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Outline 
• Origin and evolution of the Region 4 

Stork (R4S) collaborative project 

• The impact of R4S productivity and 

post-analytical interpretive tools 

• Applicability of R4S beyond MS/MS 

(the “100/100” vision) 

• Brief overview of CLIR 2.0 (4Q14) 



Outline 
• Origin and evolution of the Region 4 

Stork (R4S) collaborative project 

www.clir-r4s.org 



Origin of the R4S Project 

• R4S was selected as one of three projects 
of a Regional Genetics collaborative funded 
by the Health Resources and Services 
Administration (2004-2012) 

• Region 4 Stork (R4S) started as a regional 
laboratory quality improvement project of 
expanded newborn screening by tandem 
mass spectrometry (7 state programs) 

MN 

OH 

KY 

IN IL 

MI 
WI 

• In May 2012 the R4S database became part 
of the Newborn Screening Translational 
Research Network, which is funded by the 
Eunice Kennedy Shriver National Institute of 
Child Health and Human Development 



Evolution of R4S Project (2004-2014) 

• Worldwide participation and utilization (July 2014) 

States 

Programs 

Participants 

Reference %iles 

Website page views 

T.P. cases data points 

Calculated tool scores 

66 

235 

1,134 

40,520 

888,167 

1,254,104 

90,055,420 

• Worldwide participation and utilization (Sep 2014) 



Outline 
• Origin and evolution of the Region 4 

Stork (R4S) collaborative project 

• The impact of R4S productivity and 

post-analytical interpretive tools 



The Impact of R4S 
                       Process 

Collaboration 

Current NBS 

Limited 

R4S 

Worldwide 

Genet Med 2011;13:230-254 

247 co-authors 

(in alphabetical order) 



                       Process 

Collaboration 

Peer comparison 

Current NBS 

Limited 

Sparse (feared?) 

R4S 

Worldwide (230+) 

On demand, up to date 

Cutoff Comparison Tool 

The Impact of R4S 



                       Process 

Collaboration 

Peer comparison 

Definition of “normal” 

Current NBS 

Sparse 

Sparse (feared?) 

<X and/or >Y 

R4S 

Worldwide (230+) 

On demand, up to date 

Cumulative percentiles 

99%ile 

90%ile 

50%ile 

10%ile 

1%ile 

Analyte Comparison Tool 

Marker: C4-OH 

The Impact of R4S 



                       Process 

Collaboration 

Peer comparison 

Definition of “normal” 

Definition of “abnormal” 

Current NBS 

Limited 

Sparse (feared?) 

<X and/or >Y 

Cutoff values 

R4S 

Worldwide (230+) 

On demand, up to date 

Cumulative percentiles 

Dis. range (no overlap) 

Box Plot Legend 

99%ile 

90%ile 

50%ile 

10%ile 

1%ile 

Plot by Condition (VLCAD) 
Data shown as Multiple of Reference median 

Condition-specific 

disease ranges allow an 

objective RANKING of 

informative markers  

The Impact of R4S 



                       Process 

Collaboration 

Peer comparison 

Definition of “normal” 

Definition of “abnormal” 

Clinical validation 

Current NBS 

Limited 

Sparse (feared?) 

<X and/or >Y 

Cutoff values 

Static 

R4S 

Worldwide (230+) 

On demand, up to date 

Cumulative percentiles 

Dis. range (no overlap) 

Constantly evolving 

Growth of Database 

(TP Cases) 

The Impact of R4S 



                       Process 

Collaboration 

Peer comparison 

Definition of “normal” 

Definition of “abnormal” 

Clinical validation 

Disease ranges 

Current NBS 

Limited 

Sparse (feared?) 

<X and/or >Y 

Cutoff values 

Static 

None 

R4S 

Worldwide (230+) 

On demand, up to date 

Cumulative percentiles 

Dis. range (no overlap) 

Dynamic 

Condition-specific 

Plot by Marker 
(Tetradecanoylcarnitine, C14) 

Reference 

Range 

CPT-II VLCAD GA-II LCHAD 

The Impact of R4S 



                       Process 

Collaboration 

Peer comparison 

Definition of “normal” 

Definition of “abnormal” 

Clinical validation 

Disease ranges 

Utilization of Ratios 

Current NBS 

Limited 

Sparse (feared?) 

<X and/or >Y 

Cutoff values 

Static 

None 

Minimal 

R4S 

Worldwide (230+) 

On demand, up to date 

Cumulative percentiles 

Dis. range (no overlap) 

Dynamic 

Condition-specific 

Extensive 

The Impact of R4S 



AC 

Species 

C14 

C16 

C18:2 

C18:1 

C18 

(C16+C18:1)/C2 

(L) C3/C16 

(L) C0/(C16+C18) 

A Tale of Three Cases with CPT-II def. 

TP 

Case 

0.64 

5.51 

0.18 

2.42 

1.28 

1.34 

0.03   

1.29    

Median 

Cutoff 

0.68 

7.24 

0.67 

3.00 

 2.05 

0.42 

0.24 

2.68 

Lab 

Count 

(121) 

(130) 

(78) 

(118) 

 (108) 

(47) 

(21) 

(59) 

(nmol/mL) 

FP 

Case 

0.71 

14.18 

0.45 

4.64 

3.37 

0.27 

0.58 

4.86 

FN 

Case 

0.44 

5.20 

0.16 

3.06 

2.11 

1.23 

0.02   

1.37    
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1
6
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Ratios 

CONSISTENTLY 

perform BETTER 

than primary analytes  



                       Process 

Collaboration 

Peer comparison 

Definition of “normal” 

Definition of “abnormal” 

Clinical validation 

Disease ranges 

Utilization of Ratios 

Algorithms 

Current NBS 

Limited 

Sparse (feared?) 

<X and/or >Y 

Cutoff values 

Static 

None 

Arbitrary, limited 

Sequential 

R4S 

Worldwide (230+) 

On demand, up to date 

Cumulative percentiles 

Dis. range (no overlap) 

Dynamic 

Condition-specific 

Extensive (effort) 

Parallel (tools) 

The Impact of R4S 



SEQUENTIAL Algorithm 

(LOW Citrulline) 
   Cit 

NBS 
positive 

normal 

NBS 
negative 

  Cit/Phe 

Yes 

  Glu/Cit 

Yes 

  Gln/Cit 

Yes 

no 

no 

no Yes 



PARALLEL Algorithm 

R4S Post-Analytical Interpretive Tool 

INFORMATIVE NOT 
Informative 

SCORE 

NBS 
Negative 

(OTC/CPS) 

NBS 
POSITIVE 
(OTC/CPS) 

Cit Cit/Phe Glu/Cit Gln/Cit 



                       Process 

Collaboration 

Peer comparison 

Definition of “normal” 

Definition of “abnormal” 

Clinical validation 

Disease ranges 

Utilization of Ratios 

Algorithms 

Differential diagnosis 

Current NBS 

Limited 

Sparse (feared?) 

<X and/or >Y 

Cutoff values 

Static 

None 

Arbitrary, limited 

Sequential 

If thought of… 

R4S 

Worldwide (230+) 

On demand, up to date 

Cumulative percentiles 

Dis. range (no overlap) 

Dynamic 

Condition-specific 

Extensive (effort) 

Parallel (tools) 

“Built-in” 

The Impact of R4S 



“Built-in” Differential Dx 

All Conditions Tool 

(one case, all tools) Citrulline = 88 nmol/mL 

site cutoff (high) = 50 

What is “PC”? 
(Pyruvate carboxylase deficiency) 



R4S Post-Analytical Tools 

• The R4S tools can provide a clinically 

useful answer to three basic questions: 

– YES or NO (one condition) 

– ONE or the OTHER (differential dx) 

– Pick ONE out of a GROUP (many 

conditions) 



Yes or No 

Carriers 

Affected 

VLCAD 

deficiency 

One or Another 



Yes or No 

Pick One out of a Group 

One 
or 

Another 

Carriers 

Affected 

Do R4S tools make any difference? 



MN Performance by MS/MS 
(2004-13) 

 
 

Period 

Births 

Abnormal cases 

True positives 

False positives 

FP/week 

FPR 

PPV 

2013 

71,207 

55 

38 

17 

0.3 

0.024% 

69% 

 

 

(N=28) 

USA 

AVERAGE 

7.1 

0.51% 

18% 

* 

* NO repeat requests 

NO TPN  

Testing performed by Mayo Clinic 



Outline 
• Origin and evolution of the Region 4 

Stork (R4S) collaborative project 

• The impact of R4S productivity and 

post-analytical interpretive tools 

• Applicability of R4S beyond MS/MS 

(the “100/100” vision) 



Courtesy of Harry Hannon 



57 

Uniform 

Panel 

• Fragile X 

• Friedreich’s ataxia 

• LSD 

• Proximal UCDs 

• SLO 

• SMA 

• Toxoplasmosis 

• Wilson disease 

• ALD (X-linked) 

• CDG Ib 

• CMV 

• Creatine defects 

• DMD 

• G6PD 

• HIV 

• Fam. Hypercholesterol. 

Partial List of Candidate 

Conditions for Expansion 

of Newborn Screening 74 87 
Fabry disease (X-linked) 

Gaucher disease 

Krabbe disease 

Metachrom. Leukodystr. (MLD) 

Pseudo MLD 

MPS I  

MPS II  

MPS IIIA 

MPS VI  

Mucolipidosis type II/III 

Multiple sulphatase deficiency 

Niemann–Pick disease type A/B 

Pompe disease 



57 

Uniform 

Panel 

• Fragile X 

• Friedreich’s ataxia 

• LSD 

• Proximal UCDs 

• SLO 

• SMA 

• Toxoplasmosis 

• Wilson disease 

• ALD (X-linked) 

• CDG Ib 

• CMV 

• Creatine defects 

• DMD 

• G6PD 

• HIV 

• Fam. Hypercholesterol. 

Partial List of Candidate 

Conditions for Expansion 

of Newborn Screening 74 

• CRT (X-linked) 

• CRT carriers 

• GAMT 

• AGAT 

 

• ALD carriers 

• Zellweger sdr 

• Other DPBs 

87 100+ 



• Multiplexing might be a compelling necessity 

(the traditional “one condition-one test” model 

is no longer feasible) 

• Evidence of analytical robustness and 

reproducibility will be scrutinized more 

• Implementation may require in-depth clinical 

validation (higher expectations driven by 

evidence review process) 

• Performance metrics must exceed GREATLY 

historical standards (0.1%-0.5% per condition) 

How Can We Possibly Do THAT?  



Minnesota NBS Performance in DBS 
(N=209,432;  Period: 2008-2010) 

 

 

IEM (MS/MS) 

Biotinidase 

CAH 

Hypothyroidism 

Cystic Fibrosis 

Galactosemia 

Hbpathies 

 

 

TOTAL 

 

UP 

20 

1 

1 

1 

1 

1 

3 

 

 

28 

 

ST 

22 

0 

1 

0 

0 

2 

(1) 

 

 

26 

 

FPR    

0.05% 

0.09% 

0.11% 

0.21% 

0.34% 

0.06% 

0.02% 

 

 

0.88% 

MN 

FP/wk 

0.7 

1.2 

1.5 

2.9 

4.7 

0.8 

0.3 

 

 

12 

CA 

(560k) 

5.4 

9.7 

11.8 

22.6 

36.6 

6.5 

2.2 

 

 

95 

USA 

(4.2M) 

40.4 

72.7 

88.8 

169.6 

274.6 

48.5 

16.2 

 

 

711 

Conditions 



 

 

IEM (MS/MS) 

Biotinidase 

CAH 

Hypothyroidism 

Cystic Fibrosis 

Galactosemia 

Hbpathies 

 

 

TOTAL 

 

UP 

20 

1 

1 

1 

1 

1 

3 

 

 

28 

 

ST 

22 

0 

1 

0 

0 

2 

(1) 

 

 

27 

 

FPR    

0.51% 

0.09% 

0.11% 

0.21% 

0.34% 

0.06% 

0.02% 

 

 

1.34% 

MN 

FP/wk 

7.0 

1.2 

1.5 

2.9 

4.7 

0.8 

0.3 

 

 

19 

CA 

(560k) 

54.9 

9.7 

11.8 

22.6 

36.6 

6.5 

2.2 

 

 

145 

USA 

(4.2M) 

411.9 

72.7 

88.8 

169.6 

274.6 

48.5 

16.2 

 

 

1083 

Conditions 

NBS Performance by MS/MS 
(US Average FPR, N=28) 



 

 

IEM (MS/MS) 

Biotinidase 

CAH 

Hypothyroidism 

Cystic Fibrosis 

Galactosemia 

Hbpathies 

SCID 

 

TOTAL 

 

UP 

20 

1 

1 

1 

1 

1 

3 

1 

 

29 

 

ST 

22 

0 

1 

0 

0 

2 

(1) 

(1) 

 

27 

 

FPR    

0.10% 

0.09% 

0.10% 

0.10% 

0.10% 

0.06% 

0.02% 

0.10% 

PER DAY 

0.67% 

MN 

FP/wk 

1.4 

1.2 

1.4 

1.4 

1.4 

0.8 

0.3 

1.4 

~1 

9 

CA 

(560k) 

10.8 

9.7 

10.8 

10.8 

10.8 

6.5 

2.2 

10.8 

~10 

72 

USA 

(4.2M) 

80.8 

72.7 

80.8 

80.8 

80.8 

48.5 

16.2 

80.8 

<100 

541 

Conditions 

Impact of Improved Performance 
(Goal: each test FPR ≤0.1%) 



Performance-based evolution 

of newborn screening: 

100+ conditions screened 

AND 

<100 false positives 

per day in the US 

for ALL TESTS combined 

A Personal View of the Evolution 

of the Recommended Uniform 

Screening Panel 



False Positives: 
The Dark Side of Newborn Screening 

• Recall and repeat analysis (2nd, 3rd, 4th…) 

• Disruption of care (premature, sick newborns) 

• ER visit(s), admission(s) 

• Confirmatory testing ($$$) 

• Referral to multiple specialists, 2nd opinions 

• Disruption of family life, and work schedule 

• Impact on extended family life (stress) 

In the current (and future) 

health care climate, reduction 
of false positives is 

an ABSOLUTE requirement  

in parallel to any expansion 

of the recommended panel 



• Increase frequency of testing 

• Find new and better markers 

– Succinylacetone for Tyrosinemia type I 

• Better clinical validation of cutoff values 

or 

• Do more with what is being done ALREADY 

 

How to Improve 
Performance? 

• Adopt “top” screening 

 

T. Murner, Appeal to fools (1512) 



R4S Elsewhere 



• Comparison between actual (cutoff values) 

and estimated outcome (R4S tools) using a 

high-throughput functionality (tool runner) 

• Data from California DOPH (Jan-Jun 2012) 

• 176,186 newborns after exclusion criteria 

(Hall P et al. GIM, in press) 

R4S Elsewhere 



California False Positives 
FPR 

0.26% 

FPR 

0.09% 

FPR 

0.02% 

(Hall P et al. GIM, in press) 

50/50 (100%) TP cases & 1 of 2 FN 

cases were detected correctly 



 

 

IEM (MS/MS) 

Biotinidase 

CAH 

Hypothyroidism 

Cystic Fibrosis 

Galactosemia 

Hbpathies 

SCID 

 

TOTAL 

 

UP 

20 

1 

1 

1 

1 

1 

3 

1 

 

29 

 

ST 

22 

0 

1 

0 

0 

2 

(1) 

(1) 

 

28 

 

FPR    

0.02% 

0.09% 

0.10% 

0.10% 

0.10% 

0.06% 

0.02% 

0.10% 

PER DAY 

0.60% 

MN 

FP/wk 

0.3 

1.2 

1.4 

2.9 

4.7 

0.8 

0.3 

1.4 

~1 

8 

CA 

(560k) 

2.2 

9.7 

10.8 

22.6 

36.6 

6.5 

2.2 

10.8 

<10 

64 

USA 

(4.2M) 

16.2 

72.7 

80.8 

80.8 

80.8 

48.5 

16.2 

80.8 

<70 

481 

Conditions 

Impact of Improved Performance 
(Goal: each test FPR ≤0.1%) 



57 

Uniform 

Panel 

• Fragile X 

• Friedreich’s ataxia 

• LSD 

• Menkes disease 

• SLO 

• SMA 

• Toxoplasmosis 

• Wilson disease 

• ALD (X-linked) 

• CDG Ib 

• CMV 

• Creatine defects 

• DMD 

• G6PD 

• HIV 

• Fam. Hypercholesterol. 

Currently Nominated 

Conditions 58 ? 
Fabry disease 

Gaucher disease 

Krabbe disease 

Metachrom. Leukodystr. (MLD) 

Pseudo MLD 

MPS I  

MPS II  

MPS IIIA 

MPS VI  

Mucolipidosis type II/III 

Multiple sulphatase deficiency 

Niemann–Pick disease type A/B 

Pompe disease 



Pompe Disease (Condition) 

• Incidence 

– 1:40,000 by clinical ascertainment (US) 

• Timing of clinical onset 

– Continuum of disease spectrum (all ages) 

– Median age at onset between 1.5 - 4 months of age 

• Severity of disease 

– Death due to cardio-respiratory failure  

 in the first year of life in the infantile form 



Pompe Disease (Test) 
• Screening test(s) to be used 

– Three alternative platforms under evaluation 

• Modality of screening 

– Dried blood spots (DBS) 

• Risks 

– Detection of late-onset cases 

– Interference by neutral maltase (pseudo-deficiency) 

• Clinical validation 

– First pilot study in Taiwan (2008) 

• Performance metrics 

– Preliminary evidence of high false positive rate 

FIA-MS/MS 

Luminex 

Liquid Logics 



LSD Pilot Study 

normal abnormal

Primary Screening Test

2nd Tier Test
Comprehensive post-analytical 

interpretation (R4S tools)

POSITIVENEGATIVE

normal abnormal

Principal Investigator: 

Dietrich Matern, MD, PhD 

FIA-MS/MS 

Luminex 

Liquid Logics 



Method Comparison 

Plot by Condition Tool 

Marker: GAA TP cases 

(N=16) Where is 

the problem? 

Luminex 

Liquid 

Logic MS/MS 2TT 



Samples tested:     99,856           99,925              90,713  n - 

GAA  abnormal 

(1st Tier): 

  5  True Positives (likely late onset) 

26  Pseudo deficiency 

  5  Carriers 

  4  No mutations 

 

Molecular 

genetic 

analysis 
 

= FALSE POSITIVES 

Pilot Study for Pompe Disease 

Luminex Liquid Logic MS/MS 

457 (0.46%) 330 (0.33%) 588 (0.59%) 

GAA activity low 

 (2nd Tier) 
37 (0.04%) 36 (0.04%) 40 (0.04%) 



Pompe False Positives (MS/MS) 

(het) (ps) (FP) 

het carriers 

ps pseudo-deficiency 

FP false positives (WT) 

Plot by Target Range 

Marker: GAA 



Pompe False Positives (Luminex) 

(het) (ps) (FP) 

het carriers 

ps pseudo-deficiency 

FP false positives (WT) 

Plot by Target Range 

Marker: GAA 



Pompe False Positives (Liquid Logic) 

(het) (ps) (FP) 

het carriers 

ps pseudodeficiency 

FP false positives (WT) 

Plot by Target Range 

Marker: GAA 



Samples tested:     99,856           99,925              90,713  n - 

457 (0.46%) 330 (0.33%) 

Pilot Study for Pompe Disease 

588 (0.59%) 

37 (0.04%) 36 (0.04%) 40 (0.04%) 

Luminex Liquid Logic MS/MS 

 FPR:                0.032%         0.035%              0.034% 

 Positive PV:  13.5%            12.5%                13.9% 

  5  True Positives (likely late onset) 

26  Pseudo deficiency 

  5  Carrier 

  4  No mutation 

 

Molecular 

genetic 

analysis 
 

= FALSE POSITIVES 

GAA activity low 

 (2nd Tier) 

GAA  abnormal 

(1st Tier): 



Samples tested:     99,856           99,925              90,713  n - 

457 (0.46%) 330 (0.33%) 588 (0.59%) 

37 (0.04%) 36 (0.04%) 40 (0.04%) 

 FPR:                0.032%         0.035%              0.034% 

 Positive PV:  13.5%            12.5%                13.9% 

Pilot Study for Pompe Disease 

Luminex Liquid Logic MS/MS 

GAA activity low 

 (2nd Tier) 

GAA  abnormal 

(1st Tier): 



Samples tested:     99,856           99,925              90,713  n - 

Abnormal 

per R4S Tools 
4 (0.004%) 11 (0.011%) 5 (0.005%) 

 FPR (R4S):           0.000%          0.000%               0.007% 

 Positive PV:          100%            100%                45.5% 

Pilot Study for Pompe Disease 

Luminex Liquid Logic MS/MS 

457 (0.46%) 330 (0.33%) 588 (0.59%) 

37 (0.04%) 36 (0.04%) 40 (0.04%) 
GAA activity low 

 (2nd Tier) 

GAA  abnormal 

(1st Tier): 



57 

Uniform 

Panel 

• Fragile X 

• Friedreich’s ataxia 

• LSD 

• Menkes disease 

• SLO 

• SMA 

• Toxoplasmosis 

• Wilson disease 

• ALD (X-linked) 

• CDG Ib 

• CMV 

• Creatine defects 

• DMD 

• G6PD 

• HIV 

• Fam. Hypercholesterol. 

Currently Nominated 

Conditions 59 ? 
Fabry disease 

Gaucher disease 

Krabbe disease 

Metachrom. Leukodystr. (MLD) 

Pseudo MLD 

MPS I  

MPS II  

MPS IIIA 

MPS VI  

Mucolipidosis type II/III 

Multiple sulphatase deficiency 

Niemann–Pick disease type A/B 

Pompe disease 



Method Comparison 

Luminex 

Liquid 

Logic MS/MS 

Plot by Condition Tool 

Marker: IDUA TP cases 

(N=18) 

2TT 



Samples tested:     99,856           99,925              90,713  n - 

Abnormal 

per R4S Tools 
18 (0.018%) 19 (0.019%) 20 (0.020%) 

 FPR (R4S):           0.002%          0.004%               0.006% 

 Positive PV:            89%             80%                    74% 

Pilot Study for MPS-I 

Luminex Liquid Logic MS/MS 

397 (0.59%) 182 (0.18%) 590 (0.40%) 

113 (0.11%) 90 (0.09%) 135 (0.14%) 
IDUA activity low 

 (2nd Tier) 

IDUA  abnormal 

(1st Tier): 



Samples tested:                 99,925       R4S Tool  n - 

Abnormal 

per R4S Tools 
2 (0.002%) 

 FPR (R4S):                       0.000% 

 Positive PV:               100%       

Pilot Study for X-ALD 

MS/MS 

2,245 (2.25%) 

12 (0.012%) 
LPCs elevated 

 (2nd Tier) 

LPCs elevated 

(1st Tier): 
297 (0.30%) 

6 (0.060%) 



Performance of R4S Tools for 
RUSP Candidate Conditions 

Condition 

Pompe 

MPS-I 

X-ALD 

OTC/CPS 

RMD 

N 

100K 

100K 

100K 

432K 

680K 

PPV 

46% 

74% 

100% 

31% 

100% 

FPR 

0.007% 

0.006% 

0.000% 

0.003% 

0.000% 

2 

3 

4 

1 

1 

1 2 

2 

2 

NICHD pilot study (P.I., Dietrich Matern) MN prospective experience 2009-2013 

Worst performance of the 3 tests   MN prospective experience 2004-2013  

1 

2 

3 

4 



 

 

IEM (MS/MS) 

Biotinidase 

CAH 

Hypothyroidism 

Cystic Fibrosis 

Galactosemia 

Hbpathies 

SCID 

6 NEW Targets 

TOTAL 

 

UP 

20 

1 

1 

1 

1 

1 

3 

1 

6 

34 

 

ST 

22 

0 

1 

0 

0 

2 

(1) 

(1) 

4 

32 

 

FPR    

0.02% 

0.09% 

0.10% 

0.10% 

0.10% 

0.06% 

0.02% 

0.10% 

0.016% 

PER DAY 

MN 

FP/wk 

0.3 

1.2 

1.4 

1.4 

1.4 

0.8 

0.3 

1.4 

0.1 

~1 

CA 

(560k) 

2.2 

9.7 

10.8 

10.8 

10.8 

6.5 

2.2 

10.8 

0.5 

<10 

USA 

(4.2M) 

16.2 

72.7 

80.8 

80.8 

80.8 

48.5 

16.2 

80.8 

4.0 

<70 

 

Conditions 

Impact of Improved Performance 
(Goal: each test FPR ≤0.1%) 

UNCHANGED! 



Outline 
• Origin and evolution of the Region 4 

Stork (R4S) collaborative project 

• The impact of R4S productivity and 

post-analytical interpretive tools 

• Applicability of R4S beyond MS/MS 

(the “100/100” vision), and beyond 

newborn screening 

• Brief overview of CLIR 2.0 (4Q14) 



The Evolution of R4S/CLIR 
• R4S is based on a multivariate pattern recognition software we 

have named CLIR, Collaborative Laboratory Integrated Reports 

• Version 2.0 in under development within the Mayo IT infrastructure 

and will include several upgrades and new functionalities: 

– Single repository of all markers (application neutral) 

– Collection of individual reference cases, not cumulative 

percentiles 

– Collection of covariate information for all cases (BW, GA, age) 

– Ability to create and apply complex ratios and equations 

– Adjustment of results for one or more covariates to reduce 

the overlap between reference and disease ranges 

 



R4S 2.0 Goes “Big Data” 

Participating sites 

Countries 

Data allocation 

Ref. data points 

Covariates 

Cov. data points 

TP cases 

TP data points 

FP cases 

55 

24 

Repository 

108,870,757 

4 (for NBS) 

3,766,621 

6,827 

489,618 

194 



Is R4S Applicable to Other Tests? 

• New tests and/or platforms in newborn 

screening 

• Old screening tests (with poor performance) 

• Other tests generating numerical data, 

especially if/when combined in complex 

profiles 

– Biochemical Genetics 

– Pediatric laboratory medicine, basic and 

esoteric 

– Collaborative research projects 

– Clinical trials 

 



Minnesota NBS Performance in DBS 
(N=209,432;  Period: 2008-2010) 

 

 

IEM (MS/MS) 

Biotinidase 

CAH 

Hypothyroidism 

Cystic Fibrosis 

Galactosemia 

Hbpathies 

 

 

TOTAL 

 

UP 

20 

1 

1 

1 

1 

1 

3 

 

 

28 

 

ST 

22 

0 

1 

0 

0 

2 

(1) 

 

 

26 

 

FPR    

0.05% 

0.09% 

0.11% 

0.21% 

0.34% 

0.06% 

0.02% 

 

 

0.88% 

MN 

FP/wk 

0.7 

1.2 

1.5 

2.9 

4.7 

0.8 

0.3 

 

 

12 

CA 

(560k) 

5.4 

9.7 

11.8 

22.6 

36.6 

6.5 

2.2 

 

 

95 

USA 

(4.2M) 

40.4 

72.7 

88.8 

169.6 

274.6 

48.5 

16.2 

 

 

711 

Conditions 



R4S for Other NBS Tests 

Condition 

Hypothyroidism 

Cystic Fibrosis 

CAH 

Galactosemia 

Biotinidase 

SCID 

Marker 

TSH 

IRT 

17OHP 

GALT 

BIOT 

TRECs 

TN 

60,598 

60,598 

60,598 

60,598 

60,598 

60,598 

TP 

191 

239 

96 

113 

0 

0 

FP 

139 

109 

410 

91 

0 

0 

Data provided by Bob Currier and Hao Tang, courtesy 

of the California Department of Public Health 



Could R4S Improve the 
Specificity of CH screening? 

Evaluation 

Count 

CH Tool 

CH Tool 

CH Tool 

Dual Scatter Plot 

Rules 

 

- 

+ 

+ 

+ 

Adjust. 

 

- 

- 

+ 

+ 

TP 

191 

100% 

100% 

100% 

100% 

FP 

139 

71% 

61% 

44% 

42% 

INFORMATIVE 

Score CH Tool 

Delta 

0 

-37 

-50 

-72 

-74 

R4S tools could have prevented 58% of 139 

false positive cases based on TSH cutoff alone 



Conclusions 
• From an analytical perspective, future expansions of the 

NBS panel should be driven by (much) better specificity  

• “Old” tests should be improved as well, best if done first 

• The goal of 100+ conditions causing <100 FP cases/day in 
the US is likely attainable with increased reliance on post-
analytical interpretive tools based on large scale data 
sharing and worldwide collaboration 

• R4S has provided a blueprint for future activities. CLIR 2.0 
website (https://clir.mayo.edu/) go live in 4Q2014 

• Got profiles? Make ratios (all of them). CLIR can help 

• Built-in adjustment(s) for 1+ covariates could be an 
alternative to conventional reference ranges (age-matched) 

• To participate in CLIR, send e-mail to rinaldo@mayo.edu 

https://clir.mayo.edu/
https://clir.mayo.edu/


Charles H. Mayo, MD 
(1919) 

“Today the only thing that is 

permanent is change” 

Thank You for Your Attention 


