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“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 

The total test paradigm
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Some require IHC-based 
Companion Diagnostics!

HER2
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?



Thyroid carcinoma: Biology or artefact?

TTF-1, SPT24

PAX-8, ZR-1

CD138, B-A38

PAX-8, pAb (CM363A)

?

?



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

by them? 



Decalcification: 
Type, Time, Temperature



Prefixation

Fixation delay / ischemia (time and temperature)  

Specimen size 

Specimen manipulation (pathology ink)

Surgical procedures 



CK7/8, CAM5.2 CK8, EP17 CD10, 56C6

Surgical procedures - Impact on IHC RCC



Surgical procedures - Impact on IHC

CK7/8, CAM5.2 CK8, EP17 CD10, 56C6

RCC

Electrosurgery (Heat denaturation)



“Electrosurgery” (Heat)  RCC



PMS2, EPR3947                      MSH6, EP49

Seminoma: Biology or Artefact?



PMS2, EPR3947                     

Seminoma: Biology or Artefact?
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Delay of fixation? 
Fixation procedure?







Based on our findings, it appears that 
regardless of the antibody clones 
evaluated, delayed formalin fixation has a 
negative effect on hormone receptors.



“Non-refrigerated samples are 
affected more by prolonged cold 
ischemic time than refrigerated 
samples. Cold ischemic time period of 
as short as one-half hour may 
occasionally impact the 
immunohistochemical (IHC) staining 
for progesterone receptor. Significant 
reduction in IHC staining for hormone 
receptors, and HER2, however, 
generally does not result until 4 h for 
refrigerated samples and 2 h for non-
refrigerated samples. The ASCO/CAP 
guideline of cold ischemic time period 
of 1 h is a prudent guideline to follow”. 

tumor and on a single case of unequivocally HER2-
positive tumor. Therefore, the results are not
applicable to most clinical specimens.

Qiu et al27 looked into the effect of delayed
formalin fixation on three different clones of ER
(1D5, 6F11, and SP1) and PR (PgR636, 16, and 1E2)
on the same group of cases as that of Khoury et al.24

They found that for ER, delayed formalin fixation’s
effect on SP1 was less than 1D5 and 6F11 clones.
The SP1 clone had more intense nuclear staining,
low background, and no cytoplasmic staining when
compared with 1D5 and 6F11 clones. Similarly to
ER, it was found that delayed formalin fixation had

Delay in fixation: 0.5 hours Delay in fixation: 3 hours

Delay in fixation: 24 hours Delay in fixation: 48 hours

Figure 3 Same case as Figure 1. The tumor stained as ‘2þ ’ for HER2 (same as core biopsy) at 0.5 h of delayed fixation (a), but
demonstrated mild reduction in staining at 3 h (b) and was completely negative at 24 h (c) and 48 h (d). All photomicrographs were taken
at " 200.

Table 3 Average and median ER and PR H-scores for different
cold ischemic time periods for refrigerated samples

Cold
ischemic
time
period (h)

ER H-score
(mean and

median)

PR H-score
(mean and

median)

ER H-score
compared
with core
(P-value)

PR H-score
compared
with core
(P-value)

0.5 193; 230 129; 150 0.5608 0.9361
1 200; 230 128; 140 0.7301 0.9092
2 194; 220 132; 170 0.5762 0.9916
3 190; 220 120; 155 0.4967 0.7244
4 182; 215 104; 80 0.3365 0.3855
24 159; 210 100; 75 0.1146 0.3356
48 145; 160 77; 20 0.0637 0.1130

Table 4 Average and median ER and PR H-scores for different
cold ischemic time periods for non-refrigerated (at room tem-
perature) samples

Cold
ischemic
time
period (h)

ER H-score
(mean and

median)

PR H-score
(mean and

median)

ER H-score
compared
with core
(P-value)

PR H-score
compared
with core
(P-value)

0.5 200; 230 133; 160 0.7180 0.9827
1 195; 220 122; 120 0.6218 0.7875
2 178; 210 105; 60 0.2858 0.4217
3 146; 180 87; 70 0.0312 0.1448
4 146; 170 78; 50 0.0389 0.0877
24 115; 95 68; 20 0.0031 0.0467
48 118; 90 63; 20 0.0049 0.0366
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pAKT - Biopsy pAKT - Resect. AKT - Biopsy AKT - Resect.

ER - Biopsy ER - Resect. GAPDH - Biopsy GAPDH - Resect.





Detection levels for all phospho-epitopes were significantly 
decreased in tumor resections compared with biopsies while 
no significant change was seen in the corresponding total 
proteins.  

ER and cytokeratin showed significant loss of antigenicity.  

This data suggest that measurement of phospho-protein 
antigenicity in formalin-fixed tissue by immunological methods 
is dramatically affected by pre-analytic variables.  

This study suggests that core needle biopsies are more 
accurate for assessment of tissue biomarkers. 



Appl Immunohistochem Mol Morphol. 2011 Oct;19(5):460-9.

Liver, kidney, spleen, colon and breast



Appl Immunohistochem Mol Morphol. 2011 Oct;19(5):460-9.

Liver, kidney, spleen, colon and breast



Results - Morphology and IHC



E-Cadherin, HECD1 - Kidney

Ref. No delay             92hrs at 4°C/no vac         92hrs at 4°C/vac



CD138, B-A38 - Kidney

Ref. No delay             8hrs at 4°C/no vac         8hrs at 4°C/vac



CD138, B-A38 - Kidney

Ref. No delay             8hrs at 4°C/no vac         92hrs at 4°C/vac

“Despite the differences in the rate of loss of 
epitope integrity in this study, the results from the 
multiple IHC analysis consistently supported the 
overall conclusion that cooling at 4°C preserves 
tissue in contrast to vacuum sealing which has no 
tissue-preserving effect”.



Under-Vacuum Sealed specimens 
and temperature



Fixation delay 

Preanalytic variable Published Guidelines 
and Recommendations

Literature-Based 
Recommendations

Fixation delay Less than 1 hr Less than 12 hrs  
4°C is better than RT

Engel KB, Moore HM. Arch Pathol Lab Med. 2011;135:537-543

ASCO/CAP  I  CLSI 

ASCO/CAP: American Society of Clinical Oncology/College of American Pathologists



( CLSI )

+ A long list 
of experts 
and advisors



PMS2, EPR3947                     

Seminoma: Biology or Artefact?

Center

Edge

Fixation procedure?



Fixation procedure

Fixative 
Formula 

Concentation 

pH

Fixation 
Tissue to fixative 
ratio 

Method 
(Immersion, 
MWO, sonication, 
movement etc) 

Time 

Temperatur

Postfixation 
Washing 
conditions and 
duration 

Storage reagent 
and duration



Formaldehyde fixation

Penetration rate can be determind using the equation: 
 d = K√t
d = Distance penetrated in mm 
K = Medawar’s coefficient of diffusibility 
t  = Time in hours

Medawar’s K = 5,5 
Alternative: 
Baker’s K = 3,6 
Hewletts K = 2,0

Formaldehyde obey the diffusion laws, that is, the depth penetrated is 
proportional to the square root of time. 

Phase 1 Penetration Very fast

Phase 2 Binding Very slow

Phase 3 Cross-linking Slow
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O. NielsenFormaldehyde fixation
Penetration rate can be determind using 
the equation:  d = K√t

Medawar’s K = 5,5 
Baker’s K = 3,6

d = 0.033 mm (124 mm/hr)  
d = 0.26 mm (15.5 mm/hr)  
d = 0.52 mm (7.8 mm/hr) 
d = 1.04 mm (3.9 mm/hr)  
d = 2.0 mm (2.0 mm/hr)  
d = 4.0 mm (averages to 1.0mm/hr),  
d = 5.66 mm (averages to 0.7mm/hr),  
d = 8.0 mm (averages to 0.5mm/hr),  
d = 9.8 mm (averages to 0.41mm/hr),  
d = 19.6 mm (averages to 0.2mm/hr).  

1 second 
1 minute 

4 minutes  
16 minutes  

1 hour 
4 hours  
8 hours  

16 hours  
24 hours 
 96 hours

Hewletts K = 2,0:

50 mm

Fixation: 
NBF 24 hrs

9.8 mm



NBF 15 min / RT

15.000 psi Atmospheric pressure 

NBF 30  min/ 42°C



Formaldehyde fixation

Phase 1 Penetration Very fast

Phase 2 Binding Very slow

Phase 3 Cross-linking Slow

Phase 2

Phase 3



Biotechnique and Histochemistry. 1994; 69, 177-179

App. 25 hrs

4x4x4 mm liver tissue

100% formaldehyde binding after app. 25 hrs



Rinsing with dH2O

Biotechnique and Histochemistry. 1994; 69, 177-179

Formaldehyde binding is reversible:
4x4x4 mm liver tissue

NBF 24 hrs NBF 6 days



Edge                                          Center

Seminoma
PMS2HE



PMS2, EPR3947 and fixatives                    

NBF 6 hrsNBF 24 hrsNBF 48 hrsNBF168 hrs

Ethanol 24 hrsForm/Zn 24 hrsMethacarn 24 hrsCarnoy 24 hrs

Clarke 24 hrsZamboni 24 hrsBouin 24 hrs

Clone EPR3947 can not be 
used on alcohol-fixed tissue





Am J Clin Pathol 2003;120:86-92

“The minimum formalin fixation time for reliable 
immunohistochemical ER results is 6 to 8 hours in our 
laboratory, regardless of the type or size of specimen”. 



Fixation i 4% NBF for 13 hours versus 79 hours  

Concordance between short fixation and long 
fixation: 

99 % Concordance for ER  
95 % Concordance for PR  
98 % Concordance for HER2 



4% NBF versus FineFix

�43

NBF 24 hrs

NBF 24 hrs

FF 24 hrs

FF 24 hrs

Breast - ER, clone 1D5

Liver - Hepartocyt Ag, clone OCHIE5

“With existing IHC-protocols 35% 
(9 of 26) of the antibodies gave 
poor or borderline reactions on 
tissues fixed in FineFix” 

(Unpublished data)



Alternatives to 4% NBF… 
Name Contains... Company
F-solv Denat. EtOH  / Aldehyde derivate / Stabiliser Yvsolab

UPM Ethanol / Methanol / 2-Propanol / Formaldehyde Copan

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

Pen-Fix Formaldehyde / Ethanol / Buffer Richard-Allen

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







Morphology was well 
preserved in PAXPE 
samples. However, 5 
out of 11 IHC markers 
showed significantly 
lower overall staining 
and staining intensity 
with PAXPE tissues in 
comparison with 
formalin-fixed, 
paraffin-embedded 
(FFPE).

!

! !!

!



�48

“We found that STF significantly enhanced the 
staining intensity of phosphoproteins compared 
with 10% formalin or 4% PFA. Our results indicate
that the choice of fixative could significantly affect 
the usability of clinical tissue samples for 
evaluating phosphoprotein by IHC”.

Streck’s tissue  
fixative (STF)



A: 0 hr 
B: 2 hrs 
C: 4 hrs 
D: 24 hrs 
E: 2+2 

pA
KT

Co
nt

ro
l

(4°C)

Bcl-2, 124



1hr



NBF fixation at 4°C ? - A 
practical solution ? 🤔



Fixation 

Preanalytic variable Published Guidelines 
and Recommendations

Literature-Based 
Recommendations

Fixative formula 
Time in fixative 
Tissue to fixative ratio

4% NBF #  
24 hrs*  
1:10 

4% NBF 
24 hrs 
1:1 to 1:20 (1:2)

ASCO/CAP  I  CLSI 

Engel KB, Moore HM. Arch Pathol Lab Med. 2011;135:537-543

# 4% NBF = 4% neutral buffet formaldehyde = 10% neutral buffet formalin 

*8-72 hrs

*6-48 hrs

4% phosphate buffered 
formaldehyde, pH 7,0 - 7,4



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





IHC and decalcification

Decalc™ (HCl-based) 
Buffet formic acid (4M formic acid + 0.5M 
Na-formiat) 
10% EDTA, pH 7 



IHC and decalcification  (2007)

Intensity 

Method
0/+ ++ +++ ++++

EDTA, 10% pH7 0 0 119 5

Formic acid (BFA) 2 13 103 6

DecalcTM  (HCl) 101 21 2 0

Re
fe

re
nc

e/
No

 d
ec

alc
ific

at
io

n:
 +

++

Buffet formic acid (BFA): (4M formic acid + 0.5M Na-formiat)

24 hrs  4% NBF fixation prior to decalcification. 124 different antibodies on TMA’s



IHC and decalcification  (2007)
Antibody Clone Ref Decalc Formic EDTA

Elastase, neutrophil , NP57 NP57 +++ 0 0 +++
CD105, SN6h SN6h +++ 0 + +++
Bcl-2, 124 -Oncoprotein 124 +++ 0 ++ +++
Bcl-6, PG-B6p PG-B6p +++ 0 ++ +++
CD40, 11E9 1,1E+10 +++ 0 ++ +++
Factor XIII-a, poly +++ + ++ +++
Oct-1, 12F11 12F11 +++ 0 ++ +++
Oct-2 (C20), poly +++ 0 ++ +++
MUM1, MUM1p -Multiple Myeloma 
Oncogene 1 / IRF4

MUM1p +++ + ++ +++
Bob 1, TG14 TG14 +++ 0 ++ +++
CD4, 4B12 4B12 +++ 0 ++ +++
CD43, MT1 MT1 +++ 0 ++ +++
TCAR, BF1  -T-Cell Antigen 
Receptor

ßF1 +++ 0 ++ +++
CD16, 2H7- Fc Gamma Receptor 
III

2H7 +++ 0 ++ +++
CD52, HI186 HI186 +++ 0 ++ +++



IHC and decalcification  (2014)

Intensity 

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

EDTA, 10% pH7 0 0 5 185 3

Formic acid (BFA) 1 15 8 163 6

DecalcTM  (HCl) 159 23 1 8 2

Re
fe

re
nc

e/
No

 d
ec

alc
ific

at
io

n:
 +

++

Buffet formic acid (BFA): (4M formic acid + 0.5M Na-formiat)

24 hrs  4% NBF fixation prior to decalcification. 193 different antibodies on TMA’s



IHC and decalcification  (2014)
An#body Reference DECAL Formic EDTA

CD303,	124B3.13	 +++ + + +++
Makrofag,	MAC	387 +++ 0 ++ ++(+)
Bcl-2,	124	* +++ 0 ++ +++
TCAR,	BF1	* +++ 0 ++ +++
GalecBn-3,	9C4 +++ 0 ++ +++
Caveolin-1,	4D6 +++ 0 ++ +++
CD279,	NAT105	 +++ 0 ++ +++
Inhibin	Alpha,	R1 +++ 0 ++ +++
Bcl-2,	E17 +++ 0 ++ +++
FOXP1,	EPR4113 +++ 0 ++ +++
pHH3,	E173	 +++ 0 ++ +++
CD1a,	EP3622	 +++ 0 ++ +++
CD19,	SP110	 +++ 0 ++ +++
CD103,	EPR4166(2)	 +++ 0 ++ +++
CD123,	6H6	 +++ 0 ++ ++++
Neuroblastoma,	NB84	 +++ 0 ++/+ +++
MUM1,	MUM1p	 +++ + ++(+) ++(+)
Podoplanin.	D2-40	 +++ + ++(+) ++(+)
Hairy	Cell,	DBA.44	 +++ 0 ++(+) +++
Oct-2	(C20),	poly	 +++ 0 ++(+) +++
CD27,	137B4	 +++ 0 ++(+) +++
CEA,	Col-1	 +++ 0 ++(+) +++
NSE,	H14		 +++ +(+) ++(+) +++
CD117,	YR145 +++ ++(+) ++(+) +++



None Decalc 4hrs

Formic acid 16hrs EDTA 96hrs

Decalcification and Elastase, neutrophilic, NP57



Decalcification and CD105, SN6h

No decalcification    Formic acid 16hrs    EDTA 96hrs



Decalcification and CD105, 4G11

No decalcification    Formic acid 16hrs    EDTA 96hrs



Decalcification and CD279 (PD-1), NAT105 

No decalcification    Formic acid 16hrs    EDTA 96hrs

+++ ++ +++



Decalcification and CD303, 124B3.13 

No decalcification    Formic acid 16hrs    EDTA 96hrs

+++ + +++

CD303: Marker for Plasmacytoid dendritic cells



Fixation time and decalcification in 
buffet formic acid (BFA)

NBF 6 hrs NBF 24 hrs NBF 48 hrs

No decal

BFA 16 hrs

+

Bcl2, clone124



Decalcification
Most antigens don’t survive decalcification in 
strong acid (e.g. DecalTM) 

All tested antigens survive decalcification in 
EDTA and show no, or minimal reduction in 
staining intensity 

Only very few antigens don’t survive 
decalcification in formic acid, but app. 10% 
show a slight reduction in staining intensity - 
learn!



Antibodies: 

CD2, CD3, CD4, CD5, CD7, CD8, CD10, CD19, CD20, CD31, CD34, CD45, CD79a, CD138, 
Bcl-2, Bcl-6, Ki-67, AE1/AE3, BerEP4, CDX-2, CAM5.2, CK7, CK20, Desmin, E-Cadherin, 
MOC-31, S-100, Smooth Muscle Myosin-HC (SMM-HC), and CEA.

Conclusions: As expected, decalcification has negative effects on IHC staining. Weak acid 
decalcification reagents (Formical2000 and Immunocal) showed better performance 
characteristics compared to EDTA Stat*, (in contrast to Odense findings!) and nuclear 
transcription markers appear to be more sensitive to the effects of decalcification. 

* The exact formulation of EDTA Stat solution is unknown

!



Decalcification 

Preanalytic variable Published Guidelines 
and Recommendations

Literature-Based 
Recommendations

Decalcification Interpret with caution - 
antigens could be lost!

Tissue should be 
fixed 24 hrs in NBF 
prior to 
decalcification. 

EDTA < Formic acid 
< Strong acid

 CLSI 
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Material: 233 consecutive needle core breast biopsies. 
The fixation time was strictly standardized, ranging from 18 to 24 hours. 
After fixation, half of the core specimens from each case were randomly 
assigned to the conventional processing system (Leica ASP 300S 16-hrs 
program) and the other half to the MW-assisted tissue-processing system 
Sakura Tissue-Tek Xpress 120 (1-hr program).



Xpress 

ASP300 



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.

Xpress 

ASP300 



Processing 

Preanalytic variable Published Guidelines 
and Recommendations

Literature-Based 
Recommendations

Dehydration 
Type of paraffin 
Time in paraffin

1.25 - 15 hrs  
Paraffin (55°C-58°C) 
0.5 - 4.5 hrs

10 hrs  
Paraffin (45°C) 
1 - 2 hrs or 8 hrs

ASCO/CAP  I  CLSI 

Engel KB, Moore HM. Arch Pathol Lab Med. 2011;135:537-543



Paraffin sectioning

Type of blade and frequency of replacement 

Frequency of servicing and wax replacement  

Temperature of block during sectioning  

Slide pretreatment 

Water bath conditions, if used 

Chemical adhesives, if used 

Temperature and duration of slide drying



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 



60 min at 60°C                       16 hrs at 80°C

Drying of sections - HER2, 4B5



60 min at 60°C                       16 hrs at 80°C

Drying of sections - ER, SP1



Drying of sections (Baking) 

Preanalytic variable Published Guidelines 
and Recommendations

Literature-Based 
Recommendations

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

24 hrs at RT or 
overnight at 37°C 

ASCO/CAP  I  CLSI 

Engel KB, Moore HM. Arch Pathol Lab Med. 2011;135:537-543



Storage

Temperature and duration of paraffin block storage 

Temperature, duration, and manipulation of slide-
mounted tissue sections



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

HER2 (F)

HER2 (O)

ER (F)

ER (O)



Representative immunohistochemistry results for programmed cell 
death ligand 1 using clone 28-8 antibodies: a: freshly-stained specimen; 
b: 2 weeks of storage; c: 4 weeks of storage; d: 6 weeks of storage; e: 8 
weeks of storage                         

Fresh sections vs. sections 
stored at 4°C for 2-8 weeks



-80°C / 3 years 4°C / 3 years
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Storage 3 months
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Storage 3 months
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Aquaporin 1 (AQP1)
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Dry Wet

RT

4°C

30°C

37°C

Storage 3 months

“This study revealed that 
inadequate tissue 
processing, resulting in 
retention of endogenous 
water in tissue sections, 
results in antigen 
degradation. Exposure to 
high humidity during 
storage results in 
significant protein 
degradation and reduced 
immunoreactivity, and the 
effects of storage 
humidity are temperature 
dependent”.



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 variable for studies using archived tissues. 



Storage of specimen 

Preanalytic variable
Published Guidelines 
and 
Recommendations

Literature-Based 
Recommendations

Storage of paraffin blocks 

Storage of sections (slide)

Indefinitely * 

7 days or < 6 weeks

< 25 years * 

< 6 days

ASCO/CAP  I  CLSI 

Engel KB, Moore HM. Arch Pathol Lab Med. 2011;135:537-543

* new data indicates up to 10% loss in 5 yearsDays 20°C
Weeks 4°C
Months -20°C
Years -80°C



Decalcification: 
Type, Time, Temperature



Effect of Duration of Cold 
Ischemia Prior to Fixation  

Effect of Duration of 
Formalin Fixation  

Effect of Different 
Fixatives  

Effect of Tissue 
Processing Protocol  

Effect of Block Age  

Effect of Unstained Slide 
Age  

Intermachine 
Reproducibility  

Effect of automated 
immunostaining platform 

 rmAb, clone D4.3 

 A setup to follow for the analytic validation of new biomarker assays! 

 Variables tested: 



Conclusions:  

Automated PTEN immunostaining 
is robust to most preanalytic 
variables in the prostate and may 
be performed on prostate tumor 
tissues subjected to a wide range 
of preanalytic conditions. These 
data may help guide assay 
development if PTEN becomes a 
key predictive biomarker. 

 rmAb, clone D4.3 



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? 

With focus on 
delay of fixation



TQI: Tissue Quality Index



TQI: Tissue Quality Index

The TQI, defined by combinations of 

measurements of cytokeratin, ERK1/2 and 

pHSP-27 and their relationship to cold ischemic 



“The poor man’s TQI”

Fixation delay/Cold ischemia 
CD138, B-A38 

Poor/short fixation in NBF 
MLH1, ES05 
PMS2, EPR3947 
BCL6, LN22 
BCL2, 124 

Electrosurgery 
CK, CAM5.2

“Damage Controls”



CD138: Simple marker of fixation delay

Liver: No Fix delay            Liver 16 hrs delay        Liver 48 hrs delay

Odense data



CD138 (B-A38): Simple marker of fixation delay

Plasmacytoma

Odense data



HE                                            CK, CAM5.2

CK, CAM5.2 simple marker of electrosurgery

RC
C



BCL6, LN22                                            PMS2, EPR3947

Markers of poor/short NBF fixation

To
ns

il

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



Less than half of the identified 
preanalytical variables in IHC have been 
examined in published research 

The majority of tested preanalytical 
variables impact the final IHC results 

There is a continued need for rigorous 
research and comprehensive guidelines 
on specimen fixation, processing, and 
storage

Conclusions



Thank you 
for your 
attention!


