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Collaborative Laboratory Integrated Reports
(CLIR)

* CLIR is a multivariate pattern recognition software
and interactive web tool that was initially developed
to support Region 4 Stork (R4S), a federally-funded
(2004-2012) collaborative project for laboratory
quality improvement of newborn screening by
tandem mass spectrometry

Europe FINAL Status of R4S (August 31st, 2018)
P Countries 69
Locations (programs) 269
Registered active users 1,206
Positive cases (94 conditions) 20,938
Final count of website user login: 160,759
2 Final count of website page views 1,607,321
ﬂ‘ § Newborns tested in R4S (2012-2018) 28,726,855

v =we R4S was sunset on Sep. 25, 2018

Outline
* Introduction to CLIR

* Result adjustments for continuous and
categorical covariates, & location

* The RUST (the RUSP post-analytical tool)

* Precision newborn screening workflow

° Examples of performance (LSD, CH, CF)
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Collaborative Laboratory Integrated Reports
(CLIR)

¢ CLIR is a multivariate pattern recognition software
and interactive web tool that was initially developed
to support Region 4 Stork (R4S), a federally-funded
(2004-2012) collaborative project for laboratory
quality improvement of newborn screening by
tandem mass spectrometry

World FINAL Status of R4S (August 315, 2018)
Countries 69
Locations (programs) 269
-z Registered active users % 1,206
e ') 2 Positive cases (94 conditions) 20,938
% @ Final count of website user login: 160,759
Final count of website page views 1,607,321

Newborns tested in R4S (2012-2018) 28,726,855
Calculated post-analytical tool scores 411,746,680

Collaborative Laboratory Integrated Reports
(CLIR)

¢ CLIR is a multivariate pattern recognition software
and interactive web tool that was initially developed
to support Region 4 Stork (R4S), a federally-funded
(2004-2012) collaborative project for laboratory
quality improvement of newborn screening by
tandem mass spectrometry

¢ Since 2012, CLIR is supported by institutional
funding and has been approved as an official
product of Mayo Clinic
MAYO CLINIC
@y

https://clirmayo.edu

CLIR - Collaborative Laboratory Integrated Reports




Collaborative Laboratory Integrated Reports
(CLIR)

* CLIR is a multivariate pattern recognition software
and interactive web tool that was initially developed
to support Region 4 Stork (R4S), a federally-funded
(2004-2012) collaborative project for laboratory
quality improvement of newborn screening by
tandem mass spectrometry

* Since 2012, CLIR is supported by institutional
funding and has been approved as an official
product of Mayo Clinic

* (Mayo letter to NICHD, Sept. 2014) ..... CLIR will
remain freely available to all interested users in
perpetuity when applications are related to
newborn screening, clinical biochemical genetics,
and pediatric medicine in general

What Does CLIR DO, Exactly?

* Replaces conventional reference ranges
— With continuous covariate-adjusted %iles

* Replaces analyte cutoff values
— With condition-specific disease ranges

* Enhances the clinical utility of individual markers
— With all possible permutation of ratios

* Replaces diagnostic sequential algorithms (“and”)

— With tool-based parallel algorithms (“or”)

Outline
* Introduction to CLIR

# Result adjustments for continuous and
categorical covariates, & location
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Collaborative Laboratory Integrated Reports
(CLIR)

* CLIR is a multivariate pattern recognition software
and interactive web tool that was initially developed
to support Region 4 Stork (R4S), a federally-funded
(2004-2012) collaborative project for laboratory
quality improvement of newborn screening by
tandem mass spectrometry

CLIR is free....

but contribution of data is required

¢ (Mayo letter to NICHD, Sept. 2014) ..... CLIR will
remain freely available to all interested users in

perpetuity when applications are related to
newborn screening, clinical biochemical genetics,
and pediatric medicine in general

What Does CLIR DO, Exactly?

Replaces conventional reference ranges

— With continuous covariate-adjusted %iles
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Standard Data Collection
* Date and time (hh:mm) of birth

* Date and time of sample collection

Birth Time

5:37 XA 48h?

a5 5| 72h?

Birth Date g oo, vy

10/13/2018

Collection Date mw. oo, vy

10/15/2018
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Standard Data Collection
Date and time (hh:mm) of birth
Date and time of sample collection

Birth Date @ oo, vy

10/13/2018

Collection Date (mwm, oo, vvvy)  |Colleption Time

10/15/2018 | 2{45| x5
PRECISE Age at collection (hours)

57.1333

Birth Time
5|37

Are decimal digits really necessary?

First Submission

First submission
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First Submission (Rejected)

First submission

Age hr Age hr vs BW
Case ID 35659-2 % Mrker: Phe DBS
18-215180 24 .
18-225344 24 728 o
18-225345 24
18-225346 48 e o,
18-206225 8 - R
18-222109 48 48 .
18-211369 48 R | l ® . .
18-232052 48 Fx s i e 8 ¢
18-208134 72 24 el,. ., 8
18-207172 72 ° 'R BN .
18-232336 [Z S s et J23°
18-213200 72 . :'.!", ¢ "'
18-212387 72 b I | '.cl'l'o o
18-219603 % $3.° oe°2 ° H
18-211227 9% . . ! e 2
18.228169 6 1o 260 sbo abo sho
18-226356 9% Agehr
18-211380 9%

Standard Data Collection
Date and time (hh:mm) of birth

Date and time of 29 sample collection

Birth Time

5:37 XM

Birth Date g oo, vy

10/13/2018

Collection Date . o0, vy (Collection Time

10/27/2018 | 9:00 X3!
PRECISE Age at collection (hours)

339.3833

NBS Demographic information
Age hr
Case ID 35659-2
181015-0265 57.1333
181027-0030 339.3833

Age hr Age hr vs BW

Case ID 35659-2 96 Marker: Phe DBS

18-215180 24

18-225344 24

18-225345 24

18-225346 48

18-206225 48

18-222109 48

18-211369 48 .

18-232052 48 .

18-208134 72

18-207172 72 °

18-232336 72

18-213209 72

18-212387 72

18-219603 96

18-211227 96 *

18-228169 96 500

18-226356 % . . Age hr .

18-211380 9% Narrow, high density data “stripes” cause
significant noise and possibly errors in the
calculation of the regression model
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Standard Data Collection
Date and time (hh:mm) of birth

* Date and time of 2"d sample collection

Birth Time

5:37 K

Birth Date g oo, vy

10/13/2018

Collection Date . o0, vy (Collection Time

10/27/2018 | 9:00 X3l
PRECISE Age at collection (hours)

339.3833  Logical

NBS Demographic information Observatlon
Age hr Identifiers

Case ID 356592 7777

1810150265 57.1333 Names and

181027-0030  339.3833 Codes
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LOINC (https://loinc.orq)

From Regenstriet

The universal standard for
identifying health
measurements, observations, and
documents.

Reference labs, healthcare organizations, U.S. federal agencies,
insurance companies, software vendors, in vitro diagnostic
testing companies, and more than 69,000 registered users from
172 countriesjuse LOINC to move data seamlessly between
systems.

Ws free, but invaluoble.
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LOINC' (https://loinc.org)

From Regenstriet

LOINC Code Information

LoING Number

The unique LOINC Code is a string in the format of nnnnnnnn-n.
First major axis-component or analyte
Property TIME
Second major axis-property observed (e.g., mass vs. substance)
Time Aspect PT

Third major axis-timing of the measurement (e.g., point in time vs
24 hours)

System ~PATIENT

Fourth major axis-type of specimen or system (e.g., serum vs
urine)

Scale Type QN

Fifth major axis-scale of measurement (e.q., qualitative vs.
quantitative)
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Standard Data Collection
* Birth weight (grams)

* Gestational age (weeks)

* Sex (Male/Female)

Birth Weight (grams) Gestational Age Gender
(wks.) Om
2957 39.1 o

NBS Demographic information

Age hr BW GA (wk) Sex
Case ID 35659-2 56056-5 49051-6 46098-0
181015-0265 57.1333 2957 39.1  Female

181027-0030 339.3833 2057 39.1  Female
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Second Submission (Accepted)

[Second submission

Age hr
[Case ID 35659-2 Age hr vs BW
18-206013 233.25
18-206014 263.78
18-206015 260.3
18-206016 191.58
18-206017 277.58
18-206018 96.27
18-206020 93.92 s,
18-206021 111.85
18-206022 107.52
18-206023 112.85 ©
18-206024 86.35
18-206026 82.45 ©
18-206027 95.42
18-206029 102.97 L
18-206030 94.42 00
18-206031 110.27
18-206032 80.45
18-206033 104.78

LOINC (https://loinc.org)

From Regenstriet

Improving newborn screening laboratory test ordering
and result reporting using health information
exchange

Stephen M Downs," Peter C van Dyck,” Piero Rinaldo,” Clement McDonald,*
R Rodrey Howell,® Alan Zuckerman, Gregory Downing’

ABSTRACT
Capture, coding and communication of newbom
scroening (NBS) informaton represent a challenge for
publc heslth aboratores, heath departments, hospitals,
and ambulstory care pracices. An icreasing number of
condtons targeted for scening and the compley of

o
infomaton-management stateges. This makes NBS
an importnt test o tooks and aichitecture for lectionic
health information exchange (HE) i tis convergence of
indiidusl patien care and posulaton health activies
For this reason, the Amercan Health nformation
Community undertook tree tasks descrbed i this
paper. ist, a newbom screering use case was
established to facitate standards harmonization for
commn terminobgy and interoperabty speciicatons
quiding HEE. Second, newbor screening coding and
teminclogy

electionc HE actites. Finaly, claifiation of prvacy
security, and clical laboratory requiatoy reuirements
govening nformation exchange was provded, seving as
a framework to estabish pathways for mproving
Scroening program Smoiness, efectiveness, and
eficiency of aualty patint care senvices

J Am Med Inform Assoc 2010;17:13-18. doi:10.1197/jamia.M3295

20

Standard Data Collection
* Birth weight (grams)

* Gestational age (weeks)

* Sex (Male/Female)

Birth Weight (grams) Gestational Age Gender
(wks.) Om
2957 39.1 o

NBS Demographic _information

Age hr BW GA (wk) Sex| /m
Case ID 35659-2 56056-5 49051-6 46098-0 +
181015-0265 57.1333 2957 39.1  Female

181027-0030 339.3833 2957 39.1  Female
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Second Submission (Accepted)

[Second submission

Age hr
[Case ID 35659-2 Age hr vs BW
18-206013 233.25
18-206014 263.78
18-206015 260.3
18-206016 191.58
18-206017 277.58
18-206018 96.27
18-206020 93.92 s,
18-206021 111.85
18-206022 107.52
18-206023 112.85 ¢
18-206024 86.35
18-206026 82.45 ©
18-206027 95.42
18-206029 102.97 L
18-206030 94.42 o
18-206031 11027
18-206032 80.45
18-206033 104.78

Reluctantly......
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. .
Second Submission (Accepted)
[Second submission
Age hr BW
Case ID 35659-2  56056-5
18-206013 23325 3900 Age hr vs BW
18-206014 26378 3200
18-206015 2603 2200 e
18-206016 19158 4000 000-| eowemcmmmmm—————— ¢
[18-206017 277.58 4400 O R NSRS S & 3
18-206018 9627 2900 | cmemcommmmmsemmmmess we 000 o
18-206020 93.92 500  EDS SEPPENNTESEIIEEIG 6 0 o0 L]
[18-206021 111.85 2800 om0 cemmmeme—mEm e 0 o
18-206022 10752 3900 20| @®® o ccosmsemmunes o ° °
18-206023 11285 3400 000 ¢mmmme ¢ Memem o o o -
18-206024 86.35 3000 2550 000 @eme Sme e cmm wm@e ° °
18-206026 82.45 3700 o0 oo @ocemes oo @ -
18-206027 9542 3700 0o mEm®e o® 0 00 o ° .
[18-206029 10297 300 0TS o0 emele® e e c o,
18-206030 9442 2800 p i e 5 I
[18-206031 11027 4100 Age hr
18-206032 8045 4500
18-206033 10478 4300
Reluctantly......
25
Age hr vs BW Age hr vs BW
s
« «
5 5 2

Age hr.

Age hr vs BW

Age hr

Age hr.
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Propionylcarnitine (C3)
as Model Marker
* 62 contributing locations (5k to 575k)

* Cumulative data count:

Individual Lab Reference Ranges for C3 DBS

e

3,209,067

Age hr vs BW Age hr vs BW
i i .
e o
-
.:'?'
4%
26
Covariate Density Plot of
Congenital Hypothyroidism
True Positives False Positives
N =1,384 N = 21,958
1000 :
®
? 100 !
3 |
g o o
g 10
<
1 —
1000 2000 3000 4000 1000 2000 3000 4000
Birth weight (grams)
28

¢ Outliers (excluded)

29

* Cumulative data count:

C3 DBS & Age hr

Propionylcarnitine (C3)
as Model Marker
* 62 contributing locations (5k to 575k)

3,209,067
16,602

Active n=3,208,043

O Deleted n=0
O Pending n=299
) Outlier n=16,602

30




Marker vs. Covariate Plot

C3 DBS & Age hr

c3pBS
mol/mL.

Continuous Moving Percentiles?

C3 DBS & Age hr

c3pBS
mol/mL.

Age hr
€3 DBS & Age hr

1
s [ T T
! 61 mo Legend
N 1 H Moving 1-99%ile
1 1 8 Moving 10-90%ile
o H H — Moving 50%ile
BE 1 1
a3 1
8E
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Continuous Moving Percentiles?

C3 DBS & Age hr

e
gk

c3pBS
mol/mL.

Age hr
C3DBS & Age hr

Legend

Moving 1-99%ile
@ Moving 10-90%ile
— Moving 50%ile

Marker vs. Covariate Plot (LOG)

C3 DBS & Age hr

c3DBS
mol/mL.

o k & k
Age hr

€3 DBS & Age hr 6 weeks

c3DBS
Amol/mL.
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Marker vs. Covariate Plot (LOG)

C3 DBS & Age hr

Asene
€3 DBS & Age hr 6 weeks
T

35
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Continuous (Unadjusted)
Moving Reference Interval

C3 DBS & Age hr

c3D8Bs
nmol/mL.
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a.k.a. The BACON Plot

C3 DBS & Age hr

Where is this coming from?
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Clinical Chemistry 61:5 Informatics and Statistics

740-768 (2015)

Continuous Age- andjusted Reference
. e '

Intervals of Urinary Ma for Cerebral Creatine
Deficiency Syndromes:
A Novel Approach to the Definition of
Reference Intervals

Lars Markrid," AIexanderD Rowe," Katja B.P. Elgstoen, Jess H. Olesen,z GeorgeRuq(er"‘ Patnc:a L. Hall,*
Silvia Tortorelli,” Andreas Schulze, Lianna Kyr p 7 Mirjam M.C.
Jiddeke M. van de Kamp,? Gajja 5. Salomons,” and Piero Rinaldo®
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Does Propionylcarnitine (C3)
Need an Adjustment for SEX?

A Male median + % SD
Gowans’ Plot vs.
b2 & Female median £ %, SD
If the two bands overlap for the whole
range of the covariate (no separation)
there is no need to establish

Female
Male

Gowans E, Pedrsen PH, Blaberg O Hordor b, Analytcal goal or

Geodrapmca sen Seand G est 19,4 separate reference intervals by sex
—
Continuous Covariates
P S Covariate Count(k)
v Age hr 32246 Options:
BW 3,224.9
EGA 22126 ¥ Pplot marker on log scale
S 22135 ¥ Pplot covariate on log scale
Categorical Covariates
Covariate Count(k)
¥ Sex 3,098.0 Get Chart
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Clinical Chemistry 61:5 Informatics and Statistics

760-768(2015)

Continuous Age- and Sex-Adjusted Reference
Intervals of Urinary Markers for Cerebral Creatine
Deficiency Syndromes:

A Novel Approach to the Definition of
Reference Intervals

Lars Morkrid,’ AIexanderD Rowe," Katja B.P. Elgstoen,’ Jess H. Olesen,” George Ruijter,® Fatr:cna L. Hall,*
Silvia Tortorelli,® Andreas Schulze,® Lianna Ky, 7 Mirjam M.C. W link
Jiddeke M. van de Kamp,? Gajja S. Salomons,” and Piero Rinaldo®

‘ . Oslo
’%" University Hospital
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Does Propionylcarnitine (C3)
Need an Adjustment for SEX?

A Male median = %2 SD
Gowans’ Plot vs.

Female median £ %, SD

If the two bands overlap for the whole
range of the covariate (no separation)
there is no need to establish
separate reference intervals by sex

Female

Male

Gowans EM, Pedsrson PH, Blaaberg Analytical goals for
the acceptance of common reference laboratories.
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Does Propionylcarnitine (C3)
Need an Adjustment for SEX?

A Male median = %2 SD
Gowans’ Plot vs.
Female median £ %, SD

If the two bands overlap for the whole
range of the covariate (no separation)
there is no need to establish

Female
Male

‘Gowans EM, Pedersen PH, Blaaberg O, Hordor M. Analytial goals for
the accepta

it e, Seant S i mvest 06BABTST- 4. separate reference intervals by sex

0.5
=)
k]
-
£ oo
[=]
£
c
bl
o

0.5

1 100 Age in hours (log) 1000



The Gowans’ Plot of
17-Hydroxy Progesterone (170HP)

|

N=1,199,877

170HP (log)

Age at collection 1 , ’ \—/\
12-36 hours 1] }\\«/\

Age in hours (log)

More later, now back to C3

C3 Adjustments (Age)

43

C3 Adjustments (Age)

C3 Degree of Overlap (DOL) between
Reference and Disease-Specific Ranges
w Unadjusted
i)
DOL ) 1%
MUT/CbI AB - Methylmalonic acidemia (mutase & Cbl AB)
DOL . 4% -
B12 Def (mat) - Maternal cobalamin deficiency
] —
.
DOL 21%

47
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What Does CLIR DO, Exactly?

* Replaces conventional reference ranges

— With continuous covariate-adjusted %iles

*| Replaces analyte cutoff values

— With condition-specific disease ranges

46

C3 Degree of Overlap (DOL) between
Reference and Disease-Specific Ranges

. Unadjusted

gm
DOL ) 1%

MUT/CbI AB - Methylmalonic acidemia (mutase & Cbl AB)
poo KA @440 4%
B12 Def (mat) - Maternal cobalamin deficiency
[ —
.
DOL 21%
48



What Difference Does it Make?

A JOURNAL SENTINEL SPECIAL REPORT

The price of
being wrong

By Ellen Gabler of the Milwaukee Journal Sentinel

Dec. 9, 2016

hhttp://projects.jsonline.com/news/2016/12/11/the-price-of-being-wrong.html
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C3 Results of Jonathan Page

6.04 3085 8.Age hr
&
4.81 Legand

\j  3.67 & Mcase

s @ Cutoff
B Moving 1-99%ile
B Moving 10-90%ile
" — Moving 50%ile

c3pes
oL
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C3 Results of Jonathan Page

6.04 2085 8 agerr
e
4.81 Legena

\j  3.67 & Mcase

s @ Cutoff

B Moving 1-99%ile
B Moving 10-90%ile

" — Moving 50%ile

c3pes
oL

Age hr b
C3DBS & Age hr
Legend
@ FN case
/ ;i
€ Moving 1-99%ile
" @ Moving 10-90%ile
— Moving 50%ile

What Difference Does it Make?

The story of
Jonathan Page
i s

A JOURNAL SENTINEL SPECIAL REPORT

The price of
being wrong

Jonathan needed w rom a new blood sample. By now, he
wa The baby seemed healthy, but his mom

brought him to the doctor to have more blood collected. A

week later his pediatrician received the follow-up report:

Normal.

hhttp://projects.jsonline.com/news/2016/12/11/the-price-of-being-wrong.html
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C3 Results of Jonathan Page

6.04 3085 8.Age hr
&
4.81 Legand

\) * 3.67 & Mcase

s @ Cutoff
B Moving 1-99%ile
B Moving 10-90%ile
" — Moving 50%ile

c3pes
oL

Age hr b
€3 DBS & Age hr
& Legend
£E @ FN case
/ i
€ Moving 1-99%ile
" @ Moving 10-90%ile
— Moving 50%ile
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C3 Adjustments (Age or BW)

€308 & Age hr c3oBs 8w

1-1,000 hr . 250-5,000 g

53
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C3 Adjustments (Age or BW)

C3 Adjustments (Age or BW)

C3 Adjustments (Age or BW)

C3 Adjustments (Age or BW)

‘mumluummmumumuu

“l| 99%ile  2.55

90%ile 1.41 Ideal status is achieved when
50%ile  0.04 ||90%ile is = 1.28

. 50%ile is = 0.00
HCt)\‘v dzgs 10%ile -1.28 || 10%ile is = -1.28
It IOOK Y - These parameters mean that
1%ile -2.32 80% of the data are within
+1 SD (std. dev.)

5EE%éi!EEé:?iéé;%?ﬁ?éEEEEEE%iEEEEEﬁi

.....................................
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Continuous Moving
Reference Range of C3
Adjusted for AGE and BW

+2SD
i3 Count(k) ? +18D
@ 32246 T Median
s Q) -1sD
EGA 20126 = ) S e
- | -l i -25D
GA (wk) 22135 8 \
(Categorical Covariates. N
Covariate Count(k)
Sex 3,098.0
Location Selection +

Copyright © 2018 Mayo Foundation for Medical Education and Research. All Rights Reserved.
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Reference Ranges for 1770HP
Adjusted for AGE & BW & SEX

Category: | Female v Category: | Male v
3 ]
) =3
g g
o o
5 / 3
o
~ = L N /
- -

\

0) W

Copyright © 2018 Mayo Foundation for Medical Education and Research. All Rights Reserved.
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Reference Ranges for 170HP
Adjusted for AGE/BW/SEX/LOC

170HP 1T DBS & Age hr

g
2 o ® CAHSW
z n=116 .
~ 75 ® CAH sV ® o
=3 n=26
8s
% . .
& . .
52 e .
BE 25
s
a
E o
5
z
g s
i 2 : 1o B W 100 2o sbo 1Y
Age hr
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Continuous Moving
Reference Range of 170HP
Adjusted for AGE and BW and SEX

Covariate Selection &

Continuous Covariates
P S | Covariate Count(k)
v Age hr 1,205.4
» @ BW 1,199.6
C ) GA (wk) 952.9

Categorical Covariates

17-OHP (log)

Covariate Count(k)

‘( ] ’ Sex 1,202.3

Age in hours (log)

Copyright © 2018 Mayo Foundation for Medical Education and Research. All Rights Reserved.
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Reference Ranges for 170HP
Adjusted for AGE/BW/SEX/LOC

amadil

Cumulative
(N=1,199,877)
Adjusted
'l % = % : :
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Continuous Moving
Reference Range of C3

Adjusted for AGE & BW & Location
e o) (el Tl

Continuous Covariates @ UsA-GA 300.3 @ USA-NY? 25.2 REE
@ usaky ¥’ 107
P S Covariate Count(k) Hes | @ canec bond I I 0e
¥ USA-VA 230.9 ¥ AUS-SA 19.5 *
@ @ cmner s
Age hr 3,224.6 @ chn-zHe 2021 @ usanc 188
@ eRranR
C ¥ BW 3,224.9 @ nor-ous 178.9 @ Aus-QLD 8.2
@ s
@ usaaze '
GA 22126 USAAZD | 1445 | @ usamA 76 |y e 10n
© usanvs | sas | @ usawr 82 4 moon 102
€ GA (wk) 22135 | g usany 1120 ¥ QaT-poMA 181 @ esecar 101
Categorical Covariates @ swext 7 | @ usaon 148 _ @ womwm 100
@ usawa ’ “ Toreneo
Covariate Count(k) 928 | | @ | Hunsze "7
@ esezar sa | @ TwnTAL w7 | @ emue
= 3
Sex 3,098.0 4 sor ses | @ usam A
____________ © vayorst %0
Location Selection - B 46.0 @ Aus-NSW 137 "
© e o
o @ mw se | @ espacw s oo
Adjust For Location? MEX-HON
@ Auswa or
0 o 23 esTTaR 53
@ usadL 21 | @ usaer 125 ense
@ CHNGUA | 02 | ¥ CHNHKCH 128 o cmcum 5O
¥ ITA-MIL 35.4 @ ITAVFT 115 @ cHn-KecL 4.
¥ ESP-GAL 323 @ CAN-CPL 115 @ IND-BAN !
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Continuous Moving
Reference Range of C3
Adjusted for AGE & BW & Location

Continuous Covariates ¥ usa-Ga

P S Covariate Count(k) ¥ USAKY
@ usava
@ O Agehr 3,2246
0 @ Bw 3,249 Alert x
0 O EGA 2,2126
(=] GA (wk) 2,213.5 There i; not sufficient data to create
regressions for the requested adjustment.
Categorical Covariates
Covariate Count(k)
O sex 3,098.0

OK

Location Selection -
™
)

@ Adjust For Location?

67

Propionylcarnitine (C3)
Adjusted for Age / BW / Location

Individual Lab Reference Ranges for C3 DBS (Age hr / BW / LOC)

69

What Difference Does It Make?

Condition: B12 Def (mat)

Available Adjustments: C3 DBS

Available Adjustments: C3/C16 DBS

Ad

71

Propionylcarnitine (C3)
Adjusted for Age / BW / Location

Individual Lab Reference Ranges for C3 DBS (Age hr / BW / LOC)

QU

68

Reference Ranges for GAA (Pompe)
Adjusted for AGE & BW & Location

Individual Lab Reference Ranges for GAA-MS DBS.

?iiiﬁiiiiii@ii-

7

5 & 5 & 8§ § 3

‘ ¢ 3 38 %3 ¢ 3 % 3 ¥ &t ¢
Individual Lab Reference Ranges for GAA-MS DBS (Age hr / BW / LOC)

H

Adjusted
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What Difference Does It Make?

Condition: B12 Def (mat)

Available Adjustments: C3 DBS Sec/All Adjustmentsiy

Set All Adjustments to No Adjustment

Set All Adjustments to Preferred

[ Set All Adjustments to Smallest Overlap ]

Set All Adjustments to Filter Covariates

Available Adjustments: C3/C16 DBS
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What Difference Does It Make?

Condition: B12 Def (mat)

Available Adjustments: C3 DBS §
Set All Adjustments ¥

Set All Adjustments to No Adjustment
Set All Adjustments to Preferred

Set All Adjustments to Smallest Overlap

[ Set All Adjustments to Filter Covariates |

0 v

Filter Covariates v

Available Adjustments: C3/C16 DBS Include | Covariate

4 Age hr

BW

v
v GA (wk)
v

Sex
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Recommended Uniform Screening Panel
¢ 35 primary conditions

— 20 IEM detected by MS/MS (AA FAO 0A)

— 2 endocrine disorders (CH CAH)

— 3 Hemoglobinopathies (s’s, s/gThal, sic)

— 2 Lysosomal disorders (Pompe MPS 1)

— 8 others (BIOT CF GALT HEAR SCID CCHD X-ALD SMA)
¢ 27 secondary targets

— 22 |IEM detected by MS/MS (AA, FAO, 0A)

— 1 Hemoglobinopathy (many variants counted as 1)

— 4 others (GAL-epimerase, GAL-kinase, other T-cell def., DPB)

75

Primary Markers of 29 Target Conditions
* Amino acids (5)
— Cit, Xle, Met, Phe, Tyr
* Acylcarnitines (8)
- CO0, C3, C5, C50H, C8, C5DC, C14:1, C160H
* Lysosomal enzymes (2)
— GAA, IDUA
* Other markers (7)
— 170HP, BIOT, C26, IRT, GALT, TRECS, TSH

Outline
* Introduction to CLIR

* Result adjustments for continuous /
categorical covariates, and location

& The RUST (the RUSP post-analytical Tool)

(/ 11th ISNS
N EUROPEAN

C?O‘,g REGIONAL :
Q“a MEETING st

Brafisiava, Slovakia ¥4
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Recommended Uniform Screening Panel
[EZ) primary conditions
— 20 IEM detected by MS/MS (AA FAO 0A)

— 2 endocrine disorders (CH cAH)

— 2 Lysosomal disorders (Pompe MPS 1)
- Eothers (BIOT CF GALT sciD X-ALD )
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Additional Markers of Target Conditions

* Amino acids (1)
— Val

* Acylcarnitines 3)
- C2,C10,C16

* Lysosomal enzymes (0)

* Other markers (2)
- C24, T4

77
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RUSP Primary Target Conditions
with Single Informative Marker

* AA disorders (316, 50%) |
— CIT-l, HCY, PKU

* FAO disorders (1/5,20%) ~—
- CUD

* OA disorders (6/9, 66%) _|

— 3MCC, Cbl AB, GA-l, IVA, MUT, PROP
* Lysosomal disorders (2/2, 100%)-
— Pompe, MPS |
¢ Other conditions (4/5, 80%)

—

Primary RUSP Markers
in Cystic F|br03|s

— BIOT, CAH GALT

79

Primary RUSP Markers
in Cystic Fibrosis

CF - Cystic Fibrosis
Unsegusted veues

liigjajjji,éiﬁii%i@!iiipi

3

2-5cor
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Recommended Uniform Screening TOOL
for Cystic Fibrosis (IRT + 26 Ratios)

CF - Cystic Fibrosis
Unadjusted v

83
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What Does CLIR DO, Exactly?

* Replaces conventional reference ranges
— With continuous covariate-adjusted %iles
* Replaces analyte cutoff values

— With condition-specific disease ranges

Enhances the clinical utility of individual markers

— With all possible permutation of ratios

82

Recommended Uniform Screening TOOL
for Cystic Fibrosis (IRT + 26 Ratios)

CF - Cystic Fibrosis
Unadjusted v




Recommended Uniform Screening TOOL
for Cystic Fibrosis (IRT + 26 Ratios)

DOL 59%  CF - Cystic Fibrosis
Unsdustad Volues

What Does CLIR DO, Exactly?

* Replaces conventional reference ranges

— With continuous covariate-adjusted %iles
* Replaces analyte cutoff values

— With condition-specific disease ranges

* Enhances the clinical utility of individual markers

— With all possible permutation of ratios

Replaces diagnostic sequential algorithms (“and”)

— With tool-based parallel algorithms (“or”)
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USA CA CF Single Condltlon TooI (SCT)

Recommended Uniform Screening TOOL
for Cystic Fibrosis (IRT + 26 Ratios)

CF - Cystic Fibrosis

Unsdustad Volues

DOL 90%
“iii“: )

USA-CA CF Single Condition Tool (SCT)
QEuecaNE Bt

I

IR
[

USA-CA CF Single Condition Tool (SCT)

Rt
it

*‘0-'
'-KO]—'
IO’—'

e mssssi
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USA-CA CF Single Condition Tool (SCT)

g Mavo cuic Percentes and Disease Range Overlp Values
overins
Tool: CF 008
62
Sl Rank of il F Scores

61 67

USA-CA CF Single Condition Tool (SCT)

(g Mavo cuc CLIR - Collaborative Labora s

o Case Score
Tool: CF 008 e 562 562 577
Cose score Score Ranges Al usa usa-ca

s62 sz
ot Rk of a5 Score
i 61 61 6

Al usa usA-ca

9%ile Rank of all CF Scores

Count of CF Scores

45 45 2.

2
Al usa usA-ca

Case Count by Condition
Number of Cases: 4,517

4,241
200 76
FPIRT  CF CRMS

Outline
* Introduction to CLIR

* Result adjustments for continuous /
categorical covariates, and location

* The RUST (the RUSP post-analytical tool)

féb Precision newborn screening workflow

[/ 11th ISNS
N EUROPEAN

USA-CA CF Single Condition Tool (SCT)

g Mavo cuic CLIR-C Case Score
562 562 577
Al usa

UsA-ca

Tool: CF 008 Application: NBSE

9%ile Rank of all CF Scores

61 61 67

Al usa UsA-cA

Count of CF Scores

45 45 22
Al usa ush-ca

Score Interpretation Guidelines

What Do You Do with >4,000 FP Cases?

Tool: CF vs FP IRT 004 [USA-CA] Application: NBSE
Dual Scatter Plot
CF vs FP IRT [USA-CA]
100 -4,

FP IRT vs CF [USA-CA]
1

30 -
.
20
"

10
0 : o

6 do 2 o 4 so e  Jo S0 o0 100

CF vs FP IRT [USA-CA]
© FPIRT W FPIRT(USACA] © CF [ CF (USA-CA]  # Case
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Precision NBSE Workflow

* Select conditions on tool runner
configuration window

* Preparation and upload csv file
* Run SCT panel (tool runner)
* Run DSP as needed (tool runner)

* Reflex to second tier test, if
necessary

96




Location Configuration
of the Tool Runner

Post-Analytical Tools

Single Condition Tools
All Conditions Tool

Dual Scatter Plots

Dual Scatter Plot Runner

97

Location Configuration
of the Tool Runner

H-PHE CAVA (no adj) 3Mcc [D] MAL [D]
H-PRO MCAD [D] 3MCC (mat) [D MCD [D]
MET CACT/CPT-11 3MGA [D] MUT/Cbl AB
MsuD CPT-1 B12 Def (mat) PROP
NKHG cub BKT [D] TCbIR
BIOPT (BS) oTc/cps cup (mat) bl co GAMT (no ad;
BIOPT (REG) PC (no adj) GA-II [D] EE sI0T
ar1 PKU LCHAD/TFP FIGLU BIOT C
CIT-I (mat) RMD M/SCHAD [D] GA-I[D] BIOT P
crn TYRI SCAD (2M) HMG [D] CAH
Hey TYR-II VLCAD 186 GALT GG
H-MET (mat) TYR-IID 2MBG A GALT DG

Immunodeficiencies
scip
OMENN/Leaky
meL
Syndromes
sTcL

CHTSH

cF

CRMS
Krabbe
Pompe

MPS T

Fabry
Gaucher
NPAB

X-ALD

Location Configuration
of the Tool Runner

Post-Analytical Tools

Single Condition Tools
All Conditions Tool

Tool Runner

Dual Scatter Plots

Dual Scatter Plot Runner

North America/USA/MAYO/Mayo-RST (Rochester) v

Rinaldo, Piero [rinaldo@mayo.edu] v

Save as Location Configuration Save as User Configuration
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Location Configuration
of the Tool Runner

Released
Available to All H-PHE (Brewvartmomemi) MAL [D] Immunodeficiencies
—_— e MCAD [D] McD [D] scio
MET ACT/CPT-IT MUT/Cbl AB OMENN/Leaky
MSUD CPT-1 PROP ImeL
i e uD e —— Syndromes
FBrorerer— CUD (mat) ([Fermrtmemaj () sTCL
M A-II [D] BIOT CH TSH
PKU LCHAD/TFP BIOT C CF
/SCHAD [D] BIOT P CRMS
TYR-T SCAD (2M; CAH
TYR-II LCAD GALT GG Pompe
TYR-IIT 2MBG GALT DG MPS I
(BFeom—
| mm e
Save as Location Configuration
X-ALD
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User Configuration
of the Tool Runner

H-PHE ([Bremvaetro=i) (7) 3mcc (D) MAL [D]
———— MCAD [D] 3MCC (mat) [D
re CACT/CPT-IT 3MGA [D]
ASA CPT-I (Borzoertmt)
—_— cub BKT [D]
BIOPT (BS) cup (mat) cbl D
BIOPT (REG) GA-I1 [D] —
[S154 LCHAD/TFP  (g=tettm——
CIT-I (mat) M/SCHAD [D] GA-I[D]
S84 SCAD (2M) HMG [D]
Hey VLCAD 186
—_— 2MBG VA

Save as User Configuration

Immunodeficiencies
scip
OMENN/Leaky

meL

Syndromes

sTcL

CHTSH

cF
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Preparation of .csv File

* 175 cases (ISNS TR test file)

101




Preparation of .csv File

* 175 cases (ISNS TR test file)
- 4 covariates (700 data points)
- 81 markers (14,350 data points)

Tool runer test fie
gehr  BW GA(WK)  Sex aly Aa Pro  Ser The Gh  Om
CaselD  35650-2 560565 490516 46008-0 476333 531509 477323 477422 4T784-4 532325 531558

Val Xe  Met Hs A Gt Asa  Phe Tyr  Suac  Asp Glu
477992 531525 477000 476432 475624 428920 530626 205733 3BETI-0 532317 475731 476234

co c2 C3  Figu c4  csi C5  C4OH C6 CSOH C6OH  C8i c8
384818 501577 53160-8 531657 53166-5 531707 45216-9 501023 452110 501064 53173-1 531749 531756

C3DC  C102  Clod cio csDc cf2:d C12  C6DC  Cl42  Cidt Cl4  C120H
531780 53180-6 451080 45107-1 452227 531830 45200-3 451007 53187-1 531905 53101-3 531921 531807

Cl40H  Ci16:1 C16 C16:10H C160H  C182  C18:1 C18  C12DC C18:20H C18:10H C180H
502815 531988 531006 50121-3 501254 45217-7 532028 532416 53214-3 501008 501130 50132-0

CRN  Ci GUAC  TSH T47OHP AT GALT  TGAL IRT s RNAseP  G6PD  BIOTA
M-000028 M-000020 M-000030 20575-8 311440 38473-5 420068 540840 48633-2 623207 M-001016 33287-4 384784

GAA-MSGALC-MS GBA-MS GLAMS IDUAMS ~ C20  C22  C24  C26  HbA  HbF
55827-0 62310-8 550170 55008-8 55909-6 M-000101 M-000001 M-000002 703216 540724 540740

Preparation of .csv File

* 175 cases (ISNS TR test file)
- 4 covariates (700 data points)
- 81 markers (14,350 data points)

Tool runer test fle
gehr  BW GA(WK)  Sex aly Aa Pro  Ser The Gh  Om
CaselD  35650-2 560565 490516 46008-0 476333 53150-9 477323 477422 47784-4 532325 53155-8

Suac  Asp Glu
53231.7 475731 476234

Xie Met
531525 _47700-0

1

co c2 c3|  Figu c4  csi cs:
38481-8_50157-7 _53160-8| 53165-7 53166.5 _53170.7] 53174.

Cl4  C120H
531921 531807

C3DC  C102  Clod c canc| csoc | ci21 ci2
53178-0 53180-6 45198-0| 45107.1 | 45222.7 | 53183.0 | 45200-3 451997 53187-1 53190

Cl40H  Ci16:1 cte ceoH| cieoH| cis2  c18: C18  C12DC C18:20H C18:10H C180H
50281-5 53198-8 531996 _50121.3] 50125-4 | 45017.7 53202:8 53241-6 _53214:3_50109:8 501320

CRN  CRE  GUAQ| TRECs|RNAseP  G6PD| BIOT A

001016 33287.

ALC-MS GBA-MS
623108 55017-0 55008-§

The RUST panel (27/81, 33%)
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Preparation of .csv File
¢ 175 cases (ISNS TR test file)
- 4 covariates (700 data points)
- 81 markers (14,350 data points)

Tool runer test fie
gehr  BW GA(WK)  Sex aly Aa Pro  Ser The Gh  Om
CaselD  35650-2 560565 490516 46008-0 476333 531509 477323 477422 4T784-4 532325 531558

Val Xe  Met Hs A Gt Asa  Phe Tyr  Suac  Asp Glu
477992 531525 477000 476432 475624 428920 530626 205733 3SET1-0 532317 475731 476234

co c2 C3  Figu c4  csi C5  C4OH C6 CSOH C6OH  C8i c8
384818 501577 53160-8 531657 531665 531707 45216-0 501023 452110 501064 53173-1 531749 531756

C3DC  C102  Clod cio csDc cf2:d ci cla2  ciat Cl4  C120H
531780 53180-6 451080 45107-1 452227 531830 45200-3 451007 53187-1 531905 53101-3 531921 531807

Cl40H  Ci16:1 C16 C16:10H C160H  C182  C18:1 C18  C12DC C18:20H C18:10H C180H
502815 531988 531006 50121-3 501254 45217-7 532028 532416 53214-3 501008 50113-0 50132-0

RN CRE GUAC  TSH T47OHP AT GALT  TGAL IRT TRECs RNAseP G6PD BIOTA
M-000028 M-000020 M-000030 20575-8 311440 38473-5 420068 540840 48633-2 623207 M-001016 33287-4 384784

GAA-MS GALC-MS GBA-MS GLA-MS IDUA-MS 20 C22  C24 €26 HbA  HbF
55827-0 62310-8 550170 55008-8 55909-6 M-000101 M-000001 M-000002 703216 540724 540740

105
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Preparation of .csv File
* 175 cases (ISNS TR test file)
- 4 covariates (700 data points)
- 81 markers (14,350 data points) | Ratio Explorer
— 6,480 ratios (1,134,000 data points)

Tool runner test file i
gehr  BW GAMwK)  Sex Gy Aa P Se T _ Gn  Om
CaselD 356502 500565 490516 460080 476333 53150.0 477323 477422 4T784-4 532325 531558

Val Xe  Met Hs A Cit  Asa  Phe Tyr  Suac  Asp Gl
477992 531525 477000 476432 475624 428920 530626 20573-3 355710 532317 475731 476234
co c2 C3  Figu c4  csi C5  C4OH C6 CSOH CoOH  cei c8
384818 501577 53160-8 531657 531665 531707 45216.9 501023 45211-0 501064 531731 531749 531756

C3DC  C102  Clod cio csDc cf2:d ci2 cla2  ciat Cl4  C120H
531780 53180-6 451080 45107-1 452227 531830 45200-3 451907 53187-1 531005 53191-3 531921 531807

Cl40H  Ci16:1 C16 C16:10H C160H  C182  C18:1 C18  C12DC C18:20H C18:10H C180H
502815 531988 531006 50121-3 501254 452177 532028 532416 532143 50100-8 50113-0 501320

CRN  Ci GUAC  TSH T47OHP AT GALT  TGAL IRT TRECs RNAseP  GGPD BIOTA
M-000028 M-000020 M-000030 205758 311440 38473-5 420068 54084-0 48633-2 62320-7M-001016 33287-4 38478-4

GAA-MS GALC-MS GBA-MS GLAMS IDUAMS ~ C20  C22  C24  C2%6  Hi Hof
558270 62310-8 550179 55008-8 55909-6 M-000101 M-000001 M-000002 79321-6 540724 540740  :© i -

Tool Runner (SCT)

Tool Runner

| ool Runner |

Reference Values

Cumulative @ Site ¥ Include Cumulative/Site Score Comparison ()

Upload Multiple Case File ¥ Download CSV Template
Select.

ISNS TR test file.csv Results to CSV file

Run Selected Tools Run Released Tools
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Tool Runner (SCT)

Tool Runner

| Tool Runner |

Reference Values

Cumulative @ Site ¥ Include Cumulative/Site Score Comparison [[J

Upload Multiple Case File W Download CSV Template

Select

ISNS TR test file.csv Results to CSV file

Run Selected Tools Run Released Tools
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Tool

Tool Runner

Tool Runner |

Runner (SCT)

Reference Values
Cumulative @ site
Upload Multiple Case File

Select...

ISNS TR test file.csv

109

Include Cumulative/Site Score Comparison [EJ

¥ Download CSV Template

Results to file

Run Selected Tools Run Released Tools

Tool Ru

Dual Scatter Plot Runner: VLCAD

Dusl Scatter Runner

North America/USA/MAYO/Mayo-RST (Rochester)
Reference Range Values
site v | Mayo Clinic [MAYO)
Filter Cases

Scores: ® Informative O Non-Zero

Both VLCAD and VLCAD (het) must be Informative
® VLCAD must be an Informative Score

VLGAD (het) must be an Informative Score

Do Not Filter Cases

vican

VLCAD (het)
Zoom Indeterminate Cases

@ perform Zoom (if applicable) [ @

Apply Fil
Upload Multiple Case File

Select,

ISNS TR test file.csv

111

Scores
Either VLCAD or VLCAD (het) must be an Informative Score

nner (DSP)

vs VLCAD (het)

Guidelines: ® Tool

Default Siles

ter to Indeterminates.

¥ Download CSV Template

Results to CSV file
Run Dual Scatter | Plot All Results

Dusl Scatter Runner

North America/USA/MAYO/Mayo-RST (Rochester)

Reference Range Values

Tool Runner (DSP)

Dual Scatter Plot Runner: VLCAD vs VLCAD (het)

Zoom Indeterminate Cases

@ Perform Zoom (if applicable) @ @ Apply Fiter to Indetermina
Upload Multiple Case File

Select,

ISNS TR test file.csv
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site v | Mayo ciinic [MAYO) v @
Filter Cases
Scores: @ Informative ) Non-Zero Guidelines: ® Tool " Default %iles
Both VLCAD and VLCAD (het) must be Informative Scores
Either VLCAD or VLCAD (het) must be an Informative Score
® VLCAD must be an Informative Score
VLCAD (het) must be an Informative Score
Do Not Fiter Cases
vicAD v
VLCAD (het)

Run Dual Scatter

tes

¥ Download CSV Template

Results to CSV file

Plot All Results

Tool Runner

Tool Runner |

Tool Runner (SCT

Reference Values
Cumulative @ site ¥ Include Cumulative/Site Score Comparison ([J
Upload Multiple Case File

Select...

ISNS TR test file.csv

W Download CSV Template

Results to CSV file

Run Selected Tools

Run Released Tools
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Dual Scatter Plot Runner: VLCAD vs VLCAD (het)

Dual Scatter Runner

North America/USA/MAYO/ Mayo-RST (Rochester)

Reference Range Values

site

Mayo Clinic [MAYO]
Filter Cases

Scores: ® Informative O Non-Zero Guidelines:

Both VLCAD and VLCAD (het) must be Informative Scores

ther VLCAD or VLCAD (het) must be an Informative

® VLCAD must be an Informative Score
VLCAD (het) must be an Informative Score
Do Not Fiter Cases

Too

Default %iles

vicap

VLCAD (het)
Zoom Indeterminate Cases

@ Perform Zoom (it applicable) @ @ Apply Fiter to Indeterminates

Upload Multiple Case File ¥ Download CSV Template
Select.

SNS TR test file.csv
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Results to CsV file
Run Dual Scatter || Plot All Resuls
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Tool Runner

Dual Scatter Plot Runner: VLCAD vs VLCAD (het)
Dual Scatter Runner

(DSP)

North America/USA/MAYO/ Mayo-RST (Rochester)
Reference Range Values

site v || Mayo Ciinic [MAYO]

Filter Cases

Scores: ® Informative O Non-Zero Guidelines:

Both VLCAD and VLCAD (het) must be Informative Scores
Either VLCAD or VLCAD (het) must be an Informative Score

® VLCAD must be an Informative Score

Too

Default %iles

VLCAD (het) must be an Informative Score
Do Not Fiter Cases

vicap

VLCAD (het)

Zoom Indeterminate Cases

@ perform Zoom (i appicable) [

@ Apply Filter to Indeterminates
Upload Multiple Case File

¥ Download CSV Template
Select.
SNS TR test file.csv

sults to CSV

Run Dual Scatter || Plot All Resuls




Tool Runner (DSP)

Dual Scatter Plot Runner: VLCAD vs VLCAD (het)

Dual Scatter Runner

North America/USA/MAYO/Mayo-RST (Rochester) v

Reference Range Values

sice v || Mayo Clinic [MAYO] a8
Filter Cases
Scores: ® Informative O Non-Zero Guidelines: ® Tool ) Default %iles

Both VLCAD and VLCAD (het) must be Iformative Scores

Either VLCAD or VLCAD (het) must be an Informtive Score
® VLCAD must be an Informative Score

VLCAD (het) must be an Informative Score

Do Not Fiter Cases

vicap v
VLCAD (het) v
Zoom Indeterminate Cases

@ perform Zoom (i applicable) Apply Filter to Indeterminates.

Upload Multiple Case File @ Download CSV Template

Select.

ISNS TR test file.csv Results to CSV file

Run Dual Scatter | Plot All Results
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* MS/MS (unpublished)

Exdociniony i
Ve

Mayo Clinie Laboratories

Improved Specificity of Newborn Screening for
Congenital Adrenal Hyperplasia by Second-Tier

Biochemical Geneties Laboratory

[steroid Profiling Using Tandem Mass sPeummew ydroxy Acids, Glutaric Acid, Ethy Acid and Methy Acid, Blood
oM Lugad Cata Z Moo Maas | M v L T Spots (HGEM)
BRUNG CASETTA Ak MECANN T L S Hou, a4 o R0 74 Test#62230
i D Mot

+ MS/MS * X-ALD
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™ “.* ScienceDirect A

Second-Tier Test for Quantification of s Metaboli
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Alloisoleucine and Br
Amino Acids in Dried Bl
Improve Newborn §

Syrup Urine Disease (MSU

Brief Communication
Combined liquid chromatography-Tanderm mass spectrometry
as an analytical method for high throughput screening
for X-linked adrenoleukodystrophy and mhu

peroxisomal disorders: Preli

s Jouusat o Prowrecs + wwwipedscom ORIGINAL

ARTICLES Walter C. Hubbard **, Ann B. Moser ", snm I ortorell, Anita Liu", David Jones L
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“Two-Tier Approach to the Newborn Screening of =

Methylenetetrahydrofolate Reductase Deficiency and Other

Remethylation Disorders with Tandem Mass Spectrometry

i T 10,120 Coman . T, e i 0SB, 0, Dy oS, O

i g s s "ORIGINAL ARTICLE

of psychosine in dried blood spots — a possible
improvement to newborn screening programs for Krabbe disease
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2nd Tier Test for Pompe Disease
12-plex Pompe Tool

Genetics
inMedicine | ORIGINAL RESEARCH ARTICLE........

@ wvocuic CLIR - Collbenivs Lobortry g Regors
E e
Mnonlngmmg newborn screening markers: the |m:vden|a| ‘Tool: Pompe 010 [Mayo-MML] Application: KMPX
very of a second-tier test for Pompe dise Cose score. Score Ranges
e v e & u A o S e
g eR o Ao 5B i s ) S kot s

oual Sctter Pt
Pompe vs FP GAA [Mayo-MML]
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Pompe vs FP GAA [Mayo-MML]
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2nd Tier Tests

DO 10.1007/510545-007-0691-y

NEWBORN SCREENING

Reduction of the false-positive rate in newborn screening
by implementation of MS/MS-based second-tier tests:
The Mayo Clinic experience (2004-2007)

D. Matern - S. Tortorelli - D. Oglesbee -
D. Gavrilov - P. Rinaldo
* A cost effective approach to improve specificity
when reference and disease ranges overlap
considerably

Same specimen, no additional patient contact
* Normal results overrule primary screening
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2nd Tier Test for Pompe Disease

°
Genetics £ 8
inMedicine | ORIGINAL RESEARCH ARTICLE E
Open 2o
9% 6
Moonlighting newborn screening markers: the incidental 5
discovery of a second-tier test for Pompe disease £
S o 1, . e, 5, g i, 0% ot st 0 s,
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Referencerange FPGAA Pompe disease
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GAA Activity
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0
Referencerange FPGAA Pompe disease
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Clinical Chemistry 62:9

i Endocrinology and Metabolism
12481254 (2016)

Simultaneous Testing for 6 Lysosomal Storage
Disorders and X-Adrenoleukodystrophy in Dried
Blood Spots by Tandem Mass Spectrometry

Silvia Tortorelli," Coleman T. Turgeon, " Dimitar K. Gavrilov," Devin Oglesbee," Kimiyo M. Raymond,’
Piero Rinaldo," and Dietrich Matern'™

tz‘— MAYO CLINIC CLIR - Collaborative Laboratory Integrated Reports

Log In Go

Home New User?  Forgot Password?

+

Second Tier Tests (biochemical)
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Clinical Chemistry 62:9 Endocrinology and Metabolism
1248-1254 (2016)

Outline
Simultaneous Testing for 6 Lysosomal Storage ¢ Introduction to CLIR
Disorders and X-Adrenoleukodystrophy in Dried
Blood Spots by Tandem Mass Spectrometry * Result adjustments for continuous /
Silvia Tortorell," Coleman T. Turgeon," Dimitar K. Gavrilov," Devin Oglesbee, Kimiyo M. Raymond, " categorica' covariates, and location

Piero Rinaldo," and Dietrich Matern'"

Near 0% FPR The RUST (the RUSP post-analytical tool)

for Pompe, MPS |, and X-ALD is * Precision newborn screening workflow
achievable without additional patient
contact and NO molecular testing

#& Example of performance (LSD, CH, CF)
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MS/MS Performance

(Interpretive Tools w/o cutoff values)

System R4S o
NBS test MS/MS
Conditions RUSP
From (date) 01/01/13 °
To (date) 12/31113 :

Genetics
[IRR— ORIGINAL RESEARCH ARTICLE = inMedicine
Open

Enhanced interpreta results

Precision newborn screening for lysosomal disorders

State MN
Newborns tested 71,207 o
True positive cases 38 Gonat Med 20 |
False positive cases 17

False positive rate (FPR) 0.024%
Pos. predictive value (PPV) 67%

(=55,156) s
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Precision Newborn Screening CLIR Workflow for
Congenital Hypothyroidism

tools

o Score >0 Scaro >0
..... w | [orchrsume| | oronra
20| | Cooivzen | | ool )

o cH

[Table 1 Count of cases requiring a repeat analysis and/or second-tier tests
Krabbe disease MPs | pompedisease | | ii [ ) [emsen] [em b [

Cases requiring a repeat analysis and a second-tier test” 11 57 15

Casesinformative by repeat analysis and/or by second-tier test and reported 1 2 2

as screen positive

Confirmed true positives 1 1 2

Confirmed false positives 0 1° 0

Detection rate 1:55,161 1:55,161 1:27,581

False-positive rate 0% 0.0018% 0% dotominata | | indoorminste | | ncetminate

Positive predictive value 100% 50% 100% - a el
[VIPS |, mucopolysaccharidosis type | i
| Counts include additional cases where a noninformative resolution by the 6-plex dual scatter plot was overruled for sensitvty verification purposes| ot e

s = =
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Summary and Conclusions

* It’s all about the bacon (t-shlrt available)

Summary and Conclusions

¢ It’s all about the bacon (t-shirt available)

* Quantity (millions), quality (granularity), and
curation (removal of outliers) of submitted
data is an absolute necessity

Marker Upload Chart Reterorce Wrie o outers

l Before curation
el T
] [ l ||

Ll a.mlllllll ;!“!l“l !Ilillilim

1

ittt

Multiple of Reference
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Summary and Conclusions

* It’s all about the bacon (t-shirt available)

° Quantity (millions), quality (granularity), and
curation (removal of outliers) of submitted
data is an absolute necessity

Marker Upload Chart

ki

Multiple of Reference Median
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Summary and Conclusions

¢ It’s all about the bacon (t-shirt available)

° Quantity (millions), quality (granularity), and
curation (removal of outliers) of submitted
data is an absolute necessity

* Precision newborn screening is achievable
rapidly by recycling data already available
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Summary and Conclusions

* It’s all about the bacon (t-shirt available)

° Quantity (millions), quality (granularity), and
curation (removal of outliers) of submitted
data is an absolute necessity

* Precision newborn screening is achievable
rapidly by recycling data already available

* Everybody is needed, new bacon lovers are
welcome (but you have to contribute data)

@
~—r

131

130

Summary and Conclusions

¢ It’s all about the bacon (t-shirt available)

° Quantity (millions), quality (granularity), and
curation (removal of outliers) of submitted
data is an absolute necessity

* Precision newborn screening is achievable
rapidly by recycling data already available

* Everybody is needed, new bacon lovers are
welcome (but you have to contribute data)

* New releases (new tools!) of CLIR are
scheduled to the end of 2019 with a special
emphasis on computational performance
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Why Computational Performance?

* It takes 10-20’ to complete one complex adjustment

Loading Adjustment Builder

Please Wait...

e%
e
°
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Why Computational Performance?

* It takes 10-20’ to complete one complex adjustment

° A marker may need 5 or more adjustments to find the
lowest degree of overlap to be used clinically

* 1-2 hours per markers, thousands of markers.....

Available Adjustments: C3 DBS Avallable Adjustments: 170HP 1T DBS

Global Implementation of
Precision Newborn Screening

* For every current and future marker compile
— Up to 10,000,000 ref. profiles with detailed covariates
— or... >1,000 cases per sex per hour of life (0-1 yr)

* Generate reference moving %iles adjusted for
— 2 continuous covariates -
— 1 categorical covariate -
— (location),

* For every target condition compile
— >1,000 confirmed cases with detailed covariates
— >10,000 false positive cases (10:1 ratio)

¢ Screening for 100+ conditions with a cumulative FPR
<0.1% (<0.01% per test), sustained by 2" tier tests

Why Computational Performance?

* It takes 10-20’ to complete one complex adjustment

* A marker may need 5 or more adjustments to find the
lowest degree of overlap to be used clinically

Available Adjustments: C3 DBS Avallable Adjustments: 170HP 1T DBS
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Why Computational Performance?

* |t takes 10-20’ to complete one complex adjustment

* A marker may need 5 or more adjustments to find the
lowest degree of overlap to be used clinically

* 1-2 hours per markers, thousands of markers.....

* Complex (and more time consuming) covariate
EQUATIONS are being developed and tested clinically

Available Adjustments: C3 DBS Avallable Adjustments: 170HP 1T DBS

| EGA, effective gestational age

(created by Robert Currier
and Lars Meorkrid)
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Global Implementation of
Precision Newborn Screening

* For every current and future marker compile
— Up to 10,000,000 ref. profiles with detailed covariates

is
NEAR ZERO

false positive rate
for ALL TESTS combined
. WORLDWIDE

— >1,000 confirmed cases with detailed covariates
— >10,000 false positive cases (10:1 ratio)

¢ Screening for 100+ conditions with a cumulative FPR
<0.1% (<0.01% per test), sustained by 2" tier tests
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Grateful Acknowledgment of

CLIR Team & External Collaborators

CLIR workshop - Rochester (MN), May 7-11, 2018
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and Thank YOU for Your Attention

“Today the only thing
that is permanent is change”
Charles H. Mayo, MD (1919)
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