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Tool builder 

 Tools are created according to a stepwise process, called the tool builder, which is 

accessible on the website to a single user per participating site. This restriction stems from the 

concern that multiple individuals may modify or delete tools prepared by another user without 

adequate internal communication. Once released, a site-specific tool can be used instead of the 

general tool but only by users affiliated with the same site, the default tool for any given 

condition remains accessible to all participants. Separate tools for the same condition are 

available to account for differences between derivatized and underivatized markers, when 

applicable. 

Functions are selected according to the choices shown in Table 1 (Suppl).  A description 

of the more complex functions is provided below, starting with the scoring type, which could be 

decreasing, plateau, or increasing. All three scoring strategies are applied in two phases. In the 

first phase, which is the same in all three modalities, points are given starting at 1 and going to 6 

in increments of one. The assignment of points begins with the lowest target percentile (from a 

total of 12 selected for scoring purposes, see Table 2 Suppl.) in the disease range that is beyond 

the 99th percentile of the normal range. In the decreasing strategy, after a score of 6, the score for 

the next target percentile exceeded by the result is decreased by one and so forth until a score of 

1 is reached again.  The total score for the analyte is then the sum of the points assigned for each 
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percentile exceeded by the result.  In a best case scenario, one where there is no overlap between 

normal population and disease range, when using the decreasing mode the maximum cumulative 

score for an analyte is 36.  In the least informative scenario, the lowest possible score for a 

marker with a value >80th percentile of the disease range is 10 (in a situation where the 40th 

percentile of the disease range is below the 99th percentile of the normal population). In other 

words, the degree of overlap rules that no points are added to the total for the analyte up to the 

40th percentile. The plateau strategy differs from the first one in that after accruing a score of 6 

all subsequent percentiles exceeded by the result are assigned the same score of 6 (Table 2-

Suppl). The highest possible score becomes 57, the lowest is still 10 for the case where the 40th 

percentile of the disease range is below the 99th percentile of the normal population. Finally, the 

increasing strategy continues beyond a score of 6 to a maximum of 12, the highest possible 

cumulative score for one analyte is 78. Regardless of which strategy is used, results falling into 

the highest quintile of disease ranges above the normal population (>80th percentile) and into the 

lowest one of disease ranges below the normal population (<20th percentile) do not contribute to 

the score. Alternative scoring strategies are desirable because they could be used to underscore 

differences between clusters of patients (for example, reflecting segregation according to 

established genotype to phenotype correlations, responsiveness to treatment, and differences in 

age of onset). 1-2 The software to create a tool is complemented by a parallel function, described 

as the tool tuner, which allows to assess impact and differences of alternative criteria between an 

existing tool (released) and a new version still under development (not released). The tuner 

function is also valuable to investigate retrospectively the basis for either false positive and false 

negative results, suggesting potential corrective action using outlier rules in the tool builder 

process. 
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 The establishment of disease ranges has led to the recognition that the pool of informative 

markers for a given condition may differ vastly in clinical significance. Therefore, the tools 

correct raw scores by a calculated factor that reflects the comparative significance of all analytes 

under consideration. For each analyte the extent of the disease range not overlapping with the 

normal range is calculated (excluding the last quintile at the opposite end of the normal 

population), and combined with all others. The percentage of the total is incorporated 

proportionally in the correction factor of each analyte. For example, an analyte that amounts to 

40 percent of the calculated total is assigned a correction factor of 1.40. In other words, the raw 

score is increased by 40 percent. 

 The inclusion in a tool of individual high and low informative markers is at the discretion 

of the user and is accomplished by selecting check boxes sorted according to the degree of 

overlap between normal population and disease range.  When applicable, the software enables 

the choice between derivatized and underivatized markers to account for analytical differences 

between laboratories.  When more than one condition is included, the discriminating power of a 

tool is derived from the analysis of any degree of separation between disease ranges.  Figure 1S 

(Suppl) shows a side by side comparison of the disease ranges of a generic analyte in two model 

conditions, labeled as A and B. The first percentile of the disease range of condition A matches 

the median of condition B, the 99th percentile of the disease range of condition B is equal to the 

median of condition A. Even though half of each disease range overlaps with the other one, the 

software actually takes advantage of this behavior to achieve an informative differential 

diagnosis as shown in the three examples (1, 2, and 3).  In example 1, the value is treated 

differently depending on which of the two conditions is the primary target. In a tool for condition 

A, the observed result translates in an added score (rule 1, see below how influence is 
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determined). In the opposite scenario, a tool for condition B, it will actually trigger a reduction of 

the score (rule 3). In example 2 the score is accrued in both tools only on the basis of the degree 

of separation from the normal population, but it will be greater in condition B as the value 

corresponds to a much higher percentile of the disease range (condition A: ~10th percentile; 

condition B: ~90th percentile).  Finally, the third example will generate a reduction of the score in 

the tool for condition A (rule 2), and an increase in the tool for condition B (rule 4).  The impact 

of these rules is based on a numerical value equal to the maximum attainable analyte score of the 

chosen scoring strategy (decreasing, plateau, increasing) multiplied by the number of informative 

markers incorporated in the tool, and is further modified by a correction factor. A choice is 

possible between the weighted calculation described previously and two others (described as 

percentage and percentile) that are based on the redefinition of the disease range as the interval 

of values entirely outside of the normal population. The screening result is then expressed as 

either a percentage or as a percentile rank, and the correction factor is adjusted accordingly. For 

example, a value corresponding to the 28% of the modified disease range (or to the 28th 

percentile) receives a correction factor of 1.28 (1.0 + 0.28). The highest possible correction 

factor is 2.0 (1.0 + 1.0). When this process is applied in parallel to all informative markers it 

determines a cumulative effect which overcomes significantly the overlap at the level of 

individual analytes when they are compared between related conditions. 

 In the evaluation of a single case, the score of individual tools is not influenced by the 

inclusion of markers that are informative for multiple conditions. However, the inclusion of the 

same ratio in multiple tools becomes problematic when scores are calculated simultaneously, an 

option called “all conditions tool”. For this reason, the differentiator and outlier functions are in 

place to establish rules to prevent conflicting, and potentially confusing, scores. For example, the 
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tool for remethylation disorders 3 is prevented from assigning points in cases where the low 

methionine/phenylalanine ratio is informative because of an elevated concentration of 

phenylalanine, not a reduced concentration of methionine.  

 As the next step, filters are applied to exclude cases with an analyte result either below or 

above a selectable value or a percentile of the disease range. In view of the wide utilization of the 

tools in routine newborn screening settings, this function is needed because new submitted cases 

are immediately incorporated in the disease ranges.  In consideration of the worldwide location 

of users and a virtually around the clock submission cycle, the consistency and reliability of the 

tools must be protected by a mechanism to prevent disruptions triggered by data entry errors and 

incorrect diagnoses. In these situations changes to the disease ranges due to automatic inclusion 

of all submitted cases could be significant before anomalies or errors are detected and corrected, 

especially when conditions still have a relatively small count (<50).  Filters can be set for a value 

or a disease range percentile (for example first percentile and 99th percentile), with the option to 

include or not the filtered values in the disease range and also to apply the same filter to all 

secondary conditions included in the tool.  Once a single analyte value has been filtered, no score 

is calculated for that case.  The choice of filters is supported by access to a tabular summary of 

the disease ranges of all analytes, and by the option to display the top 50 high and low values of 

any analyte for each condition. The outliers to be considered for exclusion are shown as actual 

value, standard z-score [(value-mean of the disease range)/standard deviation],4 percentile of the 

disease range, multiple of the median of the normal population, and multiple of the median of the 

disease range. If desired, the entire set of data of any case is available on a separate tab for a 

more in depth evaluation.  This composite profile empowers extensive flexibility to select a 

threshold, if one is deemed to be either clinically necessary or desirable as a security feature to 
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ensure consistency and reliability of the tools. 

 The impact and run functions are the testing and validation environment of the tool 

builder and allow a stepwise assessment of differentiators, correction factors, and filters as 

previously selected either individually or in any combination.  When a score is calculated on the 

run page it is possible to display the contribution of each analyte of any case of the target 

condition and of the secondary conditions, including the equation to determine the correction 

factors. To achieve consistency among tools comparing two or more conditions, the range of 

scores is adjusted by applying a minimum-maximum normalization. 5  This calculation 

transforms each value so that the maximum result for the column is 100 and the minimum is 

zero. Each result is calculated by subtracting from the score the lowest of all scores, dividing it 

by the range of values (highest minus lowest), and multiplying by 100. This preserves the 

relative distance between values. Alternatively, the formula [(z-score x 100) +500] can be 

applied.  This transformation expands the range of scores so that 95% of scores fall between 300 

and 700, with the addition of 500 functioning to shift scores reduced by differentiators to a 

positive number. The rationale for this final normalization by either method is to keep all tools 

on a comparable scale, a feature particularly important for the “all conditions” tool. This 

functionality is under validation as a potential primary mechanism for evaluation of whole 

batches of cases uploaded electronically to the website.  

 As the final step, condition-specific guidelines are provided for score interpretation. Each 

tool clearly indicates the score below which the profile is deemed to be not informative (between 

zero and the lowest score of a known case), and incremental thresholds indicating when a score 

is either “possibly”, “likely”, or “most likely” to be consistent with a biochemical diagnosis of 

the target condition. When applicable, the guidelines suggest performing a second tier test 6-7 or 
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reflexing to an available dual scatter plot.  The highest score considered to be uninformative 

becomes the only cutoff needed for the target condition, replacing all analyte cutoff values and 

their inherent limitations and selection biases.  Dual scatter plots are released with X- and Y-axis 

thresholds drawn to separate the two conditions under consideration, interpretation guidelines are 

based on the location of a combined score in one of the four quadrants defined by such lines.  

 When a tool is accessed manually, users make a selection from a menu of available 

choices and are presented with a window (see Figure 2A-Suppl) in which the required values are 

entered to calculate the score.  The data entry window shown in the figure is for the condition 

carnitine palmitoyltransferase 1A deficiency, a fatty acid β-oxidation disorder. 8  Analytes are 

displayed in three groups: low markers, differentiators, and high markers. The actual tool 

includes three panels: the first panel (Figure 2B-Suppl) is a summary of the relevant percentiles 

of the normal population (first percentile for low markers and 99th percentile for differentiators 

and high markers), the degree of overlap in percent of the target disease population (i.e., the 

percent of the disease range to which either the first percentile or 99th percentile of the normal 

population corresponds), the three percentiles of the disease range closest to the normal 

population (99th percentile, 95th percentile, and 90th percentile for low markers; first percentile, 

fifth percentile, and 10th percentile for differentiators and high markers) and the median of the 

disease range. A darker shade over the percentile data visualizes the extent of overlap between 

normal population and disease range. After the score has been calculated, another column will 

appear (not shown) with all the analyte values imported from the data entry window and any 

pertinent ratios calculated from the case analyte values. It is notable that a number of routinely 

calculated ratios may actually reach a threshold of clinical significance in a wide spectrum of 

conditions but frequently are not appreciated as informative elements of the expected 
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biochemical phenotype. For example, the propionylcarnitine/palmitoylcarnitine ratio has not 

been mentioned before our report  as an informative marker for carnitine palmitoyltransferase 1A 

deficiency, 8 despite the evidence that approximately 75 percent of affected cases have an 

elevated ratio. 

 The third panel (see Figure 1 of published article) of tools, excluding the dual scatter plot 

format, summarizes the calculated score, the percentile rank, the number of cases available to 

calculate scores (partial sets of results are still included in disease ranges), the interpretation 

guidelines according to a standardized format (not informative, possibly, likely, most likely), and 

a graph of all scores superimposed to dotted lines matching the guidelines and the calculated 

score. Users can click an icon to save the report as a portable document format file, 9 a practice 

which is desirable for documentation purposes because the tools are by design constantly 

evolving.  The score for the same set of results may change in a matter of days if more cases 

have been added since the previous use of the tool. To facilitate documentation, the printable file 

automatically includes a header with the name of the primary condition, the unique version 

number of the tool and the date it was created, the type of tool (single, dual, multiple), and access 

(available to all or only to users of a single site). The header also displays the date and time the 

tool was printed, and the name and site affiliation of the user who entered the data to calculate a 

score.  
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Table 1 (Suppl) – Functions and choices available in the tool builder 
 

Function Choices Default setting Rationale 
Access Available to all sites 

Available to a single site only 
Available to all sites Single site tools enable customization to match pre-analytical characteristics (derivatized vs. 

underivatized method) and analyte selection 
Type One condition 

Two conditions 
Multiple conditions 

One condition Informative/not informative score for one condition or differential diagnosis between two or 
more conditions 

Scoring 
strategy 

Increasing 
Plateau 
Decreasing 

Increasing Alternative options modulate the numerical distribution of scores at the high end. A decreasing 
strategy (see text) is indicated for conditions with many (>10) informative markers, an 
increasing strategy is indicated for conditions with <5 informative markers  

Correction 
factors 

Weighted 
Percentile 
Percentage 

Weighted Weighted correction factors are condition-specific, the others are customized for each case. All 
are calculated from the degree of overlap between the normal population and the disease range 
of each informative marker in a given condition 

Score type Regular 
Z-score 
Min-Max normalization 

Regular Z-score and Min-Max normalization are optional methods of score manipulation available to 
improve the visual display of tools targeting multiple conditions 

Informative 
markers 

All analytes and ratios that 
exceed the threshold of 
clinical significance 

All analytes and ratios 
with a disease range 
median outside of the 
normal population 
range (high or low) 

An abnormal result is not defined exclusively by a deviation from a statistical definition of 
normal, as in a cutoff-based approach. The selection is broader than using conventional 
standards, especially for ratios where the primary marker is selected as denominator. 
Informative markers are also selectable to set differentiator rules and filters (see below) 

Additional 
markers 

All analytes and ratios that do 
not exceed the threshold of 
clinical significance 

All analytes required to 
calculate an informative 
ratio 

Additional markers are selectable to set outlier rules and filters (see below) 

Differentiators 
(one condition) 

Set case score to zero when a 
primary marker is normal 

None selected While all informative markers contribute to the generated case score, some informative markers 
are more important than others.  These markers are considered "primary" markers.  If the value 
for a primary marker is normal (i.e. within the range of the normal population), then the 
condition being tested can be ruled out.  This is true even if the other informative markers 
generate a case score that is informative.  
    This function allows the user to designate which, if any, markers are primary and specify the 
normal population threshold that will cause a case score of zero. 
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Table 1 (Suppl) – continued 
 

Function Choices Default setting Rationale 
Differentiators  
(two or 
multiple 
conditions) 

Percentile, value  
(if < or > add/remove points) 
 
Rules 

Rule 5 Rule 1: add points above the highest value of all secondary conditions;  
Rule 2: subtract points below the lowest value of the primary condition;  
Rule 3: subtract points above the highest value of primary condition;  
Rule 4: add points below the lowest value of all secondary conditions 
Rule 5: all of the above 

Ratio Outliers 
(one condition) 

Enabled or disabled Enabled Many ratios consist of some combination of informative and non-informative markers 
(informative/non-Informative or non-Informative/informative).    
    The ratio outliers rule prevents awarding points to a ratio if the non-informative value is 
outside the disease range of the condition.   For example, for an informative high ratio where 
the numerator is non-informative, if the numerator is greater than the 100%ile of the disease 
range, then the ratio’s score is set to zero.  Alternatively, if the denominator is the non-
informative marker and it is less the 0%ile of the disease range, then the ratio’s score is set to 
zero.    
    The purpose of this function is to prevent awarding points to ratios where the non-
informative marker drives the penetration into the disease range, not the informative marker. 

Outliers 
(one condition) 

Create rules for non-
informative markers 

None selected Points are awarded to a case based on the degree of penetration of informative markers into the 
condition’s disease ranges.  However, markers may be informative for several conditions.  This 
can cause scenarios where a marker value can result in several conditions generating an 
informative score.  In these cases it is necessary to identity outlier values amongst the non-
informative markers.  
 
With an outlier rule, the user can specify that the case score should be set to zero if the non-
informative marker value is above or below a specified percentile of the condition’s disease 
range. 

Filters Filter type (%ile, value) 
< or > 

Filter values <1%ile 
and >99%ile of disease 
range 

To prevent undetected data entry errors or absurd values from altering the disease range of 
informative markers and consequently impacting the real time performance of a tool 

Impact Select any combination of the 
rules established above 

None selected To detect any significant outlier that generate a non informative score, and to begin the process 
of guideline selection (threshold of informative scores) 
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Table 1 (Suppl) – continued 
 

Function Choices Default setting Rationale 
Run Enter a set of values (or a 

case ID number) to test the 
tool with visualization of 
calculations for each 
informative marker 

None entered This function also allows to switch and compare scores using other scoring strategies, 
correction factors, and score types 

General 
Guidelines 

A place to include 
information about the tool, 
disclaimers, and limitation 
(see default) 

This tool has been 
validated only for 
neonatal (<10 days) 
blood spots. Use of this 
tool is not advised to 
calculate scores for 
older patients.  

Free text could be added as header of the interpretation guidelines as deemed clinically 
indicated 

Range 
Guidelines 

(<score) Profile is not 
informative 
(<score>) Condition is 
possibly 
(< score>) Condition is likely 
(score>) Condition is very 
likely 

None selected Guidelines formalize the transition from individual and generic analyte cutoff values (one 
selected for all conditions potentially related to a marker) to a cumulative, condition-specific 
threshold of clinical significance  
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Table 2 (Suppl) - Point assignment by alternative scoring strategies 
 

Percentile exceeded Mode/Points assigned 

 
High marker 

 
Low marker 

 
Decreasing 

 
Plateau 

 
Increasing 

1 99 1 

5 95 2 

10 90 3 

15 85 4 

20 80 5 

25 75 6 

30 70 5 6 7 

40 60 4 6 8 

50 50 3 6 9 

60 40 2 6 10 

70 30 1 6 11 

80 20 0 6 12 

Highest possible score  36 57 78 
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Figure 1 (Suppl) - Examples of the four rules applied to add or subtract points to the raw 

score of an analyte for a condition. 

The same result may lead to significantly different scores for one condition vs. another, and 

particularly whether it is chosen as the primary condition or as a secondary one. See text for the 

description of example 1, 2, and 3 scenarios.



 15

Figure 2(Suppl) - One condition post-analytical tool for carnitine palmitoyltransferase 1A 

deficiency. 

This tool is not inclusive of cases carrying the Northwest native mutation.  A, data entry window. 

The unit of results (not shown) is μmol/liter for all analytes. B, summary window of a selected 

percentiles for each informative analyte in the normal population and disease range. Also shown 

is the degree of overlap between the two ranges. 0% would indicate no overlap (i.e., a complete 

separation between the two ranges). 
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