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Outline

* The ACMG uniform panel

* From WHAT we screen for (how many
conditions) to HOW WELL we do it
— Performance metrics (MS/MS)
— Clinically defined cutoff values

— The impact of 2" tier tests

Newborn Screening
A Public Health Program

* Aimed at identification of conditions for which
early intervention can prevent mortality,

morbidity, and disabilities

* Performed by analysis of diagnostic markers in

blood spots collected on filter paper at birth

¢ Extent of program is chosen (and upgraded) by

each state independently

Conditions Traditionally Tested for
by Newborn Screening (1960-2000)

Condition Incidence States
¢ Sickle cell disease 1 400  49/51
* Hypothyroidism O 1 4,000 51/51
* Phenylketonuria 1: 12,000 51/51
°* CAH 0 1: 19,000 39/51
* Galactosemia @ 1: 50,000 50/51
* Biotinidase 1: 70,000 36/51
* MSUD 0 1: 250,000 29/51
* Homocystinuria 1: 275,000 35/51

Other Conditions (2000)

* Hearing screening 27/51
¢ Cystic fibrosis (co, wi, wy) 3/51
* MCAD (ME, MA, NC) 3/51
* Toxoplasmosis (MA) 2/51

* Tyrosinemia type | (GA,MD)  2/51
* G6PD (pc) 1/51
e HIV (NY) 1/51

Medium-Chain Acyl-CoA
Dehydrogenase (MCAD) Deficiency

¢ Defect of mitochondrial fatty acid oxidation

¢ First report in 1976, defect confirmed in 1982
* Founder effect (common mutation 985A>G)

¢ Ethnic distribution (Caucasians)

* Incidence: 1:8,000-14,000 live births

* Normal growth and development ~ H@ @@

* 30-50% mortality (first acute episode)
* Screening method: tandem mass spectrometry




AAP Newborn Screening Task Force (2000)

Serving the Family From Birth to the Medical Home
Newbarn Screening: A Blueprint for the Future

A Call for a National Agenda on State Newborn Screening Programs

PEDIATRICS Val, 106

b

Atggust 2000 350

AAP Newborn Screening Task Force (2000)

Serving the Family From Birth to the Medical Home

Newbarn Screening: A Blueprint for the Future

Technological advances have had and will con-
tinue to have a significant impact on the sensitiv-
ity, specificity, and scope of newborn screening.
Tandem mass spectrometry offers the possibility
of detecting a larger group of metabolic condi-
tions. With this new technology comes the ability
to detect individuals with metabolic conditions for
which there are no effective treatments at this
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Status of Newborn Screening (2004)

¢ Pervasive lack of uniformity in

Extent of screening panels (~50/50)
— Decision-making (no national process)
— Analytical quality

Expanded
— Interpretation of results [\ ISR iR {6}

. consumer
Outcome data collection TPV

Newborn Screening
Left to Consumer Initiative

— Additionally, | also encourage
you to facilitate the development

of educational material that

inform parents about the option

to have their babies screened for

additional conditions that could

be routinely tested in the

newborn period but at this time

are not covered or required by

your State program.

The HRSA/ACMG Uniform Panel
Genetics

PEDIATRICS
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reening: Toward a Uniform
anel and System

The HRSA/ACMG Uniform Panel
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Standardization of Outcomes
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Newborn Screening Programs
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American College of Medical Genetics
Michael S. Watson, PhD, FACMG, Project Director

SPONSOR
Maternal and Child Health Bureau
Genetic Services Branch
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Michele A. Lloyd-Puryear, MD, PhD, Chief
Marie Mann, MD, Project Officer

Primary Goals
of HRSA/ACMG Contract

» Developing a uniform panel of newborn

screening conditions

» Developing a decision-making tool for use

in NBS program expansion or contraction

— Criteria for assessing conditions for their

appropriateness for newborn screening




Uniform Panel Survey
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Criteria and Scoring System

Incidence of conditions
Identifiable at birth
Burden of disease
Availability of test

Test characteristics
Availability of treatment
Cost of treatment
Efficacy of treatment
Benefits to individual
Benefits to F&S
Mortality prevention
Diagnostic confirmation
Acute management
Simplicity of therapy

Conditions Included in Survey

Endocrine disorders (CAH, CH, IDDM) 3
Infectious diseases (HIV, Toxo, CMV) 3
Hematologic disorders (Hb-pathies, G6PD) 5
Genetic conditions (CF, DMD, FX, Wilson) 12

IEM detectable by MS/MS (AA, AC)
— Amino acid disorders (PKU, MSUD, HCY) 16
— Fatty acid disorders (MCAD, VLCAD) 14
— Organic acid disorders (PA, MMA, IVA, GA-l) 15
Other IEM (% detectable by MS/MS)

— Carbohydrate disorders (GALT, CDG) 4
— Lysosomal disorders (Fabry, Krabbe, Pompe) 5
— Others (BIOT, ALD, SLO) 6

83

Final Results

* Responses 275
* Respondent “profiles” 560
* Conditions scored 3,927
* Individual scores 65,054

Criteria Scores (MCAD)
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Uniform Screening Panel (2005)

* 29 primary conditions

| — 20 detected by MS/MS (AA, FAO, 04) |

— 3 Hb-pathies (S/S, S/gThal, SIC)
— 6 others (BIOT, CAH, CF, CH, GALT, HEAR)

* 25 secondary targets

— 22 detected by MS/MS (AA, FAO, OA)

— 1 Hb-pathy (many variants counted as one)

— 2 others (GAL-epimerase, GAL-kinase)




EDITORIAL

JAMA 2004; 303:2525 Nat Genet 2004; 36:1127

EDITORIAL

'&%:

i Separated at birth
i I The March of Dimes
i

. 14 has already urged
t 5 the report's

. {9 recommendations |
i 7| be adopted by every |-
o | state. We agree.

JAMA 2004; 303:2525 Nat Genet 2004; 36:1127

Newborn Screening — Setting Evidence-Based Policy for Protection

Marvin Natowicz, M.D., Ph.D.

WENGLJ MED 3530 WwW.NEIM.ORG SEPTEMEER 1, 2005 867

There was, for example, minimal
representation of some important
areas of clinical expertise, and
whereas some militant propo-
nents of expanded screening were
included, I think there was inad-
equate representation of schol-
ars who take an opposing stand.

HRSA/ACMG Uniform Panel (MS/MS)

P Phenylketonuria MCAD
A MSuUD VLCAD deficiency Glutaric acidemia type |
N Homocystinuria LCHAD deficiency HMG deficiency
3 Tyrosinemia type | TFP deficiency 3MCC deficiency
L Argininosuccinic acidemia Carnitine uptake defect BKT deficiency
Citrullinemia type | Multiple carboxylase deficiency
Methylmalonic acidemia (MUT)
Methylmalonic acidemia (Cbl A,B)
Propionic acidemia
Bl Hyperphenylalaninemia M/SCHAD defici ic acidemia (Cbl A,B)
IAWY Tyrosinemia type Il SCAD deficiency 2M3HBA deficiency
MY  Biopterin defects (Bios) MCKAT deficiency IBG deficiency
o|G Tyrosinemia type Il CPT-I deficiency 2MBCAD deficiency
NI E Biopterin (Reg) Glutaric acidemia type Il Methylglutaconic acidemia
LERE  Argininemia CACT deficiency Malonic acidemia
B Hypermethioninemia Dienoyl red. deficiency
3 Citrullinemia type Il CPT-Il deficiency

20 Primary targets
22 Secondary targets

Unrelated
targets?

HRSA/ACMG Uniform Panel (MS/MS)
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Malonic acidemia
Dienoyl red. deficiency
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2 “Unrelated” targets

HRSA/ACMG Uniform Panel (MS/MS)

The secondary targets

rmz>»v

cannot be separated
from the primary targets

The ethical debate should be
about the arbitrary suppression

<m>P0Z0O0MmMON
o -Amo x>

of potentially relevant clinical
information
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NBS by MS/MS in Minnesota Newborn Screening 2006

« May 2001 - Program expansion (MS/MS) Disorders s_cl:reened for in North America

* June 2004 - Public-private partnership
between MDH, UoM, and Mayo Clinic

e April 2005 - Implementation of all 29
conditions included in HRSA/ACMG

uniform panel and secondary targets
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Outline

* The ACMG uniform panel

“The newborn screening

leaders in the US are

Mississippi, lowa and * From WHAT we screen for (how many
South Dakota” conditions) to HOW WELL we do it

— Performance metrics

(Associated Press, 2004

March of Dimes, 2005) From COUNTING to QUALITY




Maternal and Ch:ld Héallh Bureau

Regional Genetics and Newborn Screening Collaboratives
(HRSA-04-085)

Project 2: Reglomal Geetics aid Newborn Sereening Collaborative
The Remonal Genetics and Newbom
the priorities of the Hermtable Disorders Pro

1o I:< FEspOive 1o
ler Section 1109 of

Title XI of the PHS Act. The Regional Ge

bvear fannalies by promoting
» ]u\ II]| and health care services. In ord Icl
capacity w«dn nationally. seven regions have been identified. These regions are:

Region 1 CT, MA T
Region I: DC, DE,

Rﬂu on 3 \].

e AK IA h\ \I(!
R.eelmt- AZ, CO, MT, NM, TX, UT ~k\
Region T: AK. CA, HL ID, ¥V, OR, WA, Pacific Basin

Applicants nwst propose to serve one of the defined regicns

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)

Cynthia A. Cameron, PhD
Program Director

%
"w

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 a regional 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

Performance Metrics TARGETS™
(Full MS/MS Panel)

Detection rate 1:3,000
FPR <0.30%

PPV  >20%

*
Period & Volume MUST be specified

Performance Metrics in MN

Period

Volume

Detection rate

False Pos. Rate

Pos. Pred. Value

Jul 04 - Aug 06
213,126
1:1,791

0.08%

42%




Very nice, but that is Minnesota.

This is (State’s name)

and our lab is DIFFERENT

What Are the Differences?

Size of punch

Extraction

Derivatization
MS/MS

<Y : SAME spots

| SAME babies |
o I ]

g —
“Different” methods

Conventional Wisdom
(“ Different” we stand)

* Results obtained using different procedures

are not comparable

¢ Even instruments in the same labs are to be

considered separately (different cut-offs)

¢ Every lab must develop own cutoffs based

on local (normal) population

¢ Inter-laboratory comparison is not possible

The Sky of Newborn Screening by MS/MS

Can We Compare Something Like This?

|




Avoid Unrealistic Expectations

Seek Clinical Significance

....and have no fear of comparison

Do We Need
Inter-Laboratory Comparison?

The “independence” of state
NBS laboratories has created a
situation of increasing loss of
consideration for the clinical

significance of test results

Outline
* The ACMG uniform panel
* From WHAT we screen for (how many

conditions) to HOW WELL we do it

— Performance metrics

— Clinically defined cutoff values

Selection of Cut-Off Values

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

mean of NORMAL population
¢ Arbitrary adjustments driven by
— Noise (false positives)
— Missed cases (false negatives)

¢ Disconnected from clinical significance

Normal Population

300 -

zull_

?? Cut-off ??
*

Phenylalanine (pmol/L)

90%ile
Median
10%ile

Normal population o highest, lowest value




300 4
Goal is to define the gap
between NORMAL &
200 | DISEASE ranges
(CUT-OFF RANGE)

* |

Phenylalanine (umoliL)

IS%iIe disease range
99%ile normal population

]

T T
Normal population PKU & H-PHE

Cumulative Disease Ranges
¢ 2,213 confirmed cases (as 10/10/06)
— 32 US states (sorted by region)
— 18 International participants
— Published reports (8%)
* Anonymized data
¢ Collection 0-7 days

* Only first specimens (no repeats)

19 Active Participants (USA)

Imminent Additions (USA)

Sl 61% of 2007 US births

International Imminent
Participants Additions
* Argentina * China (1 1ab)

* Australia (1state) ° Bulgaria

e Canada (3 provinces) ® Portugal

* Germany (2 labs) * Singapore

* ltaly (2 labs) * Switzerland (1 1ab)
* Japan (1 lab)

* Saudi Arabia

A Tool for OBJECTIVE COMPARISON
of Performance Metrics




Contributions & Progression No. of Cases (10/10/2006)
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State screening
by MS/MS

Data normal Data true

population /}\ positives
Web

. site

Marker Disease

2 %iles ranges

. | Conference Workgroup

: calls meetings

H Comparison &
: harmonization

: Revised 2nd tier tests
cutoff values (MMA,SUAC)

Outline

* The ACMG uniform panel

* From WHAT we screen for (how many
conditions) to HOW WELL we do it
— Performance metrics

— Clinically defined cutoff values

— The impact of 2" tier tests

Second Tier Tests
e Steroids (CAH)

— Lacey JM, Clin Chem 2004;50:621
— Minutti CZ, J Clin Endocrinol Metab 2004;89:3687
* Succinylacetone (Tyrosine)

— Magera MJ, Mol Genet Metab 2006;88:16

* Methylmalonic acid (C3)

* Homocysteine (Methionine, C3)

Why a 2nd Tier Tests for C3?

o Abnormal Results per
b 10,000 Newborns

Testing Algorithm for C,

% L 2
< 5.25 pmol/L 5.25 - 10 ymol/L >10 pmol/L

oJc, 02 XS
[o.e, !

NO

REPORTED
NEGATIVE

c,/C,

NO

Screening
NEGATIVE




Testing Algorithm for C,

% v %
< 5.25 ymol/L 5.25 - 10 pmol/L >10 pmol/L

c,/C ‘L
MMA
NO| >5 pmol/L

Revised Repqrt

o2 | YES
C/Cyg>2.0 |LES

NO

Screening NO
NEGATIVE

Screening
POSITIVE

Abnormal Results/10,000 Newborns
Jan - Sep 2005 [FTEL I I P!
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Participation in
Collaborative Project
e Everyone is very welcome to join in,

everybody is needed! ¥.;» *‘Tl @
* Participation is based on month_Iy

submission of data:

— Percentiles of normal population (cumulative)
— Performance metrics (period, volume)

— Cutoff values (willingness to explore new ones)

— All data (AA, AC) of true positive cases

Impact of 2" Tier test for MMA
AC only

Period 7/1/04 - 12/31/04 1/1/05 - 9/30/05
Test volume 46,715 78,065
Abnormal C, 109 726
Reported abnormal 22 12

True positives 1 5(1:15,613)
False positives 21 (0.045%) 7 (0.009%)
Pos. predict. Value 5% ——— 42%

State screening
by MS/MS

Data true
/}\ positives
Web
! site
2 Marker Disease
%iles ranges
E Conference Workgroup
: calls meetings
: v
Comparison &
harmonization

Revised 2nd tier tests
(SUAC, MMA)
PERFORMANCE

| cutoff values
METRICS

Data normal
population

Conclusions

* Newborn screening is undergoing major
changes

— Number of conditions, uniformity
— Awareness of performance metrics
— Collaborative effort is critical

» 2nd tier tests reduce false positive rates
without compromising sensitivity

* How do we measure success?




