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Note
• Purpose

The purpose of this presentation is to give background information about the verification
and validation process for IHC. The point of view is that of the current regulations. Please
check how this is reflected in your own national regulations, as they may vary from country 
to country.

• Disclaimer

This presentation has been prepared based on available information upon date.
Some slides contain documents that are the intellectual property of the Pathology Lab      
AZ St. Lucas Brugge (B). They cannot be used for commercial purposes.

• Informative slides

Some slides in this handout were not handled during the actual presentation and were
added to this handout for informative reasons. They are indicated by the “i” in the upper
right corner.
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Topics

1  Validation – Verification : WHAT ?

    Terms/definitions, difference in terminology

2  Validation – Verification : WHY ?

    Main reasons why we should perform validation/verification

3  Validation – Verification : HOW ?

    How can we perform validations/verifications ?

4 Changes in verified - validated methods ?

     Do changes affect verification/validation ?
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Validation & verification : WHAT ?

Terms/definitions, different terminology



Validation & verification : definitions
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Validation

• Demonstrate by means of 

objective evidence that 

performance characteristics 

fullfill predefined criteria or 

specific demands for a 

certain purpose or intended 

use

Verification

• Confirming by providing 
objective evidence that a 
test fullfils specifications 
(specific demands) or 
specified performance 
characteristics

In essence you need to proof “a test performs as it needs to do” or “what is is intended for”.



Definitions : different elements
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Definitions : different elements

• In order to “demonstrate” or “confirm”, a comparison of performance is needed between

• Comparator test/reference or standard performed on :

• Types of samples with known morphology and expression of an antigen
(e.g. iCAP (Immunohistochemistry Critical Assay Performance control))

• Confirmed samples or controls stained with allready verified/validated method
(own lab or other lab)

• Reference in e.g. IFU, literature about staining patterns, performance, etc

• EQA samples (if available), other techniques, etc

• Commercial available controls, cell lines, etc with known (standardized) properties

7

NEW TEST/ASSAY COMPARATOR TEST / REFERENCE / STANDARD



Definitions : different elements
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Validation

• Demonstrate by means of objective 

evidence that performance

Verification

• Confirming by providing objective 
evidence that a test fullfils

Objective evidence : demonstrated and documented (paper, software)

Cases & comparator test Samples/cases ID used, control reference & validation, etc

Comparator test ID, properties, known results, etc

Reagents Type of reagents (Ab, detection) reference number, lotnumber, expiry date

Method Selected method (IFY or other), who perfomed staining ? Etc

Staining platform(s) Type, serial number, performed one or multiple staining platforms, etc

Runlogs (staining platform software, LI(M)S)

Evaluation & signing off Evaluation data of acceptance criteria for defined performance criteria

Who did evaluation ? Signing of person & date, etc



Definitions : different elements
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Validation

• Demonstrate by means of 

objective evidence that 

performance characteristics 
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Definitions : performance characteristics
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Robustness

Ischemic
time

Time to
fixation

Sample 
transport
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Analytical

Diagnostic

Specificity

Analytical

Diagnostic

Overall 
concordance

Robustness

Dilution
range

Stability of 
reagents

Control slide 
storage time 

and
temperature

Staining
quality

Readout



Definitions : performance characteristics
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Robustness

Ischemic
time

Time to
fixation

Sample 
transport

Accuracy

Correctness

Precision

Sensitivity

Analytical

Diagnostic

Specificity

Analytical

Diagnostic

Overall 
concordance

Robustness

Dilution
range

Stability of 
reagents

Control slide 
storage time 

and
temperature

Staining
quality

Readout

The use of a risk analysis can help select 
performance criteria for robustness
+
Objective motivation for selection of 
robustness criteria
(E.g. literature vs Good Laboratory
Practices within own lab)



Definitions : performance characteristics
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❖ ACCURACY : correctness & precision

• Correctness : does it stain the correct items ?

• Comparison with known results from validated tests (reference
samples, validated testsamples (own or another lab)

• Comparison with other validated technique (e.g. ISH vs PCR), 
other validated instrument or other reagents (other
manufacturer)

• Third line control (EQC or interlabcomparison)

• Populationstudy



Definitions : performance characteristics
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❖ ACCURACY : correctness & precision

• Precision : How “repeatable” are stains in the same or different runs ?

• Repeatability : intra run / within run tests

• Intermediate precision : interrun / in between run tests

• Reproducability : inter-lab reproducability

• 1 or more staining platforms : precision determined on all platforms !



Definitions : performance characteristics
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❖SENSTIVITY

❖ Analytical : ability of a test to detect small amounts of a substance (e.g. antigen) 
= dilutionrange for detectionlimit or e.g. detecting weak expressors

❖ Diagnostic : evaluation of true positive staining vs false negative staining

Reference 
(+)

Reference 
(-)

Total

New 
(+)

TP FP

New (-) FN TN

Total

Sensitivity : TP/ (TP + FN)



Definitions : performance characteristics
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❖ SPECIFICITY

❖ Analytical : ability of a test to detect a substance (e.g. antigen) without interference of cross 
reacting substances (interferention study)

❖ Diagnostical : evaluation of  true negative staining vs false positive staining

Reference 
(+)

Reference 
(-)

Total

New 
(+)

TP FP

New (-) FN TN

Total

Specificity : TN/ (TN + FP)



Definitions : performance characteristics
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❖OVERALL CONCORDANCE

❖ Analytical : the degree of agreement between new test and reference
+ = Correctness

❖ Diagnostical : evaluation of  true positive and negative staining vs total of true and false
positive and negative staining

Reference 
(+)

Reference 
(-)

Total

New 
(+)

TP FP

New (-) FN TN

Total

Concordance : TN + TN/ (TP +TN + FP + FN)



Definitions : performance characteristics
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❖ROBUSTNESS
What influences result ?

❖ Ischemic time : time to fixation ?
❖ Fixation time : 

Minimal and maximal fixation time ?
Daily practice : different fixation times ?

❖ Section thickness (IHC, ISH)
❖ Stability antigen : How long can pre-cut sections be stored ?? How ? RT ?

(Patientsamples, controls)
❖ Stability reagents : How long can a diluted concentrated Ab be stored ? 

(e.g. dilutions from MSI Ab -> max 3 months)
❖ Decal, etc



Definitions : performance characteristics
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❖STAINING QUALITY
Stain quality : Scoringsytem to evaluate in an objective way, e.g. IHC* :         

Score : 0 - 4 : unacceptable

5 - 6 : borderline

7 - 8 : optimal

“Basic” evaluation of (analytical) sensitivity and specificity

(*) Reference : Audit and internal quality control in immunohistochemistry, P. Maxwell and W G McCluggage, J Clin Pathol 2000 53: 929-932



Definitions : performance characteristics
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❖READOUT

❖ Type 1 (pathologist) vs type 2 (pathologist provides for treating physisian)
❖Validation/verification - initial :

❖Training of pathologists in e.g using scoring system by e.g. application
specialist, professional organisations, etc

❖Readout new test from different pathologists vs expected results known
cases/controls :
• Verified by e.g. application specialist, expert panel, etc
• Determine diagnostic sensitivity & specificity for different 

pathologists
• Compare results pathologists and evaluate vs formulated acceptance

criteria (e.g. >90% concordance)
❖Inter-observer tuning between different pathologists vs expected results



Definitions : which performance characteristics ?

• Guidelines available ?
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Definitions : which performance characteristics ?

• Guidelines available ?
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E. Torlakovic et al

Ti
er

 1

Ti
er

 2

Ti
er

 3

FDA / CE-IVD ✓ - -

LDT ✓ ✓ ✓
Re- validation * ✓ ✓ ✓

Depending on reason for revalidation



Definitions : which performance characteristics ?

• Guidelines available ?
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Verification

Limited 

validation

Validation

Performance 

characteristics

CE-IVD test

Modified CE-IVD  

with reference

Modified CE-IVD 

without reference

Non CE-IVD (RUO) 

with reference

Non CE-IVD 

without reference 

(In house 

developed)

Trueness x x x x x

Precision x x x x x

Sensitivity x x x

Specificity x x x

Robustness x* x* x* x* x*

Inter operator 

variability
(x) (x) (x) (x) (x)

x*: The performance of a risk analysis can be a useful tool to determine which parameters can be verified in the context of the robustness.

(x): Mainly applicable to semi-quantitative testing

Belgian guidelines for Quality Management in 
Pathology labs.
Includes verification and validation of IHC 
methods
Federal Agency of Health – Sciensano

(Published 04/2022)

For Verification – LMT with reference :

“Basic” evaluation of sensitivity and

specificity included in evaluation stain quality



Definitions : acceptance criteria ?

• Which acceptance criteria for the selected performance characteristics ? Guidelines ?

• E.g. CAP : 90% overall concordance for every test used clinically

• Defined by the number of samples in the validation :

23

The higher the number of samples, the “easier” to get a high concordance

Acceptance criteria = minimum requirement/threshold value for verification/validation



Definitions : essential elements
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Validation Verification What does this mean ?

Demonstrate Confirmation Comparator test, reference, standard, etc

Objective evidence Objective evidence Demonstrate and document 

Performance 

characteristics

Performance 

characteristics

Various performance characteristics

& 

Acceptance criteria

Summary



Validation & verification : principle
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Comparison of performance :

NEW TEST COMPARATOR TEST

STAINING SAMPLES/CASES, CONTROLS, etc

EVALUATE PERFORMANCE CHARACTERISTICS

SAMPLES, CONTROLS, etc with allready

KNOWN morphology, antigen expression, 

staining pattern ; 

STAINED with allready verified/validated

method
DEFINED PERFORMANCE CHARACTERISTICS

ACCEPTANCE CRITERIA OK ?



Difference between validation & verification in :

❖ The extent of type of tests performed and evaluated,
❖ Performance criteria used, 
❖ Degree of evidence, documentation, etc required

?



Validation & verification : difference ?

• What determines the use of “verification” or “validation” ?
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Key questions ? Verification Validation

Type of test ? CE – IVD 

Instructions For Use

All other (*)

Used according to IFU ? YES NO

Used for intended purpose ? YES NO

(*) Other include CE-IVD not according to IFU, non CE-IVD (e.g. RUO)



Validation & verification : difference ?

Question 1 : What type of test ?
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In Vitro Diagnostic Test   
IVD

General Purpose Reagent
GPR

Analyte Specific Reagent
ASR

Research Use Only
RUO

ASR

R
e
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Validation & verification : difference ?

Question 1 : What type of test ?
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Validation & verification : difference ?

Question 1 : What type of test ?

❖ In Vitro Diagnostic Test (IVD) :

• EU Regulation 217/746 : In vitro diagnostic medical devices (IVDs) are tests used on 
biological samples to determine the status of a person's health. There is a broad range 
of IVDs. Some examples are self-tests for pregnancy, COVID-19 tests, cancer genetic 
tests or high-throughput testing of blood donations for infections such as HIV, 
performed in clinical laboratories.

• FDA : In vitro diagnostic products are those reagents, instruments, and systems 
intended for use in the diagnosis of disease or other conditions, including a 
determination of the state of health, in order to cure, mitigate, treat, or prevent 
disease or its sequelae. Such products are intended for use in the collection, 
preparation, and examination of specimens taken from the human body. These 
products are devices as defined in section 201(h)(1) of the Federal Food, Drug, and 
Cosmetic Act (the act) and may also be biological products subject to section 351 of 
the Public Health Service Act, including when the manufacturer of these products is a 
laboratory. [21 CFR 809.3]
Like other medical devices, IVDs are subject to premarket and postmarket controls. 
IVDs are generally also subject to categorization under the Clinical Laboratory 
Improvement Amendments (CLIA '88) of 1988.
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Validation & verification : difference ?

Question 1 : What type of test ?

❖Research Use Only (RUO) :

• EU Regulation 217/746 : No definition available. IVDR does not regulate the use of 

RUO reagents according to their Instructions For Use. 

(= For research use, not for clinical use)

• FDA : RUO stands for For Research Use Only, designating a product intended for use 

in laboratory research, not for diagnostic or therapeutic purposes. While the FDA 

regulates products for human use, RUO products are generally unregulated, provided 

they are clearly labeled "For Research Use Only. Not for use in diagnostic 

procedures".  
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Validation & verification : difference ?

Question 1 : What type of test ?

❖Investigational Use Only (IUO) :

• EU Regulation 217/746 : No definition available.

• FDA : Investigational Use Only" (IUO) means a product, typically an in vitro diagnostic 

(IVD) or medical device, is still in clinical studies and has not yet been approved or 

cleared by the FDA for commercial marketing or sale. Such products are labeled with 

a specific disclaimer, such as "For Investigational Use Only. The performance 

characteristics of this product have not been established," and are used to gather data 

to support future FDA approval. The FDA regulates these products under an 

Investigational Device Exemption (IDE) to ensure that they are used in clinical studies 

to collect

32



Validation & verification : difference ?

Question 2 : What is “used according to Instructions For Use” - Method ?

• Instructions For Use (IFU) :

• Clear instructions :

• Pretreatment

• Dilution of Ab (concentrated Ab)

• Incubation times Ab, detection system, enhancing step, etc

• Preprogrammed or full description of method ?
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Always that clear – obvious – well described ?
Know if you work according to IFU or not ?



Validation & verification : difference ?
• What is “used according to Instructions For Use” ?
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Validation & verification : difference ?
• What is “used according to Instructions For Use” ?
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Suggestion/recommmendation

vs “No changes allowed” ?

Do I use 10 % NBF ?

Incubation temperature on my staining platform ?



Validation & verification : difference ?
• What is “used according to Instructions For Use” ?
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Optimization :

1: 50 or 1: 200 ?

According to IFU ?



Validation & verification : difference ?

Question 3 : Used for the intended purpose as described in Instructions For Use ?

❖ Purpose of a test  = intended use at the time test was developed (manufacturer)

❖ May or may not be the same as (clinical) intended use (lab – user)

❖“Fit for Purpose” = test has been validated for an intended use at the time the test

                                    was developed (both lab/technical assay and clinical use)

Relation between intended purpose and verification/validation :
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Same purpose According to IFU Verification

Change purpose

(= change test)

Not according to IFU Validation

Purpose of a test can also determine if a verification or validation needs performed



Validation & verification : difference ?

Question 3 : Used for the intended purpose as described in Instructions For Use  ?

❖ Purpose of a test  :

❖Related to “3D” : Disease – Diagnostic test – Drug

❖Classification upon risk for patient : 
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Diagnostic Prognostic Predictive

Type 1 Type 2a Type 2b



Validation & verification : difference ?

Question 3 : Used for the intended purpose as described in Instructions For Use ?

❖ Purpose of a test  ? Indicated in the Instructions For Use (IFU) 
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= 1 well determined purpose

= 4 well determined purposes



Validation & verification : difference ?

Question 3 : Used for the intended purpose as described in Instructions For Use ?

❖ Purpose of a test  ? Indicated in the Instructions For Use (IFU) 
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Some Ab used for different purposes !

Do I need to validate seperatly for each purpose ??

❖Difference type 1 vs type 2 :
❖Type 1 : validation set/cases including cases for different intended purposes
❖Type 2 : validation according to purpose e.g. HER-2 on breast and gastric

validation according to specific scoring system used
= separate validation/verification per purpose/intended use or scoring system used

❖Experience of lab/pathologist with test/biomarker/assay
❖Implementation of IQC, EQA participation
❖etc



Validation & verification : WHY ?

Main reasons why we should perform a validation/verification



Initial drivers for verification and validation
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Requirements

• Legal 

• Accreditation

• Professional 
organisations

Regulations

• EU IVDR

• FDA 

Technical

• Reagents

• Instruments

• Methods

N°1 = Patient best interest !



Initial drivers for verification and validation

1. Legal or accreditation requirements, guidelines, etc

- Requirements by Federal Agencies, National regulations, etc

       - Guidelines by professional organisations : E.g. College of American Pathologists

       - Accreditation requirements : E.g. ISO 15189 (2022) Medical laboratories – 

                                                                Requirements for quality and competence

43

Requirements under chapters :

+ other/additional requirements : e.g.



Initial drivers for verification and validation

2. EU Directive EU2017/746 In Vitro Diagnostics

- Revised IVD regulation, effective May 2022

- Guidelines for manufacturing and use of IVD
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= guidelines for “ manufacturers” to get CE – IVD certification

Different requirements throughout whole process from development and initial

validation (for an intended purpose) to post market performance follow up,

Intended to be used according to Instructions For Use.



Initial drivers for verification and validation

2. EU Directive EU2017/746 In Vitro Diagnostics

- Revised IVD regulation, effective May 2022

- Guidelines for manufacturing and use of IVD
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= guidelines for “ manufacturers” to get CE – IVD certification

Different requirements throughout whole process from development and initial

validation (for an intended purpose) to post market performance follow up,

Intended to be used according to Instructions For Use.

But what if one does not follow the IFU ?



Initial drivers for verification and validation
2. EU Directive EU2017/746 In Vitro Diagnostics
- Only 2 categories of tests : 

       
- 

“

“Other” : NO specific terminology in EU IVDR Directive, but a definition :
                   
                “ Devices manufactured and used within health institutions within EU”

- Commonly used term : Laboratory Developed Test (LDT)
- Other terminology ? Laboratory Modified test (LMT), CE-IVD with minor/major
                                   modifications, Home Brew Test, In House test
   

46

Type Description Manufacturer User

CE-IVD Used according to Instructions for Use (IFU) Validation Verification

All other CE – IVD NOT used according to IFU

Non CE – IVD NOT used according to IFU

Lab Developed Test (LDT)

In House Test, Home Brew Test

Validation Validation



Initial drivers for verification and validation
2. EU Directive EU2017/746 In Vitro Diagnostics

- LDT definition : “ Devices manufactured and used within health institutions ”
          
                              Laboratory becomes a “manufacturer” of the LDT

- Manufactured ?

- Manufacturing from raw materials/parts/components

- Combining devices or products for a medical purpose 
(no CE mark or combination not in line with original intended purpose 
(e.g. Ab manufacturer 1 on staining platform manufacturer 2))

- Significantly modifying an existing device : not intended by the manufacturer and has 
impact on product conformity (= changing a method, intended use, etc)
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What is “significantly modifying ” ?

What is the impact of the changes, especially to patient safety and test performance ?



Initial drivers for verification and validation

2. EU Directive EU2017/746 In Vitro Diagnostics

-  Significant (major) vs non significant (minor) changes ?      (MDCG 2022-6)

48

Source : MDCG 2022 – 6   Guidance on significant changes regarding the transitional provision under article 110(3) of the IVDR) 



Initial drivers for verification and validation

2. EU Directive EU2017/746 In Vitro Diagnostics

-  Significant (major) vs non significant (minor) changes ?      (MDCG 2022-6)

49

Y N

 Intended purpose  Limitation

 Extended use

 Other ( specimen type, etc)

 NS

 S

 S

 NS

 NS

 NS

 Design  Testprinciple changed

 Negative effect on safety/performance or risk/benefit ratio

 S

 S

 NS

 NS

 Ingredients or materials  Essential for testprinciple

 Negative effect on safety/performance or risk/benefit ratio

 S

 S

 NS

 NS

Extended use :

- E.g. : Leica C-kit CD117 for Giardia

staining (= significant) ; using PDL-1 

other then specified in IFU (sample, 

staining plaform, etc)

Other (specimen type) :

- Ab used on cytology (when not

indicated in IFU) (= significant)

Ingredients/materials :

E.g. : Ab used on another platform 

then described in IFU

Changes to method outside IFU
❖ Effect of changes on performance/safety ?             Validation

❖ Effect of changes vs risk/benefits ratio for patients ?            Risk analysis 



Initial drivers for verification and validation

2. EU Directive EU2017/746 In Vitro Diagnostics

-  If a test is an “LDT” or “not an LDT” is about :

 - LDT is NOT about the use of an RTU or a concentrated Ab as such :

- The use of a concentrated Ab does not make it by default an LDT, but it can, 

depends on the IFU

- The use of an RTU reagent/Ab does not by default clear it from being an LDT, 

depends on the IFU

50

Changes on default method/materials/reagents or intended use Information in IFUvs

Effect of changes on  performance/safety – or – risk/benefits ratio for patients

&



Initial drivers for verification and validation

2. EU Directive EU2017/746 In Vitro Diagnostics

-  Are lab’s allowed to use LDT ? (Health Institutions within EU)

• EU IVDR Directive : CE-IVD test = first choice

LDT may be used if no “valid” CE- IVD is available and :

  - Clinical and analytical performance demonstrated
  - Risk analysis for the impact of changes vs IFU

OR

  - Art 5.5c : Lab fullfils requirements of ISO15189 or – when applicable – appropriate 

national requirements  (e.g. national guidelines regarding accreditation, requirements 

for certification of lab, etc)

+ Comply with Annex 1 of IVDR
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Initial drivers for verification and validation

2. EU Directive EU2017/746 In Vitro Diagnostics

   

52

● Used under Quality Management System
● Fullfils ISO15189 requirement or appropriate

national guidelines regarding accreditation
● Justification of the use of LDT

- Specific needs patient population
- No CE-IVD available that fullfils

requirements or performance criteria
(EUDAMED database)

+ periodic review of availability CE-IVD
+ Declaration to competent authority
+ Incident reporting

General Safety & Performance Requirements
(GSPR)
● Risk management for “production” & usage
● Risk mitigating actions
● Performance of LDT (analytical and clinical

performance is demonstrated + continuously
evaluated upon use + CAPA)

● Documentary requirements :
- Information on “production”
- Instructions for Use (IFU)
- Labelling (specific requirements !)

+ Post – market evaluation of performance of tests (both CE-IVD and LDT)

IVDR IVDR Annex 1

Additional requirements (= documentation per test)



Initial drivers for verification and validation

2. EU Directive EU2017/746 In Vitro Diagnostics

-- Classification of IVD tests based upon risk for patients :
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Inspection by competent authority : class D or C&D (depending on country)



Initial drivers for verification and validation

3. Technical considerations

- IHC test by manufacturer:

• Developed under certain conditions

• For a certain purpose / intended use

- Instructions For Use :

• Contains (well) described method

• Sample usage : e.g. Formalin Fixed, Paraffin Embeded (FFPE), frozen section, etc

• Staining platform to be used on (recommended or not)

• etc

54



Initial drivers for verification and validation

3. Technical considerations

- IHC test by manufacturer:

• Developed under certain conditions

• For a certain purpose / intended use

- Instructions For Use :

• Contains (well) described method

• Sample usage : e.g. Formalin Fixed, Paraffin Embeded (FFPE), frozen section, etc

• Staining platform to be used on (recommended or not)

• etc
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However…



Initial drivers for verification and validation

3. Technical considerations

56

Manufacturer – development of a test

❖ Developed under certain conditions and

for a certain purpose / intended use

❖ Instructions for use :

❖ Sample usage : e.g. FFPE

❖ Described method

❖ Staining platform

Customer/lab using test

❖ Used for intended purpose or use ?

❖ Performed as prescribed by manufacturer ?

❖ Instructions for use :

❖ Sample usage : e.g. FFPE

❖ Tissue processing protocol ?

❖ Fixative used ? Fixation times ?

❖ Section thickness ?

❖ Section preparation method ?

❖ Etc

Influencing results and therefore calibration/optimalization and validation/verification is 
needed before use on patiënt samples in daily routine.



Initial drivers for verification and validation

3. Technical considerations

57 © Dept. Anatomo Pathology Lab AZ St. Lucas – Brugge (B)



Validation & verification : How ?

Practical approach on how we should perform a validation/verification



Verification & validation : How ?
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Method Reagents

Staining platform
Lab tech & 
Pathologist

IHC Assay



Verification & validation : How ?
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Method Reagents

Staining platform
Lab tech & 
Pathologist

IHC Assay



Verification of automated staining platforms

61

IHC staining performed on automated staining plaform(s) ? Verification of staining platform(s)

Verification steps for automated staining platform
IQ Installation 

Qualification O
Q Operational

Qualification P
Q Performance 

Qualification

Applies for every staining platform in use (different or same manufacturer).



Verification of automated staining platforms
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Installation Qualification (IQ)

• Performed by manufacturer/distributor/installing company

• Check if manufacturers requirements for installation are met

• Lab space :

• Enough free floor and desk space ?

• Accessibility ? (doors, acces route for delivery, etc)

• Accessibility staining platform for maintenance

• Utilities ? (enough power outlets, back up power supply, LI(M)S connection, etc)

• Other : e.g. bulk reagent containers, waste disposal, etc

Additionally :

• Pre – install visit allows necessary adaptations to be performed (e.g. labdesk, power 

supply, moving other instruments, furniture, etc)

• LEAN workflow – workplace organisation

• Objective evidence : documents provided by service engineer manufacturer, etc



Verification of automated staining platforms
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Installation Qualification (IQ)

Agilent Dako Omnis Installation checklist Roche Benchmark Ultra pre-install report Roche Benchmark Ultra installation report



Verification of automated staining platforms
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Operational Qualification (OQ)

• Performed by manufacturer/distributor/installing company

• Check if all technical functional components work according to manufacturers requirements

• Test of :

• Check of allignment of moving parts (e.g. robotic arm, carrousel, etc)

• Temperature verification (heating pads, waterbaths, etc)

• Liquid volume dispensing, pressure, valves, etc

• Emergency power supply, emergency stops, etc

• Etc

• Objective evidence : documents service engineer manufacturer

calibration certificated for used measuring instruments



Verification of automated staining platforms
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Operational Qualification (OQ)

Roche Benchmark Ultra : 

• T° verification heating pads

• Creation user profiles

• etc



Verification of automated staining platforms
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Performance Qualification (PQ)

• Performed by manufacturer/distributor/installing company & Lab

• Check if staining platform delivers consistent stainings that fullfill specified performance 

criteria under routine conditions

• Manufacturer (Application Specialist) :

• Test of certain stainings on defined tissue samples (e.g. Ab panel, specific clone,etc

• Check if stainings meet predefined (performance) criteria

Roche HER-2 Dual ISH 

Xenograft slides
Agilent Dako Omnis validation slide set



Verification of automated staining platforms
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Performance Qualification (PQ)

• Performed by manufacturer/distributor/installing company & Lab

• Check if staining platform delivers consistent stainings that fullfill specified performance 

criteria under routine conditions

• Lab :

• Staining platform for general or specific use (e.g. dedicated stainer for breast, 

haematology, back-up, etc)

• Multiple stainers : verification of each platform

• LI(M)S connection

• Type 1 & 2 IHC

• Overlap with method verification/validation



Verification of automated staining platforms
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Verification steps for automated staining platform
IQ Installation 

Qualification O
Q Operational
Qualification P
Q Performance 

Qualification

IHC Method 
verification/validation

• Type 1 IHC

• Type 2 IHC Performance characteristics

• Sensitivity

• Specificity

• Reproducibility

• Robustness



Verification & validation : How ?
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Method Reagents

Staining platform
Lab tech & 
Pathologist

IHC Assay



Validation & verification : How ?

1. Plan and prepare practical execution

• Selection of the antibody and clone

Available information ?

- Instructions For Use or other information from manufacturer (e.g. application specialist), 

literature references, EQA results ?

- Information about staining patterns, tissue elements stained, etc (non specific staining)

- Information about appropriate controls, weak expressors (iCAP’s), etc

• Guidelines about validation/verification ? National guidelines, professional organisations

70

Determines verification or validation strategy



Validation & verification : How ?

1. Plan and prepare practical execution

• Formulate verification/validation strategy/plan :

• Verification or validation ? 

• Select comparator test/reference

• Select appropriate performance characteristics

• Determine acceptance criteria for the selected performance characteristics

• Tasks, competences and responsabilities (who does what ?)

• Type of samples/cases/controls

• Number of cases/slides

71



Validation & verification : How ?

1. Plan and prepare practical execution

• Determine number of samples/cases/controls

• Determined by type of test :

• CE-IVD or not

• Type 1 vs type 2 IHC

• Determined by the way test is used

• Performed according to IFU or not (method, type of sample, staining platform)

• Used for the same purpose/intended use or not

72



Validation & verification : How ?

• Determine number of samples/cases/controls : guidelines or references ?

Available references referring to actual number of cases needed is limited.
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Validation & verification : How ?

• Determine number of samples/cases/controls

74

“The more samples run in a validation set, the higher the likelihood that the concordance estimate reflects the “true” performance 
of a test.” 

Availability of controls/cases, use in panel or stand alone, experience of lab, cost ?



Validation & verification : How ?

• Determine number of samples/cases/controls : Belgian guidelines CE-IVD 

75

Taking into account : experience of a lab, availability controls, achievability, costs, etc

No experienceExperience

(*) Belgian Recommendations for Analytical Verification and Validation of Immunohistochemical Tests in Laboratories of Anatomic Pathology - PMC (nih.gov)

     App Immunohistochem Mol Morphol - 2023

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10695338/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10695338/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10695338/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10695338/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10695338/


Validation & verification : How ?

1. Plan and prepare practical execution

• Determine type of samples/cases/controls

• Related to purpose – intended use of test (IFU) (e.g. specific tissue type)

• Controls (preferably “in house” = same processing)

• Known patient cases

• Different expresion levels (weak/moderate/strong), different tissue types, etc

• Single piece samples

• Sausage blocks or multi-tissue blocks, Tissue Micro Array (TMA), etc

• Same processing as clinical samples in daily routine (preferably)

76

Slides/cases  preparation according to manufacturer/guidelines + storage before and
during validation ! 



Validation & verification : How ?
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2. Selection of protocol/method to be used for verification/validation

• Starting point : default protocol according to IFU + selection of appropriate controls/cases

• Evaluation of staining :

- Stain/method OK : proceed to verification/validation

- Stain not OK : optimize/calibrate untill ok

Method optimization within IFU = verification

Method optimization outside IFU = validation

Use of a scoring system 

can help guide further

optimization/calibration

Optimal

Good Comment

Weak Comment

!



Validation & verification : How ?

78

3. Performing stainings

❖ Default protocol according to IFU or optimized protocol used to stain verification or validation

set/cases

- Select cases, controls, etc

- Prepare necessary cases according to IFU or guidelines (time, temperature, storage)

❖ Perform stains required to evaluate performance characteristics

❖ Staining runs (accuracy, sensitivity, specificity, etc)

❖ Staining runs within run precision

❖ Staining run in between run precision

❖ Robustness, etc



Validation & verification : How ?

79

4. Evaluation of stainings

❖ Compare staining results from default protocol according to IFU or optimized protocol with

staining of reference / comparator for selected performance characteristics

Document staining results :

- List up, use 2 x 2 matrix, etc

- Paper, Excel, etc

❖ Evaluate / determine / calculate performance characteristics

5. Conclusion & signing off

❖ Acceptance criteria for performance characteristics met ?

YES = OK for use in daily / clinical practice

❖ Sign of by e.g. lab director, pathologist, quality manager



Validation & verification : How ?
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6. Implementation

❖ Staff competence and autorisation

Competence 3 steps to ensure competence :

• Introduction - demonstration

• Initiation – guided practice

• Perfecting – independent execution

Objective evidence provided

Traceability (e.g. paper forms, 

staining platform software, LI(M)S)

etc

Autorisation Specific tasks

(e.g. verification/validation)

Authorized by e.g. lab director

ISO15189 : 2022 



Validation & verification : How ?
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6. Implementation

❖ Procedures 

❖ Communication to prescribing clinicians e.g. in case of changed method with

impact on interpretation of results, impact on treatment, etc

❖ Logistics : 

• Ordering information, stock, etc

• Switch in software staining platform to validated status/ diagnostic use, 
etc

• Laboratory Information System (LIS) : e.g. bidirectional connection to
(software) staining platform for automatic entering of task



Validation & verification : How ?
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Summary

Step 1 Plan & prepare Information about Ab, guidelines, etc

Plan verification/validation : selection of appropriated

cases/controls, prepare necessary slides, etc

Step 2 Selection method/protocol Default method (IFU) vs acceptance criteria

Additonal optimization (within IFU or not) 

Step 3 Perform stainings Use selected method/protocol

Perform according to performance criteria / set up/plan

Step 4 Evaluation of staining

results

Evaluation of selected performance criteria

Step 5 Conclusion & signing off Acceptance criteria for selected performance criteria

Step 6 Implementation Staff competence & autorisation

Procedures, logistics, etc



Validation & verification : How ?
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Practical example : HER-2 conc Ab
- Select reagent and determine intended use (e.g. breast, stomach)
- Check literature – Instructions For Use – recommended controls, etc
- Determine comparator test : Roche HER-2 (4B5)
- Validation plan : determine performance critertia & acceptance criteria

Code Performance criteria – breast tissue Expected result

FLEX – 15 Accuracy Stain quality – accuracy >95% (equal to comparator)

FLEX – 16 Precision Precision : Correlation within en between run >95%

FLEX – 17 Sensitivity Sensitivity : >90 % (diagnostic positive vs false negative)

FLEX – 18 Specificity Specificity : >95% (diagnostic negative vs false positive)

FLEX – 19 Staining quality Stain quality score > 7

FLEX – 20 Interpretation - readout Readout – interpretation >90%

FLEX – 21 Interobserver Interobserver tunng > 95%

FLEX – 22 Ongoing – Internal Quality Control Available internal quality control (IQC) system

FLEX – 23 Documentation - IFU Instructions For Use available (IFU)

FLEX – 24 Robustness – Cold Ischemia Time Cold ischemic time <1h

FLEX – 25 Robustness – Fixation time Fixationtime between 6 – 72h

FLEX – 26 Robustness - Overfixation Robustness technique for fixationtime >72u 

FLEX – 27 Robustness – storage of sections Storage of parafin sections determined, minimal 1w

FLEX – 28 Robustness – Mounting of sections Mounting sections : max 1h at 60°C



Validation & verification : How ?
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Practical example : HER-2 conc Ab (Agilent A0485)
- Select appropriate number of cases/controls
- Prepare slides/cases/controls
- Selection of method/protocol to be used for verification

Acceptance : score > 7 Meets Acceptance criteria    = method to be used for verification

Default protocol (IFU)



Validation and Verification : How ?

Stain quality evaluation

True positive (TP)

Readout validation pathologists

Comparator/reference

Verification HER-2 

Breast
• Omnis HER-2 poly

• CE-IVD according to IFU

• Reference Roche HER-2 (4B5)



Validation and Verification : How ?

Stain quality evaluation

Readout validation pathologists

Comparator/reference

True negative (TN)

Verification HER-2 

Breast
• Omnis HER-2 poly

• CE-IVD according to IFU

• Reference Roche HER-2 (4B5)



Validation and Verification : How ?

Stain quality evaluation On slide 

control

In between run over 

3 racks
Within run within

1rack

Rack 1

Rack 2

Rack 3

Verification HER-2 

Breast
• Omnis HER-2 poly

• CE-IVD according to IFU

• Reference Roche HER-2 (4B5)



Validation & verification : How ?
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Omnis HER-2 Poly (+) Omnis HER-2 Poly (-)

Roche HER-2 4B5 (+) TP FN

Roche HER-2 4B5 (-) FP TN

Omnis HER-2 Poly (+) Omnis HER-2 Poly (-)

Roche HER-2 4B5 (+) 20 0

Roche HER-2 4B5 (-) 0 20

Stain Quality

Mean

20 (+) 7,95

20 (-) 7

Reproducibility

Within run 100%

In between

run

100%

Other : robustness, etc

Verification HER-2 Breast

• Omnis HER-2 poly

• CE-IVD according to IFU

• Reference test Roche HER-2 (4B5)

Evaluation :

Sensitivity : TP/ (TP + FN)
20/ (20 + 0) = 1 = 100%

Acceptance >90 %                      OK 

Specificity : TN/ (TN + FP)
20/ (20 + 0) = 1 = 100%

Acceptance > 90%                       OKAcceptance min 7  OK Acceptance > 95% OK



Validation & verification : How ?
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Code Expected result Result Evaluation
FLEX – 15 Stain quality - accuracy Results accurate (equal to reference technique) OK

FLEX – 16 Precision : Correlation within en between run >95% HER-2 poly - Omnis : precision 100% OK

FLEX – 17 Sensitivity : >90 % (diagnostic positive vs false

negative)

HER-2 poly – Omnis : sensitivity = 100% OK

FLEX – 18 Specificity : >95% (diagnostic negative vs false positive) HER-2 poly – Omnis : specificity = 100% OK

FLEX – 19 Stain quality score > 7 Stain quality mean score 7,95 (positive) and 7 (negative) OK

FLEX – 20 Readout – interpretation >90% Correlation with reference technique = 100% OK

FLEX – 21 Interobserver tunng Correlation between pathologists = 100% OK

FLEX – 22 Available internal qualitycontrol (IQC) System for IQC available and operational OK

FLEX – 23 Instructions For Use available (IFU) IFU online available OK

FLEX – 24 Cold ischemic time <1h Cold ischemic time < 1u in >90% of cases OK

FLEX – 25 Fixationtime between 6 – 72h Verified fixationtime >90% of cases between 6-72h OK

FLEX – 26 Robustness technique for fixationtime >72u Technique can handle >72u fixation OK

FLEX – 27 Storage of parafin sections Storage of prepared parafin sections limited to 1 week at RT°. OK

FLEX – 28 Mounting sections Drying time and temperature max 1u op 60 °C (or overnight at 

RT°)

OK

Verification HER-2 

Breast
• Omnis HER-2 poly

• CE-IVD according to IFU

• Reference Roche HER-2 (4B5)

Signed of for clinical use in daily practice



Validation & verification : How ?

• Validation and verification process : completion !?

• Performed stains and compared results with comparator test

• Acceptance criteria for performance characteristics are met

• Implemented the validated method succesfully

90

Job done ?



What have we proven so far ?



Validation & verification : what has been 
proven so far ? 

• Validation : captures a moment in time when limited to the initial validation

• It only prooves a test fullfills the requirements

• At a certain point in time

• Using certain lotnumbers of reagents

• Performed on a staining platform in a certain condition (e.g. new)

• Performed and evaluated by certain staff

• etc

92



Validation & verification : what has been 
proven so far ?

• HOWEVER :

• Reagent lotnumbers vary

• Staining platforms evolve over time (impact maintenance, wear, defects, etc)

• Change in samples : pre-analytics, fixation, processing

• Change in staff, pathologists

• Etc

These changes may impact IHC quality

93

NO 100% guarantee on daily quality if limited to the initial validation !



Validation & verification : what has been 
proven so far ?

• THEREFORE :

• Implementation of ongoing validation (maintaining a validated state): 
safeguards daily quality to a higher degree (= continuous monitoring on daily basis)

• Internal quality control : daily – on slide (batch)

• Participation in EQA programs

• Inter observer tuning – especially for typ 2 IHC

• Correlation studies with other methods : e.g. HER-2 IHC vs HER-2 ISH

• Acceptance testing for critical reagents & consumables

• Acceptance testing for instruments after repair, maintenance

94



Changes in validated methods?

Which changes require a re-validation/verification ?



Changes in an allready validated method ?

• IHC Ab/method that are verified/validated and used in daily practice (Quality Management System) :

• IQC : Acceptance criteria defined & evaluated

• EQC : Score/evaluation from EQA provider (+ comments if applicable)

Acceptance criteria defined by lab for EQA participation

• Acceptance testing reagents (e.g.new lotnumber/shipment) : defined & evaluated

• Acceptance testing instruments (e.g. after repair) : defined & evaluated

Fail to meet acceptance criteria

Analyse possible cause new optimization Verification/validation

96



Changes in an allready validated method ?

• Process/method changes that can trigger additional verification/validation :
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Pre- Analytical

• Fixation time

• Decalcifying
reagent

• Tissue 
processor, 
reagents, 
processing 
protocol, etc)

Analytical

• Primary Ab
(clone, 
vendor)

• Pretreatment 
: pH

• Detection
system

• Staining
platform

• Microtome

Post - Analytical

• Readout for
an intended
use

• Test used for
other
purposes



Changes in an allready validated method ?

• IHC Ab/method re- validation : guidelines ?

• E.g. CAP guidelines for number of samples in re-validation set :

98

(*) Equals acceptance testing (ISO15189)

(**) Ab vendor – same clone :  Ab concentrations may vary !

Change Verification - Validation

New reagent lot for existing validated assay Confirm assay performance using 1 (+) and 1(-)

Antibody dilution, antibody vendor (same clone), Incubation or retrieval 

times (same method)

Confirm assay performance using at least 2 (+) and 2(-)

Fixation type, antigen retrieval method (change pH, different buffer, 

different heat platform), detection system, tissue processing or testing

equipment, relocation, water supply

Confirm with sufficient number of cases to ensure assay consistently

achieves expected results

Labdirector decides on how many predictive and non predictive

markers, how many (+) and (-) tissues to test

Antibody clone Full revalidation( equivalent to initial analytic validation)

(*)  

(**)  



Changes in an allready validated method ?

• IHC Ab/method re- validation : guidelines ?

• E.g. CAP guidelines for number of samples in re-validation set :

99

(*) Equals acceptance testing (ISO15189)

(**) Ab vendor – same clone :  Ab concentrations may vary !

Change Verification - Validation

New reagent lot for existing validated assay Confirm assay performance using 1 (+) and 1(-)

Antibody dilution, antibody vendor (same clone), Incubation or retrieval 

times (same method)

Confirm assay performance using at least 2 (+) and 2(-)

Fixation type, antigen retrieval method (change pH, diferent buffer, 

different heat platform), detection system, tissue processing or testing

equipment, relocation, water supply

Confirm with sufficient number of cases to ensure assay consistently

achieves expected results

Labdirector decides on how many predictive and non predictive

markers, how many (+) and (-) tissues to test

Antibody clone Full revalidation( equivalent to initial analytic validation)

(*)  

(**)  



Changes in an allready validated method ?
• My Ab clone fails on EQA ?
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YES
Optimizatio

n ?

Ab – clone 1

NO

Other 
clone?

Within IFU ? YES

NO

VERIFICATION

VALIDATION

CE-IVD ?

YES

NO
Used 

according 
to IFU ?

YES

VALIDATION

NO

Used 
according 
to IFU ?

VALIDATION

NO

Optimization 
?

Within IFU ?

NO

YES
VERIFICATION

YES

IVDR Annex 1
ISO15189 or 

National 
provisions



Changes in an allready validated method ?
• My Ab clone fails on EQA ?
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YES
Optimizatio

n ?

Ab – clone 1

NO

Other 
clone?

Within IFU ? YES

NO

VERIFICATION

VALIDATION

CE-IVD ?

YES

NO
Used 

according 
to IFU ?

YES

VALIDATION

NO

Used 
according 
to IFU ?

VALIDATION

NO

Optimization 
?

Within IFU ?

NO

YES
VERIFICATION

YES

IVDR Annex 1
ISO15189 or 

National 
provisions

Melan A clone A103

Melan A Clone

A103 on Omnis

Add linker step 

Clone EP43 or BS52

= RUO RUO

≠ clinical use



Changes in an allready validated method ?
• My Ab clone fails on EQA ?

• EU - IVDR : CE-IVD = first choice reagent !

• Re-validation of test with change from CE-IVD to RUO

• Used in clinical setting ≠ Instructions For Use of RUO reagent

Lab Developed Test according to IVDR

• Requires validation and additional documentation & registration

• Validation : preferably on same cases/samples used for CE-IVD or split 
sample on both CE-IVD & RUO

• Demonstrate performance RUO vs CE-IVD

• Document

102
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- Used under Quality Management System
- Fullfils ISO15189 requirement or appropriate
national guidelines regarding accreditation
- Information of manufacturing, modification, use
upon request to competent authority
- Public declaration to competent authority
- Documentation on manufacturing process, 
performance data, intended purpose to comply to
Annex 1 – for class D or C & D
- Review experience + corrective actions

IVDR Art 5. 5- LDT

Changes in an allready validated method ?

No transfer to another legal entity

Justification of the use of LDT

- Specific needs of patient population

- No CE-IVD available that fullfils

requirements of performance criteria

Periodic review of availability CE-IVD 

(EUDAMED database)

Annex 1   (Class C or D)

- Risk management plan

- Risk management (risk/benefit ratio)

- Performance + follow up

- Documentation manufacturing process

- Labelling

1

2

3



IVDR – LDT : PLAG-1 (RUO)

Risk management plan + risk/benefit assessmentISO 15189 : 2022 & National guidelines

Public declaration & 

registration competent authority
Justification use LDT Conformity IVDR Annex I

Validation (perfomance) + Art 5.5 requirements (summary)



IVDR – LDT : PLAG-1

Risk management plan + risk/benefit assessmentISO 15189 : 2022 & National guidelines

Public declaration & 

registration competent authority
Justification use LDT Conformity IVDR Annex I

Some remarks with RUO and IVDR …

❖ Lab : Switch from CE – IVD to RUO + additional requirements as to documentation, etc ?

Does performance for patient overcome additional documentary burden ?

Knowledge, dedicated staff, means to do so ?

❖ Manufacturer : Taking the effort of creating a CE-IVD certified reagent or go for RUO with less

requirements or get the product out of the market ?

❖ EU – IVDR : IVDR still not fully operational

Many “grey areas”, uncertainties, etc

Still in line with initial goal to improve quality with IVD ?

Are we “over-regulating” , finally resulting in less quality instead of more ?

How much patient benefits are left in the current regulations/demands ?



Take 
home 
messages

Validation – Verification : WHAT ?

❖ Demonstrating a test performs as it needs to or is intended for

❖ Key elements : Comparator/reference – performance  

characteristics – acceptance criteria

❖ Difference verification – validation determined by :

Type of test – used according to IFU – for intended purpose

Validation – Verification : WHY?

❖ Legal/ISO15189 accreditation – IVDR - Technical

Validation – Verification : HOW?

❖ Staining platform : IQ – OQ – PQ (overlap method validation)

❖ Type of test – intended use : verification or validation

❖ Select cases/controls, prepare slides & perform staining

❖ Evaluate performance characteristics & acceptance criteria

❖ Signed off for use in daily practice + Practical implementation

❖ Ongoing validation (IQA, EQA, etc) = continuous monitoring

Validation – Verification : Changes?

❖ Pre-analytical – Analytical

❖ Additional optimization – verification/validation

❖ Additional documentation (IVDR – LDT)



Thank you !

I wellcome any questions or 
comments

Email : donald.vanhecke@stlucas.be
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