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THE GOALS OFE NBS

(a) Prediction: identifying patients before they
manifest disease

(b) Prevention: initiation of therapeutic
interventions to forestall the course of the
disorders

(c) Personalization: individualizing patients’
therapies to optimize their outcomes.



THE EARLY DAYS OF
NEWBORNSCREENING

1958: Bacterial inhibition assay
(BIA) for PKU (bacterial growth
activated by high Phenylalanine
concentrations in serum)

1961: Newborn screening for PKU
started using the BIA and blood
collected and dried on filter paper
(Guthrie card)
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THE TRADITIONAL NBS'MODEI

(The same for 30+ years....)

* One disease PKU
'

* One test O EiIA

* One marker Phe

* One cut-off (N/Abn) 4 mg‘/dL
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NEWBORN SCREENING BY MS/MS
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Newborn Screening by Tandem Mass Spectrometry: A New Era

v Technology now allows a “sea change” in
newborn screening.

v" In addition to PKU , it can identify at least 10
other amino acid disorders, and disorders of
organic acid degradation and fatty acid oxidation .
These 20-25 disorders are screened in the blood
specimen, avoiding the need for an additional
specimen.



NBS by MS/MS
(Multiplex Testing)

* Many conditions (IEM),

v
*Onetest @  MS/MS

* Many markers (A,i, AC).

* Many cut-offs 0.1-1 JOO M
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Cystic fbrasis IRTDNA 4 m y ¥ y [126-129]
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TANDEM=—NMS DISEASE'PANELSIN

EUROPEAN COUNIRIES

J Inhenit Metab Dis (2007) 30439444
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Table 2 Comparison of Europeen Countrics (***excluding Scotland) regarding number of screening centies, total population (ycar

2001%), screened infanis (v

1 2003%%) and metabolic disarders included in MS/MS screening: sec Table 1 for abbreviations. The

numbers [or creening centres, total population and screened infants are partially based on a questionnaire that was initiated by ISNS

in 2003, Detals can be found on wiww.isns-neoscre ening.org

Country No ol Population®*(millions)  Number of infants Disorders included n extended

centres sereened**(average screenmg by MS/MS
sample number’
sereening laboratory)

Austra(mcluding 1 818 77 186(77 186) PKU, MSUD, Tyrl, Cit, ASLD, Homocyst,
South Tyrol, MCADD. LCHADD.VLCADD.CPTID
Ttaly) CPT HD/CACT. CTD. KTD. HMG-CoA

LD, MMA, PA, IVA,GA |, 3-MCCD

Belgium L] 10,29 105 335(17 555) PRU, MSUD, Tyrl, MCADD, LUHADD,

VLCADD. CPT IDCPT HD/CACT.CTD,
KTD. HMG.CoA LD MMA, PA IVA,
GA L 3MCCD

Bulzaria 1 7.55 63 190 None

Croatn | 443 No information None

Crech Republie 4 10.25 93 685(23 421) None

Denmark 1 S38 65 657(66 KST) PRU, MSUD, Git, ASLD, ArginaseD,

MCADD. LCHADD, VLCADD. CPTID
CPT HDICACT, CTD, KTD, HMG-CoA
LD.MMALPA IVA.GA L 3-MCCD (pilot
study, not 100%. papulation coverags)

Finlind 40 5.19 56 001 400) None

France 22 599 To4 212(34 737) None

Germany 13 8343 725 125(60 427) PXU. MSUD. MCADD. LCHADD.

VLCADD. CPT ID. CPT HID/CACT.
IVALGAL

Great Briwgin®*** 20 54.78 625 T49(32 287) MCADD (pilot project, not 100%

population coverage)
Hungary R} 10,05 approx. 100 000(25 000)  None
Iecland 1 0.308 4 0004 DOD) None
Treland 1 3.92 62 000(2 000) None
ltaly 22 3174 566 169(25 734) No information
Netherlands 5 16.14 2060 635040 127) PKU. MSUD. Homoceyst, Tyrl, MCADD,
LCHADD, VLCADD. HMG-CoA
LyaseD, IVA, GA I, 3-MCCD

Norway 1 4.54 30 340(30 540) None

Poland 8 38.62 352 152(44 019) PKU, MSUD, Tyrl, MCADD, LCHADD,
VLCADD . CPTID CPTHDICACT . CTD.
IVA,GA I; one cenire sereens for 30% of
population

Portugal 1 10.10 112 557(112 557) PKU, MSUD, MCADD, LCHADD,

VLCADD . CPTID. CPTHD/CACT. IVA.
GA LGAMTID
Romania No 22,28 No information None
mlormalion

Serbia 1 10.50 57 354(57 354) None

Slovakia 1 543 No information None

Slovenia 1 1.94 14 000( 14.000) None

Spamn 20 4011 41 297(22.064) PRU, MSUD, MCADD, LCHADD,

VLCADD.CPTID.CPTIHD/CACT. IVA.
GA I; one centre sereens < 10% of
population )

Swizerland 1 732 T4 450 74 450 PXU, MCADD

Total 176 478418 4 618 599

Netherlands
9 Metabolic disorders
PKU, MSUD, Hcys, Tyr I, MCAD, LCHAD,
VLCAD,HMG-CoAL, MMA, PA, GA 1, IVA,
3-MCC

UK
2 Metabolic disorders
PKU, MCAD
Considering Heys
GA 1, MSUD, IVA, LCHAD, Biotimdase

Germany
9 Metabolic disorders
PKU, MSUD, MCAD, LCHAD, VLCAD,CPT I,
CPT II/CACT, GA 1, IVA,







Pompe Disease In Infants: Improving the Prognosis by

Newborn Screening and Early Treatment

TABLE 1 Characteristics of Patients Whose Pompe Disease Was Detected by Screening

Pediatrics 2009;124:¢1116-e1125

Characteristic NBS1 NBS2 NBS3 NBS4 NBSS NBS6
Gestational age, wk 38 39 40 39 37 38
Gender Female Female Male Male Female Male
Birth weight, kg 3.3 3.0 29 39 3.3 3.4
Age at diagnosis, d 40 19 22 9 33 7
Body weight at diagnosis, kg 44 3.3 32 3.5 46 33
Symptoms at diagnosis - . Crying cyanosis Feeding cyanosis Feeding cyanosis -

Age at first infusion 14 mo 26d 29d 17d 34 d 12d
GAA activity, nmol/mg per h®
Lymphocyte 1.83 0.34 1.58 0.45 3.82 0.83
Fibroblast 0.64 0.06 — 0.11 0.14 0.06
CRIM status + + + + + +
GAA gene mutation
Allele 1 c.424_440del c.1935C—A c.1935C—A c.1935C—A ¢.1935C—A ¢.1935C—A
(p.S142LfsX29)® (p.D645E) (p.D645E) (p.DB45E) (p.D645E) (p.D645E)
Allele 2 c.811A—G c.1411_1414delGAGA €.2842insT C.784G—A ¢.1935C—A ¢.1062C—G
(p.T271A)P (p.E471fsX5) (p.L948LfsX70)® (p.E262K) (p.DB45E) (p.Y354X)
Current age, mo 40 34 33 26 20 15
Gross motor status, walk at 15 14 20 14 12.5 13
nmo
CK, U/L 101 922 1126 597 565 752
Echocardiography
LVEF, % 70 56 70 66 73 77
LVMI, g/m? 427 120.0 1701 186.0 120.3 108.9

LVEF indicates left ventricular ejection fraction.
2 Normal range for GAA activity in lymphocytes and fibroblasts is =60 nmol/mg per h.

b Novel mutation.

INCIDENCE : 6/206088 IN TAIWAN (1/40 000 REST OF THE WORD)



CARDIAC PARAMETERS

SURVIVALL ANDIVIOTOR
OUICOMES
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FESSONS EROMEXPANDEDNBS EORIEM

v Through NBS we have created the “laboratory” for
personalized medicine.

v Personalized medicine will be predictive and
preventive. It will involve screening large populations to
identify individual differences, to be able to predict
disease predispositions, and to attempt to anticipate and
prevent the consequences of these predispositions.

v NBS can be used as the model for personalized
medicine.



Table 1. FPRs {Detection Rates in Parenthesis) as Reported From Various NBS Pilot Studies (IL,
WA, Austria) and a NBS Program in Taiwan

ineis™ Digital Microfluidics) Washingtonh {LC MS/MS) Austria {LC MS/MS) Tarwan {Fluorometry)
Fabry 0.05%" {1:1,144) 0.005%® {1:16,667) 0.055%" {1:3,859) 0.87%" {1:1,2410
Gaucher 0.25%" {1:4,006) - 0.006%" {1:17,368) =
Krabbe - = = =
MPS 1 - 0.005%" {1:30,000) = =
NPA/B - - 0.003% (Not detected) -
Pompe 0.025% 0.013%® {1:30,000) 0.006%" {1:8,6840 0.83%" (1:33,135)

*Burtan et al. 2012; "Scatt ot 2. 2012; PPV, 64%; ‘PEV, 500; “PEV, 32%; Data corabined frara twa separate studies (PEV, 5% (Hwu ot al, 2008; Lin ot al, 2009); SB0V, 9%; "EEV, 50%; PEV, 40%; JPEV,

200%.; PPV, 80%; PPV, 0.36%.




Table 2. Comparison of the Multiplexing Potential of Various NBS Assays Proposed for Specific
LSDs, XALD, WD, and FRDA

Condiftion FIA MS/MS LG MS/MS® LC MS/MSE LG MS/MS? [mrmuno capture Dn®

Fabry disease
Gaucher disease
Krabbe disease
MLD
MPS 1 + +
MPS II +
MPS ITIA
MPS I1IB
MPS IV +
MPS VI +
ML II/1I1
NPA/B + +
Pornpe disease + +
FRDA
WD
aCP?
Menke disease®
AT 1 deficency™
XALD
ZsD*
Acyl CoA oxadase
def?
Bafunctional protem + +
deficiency™
Nurnber of 10 S 4 4 17 5

condifiors

ok

+
+
+

++ 4+ +++ A+t
+

++ + +
+++++++++

+ 4+ +
+ + +

*Canditions nat cansidered primary targets by prapanents.

“Spacil et al. 2011

“deWilde ot al. 2008,

“Hubbad ot 2l 2009,

“Sista et al. 2011,

Abbreviatiors: aCP, acerulaplasrainemia; AT-1, acetyl-Cad trarsparter; MID, metachromatic leukadystraphy; MEPS, rucapalysaccharidasis; ML, raucalipidasis; NPA/B, Niemann Pick A/B; FRDA, Friedreich
ataxda; WD, Wilson disease; XALD, X-adrenaleukadystraphy; Z8D, Zellweger spectrum disarders.




