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The total test paradigm 
“Immunohistochemistry is technically complex, and no aspect of this complexity can be ignored, 
from the moment of collecting the specimen to issuance of the final report”
Taylor CR. Arch Pathol Lab Med 2000; 124:945

Analytical
Choice of platform
Epitope retrieval
Blocking
Primary Antibody
Diluent
Detection system
Chromogen
Counter stain
Mounting

Interpretation
Design of controls
Positive controls
Negative controls
Interpretation
Critical stain indicator

Preanalytical
Operating method
Ischemia
Fixative and fixation
Tissue processing
Paraffin embedding
Paraffin sectioning
Slide choice
Storage

60-70% Errors in pathology estimated to be related to preanalytical… 



Decalcification:
Type, Time, Temperature



Prefixation
- Surgical procedure
- Fixation delay (cold ischemia)
- Specimen size
- Specimen manipulation (pathology ink)



Electrosurgery – Heat impact RCC

Photos by Ole Nielsen



CK7/8, CAM5.2 CD10, 56C6

Surgical procedures - Impact on IHC
RCC

CK8, EP17
Photos by Ole Nielsen



Surgical procedures - Impact on IHC
CK7/8, CAM5.2 CD10, 56C6

RCC
CK8, EP17

Photos by Ole Nielsen



CK, CAM5.2 simple marker of electrosurgery
RCC

Photos by Ole Nielsen HE CK, CAM 5.2



Pencil marking of small biopsies

KIM-1 (Kidney with marking) KIM-1 (Kidney without marking)

KIM-1 reaction

Pencil pigment

Photos by Ole Nielsen



Cold ischemia – time from removal to fixation

HER2 ER

ASCO/CAP: time before fixation < 1h room temperature



Cold ischemia – time from removal to fixation
HE ER



CD138

Edge

Center

Plasmacytoma

Photos by Ole Nielsen



CD138: Simple marker of fixation delay

Liver: No Fix delay            Liver 16 hrs delay        Liver 48 hrs delay
Photos by Ole Nielsen



Targets sensitive to short formalin fixation / delayed time to formalin;

Target

ALK

Bcl6

BRAF

CD138

Cyclin D1

MLH1

p53

PD-L1

PMS2

PAX8

PRAME

TTF1

Clinical sample

Control design

By courtesy Ole Nielsen



Coagulant
fixation

Non-coagulant
fixation

Protein

Hydrophilic 
aminoacidic radicals

Polypeptide chain

Methylene bridges

Hydrophobic amino acid



Noncoagulating vs coagulating fixative  

Kidney fixated in neutral buffered 
formaldehyde. The structures are well 
preserved. 

Kidney fixated in neutral buffered formaldehyde 
but too short time. The tissue display excessive 
shrinkage and poorly defined cell structures.    



Fixation



Fixation
• 10% Neutral buffered formaldehyde

• 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

Phase I Penetration Fast

Phase II Binding Moderate

Phase III Cross-linking Slow



Fixation
Penetration time at K = 3.6 (Baker’s coeficient)

d = penetration in mm

K= 3,6 (Bakers coeficient

t = time in hours

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)

d= K x √(t) 
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Biotechnique and Histochemistry. 1994; 69, 177-179

App. 25 hrs

4x4x4 mm liver tissue

100% formaldehyde binding after app. 25 hrs

David G. Hicks



Tissue processing

Too short time in formalin induces a 
hybrid fixation with alcohol affecting 
some antigens / targets

Sta Solution Time Temp (°C) Mix

1 Formalin 0:10 37 Slow

2 Alcohol (70%) 1:00 37 Slow

3 Alcohol (96%) 0:45 37 Slow

4 Alcohol (96%) 1:00 37 Slow

5 Alcohol (99%) 1:00 37 Slow

6 Alcohol (99%) 1:15 37 Slow

7 ½ Alcohol (99%)
½ Histoclear

1:00 37 Slow

8 1/3 Alcohol (99%)
2/3 Histoclear

1:00 37 Slow

9 Histoclear 1:30 37 Slow

10 Histoclear 2:00 40 Slow

11 Paraffin 0:45 65 Slow

12 Paraffin 1:00 65 Slow

13 Paraffin 1:00 65 Slow

14 Paraffin 1:15 65 Slow



Seminoma
HE

Edge Center
Photos by Ole Nielsen



PMS2, EPR3947 MSH6, EP49

Center

Edge

Seminoma

Photos by Ole Nielsen



BCL6, LN22                                            PMS2, EPR3947

Markers of poor/short NBF fixation

To
ns
il

NBF 24hrsNBF 24hrs Eth. 24hrs Eth. 24hrs

Photos by Ole Nielsen



Clone EPR3947 can not be used 

on alcohol-fixed tissue.

PMS2, EPR3947 and fixatives 

Data from Ole Nielsen, Odense DK



Name Contains... Company

F-solv Denat. EtOH  / Aldehyde derivate / Stabiliser Yvsolab

GreenFix Ethandial / Ethanol Diapath

CyMol Ethanol / Methanol / 2-Propanol Copan

RCL-2 Ethanol / Acetic acid / Complex carbohydrates Alphelys

FineFix Ethanol / Glycerol / PVA / Simple carbohydrates Milestone

Formaldehyde-EtOH Formaldehyde / Ethanol / Buffer BBC Biochemical

Zn-Formalin Formaldehyde / Methanol / Zn-sulfate Richard-Allen

Prefer Glyoxal / Ethanol Anatech

Davidson’s AFA Formaldehyde / Ethanol / Acetic acid Electron Micr. Sci.

Molecular Fixativ Methanol / Polyethylenglycol Sakura

All-Fix Glyoxal / Ethanol Cancer Diagnostic

Histochoice Glyoxal / Zn-sulfate / Butandial Ameresco-Inc.

O-Fix Formaldehyd / Ethanol / Acetic acid SurgiPath

GTF Glyoxal / Ethanol StatLab Medical

PAXgene Tissue-fix Alcohols / Acid / A soluble organic compound Qiagen- PreAnalytix

Alternatives to 4% NBF??





Formalin

Jaggery

Honey

Water



Formalin

Natural 
fixative



Fixation – take home message

• Formaldehyde is at the moment the golden standard 
• Fixation needs to happen <1h from collecting the specimen 
• Fixation needs minimum 24-48 hours dependent on the sample size
• If changing to other fixations types all immunohistochemistry needs 

reevaluation – be careful with alcohol fixatives 
”Prolonged	fixation	had	no	influence	

on	the	performance	of	
immunohistochemical	stains.	Delay	
of	fixation	negatively	affects	the	

expression	of	different	
immunohistochemical	markers,	

influencing	diagnostic	(cytokeratins)	
and	predictive	(PD-L1)	testing.”



4 h

48 h

24 h

168 h

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

Prolong fixation - HER-2 PATHWAY, rmAb 4B5

Photos by Søren Nielsen



Internal
IHC 
validation

4 h. NBF 24 h. NBF 48 h. NBF 168 h. NBF

Tumour 1 + + + +
Tumour 2 - - - -
Tumour 3 + + + +
Tumour 4 + + + +
Tumour 5 + + + +
Tumour 6 + + + +
Tumour 7 - - - -
Tumour 8 + + + +
Tumour 9 + + + +

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+ 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+ 3+
Tumour 7 0 0 0 0
Tumour 8 0 0 0 0
Tumour 9 0 0 0 0

Internal
IHC 
validation

4 h. NBF 24 h. NBF 48 h. NBF 168 h. NBF

Tumour 1 + + + +
Tumour 2 - - - -
Tumour 3 + + + +
Tumour 4 + + + +
Tumour 5 + + + +
Tumour 6+ + + + +
Tumour 7 - - - -
Tumour 8 + + + +
Tumour 9 + + + +

Internal
IHC 
validation

4 h. NBF 24 h. NBF 48 h. NBF 168 h. NBF

Tumour 1 + + + +

Tumour 2 + + + +
Tumour 3 + + + +
Tumour 4 + + + +
Tumour 5 + + + +
Tumour 6  + + + +
Tumour 7 + + + +
Tumour 8 + + + +
Tumour 9 + + + +

HER2

rmAb

4B5

ER

rmAb

SP1

PR

rmAb

1E2

ECAD

mAb

NCH-36

Conclusion: IHC biomarkers not affected by NBF fixation time and patient 
material and control material can be fixed from 4 - 168h in 10% NBF …. but

Prolonged fixation 

Courtesy of Søren Nielsen



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

Prolonged fixation 

Courtesy of Søren Nielsen



4 h

48 h

24 h

168 h

Breast carcinoma, 1+ Dual SISH

Prolonged fixation 

Courtesy of Søren Nielsen



Did you realize we are more than halfway through 
and still talking about fixation…. Important? 



Decalcification

Type
Strong acid (e.g. HCl)

Weak organic acid (e.g. formic acid)  

Chelating agents (e.g. EDTA) 

Time, Temperature

Time in fixative before decalcification

8-16 times longer

2-2,5 timer longer



Hydrochloric acid Hydrochloric acidFormic acid Formic acid



Decalcification and CD105, SN6h

No decalcification Formic acid 16hrs EDTA 96hrs

Photos by Ole Nielsen



Decalcification and CD105, 4G11

No decalcification Formic acid 16hrs EDTA 96hrs

Photos by Ole Nielsen



EDTA - slow and steady win the race

Longer incubation, but 
minimal negative effects 
on immunohistochemistry, 
molecular analysis 
(DNA/RNA) and CISH. 



ER – 9/31 cases decreased 
expression, but all still positive

44 Breast metastasis to bone included 

Her2 0-1+ 2+ 3+

EDTA 23 12 8

HCL 27 8 8

4 cases no 
FISH 

Ki67 decreased from 22% to 13% 
after HCL



Decalcification:
Type, Time, Temperature



Paraffin sectioning
• Type of blade and frequency of replacement

• Frequency of servicing and wax replacement 

• Temperature of block during sectioning 

• Section thickness 3-5 𝜇m

• Tissue orientation

• Water bath conditions, if used

• Temperature and duration of slide drying



Flotation bath temperature 
is carefully checked. A 
temperature 4–9°C below 
the melting point of the 
wax is optimal. Sections 
should readily flatten but 
the wax should not melt.

Fatty tissues may need a 
lower temperature.

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

Water bath



Pax5 in HD

42 °C/5 sec 52 °C/10 sec 

From 2015, in house test from Odense, DK 



Sectioning – remember to stretch

Slides
Sections



Pax5 in HD – is not ready for digital pathology 
without streching

42°C/5sek



Oven after cutting
• Because we have Omnis in our lab we never leave the slide on the rim 

of the water bath to stretch. 

• We place it vertical immediately and insure as little as possible water is 
trapped under the tissue.

• Set to dry in oven with circulating heat at 40 °C/15 min
• Different type of slides may need different conditions 

• Baked in oven with circulating heat at 60 °C/45 min



60°C/60’

“Procedure for drying of tissue 
prior to deparaffinization: The 
drying temperature should be 
60°C for a maximum of one 
hour, 37 °C for a maximum of 
24 hours, or ambient 
temperature for 24 hours or 
longer”.

60°C/60’

60°C/16 hrs

80°C/16 hrs



Drying of sections - HER2, 4B5

60 min at 60°C 16 hrs at 80°C
Photos by Ole Nielsen



Drying of sections - ER, SP1

60 min at 60°C 16 hrs at 80°C
Photos by Ole Nielsen



60°C/60’

“Procedure for drying of tissue 
prior to deparaffinization: The 
drying temperature should be 
60°C for a maximum of one 
hour, 37 °C for a maximum of 
24 hours, or ambient 
temperature for 24 hours or 
longer”.

60°C/60’

60°C/16 hrs

80°C/16 hrs

Antibodies:
a. HercepTest
b. Clone 4B5
c. Clone CB11

15 min at 40°C
45 min at 60°C

15 min at 40°C
18 hrs at 60°C

PD-L1 cell line from Histocyte, high



15 min at 40°C
45 min at 60°C

15 min at 40°C
18 hrs at 60°C

PD-L1 cell line from Histocyte, medium



15 min at 40°C
45 min at 60°C

15 min at 40°C
18 hrs at 60°C

PD-L1 cell line from Histocyte, low



Placenta, normal tissue

15 min at 40°C
45 min at 60°C

15 min at 40°C
18 hrs at 60°C



15 min at 40°C
18 hrs at 60°C

15 min at 40°C
45 min at 60°C

Tonsil, normal tissue



Patient sample, EBUS coagulum 

15 min at 40°C
45 min at 60°C

15 min at 40°C
18 hrs at 60°C



Drying of sections
Preanalytical 
variable

Published 
Guidelines and 
Recommendations

Literature-Based 
Recommendations

Aarhus University 
Hospital

Drying of sections 24 hrs at RT or 1 hr
at 50°C - 60°C 

24 hrs at RT or 
overnight at 37°C 

15 min at 40 °C in 
circulating oven, 
then 45 min at 
60°C 

ASCO/CAP  I CLSI Engel KB, Moore HM. Arch Pathol
Lab Med. 2011;135:537-543

“Taken together, we consider it unadvisable 
to dry paraffin sections (freshly floated 
onto slides from water bath) on hotplate or 
at a horizontal position. When the drying 
temperature is high, the section will be 
destructed and compressed; when the 
temperature is low, there will be no drying 
effect or that the section maybe 
deformed.”



Fresh sections (F) vs. sections
stored at 4°C for 6 months (O)

HER2 (F)

HER2 (O)

ER (F)

ER (O)



Controls in storage

• 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 coating of single slides or 
Paraplast sealing of boxes have not proven to be efficient

Negative factors influencing antigen preservation in cut sections



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).



Is there an expiration date on 
the 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.



• Aim: Developing a quantitative intrinsic control that 
can measure the degree of degradation of any FFPE 
sample. 

• If we cannot control pre- analytical variables can we 
quantify the damage or tissue degradation caused by 
them? 

• Can we disqualify specimens for Companion dx 
testing? 

I only 
gave it 5 
minutes



Need to secure IHC testing quality – Guidelines pre-analytics

Artificial 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


That was 
Preanalytical 
– important?

Special thanks to the wizards of 
Immunohistochemistry

• Ole Nielsen, DK 
• Michael Bzorek, DK
• Søren Nielsen, DK  


