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Worldview 

Metrology is the stuff 
needed so data can support 
informed decision making.  
• in a good world, 

decisions are informed 
with data  
– results of measurements! 

Systematic approach that 
lets me know how confident 
I can be in the results; when 
I know how confident I can 
be, I can make good 
decisions. 



Worldview 

• Three legged stool of 
metrology 
– Traceability 

– Measurement 
Uncertainty 

– Method Validation 



Traceability 

• tying results to a 
common reference 
– usually realized with 

calibration 
– enables comparison of 

results amongst those 
using the common 
reference 

• across space and time 
– the System Internationale 

(SI) is a nice set of 
references 

• biological measurement 
results are often 
traceable to the control 
– enrichment of a molecular 

signal 



Measurement 
Uncertainty 

• estimated value that 
gives me reasonable 
expectation of 
dispersion around my 
result 
– given my 

measurement system 
– combination of all 

sources of variability 
or limitations in 
knowledge through 
the process 



Method 
Validation 

• Demonstration by 
provision of objective 
evidence… 
– that what I’m measuring 

is what I intend to be 
measuring 

– prove I’m not just 
reporting artifacts 

• Analytical Validation, 
which is Distinct from 
Clinical Validation 



Confidence 

• Sort these bits out, 
and I can be 
confident that my 
measurement results 
are… 
– comparable 
– will take on a range of 

likely values, with a 
known likelihood 

– unbiased 

• Now, I can make 
decisions. 

 



What’s a Robust  
Molecular Biomarker? 

• As opposed to the other 
kind of molecular 
biomarker? 
– Robust: strongly or 

stoutly built; sturdy in 
construction. 

• One I can trust. 

• One I can base 
therapeutic decision-
making on. 

 



What kind of Standards* 
are we talking about? 

• Physical Standards 
– calibration materials 

• often pure-substance 
reference materials 

• often used to establish 
metrological traceability 

• typically have a well 
characterized property of 
interest 

– typically a small 
measurement uncertainty 

– “type” materials 
• typically intended to mimic 

samples being studied 
• used as bias control 
• key tool for method validation 
• often useful for 

interlaboratory studies 

 

• Documentary Standards 
– can come from variety of 

sources 
• consensus bodies 
• regulatory bodies 
• trade organization 

– typically try to capture a 
procedure or method and 
enable users to repeat that 
procedure or method 

• enabling repeatability and 
reproducibility 

– within lab, between labs 
• Standard Operating Procedure 

– useful in laboratory 
accreditation 
 
 

* in the context of Molecular Diagnostics 



Tools of the Trade 
• Measurement Uncertainty 

– is a non-negative parameter 
characterizing the dispersion of the 
quantity values being attributed to 
a measurand, based on the 
information used 

• Metrological Traceability  
– is a property of a measurement 

result whereby the result can be 
related to a reference through a 
documented unbroken chain of 
calibrations, each contributing to 
the measurement uncertainty 

• Validation  
– is the provision of objective 

evidence that a given item fulfils 
specified requirements where the 
specified requirements are 
adequate for an intended use 

 



My preferred definition of 
Metrological Traceability 

Traceability 

• "property of the result of a 
measurement or the value 
of a standard whereby it 
can be related to stated 
references, usually national 
or international standards, 
through an unbroken chain 
of comparisons all having 
stated uncertainties." 

• from an earlier version of 
the VIM…  



Metrological Traceability 

• Traceability is how you get 
units on your result 
– in our simple model, convert 

from units of your 
measurement tool to units of 
the ‘standard’ 

– the equation adjacent is a 
familiar “measurement 
model” 

• it’s often used to convert from a 
measured signal to a 
“calibrated” result 
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Comparing results 

• results are only useful 
when compared 
– to other results 

• e.g., to observe a trend 

– to limits 
• e.g., a threshold for action 

– different results in 
different places or 
measured at different 
times… 

• “comparability over space-
and-time” 



Comparability of results 

• Whole and sole goal of 
traceability. 

• results linked to a common 
reference can be compared 

• scope of reference defines 
scope of comparability 
– global network 

• SI 
• WHO 



Measurement Uncertainty 

• Are these results the 
same? 

• how well do you know 
the result? 
– essential part of being 

able to compare! 

• are these results good 
enough? 
– fit-for-purpose 

 



Traceability in molecular diagnostics… 

• is different than in physical 
measurements... 
– identity 

• what am I measuring, 
anyway? 

– interference 
• do I get the same response 

for analyte in my calibration 
material and in it’s matrix? 

– morphology 
• is the analysis the same 

everywhere in my sample? 

 



Traceability in molecular diagnostics… 

• is different. 
– Method Validation has 

been developed to… 
• establish scope 

• present a clear 
measurement model with 
objective evidence that… 

– the analyte is what’s 
being measured 

– the result is robust w.r.t. 
interference 



Method validation 

• “checks the model” 
– tests completeness 

– tests assumptions 

– helps establish an 
uncertainty budget 

• identifies relevant 
parameters to keep 
under control 

• tests scope 



Interlab Studies 
(“Proficiency Testing”) 



Role of Standards? 

• Comparability 

• Transparency 

• Understanding my results 
– scope, reliability, veracity 

• Appropriate confidence  
– to make decisions based on results 



Has the biomarker enterprise suffered 
from lack of standards??? 

• How often are biomarkers frail? 
– don’t repeat in a new study? 

– can’t repeat in a different lab? 

– don’t repeat with a different instrument? 

• Where do these fail due to… 
– poor analytical validation? 

– poor study design? 

 



Standards Opportunities 

• Analytical Performance Controls 
– generic for cohorts of biomolecules 

• e.g. mRNAs, miRNAs, proteins, PTM-proteins… 
• challenges for analysis methods 

• “Type” Controls 
– standards that are effective mimics for clinical samples 
– complex, but very useful for method validation 

• Quality System approaches/Accreditation? 
– including proficiency testing? 

• Study Design Standards? 
– is this already sorted?  
– do we have appropriate documentary standards? 
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ERCC Controls for 
Analytical Performance 

• Dynamic Range Plots (A) 
– “gummi worms” 
– each control across the 4 pools 

• MA Plots (B and C) 
– use known ratios across subpools as measured 

properties 
– analyze ratio v. mean intensity 
– common tool to visualize differential expression 

• Log Ratio Deviation 
– defines working signal range for accurate ratios 
– bins data across controls, then uses χ2 test to 

identify deviation from accurate ratio 
 

Thanks to Tim Myers who did the microarray 
work at the NIAID Test Site 
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Mixed Tissue Ratiometric 
 Controls for Gene Expression 

• Developed in Karol Thompson’s lab 
at FDA/CDER 
– w/Scott Pine, then at FDA, now at 

NIST  
• Biologically complex, reproducible 
• Use mixture fraction as surrogate 

for concentration 
– can’t know absolute abundance of 

transcripts for many of them, but 
can know relative abundance across 
mixtures 

– enrichment is often of interest 
• Provides broad and relevant 

validation evidence 
• Can be inserted in workflow, but 

not spiked into clinical samples 



Questions? 
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