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Institute for Pathology and Genetics 
(I.P.G.) 

Statistical methods in validation reports and QC

 Created 1958

 Located in the Brussels South BioPark in Gosselies 
(Biotech Hub) 

 Our values: 

 Integrity – Equity – Respect – Communication –  
Professionnalism 

 Integrated diagnostic facility:

Pathology (>15 pathologists)
Center for Human Genetics (12 clinical geneticists)
Molecular Diagnostics ( >20 PhDs)

 Revenues 2023: 50 Millions €

 ISO 15189:2012 accreditation BELAC 381-MED
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Regulation and norms regarding validation 

• ISO 15189: 2022 

• IVD-R directive 

• Practical directives for Pathology and Clinical biology 

• Guidelines, reference articles 

• Other regulations 

1. Regulatory context
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ISO 15189:2022

• International norm 

• ISO = International Organization for standardization 

• Norm for Medical Laboratories, certainly non- specific

• Mandatory accreditation for most molecular tests in Belgium 

• ISO 15189: 2022 mandatory starting Feb 2024 !

1. Regulatory context
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ISO 15189:2022, validation in general  

1. Regulatory context
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ISO 15189:2022, verification 

1. Regulatory context
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ISO 15189:2022, validation 

1. Regulatory context
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ISO 15189:2022, validation 

1. Regulatory context
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What is not in ISO 15189: 2022

1. Regulatory context

• A specific template for validation and verification

• Statistical methods that need to be used

• The number of patients samples (classical question !), control
materials, cell lines, … that need to be run in a validation or
verification file
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IVD-R 

• New European regulation for In Vitro Diagnostics

• Competent agency: FAGG – AFMPS (additional inspections)

• IVD-R will make lab developed tests (LDT) more difficult to use  

1. Regulatory context
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IVD-R – classification 

1. Regulatory context
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IVD-R directive: timeline

1. Regulatory context

26-05-2022

26-04-2024

26-05-2028

Respect  of annex 1 
Start FAGG-AFMPS inspections

ISO 15189
Public declaration of tests, IT  In House
Class C – D declaration 
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1. Regulatory context

BELAC 2-405-NGS R3- 2021: guidelines for NGS validation  

Guidelines and reference articles
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2. Statistical concepts and methods 

What are statistics ? Why do we use statistics ? 

• Descriptive statistics are used to characterize data

• Statistical analysis is used to distinguish between random and
meaningful variations

• In the lab, we use statistics to verify method performance,
interpret lab test results and assure quality of examinations
procedures
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2. Statistical concepts and methods 

Needed for validation 

• Precision

• Accuracy

• Linearity – measuring range – limit of quantification 

• Limit of detection (LOD)  (analytical sensitivity)

• Analytical specificity

• Diagnostic performance (sensitivity, specificity, PPV, NPV, 
diagnostic efficiency) 
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2. Statistical concepts and methods 

Needed for verification 

• Precision

• Accuracy

• Verification of LoD and LoQ have been frequently requested 
by BELAC auditors 
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2. Statistical concepts and methods 

Raymaekers M et al. 
Acta Clin Belg 2011; 66(1):33-41
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2. Statistical concepts and methods 

A few definitions: 
Precision

• Closeness of agreement between independent results of
measurements obtained under stipulated conditions

Repeatability

• Closeness of agreement between independent results of
measurements obtained under the same operating conditions

• Same operator
• Same instrument
• Same day
• Same reagent lot
• …
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2. Statistical concepts and methods 

PRECISION: example- intra-run repeatability on 13 replicates

ABL

WT1

BAALC

On Cq 0,21 %

On AQ 3,38 %

On AQ / ABL 4 %

On Cq 1,13 %

On AQ 2,11 %

On AQ / ABL N/A

On Cq 0,37 %

On AQ 6,31 %

On QAQ/ ABL 6,48 %
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2. Statistical concepts and methods 

A few definitions: 

Reproducibility

• Closeness of agreement between independent results of 
measurements obtained under changed conditions 

• Different operator
• Different days
• Different reagent lots
• … 
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2. Statistical concepts and methods 

Accurate and 
precise

Low CV, low bias 

Accurate, but not 
precise

High CV, low bias

Not accurate, but 
precise

Low CV, high bias 

Not accurate and not precise
High CV, high bias 
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2. Statistical concepts and methods 

1. Type of data 

2. Estimation of the centrality of data 

3. Estimation of the variation of data 

4. Confidence intervals

5. Regression 

6. Probits

7. Bayesian statistics  

Statistical concepts and methods
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2. Statistical concepts and methods 

1. Type of data:

• Quantitative data

• Categorical data

• Nominal data 

• Ordinal data (scale data) 
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2. Statistical concepts and methods 

1. Type of data – applied to molecular tests 

Mattocks CJ et al. 
Eur J Hum Genet 2010; 18: 1276 – 1288. 
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2. Statistical concepts and methods 

2. Estimation of centrality of data:

• Mean(s)

• Mode

• Midrange

• Median
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2. Statistical concepts and methods 

2. Estimation of the centrality of a dataset

• Arithmetical Mean

x
N
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i

N

=
=
∑1

1

Arithmetical mean use the sum of the values
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2. Statistical concepts and methods 

2. Estimation of the centrality of a dataset

Geometrical mean

Geometrical mean use the product of the values
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2. Statistical concepts and methods 

2. Estimation of the centrality of a dataset

Harmonic mean

Harmonic mean is appropriate to estimate the average of rates
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2. Statistical concepts and methods 

2. Estimation of the centrality of a dataset

Other means: 

• Root square mean

• Weighted mean 
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2. Statistical concepts and methods 

2. Estimation of the centrality of a dataset- other than mean(s)

Mode: 

• Mode is the value that occurs the most often

Midrange: 

• Midrange is the mean of the highest and lowest values
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2. Statistical concepts and methods 

Median

The median is the value for which half of the remaining
values are above and half are below it.

• In an ordered array of 15 values, the 8th value is the
median.

• If the array has 16 values, the median is the mean of
the 8th and 9th values
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2. Statistical concepts and methods 

2. Estimation of the centrality of a dataset
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2. Statistical concepts and methods 

3. Estimation of variability

• Variance

• SD

• CV (RSD)
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2. Statistical concepts and methods 

3. Estimation of variability 

• Two sets of data may have similar means, but otherwise be
very dissimilar

• What is the Variance ?

• “Variance is the mean of the squared differences
between single data points and the mean of the array”

• Variance has no units
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2. Statistical concepts and methods 

3. Estimation of variability 

• Expression of variability= Variance

∑
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2. Statistical concepts and methods 

3. Estimation of variability 

• Standard deviation (SD or sigma)
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=
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2. Statistical concepts and methods 

3. Estimation of variability 

• Standard deviation (SD or sigma)

• SD is the square root of the variance

• SD has also no units
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2. Statistical concepts and methods 

3. Estimation of variability 

• Coefficient of variation (CV)

• CV is the expression, in percentage, of the division of the
standard deviation by the mean

• Sometimes called the relative standard deviation (RSD)
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2. Statistical concepts and methods 

3. Estimation of variability 

• Coefficient of variation (CV)

CV
x

= ⋅
σ 100
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2. Statistical concepts and methods 

4. Confidence intervals 

• A confidence interval is a margin of error that indicates
how precise an estimate is

• Generally, 95 % confidence intervals are used

• We can define 95 % CI for means, proportions, and other
estimates
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2. Statistical concepts and methods 

4. Confidence intervals- for a mean 

• To compute CI for a mean, we need first to compute the
standard error (SE) of the mean

• SE of the mean = SD/ √n

• As n increases, SE decreases and the precision is greater
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2. Statistical concepts and methods 

4. Confidence intervals- for a mean 

• 95 % CI for a mean:

from – 1,96 x SE (mean) to + 1,96 x SE (mean)

• 95 % CIs are the most used

• For 90 % CI, use 1,64 instead of 1,96

• For 99 % CI, use 2,58
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2. Statistical concepts and methods 

5. Regression 

• Will be useful for: 

• Evaluation of linearity

• Estimation of the limit of quantification
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2. Statistical concepts and methods 

5. Regression

• Linear regression analysis is a function that will generate an
equation for a straight line: y = ax + b

Where a is the slope of the line and b is the
value of y when x= 0 (the y-intercept).

• The equation will give the expected value of y for each value of x
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2. Statistical concepts and methods 

Correlation versus linear regression 

• Correlation using Pearson’s correlation coefficient investigates the
strength of a linear relationship between two continuous
variables;

• It will give a correlation coefficient, noted r, and a p-value
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2. Statistical concepts and methods 

Correlation versus linear regression 

• Linear regression investigates the nature of the linear
relationship between two continuous variables;

• It will give an equation in the form of y = ax + b
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2. Statistical concepts and methods 

What is a P-value ? 

• A P-value is a probability

• A P-value can take any value between 0 and 1 

• P-value is the probability, given that the null hypothesis is 
true, of obtaining data as extreme or more extreme than the 
one that is observed 

• Many statistical tests will give a P-value
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2. Statistical concepts and methods 

Null hypothesis 

• Null hypothesis: there is no difference between two
comparison groups

Interpretation of P-values 

• P values < 0,05 are generally considered significant; 

• P values > 0,05 are generally considered non significant.  
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2. Statistical concepts and methods 

Other important general statistical concept one tailed and two-tailed
tests

• = an option in many statistical tests

• Two-tailed or two-sided tests:
• to be used when we cannot predict the direction

of the difference between comparison groups
• To be used in most of the cases

• One sided test:
• to be used when we can predict the direction of

the difference
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2. Statistical concepts and methods 

Linearity

• Example of linearity evaluation
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2. Statistical concepts and methods 

6. Probits

• Probits = probability units

• Interesting statistical concept to estimate Limit Of
Detection (LOD) at a little cost
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2. Statistical concepts and methods 

LOD: methodology A

• Serial dilutions from a reference material (WHO or other)

• Estimation base on hit rate (proportion of positives)

• 20 replicates located close to the estimated LOD

• The dilution being tested 19 times positive on 20 is
the LOD

• Problem: Hard and costly



J. Gras
Statistical methods in validation reports and QC

MBC Course 2024

2. Statistical concepts and methods 

LOD: methodology B

• Estimation based on Probits (Probability units) 
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2. Statistical concepts and methods 

6. Probits

 
• Probits : “Probability units”

• Probit= Regression model

• Useful to estimate LOD when method gives a binomial answer

• Binomial= detected or not detected

• Useful when the number of replicates is low

• Less costly
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2. Statistical concepts and methods 

• Make serial dilutions

• Test these dilutions several times (from 3 to 8 to…)

• Calculate hit rate per dilution 

• “Hit rate” = Hi= Nposi/Ntoti

• Put the data on a graph: positivity on Y and concentration on X

6. Probits
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2. Statistical concepts and methods 

Probit approach uses IDF mathematical model : 
Inverse Cumulative Distribution function

Proportion (hit rate)

Probit
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2. Statistical concepts and methods 

CLSI EP17-A2 reference document

LOD/ Probit

–  
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2. Statistical concepts and methods 

• Probit analysis transforms the concentration/response curve into a 
straight line

• Probit= computed with statistical softwares (XLSTAT,…)

LOD/Probit
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2. Statistical concepts and methods 

Probit approach

Proportion

Probit

95 % 
hit rate 

1,645 
Probit
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2. Statistical concepts and methods 

LOD/Probit examples
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2. Statistical concepts and methods 

7. Bayesian statistics

• Evaluation of the diagnostic accuracy

• Based on the exploitation of a contingency table



J. Gras
Statistical methods in validation reports and QC

MBC Course 2024

2. Statistical concepts and methods 

• The sensitivity of a test indicates the likelihood that the test
will be positive when disease is present

• The specificity of a test indicates the likelihood that the test
will be negative when disease is absent

• The predictive value of a test indicates the probability that
the test result correctly classifies a patient

Evaluation of the clinical performance of a test
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2. Statistical concepts and methods 

Diagnostic sensitivity and specificity= Bayesian statistics

Gold Standard

Disease present Disease absent

Positive 
test

True Positive (TP) False Positive (FP) TP + FP

Negative 
test

False Negative (FN) True Negative (TN) FN + TN

TP + FN FP + TN
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2. Statistical concepts and methods 

Gold Standard

Disease present Disease absent

Positive 
test

True Positive (TP) False Positive (FP) TP + FP

Negative 
test

False Negative (FN) True Negative (TN) FN + TN

TP + FN FP + TN

Sensitivity= sick patients who show a positive test

Sensitivity= TP/ (TP+FN)

Bayesian statistics: sensitivity



J. Gras
Statistical methods in validation reports and QC

MBC Course 2024

2. Statistical concepts and methods 

Bayesian statistics: Specificity

Gold Standard

Disease present Disease absent

Positive 
test

True Positive (TP) False Positive (FP) TP + FP

Negative 
test

False Negative (FN) True Negative (TN) FN + TN

TP + FN FP + TN

Specificity= healthy people that show a negative test

Specificity = TN/ (FP+TN)
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2. Statistical concepts and methods 

Bayesian statistics: Positive Predictive Value (PPV)

Gold Standard

Disease present Disease absent

Positive 
test

True Positive (TP) False Positive (FP) TP + FP

Negative 
test

False Negative (FN) True Negative (TN) FN + TN

TP + FN FP + TN

PPV= If the test is positive, what is the chance for the patient to have 
the disease ?

PPV = TP/TP+FP
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2. Statistical concepts and methods 

Bayesian statistics: Negative Predictive Value (NPV) 

Gold Standard

Disease present Disease absent

Positive 
test

True Positive (TP) False Positive (FP) TP + FP

Negative 
test

False Negative (FN) True Negative (TN) FN + TN

TP + FN FP + TN

NPV= If the test is negative, what is the chance for the patient to 
really not have the disease?

NPV = TN/FN+TN
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2. Statistical concepts and methods 

Bayesian statistics: Diagnostic accuracy

Diagnostic accuracy = the percentage of patients that are correctly
categorized by the test

DA= (TP+TN) / (TP+FP+FN+TN)
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2. Statistical concepts and methods 

Bayesian statistics example: NGS validation

Simarro et al, Cancers 2019



J. Gras
Statistical methods in validation reports and QC

MBC Course 2024

Statistical packages 

• Statistical packages are softwares that allow to compute
statistical tests in a very fast way

• These include SAS, SPSS and Stata; they may be
expensive, but there are student licences (for students)

• There are also add-ons for Microsoft Excel, such as Xlstat
and Analyze – IT

2. Statistical concepts and methods 
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QC concepts 

3. QC concepts and important metrics 

• Statistical Quality Control (QC) has long been used in
clinical laboratories (clinical chemistry, immunoassays, …)

• Theory is dating from 1970’s- 1980’s (seminal papers from
JO Westgard)

• A “lifting” was applied to these concepts in 2005 with the
publication of JO Westgard book “Six Sigma- quality control
and design”
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QC concepts 

3. QC concepts and important metrics 

• In 2022, statistical QC (statistical treatment of QC data) is
not a common practice in molecular diagnostics

• When applied, molecular statistical QC is sometimes
limited to a Levey-Jennings graph with +-3 Cq limits !
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QC concepts: Ped and Pfr 

3. QC concepts and important metrics 

Ped= probability of a QC rule to detect significant errors

Goal for a statistical QC procedure: Ped>0,9 or > 90 %

Pfr= probability of falsely rejecting results when there is no
significant out-of-control condition

Goal for a statistical QC procedure: Pfr<0,05 or <5 %
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QC rules (Westgard rules)   

3. QC concepts and important metrics 
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QC rules (Westgard rules)   

3. QC concepts and important metrics 

http://www.westgard.com/images/mrf14.gif
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QC charts (Levey Jennings charts)
Plot of Cq value of positive control (CT and NG)  

3. QC concepts and important metrics 
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QC charts (Levey Jennings charts)
Violation of QC rules (CT/NG) 

3. QC concepts and important metrics 
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3. QC concepts and important metrics 

• Traditional QC principles are applicable to molecular 
diagnostics: 

• Minimal condition is to have a continuous numerical 
value:

• Cq value 
• Copies number 

• An independent QC (from DNA extraction) is 
preferabl
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qPCR: example of a verification file 

4. Practical application to molecular diagnostics



J. Gras
Statistical methods in validation reports and QC

MBC Course 2024

qPCR verification: repeatability  

4. Practical application to molecular diagnostics
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qPCR verification: reproductibility 

4. Practical application to molecular diagnostics
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qPCR verification: accuracy 

4. Practical application to molecular diagnostics
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qPCR verification: accuracy 

4. Practical application to molecular diagnostics
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qPCR verification: linearity  

4. Practical application to molecular diagnostics
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qPCR verification: linearity  

4. Practical application to molecular diagnostics



J. Gras
Statistical methods in validation reports and QC

MBC Course 2024

Important messages 

• Impact of IVD-R and new ISO 15189:2022 version

• Validation vs Verification

• Statistics are important for validation/verification

• Statistical QC can be applied to molecular diagnostics

Statistical methods in validation reports and QC
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Thanks for your participation ! 

jeremie.gras@ipg.be 



Thanks for your attention ! 

jeremie.gras@ipg.be



Institut de Pathologie et de Génétique
25, avenue Georges Lemaître B6041 
Gosselies
Tél : +32 (0)71 47 30 47
accueil@ipg.be

Statistical methods in validation reports and QC

Jeremie Gras, M.D.
Medical Director, IPG 
MB&C Course 2024  
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