients with symptoms during the first 2 weeks of life
is reportedly about 40%. The chronic progressive form is rarer. Patients with this form do
not experience metabolic crises. In the long term, patients with these three forms may
experience cognitive and motor developmental delay.

Patients with the mild form, which is associated only with a biochemical phenotype, do
not present with clinical symptoms and may account for close to 60% of the cases
identified, according to the selected program studies. The implementation of neonatal
IVA screening has increased the prevalence figures for the disease 2.7- to 4.5-fold. Two
genotypes, ¢.941C>T and ¢.941C>G, have been linked to the mild phenotype of the
disease. However, not all patients with the mild form can be recognized from these
genetic variants, so their diagnosis depends on their clinical and biochemical phenotype.

The neonatal screening test result is reportedly available in a timely manner for
approximately 75% of all affected newborns, including those with the mild form, who
account for approximately 60% of the cases identified. The severity of the neurological or
cognitive involvement does not appear to be associated with the number of metabolic
decompensations, but rather with the timing of the diagnosis and patient management.

Diagnostic and therapeutic modalities

The diagnostic criteria for IVA are the quantification of blood isovalerylcarnitine and urine
or blood isovalerylglycine (IVG) and the quantification of urinary organic acids. Some
laboratories measure fibroblast IVD enzyme activity or perform genetic analyses. Without
screening, significant diagnostic wandering occurs in certain patients, mainly those with
the chronic form of the disease.

IVA patients should avoid catabolic stress, such as fasting and infections. Long-term
treatment consists of a reduced-protein diet and supplementation with L-carnitine and
sometimes with glycine. The number of metabolic crises tends to decrease with age,
thanks, probably, to alternate isovaleryl-CoA metabolic pathways and the reduction in
infections.

Screening test’s performance

The purpose of blood spot screening for IVA is to measure the increase in the
isovalerylcarnitine level. Tandem mass spectrometry (MS/MS) detects the marker
isovalerylcarnitine/2-methylbutyrylcarnitine (C5), which reflects both the



isovalerylcarnitine level and the 2-methylbutyrylcarnitine level. In terms of the test’s
performance, although its sensitivity and specificity meet the standards of Québec’s
Neonatal Blood and Urine Screening Program (PQDNSU)?!, its positive predictive value is
low, according to several program studies. A secondary disease can be detected by IVA
screening with the C5 marker. False-positive results can also be caused by
pharmaceutical agents whose metabolites are detected by the C5 marker. A higher cut-
off value for the C5 marker might help increase the positive predictive value. Second-tier
tests have been proposed to reduce the number of false positives.

Efficacy of neonatal screening

Six studies were used to evaluate the efficacy of neonatal IVA screening. However,
screening patients with a mild form introduced significant bias into the studies. Most of
the deaths occurred in patients who had not undergone neonatal IVA screening. The
available data do not permit any conclusions regarding the impact of neonatal screening
on cognitive development, even if certain results seem to indicate a better prognosis in
the group that was screened. However, no statistically significant differences were
observed between the two groups. Some newborns symptomatic prior to screening may
develop complications, and the groups differ in terms of the distribution of mild and
severe forms. A study of treatment efficacy that had several limitations suggests that
management during the first month of life may be associated with improved
neurocognitive development.

Safety of neonatal screening

The detection of mild cases has been recognized as the main drawback of IVA screening
because it is difficult to distinguish such cases from symptomatic ones. The other ethical

issues raised by IVA screening stem from the possible detection of a secondary disease

and false positives.

Organizational and economic aspects

As regards the organizational aspect of IVA screening, transposing the literature data to
the Québec context yields, for neonatal IVA screening, an estimate of 1 to 18 newborns
per year that would be referred to the referral centres for diagnostic confirmation. If tests
are added to the program, it should be ensured that the fiduciary center, the diagnostic
confirmation laboratory and the referral centres have the necessary human and financial
resources to handle the additional workload involved.

Given the following:
¢ Isovaleric acidemia has different clinical presentations:

- Newborns with the neonatal form of IVA usually present, within the first
2 weeks of life, with a severe clinical picture that can lead to death. Most will
develop symptoms before the screening test result is obtained.

1 Standards 3.1 and 3.1.2: The screening test’s sensitivity and specificity are at least 99%, and the referral rate for
diagnostic confirmation for each of the metabolic diseases targeted by the program is less than 35 per 100,000.



- The chronic forms of IVA are associated with a period of diagnostic wandering
that can last several years.

- Close to 60% of patients identified by neonatal screening appear to have a
mild form of IVA, for which the relevance of treatment remains uncertain.

¢ Diagnostic tests do not always make it possible to distinguish between patients
with the mild form and those with the other forms.

e There is a treatment, namely, a moderately protein-restricted diet and
supplementation with L-carnitine or glycine.

e The prognosis in terms of neurocognitive development may be better if patients
are managed quickly. However, the available data do not permit any conclusions
regarding the efficacy of neonatal IVA screening.

e The main untoward effects of IVA screening are reportedly false positives, the
detection of mild cases, and the absence of a clinical consensus regarding the
course and need to treat these patients.

¢ Assuming that 82,000 newborns participate in neonatal screening each year, 1 to
18 newborns could be referred annually for diagnosis, and neonatal screening
could detect between one case per year and one case every 3 years.

INESSS does not recommend adding tandem mass spectrometry-
based neonatal screening for isovaleric acidemia (IVA) to the
blood platform in Québec’s neonatal screening program.

However, this recommendation does not downplay the importance of providing
appropriate care to individuals with this disease and of prospectively collecting more
data. The need to create a provincial registry to document and improve the
understanding and treatment of these diseases was raised by all those consulted. Better
information on the different IEMs should be made available to patients and health
professionals.
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