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1. Examples on main critical pre-analytical steps

2. How to make best practice choices

3. Open forum to discuss own experiences

Agenda:

IHC – The Technical Test Approach
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Pre-Analytical

Ischemia
Fixation process
(Decalcification)
Tissue processing
Paraffin embedding
Sectioning
Storage 

Analytical

IHC platform
Epitope retrival
Primary antibody
Detection system
Chromogen
Counterstaining
Mounting

Post-Analytical

Usage of controls
Positive controls
Negative controls
”Critical controls”
Scoring / read-out
Interpretation
Reporting
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Pareto’s principle;

60-80% of errors in pathology
estimated to be related to pre-
analytics…..

5-6 main parametres identified
to represent 80% of the errors
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1. Cold ischemia time (time from removal to fixative) 

2. Method of processing (tissue thickness, temperature, 
fixative volume to tissue mass ratio) 

3. Type and quality of fixative 

4. Total time in formalin 

5. Section handling – cutting, drying, slide type…

6. Storage conditions (blocks and cut slides)
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1. Cold ischemia time (time from removal to fixative) 

2. Method of processing (tissue thickness, temperature, 
fixative volume to tissue mass ratio) 

3. Type and quality of fixative 

4. Total time in formalin 

5. Section handling – cutting, drying, slide type…

6. Storage conditions (blocks and cut slides)
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The vast majority of 
publications indicate
inferior IHC/ISH 
performance in tissue
subjected to delayed
fixation.

But 

To what degree ?
What is acceptable ?
What is best practice ?
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H-score: intensity (0-3) x proportion (%)

4°C

20°C/RT
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H-score: intensity (0-3) x proportion (%)

20°C/RT

Time and temp. matters……
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“Samples with delay in fixation showed 
deterioration of tissue quality leading to
reduction in the expression of CK 7, Keratin 
MNF116, CAM 5.2, CK 5/6, TTF-1, CMET, 
Napsin A, D2-40, and PD-L1. 
Prolonged fixation had no influence on 
the performance of immunohistochemical
stains. Delay of fixation negatively affects
the expression of different immuno-
histochemical markers, influencing diagnostic 
(cytokeratins) and predictive (PD-L1) testing.”
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Cold ischemic time 1-2 hours:

Phospho-HSP27 Increased

Phospho-AKT Reduced

Phospho-ER Stable

Message; Consistency in tissue handling and transportation… if possible…☺
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VS 4C - 1h VS 4C - 20h

VS 4C - 92h VS RT - 92h

VS 4C - 1h VS 4C - 44h

VS RT - 44h VS RT - 92h

Concl.: Cooling preserved specimens, whereas vacuum sealing added no effect

(IHC and molecular assays)

http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.milestonemedsrl.com/histopathology/products/pre-analytical-tools/tissuesafe.html&ei=87_MVPDgFsXnUuq_gNAL&bvm=bv.85076809,d.ZWU&psig=AFQjCNHgMR0tXQ71Ne5nY_DB0y5KttnzXg&ust=1422791005225431
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1. Cold ischemia time (time from removal to fixative) 

2. Method of processing (tissue thickness, temperature, 
fixative volume to tissue mass ratio) 

3. Type and quality of fixative 

4. Total time in formalin 

5. Section handling – cutting, drying, slide type…

6. Storage conditions (blocks and cut slides)



◼ For more than 70 years NBF has 
shown to have a bizarre effect

◼ Formaldehyde is one of the fastest 
solutions regrading tissue penetration 
but one of the slowest regarding 
fixation 

IHC – The Technical Test Approach 

Phase I Penetration Fast

Phase II Binding Moderate

Phase III Cross-linking Slow
14

How fast 
is NBF?



Formaldehyde fixation

How long will it take to fix?

Penetration time at K = 3.6 (Baker’s coeeficient)

1 hour = 3.6 mm

4 hours = 7.2 mm (1.8 mm/hr)

16 hours = 14.4 mm (0.9 mm/hr)

64 hours = 28.8 mm (0.45 mm/hr)

256 hours = 57.6 mm (0.225 mm/hr)

(to double the depth; 4x the time)

( d = K x √t )

IHC – The Technical Test Approach 

3 cm

1 h

16 h
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100 % binding of formaldehyde after 24 hours at 25°C

50 % binding of formaldehyde after 100 min. at 25°C

room temp.

37˚C

Helander, KG. Kinetic studies of formaldehyde binding in tissue.
Biotechnique and Histochemistry. 1994; 69, 177 -179 

4 x 4 x 4 mm liver tissue
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Formaldehyde is a cross

linking protein fixing agent,

reacting ” clock-wise” - the

longer the more effective !

< 24 h

> 24 h
Methylene glycol + free aldehyde = NBF

IHC – The Technical Test Approach 
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By courtesy, Jan Klos

Delayed / short fixation…….
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By courtesy, Ole Nielsen

Poor tissue
handling
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Poor tissue
handling

By courtesy, Ole Nielsen
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By courtesy, Ole Nielsen
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Colon: MSH2, mAb clone G219-1129 & MSH6, clone EP49

Pathos – 3h NBF, 6h prog. Pathos – 24h NBF, 6h prog.

Pathos – 3h NBF, 6h prog. Pathos – 24h NBF, 6h prog.

Colon: MLH1, mAb clone ES05 & PMS2 clone EP51
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Too short time in formalin induces a 
hybrid fixation with alcohol affecting
some antigens / targets



IHC – The Technical Test Approach

24

Short formalin / delayed time to formalin sensitive targets;

Target

ALK

Bcl6

BRAF

CD138

Cyclin D1

MLH1

p53

PD-L1

PMS2

PAX8

Clinical sample

Control design

By courtesy
Ole Nielsen



◼ To secure fixation and stabilization the 
fixation time is critical and not just the 
penetration time !!!

◼ 16 - 24 h minimum for a 1 mm biopsy

◼ 16 - 24 h minimum for a 4 mm specimen

Penetration-time + Binding-time =>

Reaction/fixation-time

IHC – The Technical Test Approach 
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6 -

72h

6 -

72h

IHC – The Technical Test Approach
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Colon: S100, polyclonal

Pathos – 3h NBF, 6h prog. Pathos – 24h NBF, 6h prog.

Pathos – 48h NBF, 6h prog. Pathos – 168h NBF, 6h prog. 29
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Tonsil: S100, polyclonal

Pathos – 3h NBF, 2h prog. Pathos – 24h NBF, 2h prog.

Pathos – 48h NBF, 2h prog. Pathos – 168h NBF, 2h prog.

S100 = Soluble in 100 % alcohol

30
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13 hours versus 79 hours in 10% NBF  (the week-end dilemma…..)

101 breast carcinomas:

99 % Concordance between short fixation and long fixation for ER (SP1)

95 % Concordance between short fixation and long fixation for PR (1E2)

98 % Concordance between short fixation and long fixation for HER2 (A0485) 

31
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Internal

IHC validation
4 h. NBF 24 h. NBF 48 h. NBF 168 h. NBF

Tumour 1 1+ 1+ 1+ 1+

Tumour 2 3+ 3+ 3+ 3+

Tumour 3 0 0 0 0

Tumour 4 1+ 1+ 1+ 1+

Tumour 5 0 0 0 0

Tumour 6 3+ 3+ 3+ 3+

Tumour 7 0 0 0 0

Tumour 8 0 0 0 0

Tumour 9 0 0 0 0

Breast carcinomas, HER-2 PATHWAY, rmAb 4B5

(CC1 Mild, Ab inc. 20 min. 36°C, UltraView DAB)
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4 h

48 h

24 h

168 h

Breast carcinoma 3+, 1+, HER-2 PATHWAY, rmAb 4B5
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Internal

SISH validation
4 h. NBF 24 h. NBF 48 h. NBF 168 h. NBF

Tumour 1 - - - FN

Tumour 2 Amp + + + +

Tumour 3  (?) - FN FN

Tumour 4 - - FN FN

Tumour 5 - - - -

Tumour 6 Amp + + + +

Tumour 7 - - - FN

Tumour 8 poly. - - - FN

Tumour 9 poly. - - - FN

HER-2 ISH: 8/36 cores could not be assessed..!

Breast carcinomas, Dual SISH CCrb ext, P3. 8 m
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4 h

48 h

24 h

168 h

Breast carcinoma, 1+ Dual SISH CCrb ext, P3. 8 m
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1. Cold ischemia time (time from removal to fixative) 

2. Method of processing (tissue thickness, temperature, 
fixative volume to tissue mass ratio) 

3. Type and quality of fixative 

4. Total time in formalin 

5. Section handling – cutting, drying, slide type…

6. Storage conditions (blocks and cut slides)
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IHC – Alternatives to 10% NBF…
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1. Use present standard fixative and time

ranges as reference

2. Evaluate all biomarkers on material with the 

full diagnostic range of expression levels

3. Evaluate all different methods applied as 

diagnostic tools – IHC / ISH / PCR / NGS

Change of fixation time / fixative:

IHC – The Technical Test Approach
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Decalcification and impact on IHC;

Types
Strong acid – HCL
Mild acid – Formic acid
Chelating agent - EDTA 

Time, Temperature

Time in NBF before decalcification
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Intensity

Method
0/+ ++ ++(+) +++ ++++

Decalc (HCL) 159 23 1 8 2

Formic acid* 1 15 8 163 6

10% EDTA** 0 0 5 185 3

193 Abs. Fixed for 24 h in 10% NBF

* 4M formic acid + 0,5M sodium formiate, ** pH 7

NP57, Elastase
Data; Ole Nielsen, OUH, Denmark
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No declacification Formic acid 10 % EDTA

PD-1 (CD279) – mAb clone NAT105



IHC – The Technical Test Approach

47

Fixation time and decalcification in Formic acid; mAb clone 124, Bcl2

No decalc

Formic acid
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1. Cold ischemia time (time from removal to fixative) 

2. Method of processing (tissue thickness, temperature, 
fixative volume to tissue mass ratio) 

3. Type and quality of fixative 

4. Total time in formalin 

5. Section handling – cutting, drying, slide type…

6. Storage conditions (blocks and cut slides)
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• Type of blade and frequency of replacement

• Microtome stability - maintenance 

• Temperature of block during sectioning 

• Section thickness

• Water bath conditions, time and temperature

• Glass types and consistency

• Temperature and duration of slide drying

Sectioning;

Courtesy; Tanya Julio
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Flotation bath temperature is carefully checked. A temperature 4–5°C below the melting point
(52-58°C) of the wax is optimal. Sections should readily flatten but the wax should not melt.

If sections are left on the flotation bath for more than 15 seconds or at too high temp., the 
wax melts. Although this may seem to make the process faster, it can rapidly cause over-
expansion and tissue and cell damage.

Do and don’t;

Use Fresh knives… avoid ”train lines”

Use cold blocks – place on ice tray – avoid freezer

Use water bath and monitor temp.

Strecth shortly in water bath

Prevent bubbles under the section

Dry sections vertically to let water drain (horisontally can trap water…) 

Courtesy; Tanya Julio
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CD79a
Mantle cell lymph.
A+B same block

PAX5
Hodgkin lymph.
C+D same block

A B

C D

42°C 5 sec. 
in bath

52°C 10 sec.
in bath

Courtesy; Tanya Julio
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Dako SK006 PD-L1 SK001 HER2
GE006 HER2

ALK GA785 CD3 GA503 Ki67 GA626

4-5 um 4-5 um
3-5 um

4 um 4 um 4 um

Ventana PD-L1 SP263
PD-L1 SP142

HER2 4B5 ALK 790-4794 CD3 790-4341 Ki67 790-4286

4-5 um
4 um

4 um 4-6 um No recom. 4 um

3 um 5 um 7 um
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Deviation 
app. 10-15%

Internal NordiQC study;

Section thickness precision in
100 serial sections cut at
3.5 um. (Leica microtome)

Average 3.68
Deviation 0,52 – app 14%
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Glass types and drying conditions

Time Temperature

For IHC 30-60 min. 60°C

Avoid long time e.g. night over at 60°C, as some markers affected (e.g. HER2, PD-L1)

Dako FLEX SuperFrost TOMO

Dako Omnis X (X) X

Ventana Bench. - (X) X

As per data generated 2020-2021 internal NordiQC experiments
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1. Cold ischemia time (time from removal to fixative) 

2. Method of processing (tissue thickness, temperature, 
fixative volume to tissue mass ratio) 

3. Type and quality of fixative 

4. Total time in formalin 

5. Section handling – cutting, drying, slide type…

6. Storage conditions (blocks and cut slides)
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Antigen stability in cut sections and blocks – what is up and down…???

“Biomarker antigenicity shows a 
small decline over time that is 
unlikely to have an important effect 
on studies of prognostic biomarkers”.

“In summary, the data of this study confirm a major
impact of the age of tissue sections on the outcome
of IHC analyses”.

“The average signal decreased with preservation time for all biomarkers measured. 
For ER and HER2, there was an average of 10% signal loss after 9.9 years
and 8.5 years, respectively, compared with the most recent tissue. 
Detection of Ki67 expression was lost more rapidly, with 10% signal loss in just 4.5 years”.
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2 weeks at room-temp.

Otherwise -20 / 80°C

Baking just before use.
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Factors influencing antigen preservation in cut sections;

Time

Temperature

Water amount in slide

Moist / humidity in room

Light

All with negative effects

Storage time Storage temp.

Days Room temp.

Weeks 4°C

Months -20°C

Years -80°C

Cut sections, mount on charged slides and dry 
overnight or up to 48 hours and store in closed
boxes without baking. 

Immediately before IHC bake 30-60 min at 60°C 

Paraffin coatning of single slides or 
Paraplast sealing of boxes have not proven to be efficient
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Is there an expiry date for tissue blocks…???

We use archive tissue for the entire IHC lifecycle…

Development
Validation
QC

& 

CLINICAL DIAGNOSTICS

??
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Is there an expiry date for tissue blocks…??? The average signal decreased with
preservation time for all biomarkers 
measured. For ER and HER2, there 
was an average of 10% signal loss 
after 9.9 years and 8.5 years, 
respectively, compared with the most 
recent tissue. Detection of Ki67 
expression was lost more rapidly, with 
10% signal loss in just 4.5 years. 
Overall, these results demonstrate the 
need for adjustment of tissue age 
when studying FFPE biospecimens. 
The rate of antigenicity loss is 
biomarker specific and should be 
considered as an important 
variablefor studies using archived 
tissues.
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The surgical resection group 
consisted of 827 recently 
resected and 329 archived (>5 
years old) NSCLC samples 

PD-L1 high expression was 
observed in 9.7% of 827 
NSCLC patients, including 6.5% 
with adenocarcinoma (ADC, 
n=690), and 27.4% with 
squamous cell carcinoma 
(SqCC, n=117). These results 
showed higher expression rates 
than those in archived samples 
(>5 years old, n=329).
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Take home message

No general problem to use archive tissue for most IHC markers 
and different purposes in the lifecycle of IHC.

However both for diagnostic purposes and IHC development
blocks < 3-5 years preferable.

TMA’s and QC blocks might show reduced expression overtime. 
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1. Cold ischemia time (time from removal to fixative) 

2. Method of processing (tissue thickness, temperature, 
fixative volume to tissue mass ratio) 

3. Type and quality of fixative 

4. Total time in formalin 

5. Section handling – cutting, drying, slide type…

6. Storage conditions (blocks and cut slides)
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Not much data on tissue processing impact on IHC…… !!!!!

General best practice recommendations;

- Tissue to formalin ratio; 1:10

- Tissue thickness of max 3-4 mm

- Use quality products for etanol, clearing and paraffin

- Maintain processor and exchange reagents on regular basis

- Avoid overloading tissue in cassettes

- Avoid overloading of cassettes in tissue processor containers

https://www.leicabiosystems.com/knowledge-pathway/an-introduction-to-specimen-processing/    
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A total of 233 consecutive needle core 
breast biopsy specimens were included
in this study.
The fixation time was strictly 
standardized, ranging from 18 to 24h.
After fixation, half of the core specimens 
from each case were randomly assigned 
to the Leica ASP 300S conventional
processor (a total of 14 hours) and the 
other half in the Sakura Tissue-Tek 
Xpress 120 (1 h program).

HE
ER, PR, Ki67 & 
HER2 IHC/ISH
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The quality of H&E and 
immunohistochemical tissue sections 
provided by the new system is 
comparable to that obtained after the 
conventional processing method; this 
system also reduces the turnaround time 
for surgical pathology reports. Moreover, 
this is the first study that validates the 
assessment of the main prognostic and 
predictive biomarkers in breast NCBs 
processed by a MW-assisted system and 
automatically embedded.

HE
ER, PR, Ki67 & 
HER2 IHC/ISH

XPRESS

ASP300S
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IHC
FISH
PCR
NGS

Meta analysis –
252 publications
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68Artificial Intelligence Applications in Human Pathology
Huss et al; S Nielsen Stain Quality Management & Biomarker Analysis
https://doi.org/10.1142/9781800611399_0004

https://doi.org/10.1142/9781800611399_0004
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Conclusions;

Pre-analytics are the fundament for optimal IHC
Up to 80% of errors in pathology related to pre-analytics

- Time to and time in Formalin documented essential !!!

- Decalcification in EDTA preferable for IHC and other assays

- Slide type and section quality essential for consistency

- Storage conditions of slides/blocks can affect IHC 

- Use good laboratory practice for tissue handling/processing
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