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SUMMARY

Assessment of the relevance of tandem mass spectrometry-based newborn blood
spot screening for holocarboxylase synthetase deficiency (HCS)

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 holocarboxylase synthetase
deficiency (HCS) is addressed in this report.

Methodology

To evaluate the advisability of adding newborn HCS screening 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

HCS is an autosomal recessive disease, specifically, a biotin metabolism disorder. It is
thought to be caused by the presence of genetic variants on both copies of the
holocarboxylase synthetase gene, which lead to a biotin binding problem and to multiple
carboxylase deficiency with accumulation of various specific abnormal organic acids. The
prevalence of HCS is estimated at less than 1 case in 100,000 to 200,000 live births. In
Québec, according to the experts on the advisory committee, there are currently fewer
than five known cases. A minority of Canadian provinces and territories offer HCS
screening, and there is no international consensus on the relevance of newborn blood
spot HCS screening using tandem mass spectrometry (MS/MS).

The typical clinical presentation is a neonatal form in the hours or weeks after birth. It is
characterized by vomiting, hypotonia, lethargy, tachypnea, convulsions and various
cutaneous symptoms. The range of HCS phenotypes is very wide, from severe epileptic



seizures to delayed cognitive and psychomotor development to steady growth and
normal development. Without treatment, affected newborns progress to severe metabolic
acidosis, cerebral edema, coma and death. Nearly 40% of clinically identified patients
develop symptoms around the first week of life, and of these, nearly half die from them.
Overall, for approximately 60% of clinically identified patients, the screening test result
would be obtained in a timely manner, that is, before the onset of symptoms.

Diagnostic and therapeutic modalities

The diagnosis of HCS is based on the clinical picture together with the presence of
typical organic acids. A genetic variant analysis or an enzyme assay is sometimes
needed to confirm the diagnosis. It cannot be ruled out that some patients may die of
HCS before a diagnosis is obtained. The treatment for HCS is biotin supplementation, an
accepted practice that appears to improve the clinical status of symptomatic patients and
prevent the onset of some or all symptoms in presymptomatic individuals.

The prognosis is generally good for about 65% of patients in whom biotin therapy
reverses or prevents the onset of symptoms. The prognosis is generally poor for patients
who develop symptoms during the neonatal period and who are refractory to biotin
therapy. This prognosis could be improved, based on a recent practice, if newborns were
diagnosed and treated with high doses of biotin from the first days of life. A genotype-
phenotype correlation is possible for certain known genetic variants.

Performance

Newborn blood spot screening for HCS primarily consists in detecting a high
3-hydroxyisovalerylcarnitine (C5-OH) level using tandem mass spectrometry. Although
the sensitivity and specificity meet the standards of the Québec Neonatal Blood and
Urine Screening Program (PQDNSU), the positive predictive value is very low and the
referral rate in some programs is close to the limit of the established standard. The
discovery of secondary diseases may occur since other IEMs are associated with an
increase in the C5-OH marker. Eighty-seven to 100% of the referred cases were false-
positive results, and 5.0 to 100% of these false positives were other IEMs, the most
common of which was 3-methylcrotonyl-CoA carboxylase (3-MCC) deficiency. The use of
a second-tier test by way of a genetic variant analysis appears to improve the test’s
performance by increasing the positive predictive value.

Efficacy and safety

The screening test’s efficacy could not be evaluated from prospective comparative
studies. The few available data suggest more clinical signs in the clinically identified
group, but important limitations of the retrospective studies presented reduce the
significance of the results. No studies concerning the safety of neonatal HSC screening,
either in terms of the physical or psychosocial risks, were identified. The main issues with
neonatal HCS screening using MS/MS are reportedly the risk of false positives and the
identification of maternal cases and IEMs not targeted by this screening.



Organizational and economic aspects

Transposing the literature data to the Québec context yields, for neonatal HSC screening,
an estimate of 6 to 28 newborns per year that would be urgently referred to the referral
centres for diagnostic confirmation. For the facility entrusted with newborn blood spot
screening, the screening test would need to be validated and the computer system would
need to be upgraded. 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:
e The actual prevalence of HSC in Québec is uncertain;

¢ The neonatal form is characterized by metabolic decompensation, with various
cutaneous symptoms, during the hours or weeks after birth;

e Without treatment, the condition of newborns deteriorates into severe metabolic
acidosis, cerebral edema, coma and death;

e The screening test result would be available before the onset of symptoms for
approximately 60% of patients;

¢ A genotype-phenotype correlation has been established for at least two genetic
variants;

e The prognosis is good for about 65% of the patients in whom biotin therapy
reverses or almost completely prevents the onset of symptoms;

e There is considerable uncertainty regarding the test’s sensitivity and positive
predictive value, in part because of the low incidence of the disease;

e The risk of false positives, maternal cases of HCS, and the identification of IEMSs
not targeted by this screening, especially 3-MCC, are the main issues with HCS
screening;

¢ No conclusion can be drawn about the efficacy of HCS screening because of the
limited data from studies, which have important limitations.

INESSS does not recommend adding holocarboxylase synthetase
deficiency (HCS) screening to the blood platform in Québec’s
neonatal screening program.

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