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SUMMARY

Assessment of the relevance of tandem mass spectrometry-based newborn blood
spot screening for 3-hydroxy-3-methylglutaric aciduria (HMG)

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 classical homocystinuria
(HCY) is addressed in this report.

Methodology

To evaluate the advisability of adding neonatal screening for classical homocystinuria to
Québec’s neonatal screening 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. We constructed an efficiency model of newborn HCY screening and
performed a budget impact analysis. 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

Classical homocystinuria is an autosomal recessive disease caused by a deficiency in
cystathionine-pB-synthase (CBS), an enzyme involved in the methionine metabolic
pathway. The birth prevalence of HCY is estimated at approximately 1 case in 156,000
births in Western populations. In Québec, 12 patients with HCY were enrolled in the
Programme alimentaire québécois pour le traitement des maladies métaboliques
héréditaires (PAQTMMH) (Québec Dietary Program for the Treatment of Hereditary
Metabolic Diseases), according to the 2016-2017 annual report.

There is no international consensus on the relevance of screening for HCY at birth. Certain
organizations and technology assessment agencies have expressed support for such
screening, mainly because of the effectiveness of early treatment, the timeliness of the test



results, and the cost-effectiveness of the screening. Others have argued against it
because of the performance of the screening test, which inevitably yields some false-
negative results.

The disease occurs in two forms. The vitamin Be-resistant form is more severe than the
vitamin Be-responsive form. Both forms affect more or less the same number of
individuals, but neonatal screening can mostly identify vitamin Be-resistant cases. HCY is
characterized by ocular, skeletal and vascular complications and cognitive impairment,
and occurs during the first two decades of life. Affected individuals may suffer from lens
ectopy, skeletal malformations, osteoporosis, and intellectual disability, which can be
severe. They are also at high risk for thromboembolic events. Newborns with HCY are
asymptomatic, and the result of the neonatal screening test appears to be available in a
timely manner.

The diagnosis of HCY is confirmed by measuring the total plasma homocysteine and the
plasma amino acids levels. It may also be necessary to measure the plasma cystathionine
level in order to establish a differential diagnosis. Genetic analyses may be performed
along with the biochemical tests. When the diagnosis of HCY is confirmed, the patient's
responsiveness to vitamin B should be determined so that a treatment can be devised
and an appropriate follow-up provided. Vitamin Be-responsive patients will be prescribed
this vitamin on a long-term basis, while vitamin Be-resistant patients will instead need to be
on a protein-restricted diet and take methionine-free amino acid supplements. Betaine is
prescribed as an adjunct to treatment in patients with poor biochemical control. The
prognosis for untreated patients is unfavourable, mainly because of the high risk of
thromboembolic events. According to a multicentre study that used the number of
thromboembolic events in historical controls as a comparator, treatment lowers this risk.

Screening test’s performance

Newborn blood spot screening for HCY is done by tandem mass spectrometry (MS/MS)
with methionine as the primary marker. Some screening programs measure homocysteine
with LC-MS/MS to increase the test’s specificity and, possibly, its sensitivity. The
sensitivity and specificity reported in the identified screening program studies meet the
standards of Québec’s Neonatal Blood and Urine Screening Program (PQDNSU)?, but
false negatives are often underestimated because there is no method for systematically
identifying them. Several factors, including an insufficient rise in the methionine level
during the first 24 to 48 hours of life and low methionine intake from breast milk, causes
false negatives. In addition, secondary diseases may be discovered, such as methionine
adenosyltransferase deficiency, a disorder that is more prevalent than HCY. As for the
referral rate, it meets the PQDNSU standard in seven of the ten screening programs
examined.

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



Efficacy of screening

Eight studies were selected for the purpose of evaluating the efficacy of neonatal HCY
screening. Some of them have important limitations, such as selection bias and no patient
age-adjusted statistical analyses. Nevertheless, these studies suggest that neonatal
screening is effective in preventing ocular complications and intellectual disability.
Thromboembolic event-related deaths and skeletal malformations are observed less
frequently in patients identified by screening than in those identified clinically, but no studies
that statistically compare the incidence of these complications between the two groups were
found. The available efficacy data mainly concern vitamin Be-resistant patients.

Safety of screening

No comparative studies concerning the safety of neonatal HCY screening, either in terms of
the physical or psychosocial risks, were identified. The main ethical, organizational, and
psychosocial issues relating to neonatal HCY screening stem from the risk of both false
positives and false negatives. These untoward consequences could be reduced by
optimizing the screening algorithm.

Organizational and economic aspects

Transposing the literature data to the Québec context yields an estimate of 1 to 30 newborns
per year that would be referred to the referral centres for diagnostic investigation. For the
facility entrusted with newborn blood spot screening, an instrument for performing the
second-tier test would need to be purchased. If tests are added to the program, it should be
ensured that the laboratory and the referral centres have the necessary human and financial
resources to handle the additional workload involved.

To assess the economic impact of newborn blood spot screening for HCY compared to
clinical identification, INESSS used a partitioned survival model. The early management of
HCY patients would, among other things, lead to a reduction in the costs associated with
intellectual disability.

Over a lifetime time horizon and from a public health care and social services system
perspective, newborn blood spot screening for HCY is better than clinical identification. The
results of the probabilistic analysis of the efficiency model show an 80% probability that
screening would result in savings that could range from $167,000 to $388,000 per life-year
gained.

Adding HCY to the neonatal blood screening platform could result in an additional $594,000
in expenditures over 5.2 years, the estimated time required to identify one case of vitamin
Be-resistant HCY. Upon varying the prevalence, the annual number of births, and various
inputs, the results of the probabilistic budget impact analysis show that there is an 80%
probability that the expenditures would range from $541,000 to $978,000 over 5.2 years.



Given the following:

Patients with HCY develop potentially severe and irreversible long-term
complications, including intellectual disability, lens ectopy, skeletal malformations
with osteoporosis, and a high risk of thromboembolic events;

Newborns with HCY are asymptomatic, and neonatal screening would be done in a
timely manner;

The prognosis for untreated patients is unfavourable;

Without neonatal screening, patients with HCY experience diagnostic wandering,
which can last several years;

Neonatal screening can prevent the development of ocular complications and
intellectual disability, but there is no convincing evidence that such screening is
effective in preventing skeletal complications, thromboembolic events or deaths;

Therapeutic compliance appears to be better in patients identified by neonatal
screening than in those identified clinically;

Neonatal HCY screening inevitably yields some false-negative results, especially in
vitamin Be-responsive patients, who are rarely identified by such screening;

The number of newborns referred for diagnosis may be high, and secondary
diseases could be discovered, but the use of a second-tier test would reduce their
number;

The efficiency model, which is based on the costs that would be incurred in
Québec, shows that the neonatal HCY screening option is better than clinical
identification, since it is associated with financial savings for a gain in life-years.

INESSS recommends adding classical homocystinuria (HCY)
screening to the blood platform in Québec’s neonatal screening
program.

The use of a second-tier test would reduce the number of false-
positive results.

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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