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CHAPTER 1 - SHAPING THE FUTURE OF THE UK SCREENING
PROGRAMME: OVERVIEW

Screening rates for Inherited Metabolic Diseases (IMDs) in the UK remain relatively low.>?

There are approximately 20,000 children and adults currently living with inherited metabolic disorders
(IMDs) in the UK.! These diseases can lead to a dangerous imbalance of chemicals in the body,
ultimately resulting in organ damage, severe disabilities and premature death.! Currently UK
newborns are only tested for 6 IMDs — while countries with similar healthcare expenditure screen up
to 34 IMDs.%?

France and Italy’s newborn screening (NBS) approach has embraced the rate of change in medical
advancements in the field of IMDs**

- In Italy NBS has been extended in 2016 and today over 30 inherited metabolic diseases are included
in the national programme. In Italy cost calculations have shown that costs are mostly due to the
overall logistics associated with programme delivery rather than to the screening itself. Extended NBS
does not significantly affect the overall costs associated with screening for multiple diseases.*

- In 2020 the French Health Authority (HAS - Haute Autorité de Santé) recommended the introduction
of 7 new inherited metabolic disorders to the national newborn screening programme (NBS).’

Cost-effectiveness evidence demonstrates the need for a progressive NBS programme

- Recent research results indicated that the extended NBS UK screening programme, including 5 more
IMDs (maple syrup urine disease, homocystinuria, isovaleric acidaemia, glutaric aciduria type 1 and
long-chain hydroxyacyl CoA dehydrogenase deficiency), was proven to be more efficient and cost-
effective than not screening for these conditions at all. Furthermore, the expanded NBS, associated
with the elimination of developmental problems in the early years of life, showed a substantial
reduction in lifetime health and social care costs.®

- UK data on cost-effectiveness for Severe Combined Immunodeficiency (SCID) shows that screening
for SCID is likely to be cost-effective at £20,000 per QALY.” In a model developed for the Netherlands,
earlier detection of SCID led to a 60% reduction in the number of newborn deaths due to the disease
and 11.7 QALYs were gained (discounted).®

The UK NBS programme remains a very complex and lengthy process

- A submission for NBS for SCID in the UK was first made to the National Screening Committee (NSC)
in October 2011 and as of January 2021, the screening pilot study which was necessary to start
implementing broad newborn screening in 2025 has still not been implemented.>°

- The UK’s National Screening Committee (NSC) evaluation process disadvantages screening
programmes for rare conditions compared to other countries.!



- It has become clear that if we are to have any chance of getting new conditions onto the heel-prick,
the entire UK NBS policy needs to be reshaped to fit the scale of treatment advances for these
conditions.

An approach similar to the collective evaluation and implementation of 5 IMDs in 2014 could be
replicated for other disorders to accelerate adoption of new IMD’s

Call to action: We must evolve our current screening programme to allow timely adoption of new
conditions and potentially save thousands of lives.
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CHAPTER 2 - SHAPING THE FUTURE OF THE UK SCREENING
PROGRAMME: BACKGROUND

CASE STUDY OF COST-EFFECTIVENESS OF SCREENING FOR RARE DISEASES

A. SEVERE COMBINED IMMUNODEFICIENCY IN THE UK, NETHERLANDS AND THE US

1. BACKGROUND

Severe combined immunodeficiency (SCID) is a rare treatable genetic disorder that affects the
development of functional T-cells and B-cells in infants and if left untreated results in repeated severe
infections and death within the first few years of life. Patients are currently identified symptomatically
through presentation with repeated infections or pre-symptomatically if there is a known family
history of the condition, in the UK around 30%.!

The standard treatment for SCID is hematopoietic stem cell transplantation (HSCT) which restores
immune function. Gene therapy has also been shown to be successful: there is an approved GT
Strimvelis® for the treatment of ADA-SCID. Patients with the second most common form of SCID, ADA-
SCID can also be treated with enzyme replacement therapy which is not curative but can stabilise
patients. Analysis of the outcomes of HSCT has shown that survival rates are higher in those who are
transplanted in the first 3.5 months of life, due to a family history of the disorder, compared to those
transplanted later. There is also evidence that long-term outcomes are improved with an early
diagnosis and treatment. Due to the benefits of an early diagnosis, there has been an interest in
developing a newborn screening test that can be used in a population-based screening programme.!

A screening method that measures the number of T-cell receptor excision circles in a dried blood spot
has been developed that accurately diagnoses affected SCID individuals. This method is currently used
in the US to screen for SCID. A pilot conducted in the UK has also shown the test to have a high
sensitivity to SCID in line with the results from the US. However, the screening test also identifies
infants without SCID that potentially have other immunological problems.?

Within the UK, the National Screening Committee (NSC) advises the government and the National
Health Service (NHS) concerning what newborn screening tests should be offered. This advice is based
on independent assessments of the evidence of the potential benefits, harms and cost-effectiveness
of each screening test.?

1. Chilcott J, et al. Cost-effectiveness of screening for Severe Combined Immunodeficiency (SCID) in the NHS
Newborn Blood Spot Screening Programme. Value in Health. 2017;20(9):A501

2. Bessey A, et al. A Cost-Effectiveness Analysis of Newborn Screening for Severe Combined Immunodeficiency
in the UK. Int ] Neonatal Screen. 2019;5(3):28.

2. COST EFFECTIVENESS OF SCREENING FOR SCID IN THE UK



The cost-effectiveness model estimated that screening for SCID in the UK would identify 17 (14, 22)
newborns with SCID annually, prevent 6.3 (4.0, 9.7) SCID-related deaths with a total gain of 184 (118,
274) discounted quality-adjusted life years (QALYs; summary outcome measure combining gains in
quality of life and in life expectancy used to assess the effectiveness of a particular intervention; see
glossary for detailed information). (Base case results shown in Table 1).

Costs associated with the immediate treatment and HSCT are lower in the screened arm; however,
the long-term follow-up and management costs are higher than in the no-screen arm. While the per
patient costs are lower, and the rates of complications are either the same or lower in the screened
arm, the increase in survival leads to an increased number of patients experiencing both complications
and the general follow-up costs associated with overall higher costs.

Screening would increase total discounted lifetime costs (difference between the cost of screening
and the cost of not screening) by an estimated £3.3 (£2.4, £4.5) million per year. The incremental cost-
effectiveness ratio (ICER; summary measure representing the economic value of an intervention
calculated as the total costs per QALY gained; see glossary) for SCID screening was estimated at
£18,222 per QALY gained. The probability that screening is considered cost-effective is 65% and 99%
at the £20,000 and £30,000 per QALY thresholds, respectively.

Table 1. Cost-effectiveness analysis of newborn screening for SCID in the UK

Screening 95% CI No Screening 95% CI Incremental 95% CI
Outcomes  SCID cases diagnosed 02 (0.1,03) 11.0 (8.4,14.1) ~109 (~13.9,-82)
symptomatically
SCID cases diagnosed . ) -
via a family history 0 (0. 0) 49 (61,70 -49 (-3.1,-7.0)
SCID cases not - -
diagnosed 0 ©,0 15 (0.1, 48) -15 (~0.1,-48)
SCID cases screen
7.2 35,217 7.2 5,217
detected 17.2 (135,21.7) 0 0,0 17.2 (13.5,21.7)
ADA SCID 29 (1.6,47) 29 1.6,47) 0 (0.0, 0.0)
SCID mortality 17 (0.6,4.0) 81 (5.3,12.0) -6.3 (9.7, -4)
Screening Non SCID TCL 31.1 (16.3,50.1) 0 (0, 0) 31 (16.3,50.1)
outcomes
Pre-term 8.0 (1.9,187) 0 (0, 0) 8 (1.9, 18.7)
Total presumptive 322.1 (79.5,852.9) 0 ©,0) 0 (795, 852.9)
positives
Costs Direct screening costs £3.04m (£2.97 m, £3.19 m) £0.00 m (£0.00 m, £0.00 m) £3.04m (£2.97 m, £3.19 m)
- - - - o
Diagnosis and follow g, 54 (€1,029.36, £ (£0.00m, £0.00m)  £4394  (£1,020.36, £10,311)
up pre-terms £10,311)
Diagnosis and follow o7 0012 m. £0.5 0. o ol 27 £0.12 5
up non SCID TCL £0.27 m (£0.12 m, £0.51 m) £0.00 m (£0.00 m, £0.00 m) £0.27 m (£0.12 m, £0.51 m)
Diagnosis costs SCID £14,235 (£11,112, £17,967) £13,023 (£13,023, £15,954) £1,212 (£61.7, £3,919)
SCID treatment up - - . N o ~ . L
and including HSCT £3.35m (£220 m, £4.83 m) £3.63m (£3.63m, £2.65m) —£0.28 m (—£1.10 m, £0.62 m)
SCID long-term costs £2.03m (£1.20 m, £3.12 m) £1.30 m (£1.30 m, £0.78 m) £0.72 m (£0.23 m, £1.37 m)
Totals Total costs £7.30m (£5.96 m, £9.06 m) £3.96 m (£3.96 m, £2.92 m) £334m (£2.36 m, £4.47 m)
Total QALYs 4101 (308.3, 527.3) 226.9 (226.9, 164.9) 183.17 (109.3, 267.2)
ICER £18,222 (£12,013, £27,763)

CI—Confidence Interval; SCID—Severe Combined Immunodeficiency; ADA SCID—adenosine deaminase deficiency
SCID; TCL—T-cell immunodeficiency; HSCT—hematopoietic stem cell transplant; QALYs—Quality-adjusted life
years; ICER—Incremental cost effectiveness ratio.

Results were sensitive to a number of parameters, including the cost of the screening test, the
incidence of SCID and the disbenefit to the healthy at birth and false-positive cases. Key uncertainties
relate to the impact on false positives and the impact on the identification of children with non-SCID
T-Cell lymphopenia.



Bessey A, et al. A Cost-Effectiveness Analysis of Newborn Screening for Severe Combined Immunodeficiency in
the UK. Int J Neonatal Screen. 2019;5(3):28.

3. COST-EFFECTIVENESS OF SCREENING FOR SCID IN THE NETHERLANDS

The Netherlands considered including SCID as part of their newborn screening (NBS) programme and
they have equally studied the cost-effectiveness for testing for SCID (NBSSCID).

The model assumptions resulted in an expected number of newborns with SCID of 1.72 per 100,000
newborns. In a situation with NBSSCID, all the SCID patients were assumed to be detected. In a
situation without screening 0.34 infants with SCID would be detected due to a positive family history,
the remaining 1.38 infants would be clinically diagnosed at a later stage. Additionally, 7.14 infants with
non-SCID would be detected. Due to earlier detection, the number of deaths due to SCID per 100,000
newborns was assessed to decrease from 0.57 to 0.23 newborns and a number of 11.7 QALYs gained
(discounted) was expected.

In the base case analysis, the overall costs of screening and diagnostics were €578,200 per 100,000
newborns higher than in a situation without screening (see Table 2).

Table 2. Healthcare costs per 100,000 infants with and without newborn screening for SCID in the Netherlands

Situation with NBSSCID Situation without NBSSCID
Cost of screening and diagnostics 609,800 31,600
Test and retest (if necessary) 474,700 n.a.
Second heel prick 7200 n.a.
Flow cytometry and genetic testing 127,900 31,600
Cost of SCID treatment 269,000 456.400
Costs of infants who die before Tx 14,000 43,800
Transplantation costs 145,900 249,700
Long-term treatment costs 109,100 162,900
Cost of non-SCID treatment 42,300 42,300
Total healthcare costs 921,100 530,300

Treatment costs of SCID patients were € 187,400 lower in the situation with NBSSCID compared to a
situation without screening. This was the result of lower number of infants with SCID who die before
definitive treatment (€29,800), a shift from late to early transplantation resulting in lower
transplantation costs (€103,900) and in an improvement in health status during remaining lifetime
associated with lower costs (€53,700). In the base case analysis, no difference in costs of treatment of
non-SCID patients was assumed between a situation with NBSSCID and without screening.

Total healthcare costs, including costs of screening, diagnostics, and treatment, were, respectively,
€390,800 higher in a situation with NSBSCID compared to a situation without screening. Dividing the
difference in these costs by the 11.7 QALYs gained, resulted in a cost-utility ratio of €33,400 per QALY
gained.

Newborn screening for SCID might be cost-effective. However, there is still a lot of uncertainty around
the cost-effectiveness estimate model. Pilot screening projects are warranted to obtain more accurate
estimates for the European situation.



Van der Ploeg CPB, et al. Cost-effectiveness of newborn screening for severe combined immunodeficiency. Eur J
Pediatr. 2019;178(5):721-729.

B. FIVE INBORN ERRORS OF METABOLISM IN THE UK

1. BACKGROUND

Maple syrup urine disease (MSUD), homocystinuria (HCU), isovaleric acidaemia (IVA), glutaric aciduria
type 1 (GA1) and long-chain hydroxyacyl CoA dehydrogenase deficiency (LCHADD) are all rare inborn
errors of metabolism (IEMs). If undiagnosed and untreated, these disorders can cause irreversible
developmental delay, physical disability, neurological damage and death.

Treatment consists of restricted diets and emergency regimens to prevent crises that potentially lead
to long-term harmful effects.

Screening for these conditions using tandem mass spectroscopy (TMS) to analyse heel prick
bloodspots collected from newborns provides the possibility of early diagnosis and the initiation of
preventive management with the potential to avoid or alleviate the associated adverse morbidity and
mortality.

Within the United Kingdom (UK), the National Screening Committee (NSC) advises the government
and the National Health Service (NHS) on which newborn screening tests should be offered. This
advice is based on independent assessments of the evidence of the potential benefits, harms and cost-
effectiveness of each screening test. From July 2012 to July 2013, the NHS National Institute for Health
Research (NIHR) programme funded a pilot to evaluate the inclusion of the five conditions.

An economic analysis was conducted in parallel with the pilot study designed to evaluate the potential
economic impact of adding each of the five conditions to the existing TMS newborn screening
programme compared to not including them. This economic evaluation was included as part of the
evidence considered by the NSC and informed their recommendation to include four (GA1, HCU, IVA
and MSUD) of the five conditions in routine screening.

Since the recommendation by the NSC in 2014, over 2.5 million babies have now been screened for
the four conditions, which provides additional evidence for the specificity of the screening test and
the screened incidence of the four conditions. This allows the robustness of the original results to be
evaluated against the new evidence and highlights some of the challenges in predicting the cost-
effectiveness of screening for rare conditions given a limited evidence base and limited country-
specific data.

2. RESULTS

Table 3 presents the estimated costs and quality-of-life effects of screening for each of the conditions
compared to not screening. The model estimates that screening for all the conditions is more effective
and cost saving when compared to not screening for each of the conditions; Therefore, screening is
proven to dominate not-screening.

The results also indicate that screening is very likely to be cost-effective at the commonly used UK
thresholds for all the conditions apart from IVA, having a greater than 90% probability of being cost-



effective at GBP 20,000 per QALY, and screening for all the conditions having a greater than 50%
probability of being cost saving.

These economic results are driven by the projected improvements in survival and quality of life in
screened patients, that also lead to substantial reductions in lifetime health and social care costs due
to the avoidance of developmental problems in the early years of life.

The overall costs, QALYs and life years for a screened and non-screened case for each condition are
shown in Table 4.

Expanding the existing TMS newborn screening programme to include screening for each of the five
conditions considered here is estimated to both increase QALYs and reduce overall costs.

The key economic uncertainties for all 5 conditions (as outlined in the value of information analysis)
include both the sensitivity and specificity of the screening test, the incidence of GA1 and IVA and the
estimated QALYs for IVA. Based on the evidence regarding screening feasibility from the UK pilot of
expanded newborn screening and the economic evidence provided by this analysis in 2014, the UK
NSC recommended the inclusion of screening for GA1, HCY, IVA and MSUD in the bloodspot screening
programme.

Table 3. Costs and quality-of-life effects of screening compared to not screening for five IEMs (results per baby screened)

No Screening Screening Incremental . Probability Probability Cost-Effective
Condition c“"‘(:‘a‘:‘l‘(‘;e“ess CostSaving oo pooon 3000 D000
Cost QALYs Cost QALYs Cost QALYs Dominating perQALY  per QALY perQALY  per QALY
£758 4179340  £.30 4179347  -£0.28 0.000069
MSUD (£5.65, (40.13948,  (£550,  (40.13953, (-£242,  (0.000012, Dominating 0564 0.884 0935 0.957 097
£996)  4344516)  £9.44)  43.44524)  £176) 0.000097)
£.31 4179146 £298 4179156 5 0.000101
HCU (425, (4014842,  (£1.89,  (40.14852 (0.000051, Dominating 0.998 0.999 0999 0.999 0999
£901)  4343173)  £518)  4343182) . 0.000153)
Basecase £131 4179356 £120 4179358  —£010  0.000014
analysis IVA (£0.69,  (40.13962,  (£0.90,  (40.13964, (-£0.97, (-0.000011, Dominating 0.59 072 0.75 077 0.787
£212)  4344532)  £169) 43.44534)  £0.63) 0.000041)
£287 4179344 £272 4179356  —£015 0.000120
GA1 (£1.48, (40.13949, (£2.05, (4013962, (—-£2.14, (0.000034, Dominating 0.542 0.933 0.967 0.981 0.99
£489)  4344511)  £367) 43.44534)  £137) 0.000218)
£394 4179347  £154 4179358  —£240 0000114
LCHADD  (£265, (4013955, (£1.00,  (40.13966, (~£4.04,  (0.000046, Dominating 0997 1 1 1 1
£554)  4344524)  £3.04)  43.44536) —£076)  0.000158)
£760 4179340  £.30 4179347 —£030  0.000069
MSUD (469, (4013947,  (£4.64, (4013953, (-£453,  (0.000012, Dominating 0512 0726 0778 0.832 0.87
£1173)  4344516)  £1094) 43.44524)  £383) 0.000105)
£6.31 4179146 £299 4179156  —£3.32 0.000101
Increased HCU (€351, (4014843,  (£1.65, (4014852, (—£7.47,  (0.000031, Dominating 0.991 0.999 0999 0.999 0999
nerease £1062) 4343173)  £538)  4343181) —£044)  0.000164)
u)\CeTl;lll\ly
sensitivity £1.31 4179156  £1.20 4179157  —£0.11 0.000010
analysis IVA (£0.62,  (40.14853, (€078,  (40.14841, (-£1.21, (~0.000049, Dominating 0568 0.649 0.665 0.676 0.686
£235) 4343183)  £187)  4343183)  £079) 0.000048)
£286 4179144 £272 4179155  —£013 0.000114
GA1 (£125, (40.14842,  (£173,  (40.14838, (—£281,  (0.000018, Dominating 0518 0.899 0932 0.956 0977
£558)  4343162)  £423)  4343182)  £1.92) 0.000218)
£394 4179146 £153 4179158  —£240 0000111
LCHADD  (£214, (4014844, (£0.87, (4014847, (-£513,  (0.000041, Dominating 0.996 1 1 1 1
£670)  4343172)  £310)  4343185) —£046)  0.000161)

UK MSUD £518 4179346  £503 4179351  —£0.15 0.000047 Dominating N/A N/A N/A N/A
incidence HCU £305 4179153 £1.61 4179158 —£144  0.000051 Dominating N/A N/A N/A N/A
N 01’1‘% 18 IVA £0.67 41.79358 £0.68 4179359 £0.01 0.000008 £776 N/A N/A N/A N/A
o GA1 £190 4179350  £1.07 4179358  —£083  0.000087 Dominating N/A N/A N/A NA

GAl—glutaric aciduria type 1; LCHADD—long-chain hydroxyacyl CoA dehydrogenase deficiency; MSUD—maple syrup urine disease; IVA—isovaleric acidaemia; HCU—homocystinuria;
ICER—incremental cost-effectiveness ratio; -£ — incremental is below zero; N/A—not applicable, the analysis was run as a deterministic sensitivity analysis, and therefore, the probability
of cost-effectiveness was not calculated.



Table 4. Model parameters

MSUD Mean HCU Mean IVA Mean (95% GA1 Mean LCHADD

Parameter (95% CI) (95% CI) cn (95% CI) Mean (95% Cpy  Distribution References
. . . . £585,845 (£431k,  £704,459 (£519k,  £262,377 (£193k,  £549,529 (£405k, £636,641
Cost of long-term No Screening £778K) £936k) £349K) £730k) (£469K, £846k) [2] (IVA) [3,18,19] (HCU)
health and social care _ — - Lognormal i;l (\:19Ul")] I,]»_‘] (GA1)
impact of inborn Screenin, £432,070 (£319k, £82,193 (£61k, £48,313 £170,644 (£126k, £113,268 20, “1 I"[ ANG d’l"‘ \
errors N 8 £576k) £109k) (£36k, £64K) £227k) (£84K, £151K) A= (AT Londifions
Incremental —£153,775 —£622,267 —£214,064 —£378,885 —£523,373
No Screenin £445933 (£327k, £172,197 (£127k,  £171,859 (£127k, £65,383 £81,900
) ) 7 8 £580K) £220K) £200k) (£48K, £87K) (£60K, £109K)
Cost of managing the Lognormal [20,22,23]
IEM Se 5 £531,328 (£393k,  £235,730 (£174k, £69,704 £70,793 £56,578 e
Screening £707K) £312k) (£52k, £92K) (£52k, £94K) (£42K, £75K)
Incremental £85,394 £63,533 —£102,155 £5410 —£25,322
. 1417 2274 29.90 8.40 17.80 . _—
c i = . . 2] (IVA) [3 5
No Screening (128, 15.6) (20.6, 25.0) (27.1,329) 7.6,9.2) (16.1,19.6) Lognesmal ({1 ll(.E\D:\[)‘[?]] (‘é‘:l"] )I’* )
Life-time QALYs - — MS 15] (GA1) [2
Screening 2473 38.40 39.29 J:a_.;, _ 41.20 (HCU/IVA) [25]
(23.3,26.2) (35.3, 40.9) (36.4,41.6) (36.7,41.7) (39.2, 43.0) (GA1/LCHADD/MSUD)
Incremental 10.56 15.66 9.40 31.07 23.40
Costs of confirmation testing in positive £582 £475 £896 £1052 £555 Normal 21
screening (£524, £638) (£428, £521) (£807, £983) (£948, £1154) (£500, £609) : -
censitivity 88.47% 93.26% (48.9%, 93.80% 90.72% (35.5%, 89.35% Normal (logit) )
Screening test sensitvity (16.6%, 100%) 100%) (56.5%, 100%) 100%) (38.3%, 100%) ormal (logi '
characteristics Specificity 99.99% 99.95% (99.7%, 99.99% 99.99% (99.9%, 100% N | ogit) .
Specificity (100.0%, 100%) 100%) (99.9%, 100%) 100%) (100%, 100%) ormal (logi !
e 073 072 0.30 047 055 ]

) NoSereening (60, 0.87) (052, 094) (0.17,047) (0.26,075) 040,068  Nomal@ogl) 115y Gat), 16] vA)
Incidence per [8,14] (All Conditions)
100,000 births Screenin 074 074 0.83 102 0.65 Normal (logit) ’ .

b 4 (0.60, 0.87) (0.53, 0.95) (0.69,0.97) (0.87,1.17) (0.52,079) 8
Incremental 0.0003 0.02 0.52 0.56 0.10
Sensitivity analysis:
UK incidence per Screening and - 0.154 (0.386 N/A (not
5 3. 2
100,000 births No Screening 03 0.347 including mild) 0.309 screened for) [11,12]

(2014-2018)

IEM—inborn error of metabolism; QALYs—quality-adjusted life years; GA1—glutaric aciduria type 1; LCHADD—long-chain hydroxyacyl CoA dehydrogenase deficiency; MSUD—maple
syrup urine disease; [VA—isovaleric acidaemia; HCU—homocystinuria; Cl—credibility interval; k- thousand; -£ — incremental is below zero.

Bessey A, et al. The Cost-Effectiveness of Expanding the UK Newborn Bloodspot Screening Programme to
Include Five Additional Inborn Errors of Metabolism. Int J Neonatal Screen. 2020;6(4):93.

CASE STUDY OF EXPANDED NEWBORN SCREENING IN ITALY & IN FRANCE

1. ITALY

In Italy, newborn screening is a preventive, free for patients and mandatory health activity since 1992,
when Law no. 104 has provided mandatory screening for three diseases: phenylketonuria, congenital
hypothyroidism and cystic fibrosis. Since 2016, Law no. 167 has extended mandatory newborn
screening to about 40 other hereditary metabolic diseases (expanded newborn screening), hitherto
applied heterogeneously and not in all regions.

The metabolic genetic pathologies detectable with the use of expanded newborn screening, which is
not a genetic but biochemical test, are diseases for which special diets and treatments are available.
If applied in the first days of life, before any symptoms occur, it can substantially improve the quality
of life or prevent mortality.

Some regions have already incorporated more diseases in their screening programmes,
supplementary to those of the official panel provided for by Law no. 167/2016 and the related
Ministerial Decree 13/10/2016, which can be treated effectively if diagnosed early, such as, for
example, congenital adrenal hyperplasia, some lysosomal storage diseases, severe combined
immunodeficiency (SCID), GAMT deficiency, some hemoglobinopathies. Other pathologies such as
Adrenoleukodystrophy X Linked, Metachromatic Leukodystrophy, Argininsuccinic Aciduria, OCT
deficiency Ornithincabamyltransferase, other immunodeficiencies / trek may also be added to these
in the coming months.



UNIAMO. Position paper on extended newborn screening drafted by the associations of people living with rare
diseases.

NBS infrastructure in Italy

The choice of disease panels for expanded NBS is still controversial as reflected in the different disease
panels in screening programmes around the world. Pilot programmes for screening some metabolic
disorders called Lysosomal Storage disorders (LSD) have been implemented in a number of countries
worldwide. Such programmes have shown that NBS for LSDs is feasible and economically justifiable
for extension to large populations.

In 2014, the Regional Health Government of North East Italy expanded its NBS programme to include
new technologies to detect these disorders. Any NBS may raise ethical issues and screening for LSDs
has been controversial, but a pilot programme in North Eastern Italy has shown that despite
limitations, it can be considered beneficial for where there are established beneficial treatment
options, particularly where it has been determined that outcomes are more favourable when
treatment is initiated before the disease becomes irreversibly severe. The pilot demonstrated that
NBS for LSDs is feasible and appears to be effective and can be extended to the larger Italian newborn
population when supported by a multidisciplinary team.

Burlina AB, et al. Newborn screening for lysosomal storage disorders by tandem mass spectrometry in North East
Italy. J Inherit Metab Dis. 2018;41(2):209-219.

Burlina AB, et al. Implementation of Second-Tier Tests in Newborn Screening for Lysosomal Disorders in North
Eastern Italy. Int J Neonatal Screen. 2019;5(2):24.

2. FRANCE

In France, 5 diseases are currently subject to newborn screening using biological tests on dried blood
spots (Guthrie card): phenylketonuria (1972), congenital hypothyroidism (1978), sickle cell disease
(1985), congenital adrenal hyperplasia (1995), cystic fibrosis (2002).

Newborn screening remains based on an associative system largely based on voluntary work: a
national association (AFDPHE) centralizes the results of regional associations, having received funding
from the national health insurance fund (CNAMTS).

The legislative texts governing newborn screening are recent: the first decree dates back to 2008, well
after the implementation of the newborn screening and the creation of the AFDPHE. In 2018, this
structure has been reorganized and is now under the responsibility of the DGOS (Ministry of Health)
and the DGS (Ministry of Health), and integrated into the organization of health and care, under the
responsibility of the Regional Health Agencies.

The number of regional newborn screening centres has decreased to reach the ratio of one per region,
a good compromise between cost and proximity. A National Newborn Screening Coordination Centre
ensures epidemiological and biological missions, the coordination of regional centres and support for
the AFDPHE missions. The implementation of this reorganization has been conducted by a National
Steering Committee for Newborn Screening (CNPDN).

In 2011, the National Authority for Health (HAS) evaluated the relevance of extending newborn
screening to several inborn errors of metabolism using tandem mass spectrometry (MS/MS) — a
technical innovation making it feasible to proliferate the number of diseases detected at birth, from a



single blood sample. The HAS stressed that the expansion of newborn screening to other inborn errors
of metabolism using MS/MS would require an evaluation of the clinical utility and the ethical
legitimacy of screening for each of these conditions.

In 2020, the HAS recommended the introduction of 7 new inborn errors of metabolism to the national
newborn screening programme using mass spectrometry: maple syrup urine syndrome (MSUD),
homocystinuria (HCU), tyrosinemia type 1 (TYR 1), glutaric acidaemia type 1 (GA-1), isovaleric
acidaemia (IVA), long-chain 3 hydroxyacyl-CoA dehydrogenase deficiency (LCHAD), and carnitine
uptake / transport defect (CUD). With that, the HAS made a list of recommendations in order to
implement the extended newborn screening:

- Blood collection has to be sent to the regional newborn screening centres within 24 hours

- Healthcare professionals training covering both technical and relational aspects

- Initial information on newborn screening to be distributed to parents during pregnancy and
antenatal visits

- Information materials designed for specific audiences e.g. parents, healthcare professionals,
patients, families and lay public

- Sufficient human and financial resources for the implementation and monitoring of the
extended newborn screening

Cheillan D. Le dépistage néonatal en France en 2018 [Newborn screening in France in 2018]. Presented at Réunion
de Printemps de la SFEIM. 18-19 June 2018, Brussels, Belgium.

Haute Autorité de Santé. Dépistage néonatal : quelles maladies dépister ? [Newborn screening: which diseases
to screen for?] Press release, February 3, 2020. https://www.has-sante.fr/jcms/p_3149627/fr/depistage-
neonatal-quelles-maladies-depister. Accessed January 2021.



APPENDIX
A. COST-EFFECTIVENESS GLOSSARY

Source: https://vyhec.co.uk/

Incremental cost-effectiveness ratio (ICER)

An incremental cost-effectiveness ratio is a summary measure representing the economic value of an
intervention, compared with an alternative (comparator). It is usually the main output or result of an
economic evaluation. An ICER is calculated by dividing the difference in total costs (incremental cost)
by the difference in the chosen measure of health outcome or effect (incremental effect) to provide a
ratio of ‘extra cost per extra unit of health effect’ — for the more expensive therapy vs the alternative.

In the UK the QALY is most frequently used as the measure of health effect, enabling ICERs to be
compared across disease areas, but in other healthcare systems other measures of health effect may
be used. In decision-making ICERs are most useful when the new intervention is more costly but
generates improved health effect. ICERs reported by economic evaluations are compared with a pre-
determined threshold in order to decide whether choosing the new intervention is an efficient use of
resources.

Quality-adjusted life year (QALY)

The quality-adjusted life year is a summary outcome measure used to quantify the effectiveness of a
particular intervention. Since the benefits of different interventions are multi-dimensional, QALYs
have been designed to combine the impact of gains in quality of life and in quantity of life (i.e. life
expectancy) associated with an intervention. In this case it is the incremental (i.e. differences between
two or more alternatives) QALYs, compared with the incremental costs, that provides the measure of
economic value. If a wide range of aspects (domains) of quality of life is included in the quality
component, the resulting QALYs should be comparable across disease areas, which is valuable when
considering broad-based resource allocation decision-making.

More specifically, QALYs are based on utilities, which are valuations of health-related quality of life
measured on a scale where full health is valued as 1 and death as 0. These valuations are the multiplied
by the duration of time (in years) that a subject spends in a health state with that particular utility
score, and aggregate QALYs are then summed over the subject’s projected lifetime (or other time
period corresponding to the time horizon of the analysis). For example, if someone experiences a
health state with a utility of 0.8 for 10 years and then a health state with a utility of 0.5 for 5 years
(and then dies), his/her aggregate QALYs will be (0.8x10) + (0.5x5) = 10.5 QALYs. QALYs are
recommended by NICE as its preferred measure of health outcome for use in technology appraisals.

Cost-effectiveness threshold

The cost-effectiveness threshold is the maximum amount a decision-maker is willing to pay for a unit
of health outcome. If the cost-effectiveness (ICER) of a new therapy (compared with a relevant
alternative) is estimated to be below the threshold, then (other things being equal) it is likely that the
decision-maker will recommend the new therapy. However, for values near the threshold, the level of
uncertainty may become important. Thresholds are often established by analysis of previous
(reimbursement) decisions: they are not themselves outputs of cost-effectiveness analyses, but guides
(or rules) to interpretation of these outputs for decision-making, and they are specific to each unit of
health outcome used. They are closely related to the economic concept of ‘opportunity cost’, in which
the value of an intervention is considered to be the value of what is foregone in order to implement
the intervention. The threshold value stands for the health outcome that could have been achieved if



the resource required to implement the intervention of interest had been used elsewhere. Although
some countries (e.g. NICE for England and Wales) make the thresholds that they use explicit, in other
countries the thresholds may not be explicit and they may vary by health care sector or disease area.

B. SCREENING OF INHERITED METABOLIC DISORDERS IN DIFFERENT COUNTRIES

Table 1: Inborn errors of metabolism screened for in different European countries (Castifieras et al. 2019)

Table 1 Diseases for which screening is recommended in the recommended uniform screening panel and by the EU network of experts on newborn screening.

Disease

Recommended uniform screening panel

[0,4-5]EU network of experts on newborn screening

Primary target

Secondary target

Disorders that should Disorders to consider
be screened for screening expansion

Propionic acidaemia

Methylmalonic acidaemia (methylmalonyl-CoA mutase)
Methylmalonic acidaemia (cobalamin disorders)
Isovaleric acidaemia

3-Methylcrotonyl-CoA carboxylase deficiency
3-Hydroxy-3-methyglutaric aciduria
Holocarboxylase synthase deficiency
B-ketothiolase deficiency

Glutaric acidaemia type |

Carnitine uptake defect/carnitine transport defect
Medium-chain acyl-CoA dehydrogenase deficiency
Very long-chain acyl-CoA dehydrogenase deficiency
Long-chain L-3 hydroxyacyl-CoA dehydrogenase deficiency
Trifunctional protein deficiency

Argininosuccinic aciduria

Citrullinemia, type |

Maple syrup urine disease

Homocystinuria

Phenylketonuria

Tyrosinemia type |

Biotinidase deficiency

Classic galactosaemia

Pompe disease

Mucopolysaccharidosis type 1

X-linked adrenoleukodystrophy

Spinal muscular atrophy

Methylmalonic acidaemia with homocystinuria
Malonic acidaemia

Isobutyrylglycinuria

2-Methylbutyrylglycinuria

3-Methylglutaconic aciduria
2-Methyl-3-hydroxybutyric aciduria

Short-chain acyl-CoA dehydrogenase deficiency
Multiple acyl-CoA dehydrogenase deficiency

Medium/short-chain L-3-hydroxyacyl-CoA dehydrogenase deficiency

Medium-chain ketoacyl-CoA thiolase deficiency
2,4-Dienoyl-CoA reductase deficiency

Carnitine palmitoyltransferase type I deficiency
Carnitine palmitoyltransferase type Il deficiency
Carnitine acylcarnitine translocase deficiency
Argininaemia

Hypermethioninaemia

Citrullinemia type u

Benign hyperphenylalaninemia

Biopterin defect in cofactor biosynthesis
Biopterin defect in cofactor regeneration
Tyrosinaemia type n

Tyrosinaemia type m

Galactoepimerase deficiency

Galactokinase deficiency

Lysosomal storage disorders

MK X XX XX XXX XXXNXNXNXNXNXNXNXNXNXNXNXX

XXX XXX XXXXXNXXNXNXNXXNX XXXXXX

>x X X X

x x

Recommended uniform screening panel'’ and Cornel et al.2®

Castifieras DE, et al. Newborn screening for metabolic disorders in Spain and worldwide. An Pediatr (Barc).

2019;91(2):128.e1-128.e14.



Table 2: Number of IMDs screened for in Europe and Australia (Castifieras DE et al. 2019 and Australian RACGP)

Country Number of IMDs screened for
Austria 28
Belgium 15
Bulgaria 1
Denmark 15
Finland 1
Italy 33
France 1
Germany 13
Greece 2
Hungary 28
Iceland 28
Ireland 4
Netherlands 13
Norway 1
Poland 1
Portugal 29
Sweden 25
Switzerland 5
UK 6
Spain 7
Australia 34
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