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A Regional Approach to Improve the
Health of Children and Families with
Heritable Disorders in lllinois, Indiana,
Kentucky, Michigan, Minnesota, Ohio,

and Wisconsin (Region 4)
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Goals of Regional Collaborative

® Implement universal screening and confirmatory
testing of newborns for inborn errors of amino

acid, organic acid, and fatty acid metabolism
® Reduce inequities in access to genetic services

® Utilize aregional approach to improve public
health infrastructure for supporting optimal
diagnosis, follow up and management of children

with heritable disorders and birth defects



Objectives of Project 1

® Achieve uniformity of testing panel by
MS/MS to maximize detection of affected

newborns within the region
® Improve overall analytical performance

® Set and sustain lowest achievable rates of

false positive results
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HRSA/ACMG Uniform Panel (MS/MS)

Phenylketonuria MCAD deficiency
MSUD VLCAD deficiency
Homocystinuria LCHAD deficiency
Tyrosinemia type | TFP deficiency
Argininosuccinic acidemia Carnitine uptake defect

Citrullinemia type |

Hyperphenylalaninemia M/SCHAD deficiency
Tyrosinemia type Il SCAD deficiency
Biopterin defects (Bios) MCKAT deficiency
Tyrosinemia type Il CPT-I deficiency
Biopterin (Reg) Glutaric acidemia type Il
Argininemia CACT deficiency
Hypermethioninemia Dienoyl red. deficiency
Citrullinemia type Il CPT-Il deficiency

20 Primary targets
22 “Secondary” targets

Isovaleric acidemia

Glutaric acidemia type |

HMG deficiency

3MCC deficiency

BKT deficiency

Multiple carboxylase deficiency
Methylmalonic acidemia (MUT)
Methylmalonic acidemia (Cbl A,B)
Propionic acidemia

Methylmalonic acidemia (Cbl A,B)
2M3HBA deficiency

IBG deficiency

2MBCAD deficiency
Methylglutaconic acidemia
Malonic acidemia



Conditions screened for
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Implementation of UP 2005 (MS/MS)

(December 2005)

Uniform panel
Secondary targets

Implementation
99%
80%

O Not screened

B Secondary targets (MS/MS)
O Uniform panel (MS/MS)

Mi

MN OH

Wi



State screening
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Data normal
population




Region 4 — “Score Card”

Region 4 - Laboratory Quality Improvement Project

LEEY | Minnesota AMINO ACIDS
| 2005 (1-12) | KO 99525 . FPR| PPV Detection Rate  [EPWAF)
Updated |l NORMAL POPULATION | TRUE POSITIVES Tot. # cases
01/26/06 Percentiles (ph) State SD Abn/ 2%ile Percentiles 1,345
50% | 90% | 99% | | Value | %ile | OFF | 10,000 Nl <cO | LV | 5% | 10% | 25% | 50% | 75% | 90% | Hv
ANALYTE | Contion |
GLY 09.80% | 5.1 45 8 560 | 703 | 846 [1,019] 1,184 | 1,.265|1,387| 1.431| |NKHG
VAL 09.93% | 7.8 23| ves | 100 | 190 | 199 | 313 | 385 | 472 | 638 | 1,029| [MSUD
ILE/LEU 09.65% | 4.3 3.5 30| ves | 229 | 266 | 296 | 350 | 685 |1,613|2579| 3.452| [MSUD
6 115 | 151 | 187 | 273 | 570 | 852 | &75 | 888| |HCY
MET 09.47% | 3.6 3.2
3 112 | 114 | 115 | 120 | 128 | 161 | 181 | 194| |H-MET
27 97 | 121 | 133 | 207 | 300 | 521 | 683 | 1,263 |CIT-I
cIT 99.98% (129 0.2 4 61 | 62 | 63 | 66 | 115 | 205 | 281 | 331 |CIT-
14| ves | 37 | 47 | 55 | 66 | 94 | 155 | 200 | 232| |ASA
181 145 | 242 | 267 | 325 | 426 | 554 | 812 | 2,080 |PKU
PHE 00.67% | 4.3 2.0
113 125 | 145 | 151 | 171 | 204 | 256 | 321 | 578| |H-PHE
10| ves | 54 | 85 | 115 | 139 | 218 | 226 | 263 | 293| |TYR-
TYR O7.06% | 2.1 42
4 220 | 249 | 364 | 430 | 627 | 627 | 949 | 1,164| [TYR-II
4 93 | 110 | 128 | 180 | 268 | 330 | 335 | 338/ |ARG
ARG 00.94% (100 2.3
10 21 | 30| 39 | 49| 56 | 83 |107| 259 |ASA
ASA 99.85% | 6.0 0.1 4 058 | 069 | 079 | 111 | 1.34 | 207|328 | 4.09| |ASA
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Cumulative Disease Ranges
* 1,375 confirmed cases (as 2/11/06)

— Minnesota

Region
4

Other
States
159

— Region 4

235

— Other states

— Literature

* Anonymized data

351

* Only first specimens (no repeats)
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Summary Page

Region 4 MS/MS Working Group

True Positives

True positive DISEASE RANGE Project
02/11/08 |Last Update
PRIMARY TARGETS (HRSAJACMG panel)

1,375

630

Group Candition Code Mo. cases Reg 4
m Ph i ] 182 235
an Maple syrup disease wsuD 30
s Homooystinuria ey [
s Citrullinemia type | e 28
s |Argininosuccinic acidemia asa 14 1
an [Tyrosinemia type | vr 1 11 5 Other
FAD MCAD deficiancy wcan 284 g States
FAD (Hetero) MCAD deficiency MCAD (H) 35 ﬂ -1 59
FAD WLCAD defisiency uicas 47 20|
FAQ (Hetero) VLCAD deficiency [VLCAD (H) 8 0| 3 51
FAQ LCHAD deficiency TP deficiency LCHADITFR 37 2]
FAOQ Carnitne uptake defect cuo 1g 7 1 ACMG UNIFORM PANEL 1000
(04 Isovaleric acidemia [ 32 5| 1 | TN Reg 4 m
(04 Glutaric acidemia type | GA 1 g 4 13
oa 3-0H 3-CH3 glutaric acidura e 4 0 2 o a4 B | 58] 28] 271]
[OA Multiple carboxylase deficiency MCD 1 ] 0 0 13% 53% 24% 0%
ED ic acidemia (MutAB)  [WuT 52 g 34 2| Faof 35 165 109] 1] a30]
BN 3-MGC deficiency amice 103 13 23 21 22% 25% 25% 143
3-MGC deficiency (maternal) amcc mat) 23 7 2 8| oAl EY 114 100] 50] 299
Propicnic acidemia A 34 [ 18 3 2% 27% 23% 123
Beta-keiothiolass deficienc BT 5 o 1 1
RY TARGETS {HRSA/ACMG panel) ACMG SECONDARY TARGETS 358
Candition Cods No. cases [ MNP states|  Refs]  Total
Hyperphenylalaninemia yperPHE 114 18] 1 0
[Tyrosinemia typ= I Rz 4 o 2 1 1 asf 20 18] 1] 132]
Disorders of bicpterin biosynthesis __ [BI07T k] 1 [ 1 O 0 7% 25% 8% 0%
[Argininemia aRe 4 0 1 B o Faol 18] 75 3] 10] 152
Tyrosinemia type Il vR s [} o o o o 4% 17% 11% 2%
Disorders of bispterin regeneration  |BIoeT Reg) o o o O o oaf 2T 5] 8] 74]
Hypermethioninemiss et 3 2 o 1 o 5% 8% 1% 2%
Citrin deficiency (ctrullinemia type Il) e i 8 2 4] 0 0
SCAD deficiency scaD 108 6l ee o 5 ALL CONDITIONS 1375
Glutaric acidemia type Il GA-| 10 1 [ 3 0 | MN| Reg4d States Refs. Total
M/SCHAD deficiency WISCHAD 1 0 0 1 0
MCHAT deficiency WCKAT 0 of o o o a4 ST 85 30] a1z]
CFT-1l deficiency coT2 7 1 2 3 1 21% 5% 22% 1%
Translocase deficiency CACT 2 0 1 1 0] FAUl 113 158 i 582
CPT-1a deficiency coT 1 20 o o 22 4 20% £6% a7 736
2.4 Dienoy reductase deficiency ReD 0 o o o o] oaf es T 107] 58] 381
ic acidemia (CbIC,D) _ |coico 10 3 1 4 F] 15% 25% 25% 13%
Malonic acidemia MAL 5 1 ] 1 3
|sobutyryiglycnuria = 15 4 8 0 3
2-Methyl 2-hydroxy butyric sciduia __|2MaHEA [} 0 0 o o
-1 iglycinuri 'Eﬂcn: 42 17| 2 0 0
3-Methyl glutaconic aciduria MGA 3 [ 2 0 [
OTHER CONDITIONS {not included in HRSA/ACMG panel)
Group Candition Code No. cases
m [on ketotic hypergiysinemia [t g 1 1 4 3
oA |Bictinidase (partial) [T i) 5 £ [} 0| 0|
oA Ethyimalonic encephalopathy ee 2 0 1 1 o
OA PC deficiency PC 1 ] ] 1 0

Number of cases

MuT

= & 85 B 5
WLCAD

MCAD
PHU

n(.‘
-

HyperPHE

NNH HH B 50 or more
HHHHHHHHHHHHHH IR Emems

e hE s e T 328388 RL 2 UHE D 82 SEEE S

EE AR R AR LR R R R AR R R R R R I LAY

. 8 ¢ & § g =
E s g =

Content of Summary
 Conditions

 Uniform panel
e Secondary targets
e Others

e Sorted by group
— AA, FAO, OA

e Count

e Source

« Completeness
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Summary Page Count by Year

Region 4 MS/MS Working G
AN - s All StateS)
True positive DISEASE RANGE Project
02011106 Last Update 1,375 R I
PRIMARY TARGETS (HRSAIACMG panel)
Group ___ Condition code Mo. cases ] 79
m Phenylkstonuria okl 182 31| 118 EE! o| 935 Reg 4 CONDITION
A Wzple syrup disease wsuD 0 I T 13 4
m Homesystinuria oy o 2 3 1 MCAD 0 1 5
m Citrallinemis fype | o 2 o [ i RE > -
an | rgininosuceinic acidemia 14 2 [ 5 1 Other PKU 0 0 31 a7 41 60 3 182
AR Tyrosinemia fype | 11 o o 8 5 IMCC 0 1 16 15 25 42 4 103
£29 MOAD cetency e R e s ”ﬁ 59 States H-PHE 0 0 10 35 29 40 0 114
L (Hetero) MC eficiency =
FAD VLCAD deficiens = 1 2 3 0] 1 SCAD 0 2 1% 22 23 39 1 106
FAD (Hetero) VLCAD defisiency i 8 2 0 0 0 351 MMA (A,B) 0 2 s & 39 a 58
FAQ LCHAD deficiency TP deficiency LCHADITFR 37 20 7 8 2] SBCAD 0 0 B [ 13 11 1 42
FaQ Carnitine uptake defect cun 18 7 1 0 1 ACMG UNIFORM PANEL 1000 ~ _
0A |sovaleric acidemia | 32 5 18 8 1 | WMN| Regd Refs. Total VLCAD 0 U 0 15 '4 2"5 1 47
DA Glutaric acidemia type | GA1 3g 4 10 12 13 LCHAD_TFP (4] Q & 8 14 10 Q0 37
oA 3-OH 3-Cha glutaric aciduria e 4 o 2 2 o  As 36 6] 26] 271] MCAD (H) ] ] ] 3 3 35 3 35
QA Multiple carboxylase deficiency MCD 1 o 1 0| 0] 13% 53% 24% 10% - - -
04 Metnylmalonic scidemis (MutA,5) 58 el e 34| 2| Faof ST 103 &1] 430] GA o o g 8 16 fG 4 29
oA 3-MCC deficiency 102 12 48 23 21 22% 25% 25% 143 PA 0 2 5 & 3 18 Q 34
0A 3-MCC deficiency (maternal) amcc (mat) 2 7 5 2 o| oaf as] 100] 50 299] I i) 0 0 17 3 7 1 28
oA Propionic acidemia P 34 o B 18 3 2% 7% 23% 2% WSUD 5 5 T 5 7 G 0
on Beta-hetothiolase defisienc; BT 5 o 2 1 1 u _ _
cPT T 3 o 10 E o 26
Group __ Condition code Mo. cases [ wn]  states]  Refs]  Total VA 0 0 B 10 4 14 H 3z
s yperphenylsianinemia yperPHE 114 e &7 1 q IMCC (maf) o ) 3 F 1 i3 3 23
m Tyrosinemia type I Rz 4 D F: 1 1 aaf 20 16] 1] 132] - _
m Disorders of biopterin bicsynthesis __ |BI07T 0] 1 o 1 O O 7% 259 8% 0% cuD 1 0 0 0 3 10 3 19
m [Argininemia Ra 4 o 1 3| o Fao 18] 75 3] 10] 152 ASA 4] 4] 1 2 8 3 Q i4
m Tyrosinemia type Il Rz o o o o o 4% 17 11% % B0 ) ) T 3 i I 3 5
m Disorders of bispterin regeneration  |BIoeT Reg) 0 o o O o o 2T 5] 8] 74] EhiE b u = : : : o o
m ypermethioninemiss =t 3 2 o 1 o 5% % 1% % !
AR Citrin deficiency (ctrulinemia type I} [cmi 5 2 4 [i i TYR-l o o o 1 3 7 a 1
FAQ SCAD deficiency scAD 108 8] ee 1 5 | ALL CONDITIONS 1375 GAl 0 0 1 1 3 5 G 0
FAD Glutaric acidemia type Il GA-| 10 1 [ 3 0 MN| Reg4d States Refs. Total 5 ) 3
FAD W/SCHAD deficiency WiSCHAD 1 0 0 1 i NKHG 0 0 0 3 1
FAQ WCKAT deficiency G 0 0 0 0 o] AR ST 85] 30] 12 VLCAD (H) 0 0 0 1 0 7 0 8
FAQ GPT-Il deficiency 7 1 2 3 1 21% 5% 20% 1% HCY ] ] ] H 1 3 [ 3
FAQ Translocase deficiency 2 0 1 1 0] FAUl 113 158 i 582 CPT 2 5] 1 ] 1 5] 5 3] 7
FAQ GPT-la deficiency 26 o o 23] 4 25% 5% 7% 7
FAD 2.4 Dienoy reductase deficiency 0 o o o o] oaf es T 107] 58] 381 MAL 0 0 0 3 0 2 0 g
oA Wetnyimalonic acidemia (Cbl C,D) 10 2 1 4 Z 15% 25% 25% 3% BIOT (F) 0 0 0 0 1 3 1 5
oA Malonic .:cl:lemia 12 ‘11 ; ; g BKT 0 0 0 = 0 3 0 5
oA isabutyryiglycinuria -
oA 2-Methyl 3-hydrowy butyric sciduria__|zmznes 0 o o o o cIT-| 0 1 0 i i 3 0 6
oA 2-Msthylbutyryiglysnuria secan 42 I g q Markers ALL HMG 0 0 0 H 0 H [5] 4
oA 3-Metnyl glutacanic aciduria EEn 2 [ 2 a q F:g ;i:,a i;:: YR 3 ) ) ) 1 3 3 5 2
"
Group  Condition Code No. cases OA  TO% 2| ARG 0 0 0 1 L 2 0 4
m [Non ketotic hyperglycinemia [t g 1 1 4 3 MET 0 [§] [§] 0 3 0 0 3
oA |Bictinidase (partial) [T i) 5 £ [} 0| 0| CACT ] 0 0 0 1 1 &) )
oA Ethyimalanic sncephalopathy B 2 o 1 1 o
0A FC deficency Pe 1 o[ o 0 EE 0 0 0 1 o Gl g z
MGA o o 2 0 0
BIOPT (bio) 0 0 0 0 1 0 [ 1
50
Number of cases MED 6 7 7 . 5 5 5 -
* PC 0 0 0 0 ] 1 a 1
w I 50 or more SCHAD 0 0 0 0 0 1 0 1
= 2M3HBA 0 0 0 0 ] 0 a a
w H H H BIOPT (reg) 0 0 0 0 0 0 0 0
. NI R R . MCKAT 0 0 0 0 g g 0 0
= PR e - r 20 @ g @ ng N r =g =~ o o P S
EESE R EEE AL ESSEE RS SRS N EREE SRS EREERE RIS RED 0 0 0 0 0 0 0 0
R TR B =0y - 8 g gets TYR 3 0 0 0 0 0 0 a 0
5 # @




Count by State (All Years)
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Collaborative

National Genetics File Libraries

Administration Section

Mame Description Add File View Files

True Positives True Positives Click Here | Click Here

True Positives - Illinois True Positives - Illinois Click Here | Click Here
True Positives - Indiana True Paositives - Indiana Click Here | Click Here
True Positives - Kentucky True Positives - kentucky | Elick Here | Click Here
True Positives - Michigan True Positives - Michigan | Click Here | Click Here
True Positives - Minnesota True Positives - Minnesota | Click Here | Click Here
True Positives - Shio True Positives — Ohio Click Here | Click Here
True Positives - Wisconsin True Positives - Wisconsin [ Click Here | ‘Click Here
Cutoff Ranges Cutoff Ranges Chck Here | Click Here
Score Cards Score Cards Click Here | Click Here

| Log Ot |
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Updated 01/23/06
20%ile
300 -
250 -
200 -
150 1
90 90
100 1 83
7T g3 69 80
50_ H l
D T T T T T
1 2 3 4 5 6 7 M

TYROSINE

90%ile

300 -
250 1
200 1

148
150 4 _ 140 141 44, 133

M [l = 116 120

100 -
50 1
D T T T T

1 2 3 4 5 8 7T M

99%ile
300 -
247

250 - 233

220 217
208 — 201
200 - -

191
150
100

50

500 -

400

400 -

300

200 4

100 4

CO (%ile of controls)

100.0 499.85 93.899

a99.0 4 958.84

98.47
98.0 +

97.06
97.0 A

96.0 4

95.0 T T T T T T T

10

4.7




Updated 01/23/06
90%ile
B -
4 u

2.06 194 186 1.86 1.83 181 1.89

C3

90%ile

6 -
*13.36
" 316 313 3.08 3.21 3.01 3.16
2 -
0 T T T T T T T
1 2 3 4 5 B T M

99%ile

6_
5.11
__ 4f? 4f1 4£4 4E1 474 4.90
4_
2_
D T T T T T T T
1 2 3 4 5 & 7 M

Cutoffs

10 4

8.43

CO (%ile of controls)

100.0 - 99.99

99.8 1 99.72

99.6
99,50

99.42

99.4 1 99.32

99.2 4

99.0 T T T T T T T

CO (SD below mean)

10
] 78
6_
4 3.6 3.7 4.0
341
2.0
) H
U T T T T T T T
1 2 3 4 5 & T M
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Phenylalanine {pmoliL)

100 -

Normal Population

90%ile

Median
10%ile

Mormal population

% highest, lowest value
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Region 4 — “Score Card”

Region 4 - Laboratory Quality Improvement Project

B | Minnesota AMINO ACIDS

Year [NELCTCEEN voume BECCTRN  rr I

Updated [ NORMAL POPULATION | Tot. # cases
01/26/06 Percentiles {pM) State SD Abn/ 5%ile Percentiles 1,345
50% | 90% | 99% | | Value | %ile | OFF | 10,000 || N| <CO | LV | 5% | 10% [ 25% | 50% | 75% | 90% | HV |

GLY 184 | 319 514 m 59.80% | 5.1 4. 1,019

313

350

« Number of cases (N)

 Lowest value (LV)

— e+ Percentiles

 Highest value

ARG 5 9 18 50 89.94% |10.0 23

ASA 0.06 [ 0.13 | 0.24 (L 099.85% | 6.0 0.1




Phenylalanine (pmoliL)

15010 -

1200 -

00 -

GO0 ~

300 +

PHE Disease Range

N 294 |
HV (UM) 1,573
o0%ile 673
50%ile 349
10%ile 172
LV 131

d:

Mormal population

FKU & H-FPHE
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Selection of Cut-Off Value

* Based on either fixed %ile or (SD),

above mean of NORMAL population
* Increases driven by false positives

* Decreases driven by false negatives
(usually followed by scores of false

positives)

* Disconnected from clinical significance



Cut-Off Values

(i) State sSD Abn/
Value| Z%ile OFF | 10,000

Value GLY 99.93% | 84 | 25

VAL 99.94% | 105| 0.0

ILE/LEU 99.70% | 4.9 | 3.1

State %lle oy e o041 | as | 42
(HMET) MET
(I CIT

(I CIT 99.98% | 11.9| 0.3
SD off mean o
(PKU) PHE

HPHE) PHE 99.53% | 3.8 | 2.1

RepeatS/lo’OOO (N TYR 96.82% | 2.0 5.4
ARG

oA ARG 99.97% | 200 | 3.4
cases (RAR) —

99.93% | 6.7 0.1

(CIT 1) ASA




Phenylalanine (pmoliL)

300~

el
=
=]

100 -

Goal Is to define the gap
between NORMAL &
DISEASE ranges
(CUT-OFF RANGE)

Normal population

FPKU & H-PHE




Phenylalanine (umolilL)

300

=
=

=
=
=]

Range of Cut-off
Values in Region 4
NBS Programs

=

Mormal population Cut-offs

PKU & H-PHE
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MS/MS "Quality” Report Card

A RHETRE
RATIOS
[ - 800 | -

Region 4 - Laboratory Quality Improvement Project

| Em?'::- | Distribution (%)
-
P
| mimnesota || -
[ 30% [ ouTsInE cutan rangs | '\f""'-!- _..-"I CUtOff
D N OUTSIDE
| | Not used | o targ et
100% AMING ACIDS range
0% |
0% -
Cutoff
WITHIN
i1 %1 § 5 ! fF 8 3 target
_ ' range
AA RATIOS
B
a0
CaaceE) u; 1 s
oEE == Parameter
ACyoT % 1
o Y s ¥ 1§ 3 NOT USED
! & § 3§ E 5 3
W% ACYLCARNITINES M%7 ac RATIOS
B0%
150%
B0%
100%
A40%
50% 20% 1
| | Mﬁ:naaauu:f!:n?a! EEEEE
TG ; sﬁasatsﬂégggaggﬁ §‘§’g§§
ComEREE o taag 5 T TEe :a




MS/MS “Quality” Report Card

Region 4 - Laboratory Quality Improvement Project

Region 4 - Laboratory Guality Improvement Project
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Status of Cutoff Ranges
(as 01/31/06, N=69)

Region 4 Median  Range

Adequate 29% 12% - 71%

Not adequate 34% 12% - 58%

Not used 41% 0% - 77%




A 4

!

State screening
by MS/MS

Data normal
population

!

Data true

m{eh

Marker

positives

Disease

%iles

Conference
calls

ranges

Workgroup

meetings

=

Comparison &

v

harmonization

Revised
cutoff values

2nd tier tests

"l (SUAC, MMA)




Implementation of 2"d Tier Tests
(as 02/11/06)

Region 4 SUAC MMA HCY CAH
lllinois (*)
Indiana
Kentucky + + + +
Michigan + (+ - (+)
Minnesota + + + +
Ohio +
Wisconsin
Other states (+) (1) (%) +

(*) in house; (x) sporadic use; (+) under implementation
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“Defining your criteria for
success Is easier when you suck.
As you get better, it becomes
harder. The steps are smaller.”

Bode Miller

Newsweek, January 23, 2006 (p. 44)



