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R4S Collaborative Project
• HRSA-funded project (2004-2012) aimed 

initially at laboratory quality improvement

of newborn screening by MS/MS

• Standardized collection and objective 

peer comparison of screening data



Data Collected
• Participant profile

Method, reagents, derivatization

• Percentiles of normal population
Amino acids, acylcarnitines, ratios

• Cutoff values

• Confirmed positive cases
Amino acids, acylcarnitines, ratios

• Performance metrics
Detection rate, FPR, PPV



Project in Numbers

True positive cases

True positive data points

Percentiles (sites)

Cutoff values (sites)

12,594

754,891

29,291 (111)

6,613 (122)

11-08-2011



TP Cases Added per Month

160

+86 in 7 days



Project Participation
Participating sites

Users with password
US states & territories

Programs
Countries

11-07-11
144
777
48
96
49



Active Users (1/2009-10/2011)

2009 20112010

Nov
1-7



The R4S Website

http://www.region4genetics.org/



Website Utilization (11-07-11)
User logins

Page views (all)
Page views (P-A tools)

Average time on site (min)

Average page views/visit

26,328
232,727

13,499
10:49

11.5

A B

(A)
(B)
(since 03-2011)
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Lessons Learned
• Team effort with different roles

• Need to earn the trust of strangers

• Drivers of discretionary effort

• Three constant needs



Diverse Profiles and Roles
• Project champion (vision, passion, effort)

• Super-users (with IT expertise)

• Curators (content experts, ideally a team)

• Primary contacts (read/write access)

• Read-only access (end users doing 

routine work, the more the better)
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Why Should You Join R4S?
You should get a password if you ever asked

Assessment of abnormal 
results for rare conditions

is it real??

Appreciation of critical values how bad is it??

Awareness of additional 
markers in difficult cases

what else? am I getting
the whole picture?

Avoidance of unnecessary 
repeat testing & referrals

Is it OK to have so
many false positives?

Analysis of sentinel events was it really “normal”?
Attending the training course is it worth the time?



How to Earn the Trust of Strangers
• A project like R4S is ENTIRELY based on 

collaboration and cooperation, which are driven 
exclusively by discretionary effort

• You have to earn trust before you get buy in

• First step is to convince users that there is NO 
hidden agenda behind the goals of the project

• Second step is to apply EQUALITY, at every level

• Third, the fear of judgment must be replaced by 
the opportunity to be recognized for good work 
(behavior modification)



Drivers of Discretionary Effort

• Incentives

• Incentives

• More incentives



Incentives
• Tools (anything that could make daily 

work better, easier, more effective)



The “Handout”



The “Handout”
• Participant-specific tools

• Comparison tools

• Project tools

• Post-analytical tools

• Documentation (how to use the #$       %&* tools)

• Teaching tools (case of the month)





Incentives
• Tools (anything that could make their 

work better, easier, more effective)
• Help always available (sharing samples, 

second opinions, 2nd tier tests)

• Open channels of communication

• Publications (equality rules)



Enhanced interpretation
of newborn screening results
without analyte cutoff values

Genet in Med
2011;13(3):230-254

247 authors
124 sites

127 authors
68 sites

(submitted)

authorship in alphabetical order



Incentives
• Tools (anything that could make their 

work better, easier, more effective)

• Help always available (sharing samples, 
second opinions, 2nd tier tests)

• Open channels of communication

• Publications (equality rules)

• Training course (week long, 5 times 
per year; no registration fee)



Training Courses

What do we do?







LAB

LAB

LAB

LAB

LAB

CLIN (GC)

CLIN

CLIN

CLIN LAB

CLIN



Three Constant Needs
• Communication

– Keep users informed of what is being done

– Treasure any feedback they offer!

• Recruitment of new users
– Further growth is critically needed

• Monitoring of progress
– Daily!
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Project Products
• Tools and reports

• Training course

• Publications

• Sample exchange

• Other applications

√

√



Tools and Reports
• Participant-specific tools

• Comparison tools

• Project tools

• Post-analytical tools

• Documentation

• Administrative tools



Analyte Comparison Tool



Analyte Comparison Tool

DR

TARGET RANGE

Normal population percentiles

Cutoff values



Analyte Comparison Tool



Percentile Comparison Tool



(50%ile normal population)

(99%ile normal population)
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(50%ile normal population)

(99%ile normal population)



(50%ile normal population)

(99%ile normal population)

Cutoff values

FNFP



50%ile

99%ile

CO



Analyte Comparison Tool
(Michigan)



(50%ile normal population)

(99%ile normal population)

Cutoff values

?TARGET RANGE



Project Products
• Tools and reports

• Training course

• Publications

• Sample exchange

• Other applications

√

√

√



Biochemical Genetics

NEWBORN
SCREENING

R4S
(MS/MS)CAH

Current Tests NEW Tests

BiotinidaseCH

Galactosemia Hb-pathies

CF (IRT) SCID

WilsonX-ALD

Friedreich Others….

LSD

R4S is a Biochemical Genetics Portal



Biochemical Genetics

NEWBORN
SCREENING

R4S
(MS/MS)CAH

Current Tests NEW Tests

BiotinidaseCH

Galactosemia Hb-pathies

CF (IRT) SCID

WilsonX-ALD

Friedreich Others….

LSD√
√

√ √
√ √
√

R4S is a Biochemical Genetics Portal



Other Applications



US sites

Int. sites

Countries

Users

TP cases

TP results

Percentiles

contributors

Cutoffs

contributors

CAH

13

5

4

42

57

458

63

2

14

3

MS/MS

48

96

49

775

12,581

754034

25291

111

6613

122

BIOT

19

15

3

60

223

828

25

24

7

5

MS/MS

[2]

9

0

0

22

6

261

375

1

128

2

SCID

9

1

1

42

29

273

100

4

4

4

LSD

8

4

4

49

496

2046

190

3

19

4

FRDA

1

0

0

9

217

681

15

1

2

1

ALD

2

0

0

15

50

400

40

1

8

1

WD

1

0

0

6

0

0

5

1

1

1

FAO

2

0

0

15

130

12199

470

1

191

1

Activity Report (11-04-11)
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Post-Analytical Tools
• The rationale to develop post-analytical tools 

comes from the observation that the 

diagnosis of most conditions is based on 

multiple markers, and ratios

• A parallel rather than sequential evaluation

could be beneficial toward the achievement 

of better sensitivity and specificity



Plot by Condition

NR

DR



Plot by Condition

Clinical significance is reached when the 
median of the disease range is above the 
99%ile of the normal population (high 
markers), or below the 1%ile (low markers)

Median



Plot by Condition

The degree of overlap between normal population 
and disease range is the foundation of a novel 
method to interpret quantitative results in a way 
that is unique to each condition and therefore not 
dependent on fixed analyte cutoff values



Post-Analytical Tools
• One Condition

– These tools generate a score and suggest interpretation guidelines for 
a specific condition (answer: Yes or No)

• Two Conditions
– These tools generate a score and suggest interpretation guidelines for 

a specific condition, and a direct comparison with a second related 
condition (answer: condition A or condition B)

• Dual Scatter Plot
– These tools show the distribution of score pairs for the same case 

calculated with two of the tools (two conditions) above. The plot 
provides a visual report of likelihood to be one or the other condition

• Multiple Conditions
– These tools generate a score and suggest interpretation guidelines for 

a specific condition, and a direct comparison with other conditions



One Condition Tool



One Condition Tool



One Condition Tool

ANALYTE
cutoff

CONDITION
cutoff



Laboratory
Information
System (LIS)

Case

TWO
Conditions

Tool TWO
Scores
(A & B)

DUAL
Scatter

Plot

MULTIPLE
Conditions

Tool

MULTIPLE
Scores

(A & B & C)

ONE
Condition

Tool

ONE
Score
(Y or N)

Man
ua

l e
nt

ry x
x

x
NO data
transfer

R4S administrative 
functions

Tool
BUILDER



ONE
Condition

Tool

ALL

OWN

NP
%iles

COUNTRY
OWN

ALL 

Tool
RUNNER

Tool
BUILDER

Tool
TUNER

ALL
COND.
TOOL

TWO
Conditions

Tool
Score
(A or B)
Score
(A or B)

DUAL
Scatter

Plot

MULTIPLE
Conditions

Tool
Score

(A or B or C)
Score

(A or B or C)

Batch

Case

.csv file
generator

Laboratory
Information
System (LIS)

AUTOMATED
DATA

TRANSFER

THREE
Scores
(Y or N)

THREE
Scores
(Y or N)



What is the Tool Runner?
• The tool runner is a process to upload to 

the website whole batches of raw data 
after conversion to .csv files

• The tool calculates automatically every 
possible score (or a chosen subset) for 
each case in a batch (i.e., a 96 well plate)

• It generate a report of all instances with a 
score greater than 0%ile rank



Tool Runner Report

In this plate, only 5 cases (27,31,37,69,84) 
had one or more scores above the threshold 
of clinical significance which is set for each 
condition separately



What is the All Conditions Tool?
• The All Conditions tool is similar to the 

tool runner but it processes one case at 
the time (either uploaded as .csv file or 
entered manually) and provides a visual, 
not tabular output of the results

• The tool calculates automatically every 
possible score (if all required data are 
available) for that case









NEW R4SOld R4S

User Customization of Tools



The NEW One Condition Tool



ALL COUNTRY
(USA)

OWN



The new tools can be customized to calculate 
scores based on OWN %iles and OWN cases



Biochemical Genetics

Postmortem
screening

Carrier
Screening

Prenatal
Diagnosis

NEWBORN
SCREENING

Confirmatory
testing

CARN

HCY MMA

AG

AA

OA

P-AC

Others….

U-AC

R4S is a Biochemical Genetics Portal



Conclusions
• Please join R4S. To get a password 

send e-mail to rinaldo@mayo.edu

• Analyte cutoff values could be replaced 
by score interpretation guidelines for a 
specific condition

• The new tools allow automated data 
submission, score customization, and 
discretionary modifications of the tools

• The tools are in constant development, 
with your help (and more data) they 
could get much better of what they are



Thank You for Your Attention


