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Uncertainty in Cellular Pathology: 

What’s Yours? 
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Outline 

• Measurement of Uncertainty – ISO  
(International Organization for Standardization) 

• How To Test For Uncertainty In Cellular 
Pathology: Workshop Data 

• UK NEQAS ICC & ISH Examples 

• References 
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Increasing workloads & Considerations 

in Cellular Pathology 

Accreditation Providers 
(in UK overseen by UKAS) 
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Testing for Uncertainty 
Workshop 

Pinpoint where you may 

have uncertainty 

Preanalytic 

e.g Fixation 

transport 

Post-Analytic 

e.g TATs / IT / 

Audit 

Analytic 

e.g Staining 

Controls,  

Reporting 

 

Tools you will need 
o Consideration guide 

o Post-it notes 

oGREEN 

oAMBER 

oRED  

Consideration Matrix Board 
Breakdown of  cellular pathology testing phases 
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Post-it Notes  

Make comments on coloured ‘post-it’ notes 

No uncertainty 

 

Some uncertainty A lot of uncertainty 

No idea of 
sample 
fixation 
time!! 

Some data 
on referred  

sample 
fixation 

Completed Matrix Board 

Place in Staff 

cafeteria for 

anonymous 

collection! 

Build up your 

evidence 



5 

Heat Map of Uncertainty 

 

n=53 

Stages of Uncertainty 

 

n=159 n=212 n=158 
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Order of Greatest Uncertainty 

 

15% 
23% 

26% 28% 

43% 44% 47% 
53% 

74% 

85% 

43% 

60% 53% 

62% 

43% 

50% 

53% 43% 
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42% 
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21% 

9% 
13% 

6% 4% 2% 2% 
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80% 
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100% 

Fixation IT Transport Audit  Processing / 

Embedding 

Turn around 

Times 

(TATs) 

Controls Reporting HER2 IHC  Validation & 

QC 

Red: Lot of Uncertainty Amber: Some Uncertainty Green: No Uncertainty 

Fixation 
 85% some/lot of uncertainty 

• Sample ischemia time unknown 

• Time in fixative not known / No control over fixation 

• Referring site so no idea of fixation times or protocols 

• Lack of forms indicating fixation times 

• Weekends - samples can be over-fixed 

• pH of formalin not taken 

• Surgical samples not always ‘opened’: “depends on pathologist” 

• Cold ischemia time audit is carried out 

• Have good fixation times including min/max times 

• pH taken of fixative 

• Use Datix (www.datix.com) (patient safety software for 

healthcare risk management,) for samples fixed for >72 hours  

• Commercial fixative supplied to surgery clinics 
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We have the evidence! 

Need for better collaboration with 

surgical team/s 

Fixation: Q.V.T 

Time 

• 6-8 hrs min for core 

biopsies 

• 24-48hrs (72 hrs to 

cover weekends!) 

surgical excisions 

Non UK Laboratory 

Image from: www.southend.nhs.uk 

Volume 

15-20:1  (fix:tissue) 

Quality 

CE marked 
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• Antibody Verification  or Validation? 

• Verification:  

• IVD/CE marked antibodies, kits/assays e.g. ALK FISH, 

Her2 kits (Herceptest, Ventana 4B5 assay, Leica Oracle kit) 

• Less complex procedures 

 

• Validation: 

• Lab devised Techniques (LDTs) / ‘home brew’ methods 

• Out of date antibodies 

• More complex procedures 

Validation & QC 
 15% some/lot of uncertainty 

Antibodies: Where to Start? 

• Sensitivity & specificity 

• Common pitfalls 

• More vendor based validation procedures 

• Verification or Validation? 

• Commercial company recommendations / data sheets 

• Lab devised methodologies: Onus on yourselves 

• Best Methods database: www.ukneqasiccish.org  

• Data analysis / statistics 

• References 
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Antibody Validation: References 

• 100 IHC and ISH cases 

• 95% concordance 

et al., 

J Clin Pathol. 

 2015 68(2):93-99 

et al. 

Arch Pathol Lab Med  

2014 138: 1432-1443 

• 90% Concordance : Too low for UK? 

• Biomarkers: 40 Cases; 20 +ve & 20 -ve (full clinical range) 

• Non predicative assays: 10 +ve & 10 -ve 

• Change in protocol:  dilution, vendor, incubation, retrieval 

• 2 known +ve’s and 2 known -ve’s 

• Change in antibody clone: full re-validation  

Document all validation and verification procedure: SOPs 

Roche D5F3 

Dako ALK1 

Novocastra 5A4 

A 

A’ 

A’’ 

B 

B’ 

B’’ 

C 

C’ 

C’’ 

+ve cell line (C) Tested as: -ve tumour (E) +ve tumour (F) 

Method Matters: ALK IHC:  
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        Assessment Results on NEQAS Samples 

Primary Antibody Dilution automation Detection Excellent Acceptable Borderline Unacceptable 

Cell Signalling Tech. (D5F3) 

  

  

  

  

  

np 

Dako Autostainer Link 48 Dako EnVision FLEX+ 1 (100%) - - - 

Leica Bond-III Leica Bond Polymer Refine  1 (50%) 1 (50%) - - 

1:100 

  

  

LabVision Autostainer Dako Envision HRP/DAB  2 (67%) 1 (33%) - - 

Ventana Benchmark ULTRA Ventana OptiView Kit 1 (100%) - - - 

Ventana Benchmark XT 

  

Ventana OptiView Kit 1 (100%) - - - 

Ventana UltraView Kit 0 (0%) - 1 (100%) - 

1:250 Leica Bond-III Leica Bond Polymer Refine  - 1 (100%) - - 

Dako 

(ALK1) 

  

  

  

  

np 

Dako Autostainer Link 48 DAKO ENVISION FLEX+ - 1 (100%) - - 

Ventana Benchmark ULTRA Ventana UltraView Kit  1 (50%) - - 1 (50%) 

1:10 Ventana Benchmark XT Ventana OptiView Kit  - - - 1 (100%) 

1:20 Dako Autostainer Link 48 DAKO Envision FLEX+ - 1 (50%) 1 (50%) - 

1:25 Leica Bond-III Leica Bond Polymer Refine  - - - 1 (100%) 

Diag. Bio 

(5A4) np Ventana Benchmark XT Ventana UltraView Kit - 1 (100%) - - 

Genemed  

(D5F3) Prediluted Ventana Benchmark XT Ventana OptiView Kit 1 (100%) - - - 

Novocastra 

(5A4) 

  

  

  

  

  

  

  

  

  

  

  

  

np 

  

  

LabVision Autostainer Dako Envision HRP/DAB - - 1 (100%) - 

Leica Bond-III Leica Bond Polymer Refine  1 (50%) - 1 (50%) - 

Ventana Benchmark XT Ventana OptiView Kit 1 (100%) - - - 

Ventana Benchmark ULTRA Ventana OptiView Kit - - 1 (100%) - 

1:10 

Leica Bond Max Leica Bond Polymer Refine  - 1 (100%) - - 

Ventana Benchmark XT Ventana OptiView Kit 1 (100%) - - - 

1:20 Ventana Benchmark XT Ventana OptiView Kit 2 (100%) - - - 

1:25 Leica Bond Max Bond Polymer Refine Red 1 (100%) - - - 

1:50 

  

Dako Autostainer Link 48 Dako EnVision FLEX+ 2 (67%) 1 (33%) - - 

Leica Bond-III Leica Bond Polymer Refine - - - 1 (100%) 

Ventana Benchmark ULTRA Ventana OptiView Kit (0%) 1 (50%) 1 (50%) - 

1:100 

  

Dako Autostainer Link 48 Dako EnVision FLEX+ 2 (67%) 1 (33%) - - 

Leica Bond-III Leica Bond Polymer Refine 1 (100%) - - - 

Ventana Benchmark ULTRA Ventana OptiView Kit - - 1 (100%) - 

Novocastra RTU (5A4) Prediluted 

Leica Bond Max Leica Bond Polymer Refine 1 (25%) 3 (75%) - - 

Leica Bond-III Leica Bond Polymer Refine  - - 1 (50%) 1 (50%) 

Thermo/Neomarkers (5A4) 1:10 Ventana Benchmark XT Ventana OptiView Kit - - - 1 (100%) 

Ventana 

(D5F3) 

  

  

Prediluted 

  

  

Ventana Benchmark Ventana OptiView Kit 6 (75%) - 2 (25%) - 

Ventana Benchmark ULTRA Ventana OptiView Kit 9 (90%) 1 (10%) - - 

Ventana Benchmark XT 

  

Ventana OptiView Kit 60 (74%) 13 (16%) 5 (6%) 3 (4%) 

Ventana UltraView Kit 1 (50%) 1 (50%) - - 

Ventana Confirm (ALK01) prediluted 

Ventana Benchmark XT Ventana UltraView Kit 1 (50%) - - - 

Ventana Benchmark XT Ventana OptiView Kit 1 (50%) - 1 (50%) - 

Zytomed (p80) 1:15 None (Manual) Zytomed ZytoChem Plus -- - (0%) 1 (50%) 

ALK IHC: 38 Staining Methods 

More Antibody Uncertainty! : PD-L1 

Method Checkpoint inhibitors Checkpoint 
All 2nd line 

treatment 
Kit assay 

Automated 

Platform 
Cut-offs 

Assay 

/ 

kit 

Pembrolizumab 

(Keytruda) 

(MSD) 

PD-1 
All NSCLCs  

(FDA and UK/EU) 

Dako 22C3 pharmDX 

- companion - 

Dako 

Autostainer Link 

48 

Tumour cells 

 1%, 50% ? 

Nivolumab 

(Opdivo) 

(BMS) 

PD-1 

Squamous NSCLC 

(FDA and UK/EU) 

 

All NSCLC (FDA) 

Dako PD-L1 28-8 

pharmDX 

- complementary - 

Dako 

Autostainer Link 

48 

Tumour cells 

1% ? 

Atezolizumab  

(Roche) 
PD-L1 Not yet licensed 

SP142: Kit form TBC 

- companion - 
Ventana: TBC 

Tumour cells  

+ TILS 

Durvalumab  

(AZ/Medimmune) 
PD-L1 Not yet licensed 

SP263: Kit form TBC 

- companion - 
Ventana : TBC 

Tumour cells 

%? 

Avelumab 

 (Merck KGaA & Pfiezer) 
PD-1 ? ? ? ? 

LDTs / Home Brews 

• 28-8 (RabMab): BMS clone available from Abcam 

• E1L3N (RabMab): Cell Signaling  

• SP142 (RabMab): Spring Bioscience 

Blueprint Proposal for Companion 

Diagnostic Comparability 

(www.fda.gov/MedicalDevices/NewsEvents/ 

 

Goal: Characterize PD-L1 assay systems from 

Dako and Ventana to assess the level of 

analytical similarity. 
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NEQAS is Preparing for PD-Ll 

Out of Date Antibodies 

• ISO accreditation: Appears to accept out of date antibodies 

• BUT Confusion as to what  validation is exactly required 

ISO feedback 

• Lab could take on the role of the ‘manufacturer’, & give an expiry date 

• Validate across all tissue/tumour types & all possible usage situations 

“We are starting to feel that this standard is unachievable in Cellular Pathology” 

ISO 17025:2005 

• Based on knowledge of the performance of the method 

and on the measurement scope and shall make use of, for 

example, previous experience and validation data 
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Out of Date Antibodies 
Arch Pathol Lab Med  

1998 122 (12) 4 1051-1052 

MSA, HMB45, CLA & S100 

App. Immuohistochem. 

Mol. Morphol. 1999 7 (3) 

221-225 

CAP (College of American 

Pathologists) do not accept 

out of date antibodies! 

Out of Date Antibodies 

“Vintage” antibodies 

All Referenceable BUT… 

…Is time up for out of date antibodies! 
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Uncertainty in Estrogen (ER) Immunohistochmistry 
Same Antibody = Two Results: Whose right? 

Colon adenocarcinoma 

Xenograft 

A’ 
False +ve? 

B’ 
As expected 

Distributed ER -ve Breast 

tumour 

On Bond III  

+ 

High pH retrieval 

 +  

Bond Refine 

Detection 

False +ve? 
A 

Ventana Benchmark 

+  

 High pH retrieval 

+ 

 Ultraview Detection 

B 
As expected 

6F11 

ER – Multiple Methodologies 

UK Data : Assessment 96 (2012) 

6F11 (Concentrate) Clone on The Leica Bond Max 

Retrieval Methods: 32% Low pH (recommended protocol) & 68% High pH  

7 
Retrieval 

Times (mins) 

10 

15 

20 

25 

30 

35 

40 

11  

Antibody 

dilutions 

1:20 

1:50 

1:60 

1:75 

1:80 

1:100 

1:150 

1:200 

1:250 

1:300 

1:400 

4 
Incubation 

Times (mins) 

15 

20 

20 

30 

60 

Too Many Protocols! 

Labs have their 

preferences! 

22/29 (76%) * = 

Protocol Variations 
*Labs who submitted 

complete Methods 

+ + 
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6F11: Correct Result Can be Achieved 

UK: Change in ER Antibody Usage 

17% 

3% 

68% 

29% 

28% 

15% 

40% 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

1D5 6F11 EP1 SP1 

Year 
2007 2015 

1D5 

EP1 

6F11 

SP1 

2011 
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UK Breast ER  

EQA Pass Rates 2004-2015 

5% 
7% 

88% 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 
67

 

69
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76
 

79
 

81
 

83
 

85
 

87
 

89
 

91
 

93
 

95
 

97
 

10
1 

10
4 

10
6 

10
8 

unacceptable Borderline acceptable 

2004                             2015 

C ER negative C’ mRNA negative 

Reference: Advanced Cell Diagnostics 

• ESR1: transcript variant 4, mRNA 

• Number of  double Z probe pairs:  40 

• Gene region probes designed against: 677-

3065 nucleotides 

ER IHC & mRNA 

= 

Good Comparative 

Correlation  

A High ER+ mRNA high A’ 

ER 6F11 IHC ESR1 RNAscope mRNA 

B B’ Mid ER+ mRNA mid 

UK NEQAS R&D 
IHC Vs mRNA 
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Correlation of ER (6F11) IHC & ESR1 mRNA 
n= 28 

0 

50 

100 

150 

200 

250 

300 

0 50 100 150 200 250 300 

E
S

R
1

 m
R

N
A

 H
-s

co
re

 

ER IHC (6F11) H-score) 

P<0.00001 

Spearman Rank Correlation: rho = 0.8991 

Breast tumour 

BT474 MCF7 
CAMA-1 

CAMA-1 + HT29 

Tonsil 
Stomach 

ER IHC & ESR1 mRNA H-Scores in 
Distributed EQA Samples 

0 

50 

100 

150 

200 

250 

300 

99 103 104 105a 105b 106 

IHC H Score mRNA H score 

Retrospective mRNA Prospective mRNA 

High 

ER +ve 

Low-

mid 

ER +ve 

ER -ve 

 

2012 2014 

• EQA: Confidence in distributed sample expression Levels 

• Labs: Potential discordant results due to methodology 

 

• Commercials: Please follow up on lab concerns 
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Breast HER2 IHC 

HER2 IHC EQA Sample Results Parallels that of In-house Controls 

 

A A’ 

B B’ 

Participant 1+ tumour NEQAS 1+ cell  line 

NEQAS 2+ cell  line Participant 2+ tumour 

Poor preservation of 

in-house samples 

 

Pre-analytic / Fixation 

needs addressing 

Poor 

analytic 

staining 

techniques 
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6% 

EQA Feedback does help to improve quality & confidence in 

HER2 testing: UK Breast HER2 IHC Rates 2003–2013 

 

99% UK labs now using 

a standardised kit/assay 

 Breast HER2 IHC: Kit vs Home Brew Method 

Overseas Participants 

43% 

81% 

0% 

10% 

20% 

30% 

40% 

50% 
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80% 

90% 

80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 

A
c
c
e
p

ta
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 R

a
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Year 

Home brew-OS Kit-OS 

Pearson chi sq. P<0.0001 

2007                                                                                                                                                2013 

Lab Devised  
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UK labs: Choice of Her-2 IHC (2007-2013) 

Transport 

 74% some/lot of uncertainty 

• Transport not a problem 

• Good transport schedule 

• Referral centre: no idea of transport time 

• No special arrangement for Fridays/weekends 

• Causes bottleneck…batching of work 

• Samples received later than expected 

• Inter-hospital transport problems 

• Delays TATs as no control over when sample arrives 
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Audits & TATs 

• Done only yearly / bi-yearly / Episodic 

• No time / too busy / understaffed 

• What should we audit? 

• No audit of TATs 

• Only if there is a problem 

• Not regular because of IT problems 

• Not measured: Too busy to audit 

• Presume ok if no complaint 

• Not done: staff shortage 

• Often delayed due to poor tissue quality 

• Variable depends on pathologist 

• Behind due to workload issues 

• Poor TATs due to batching 

Audits: 71% some/lot of uncertainty 

TATs: 56% some/lot of uncertainty 

 

UK HER2 Rates 

J Clin Pathol. 

 2015 68(2):93-99 
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HER2 Positivity (2009): Individual Participant Data + 95% Conf. intervals 
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* 

Control Material 
53% some/lot of uncertainty 

 

• Use on slide control 

• Use controls to monitor batch to batch variability  

• No on-slide controls 

• Kit controls, only one per run 

• Problems sourcing control material 

• Variability in quality of control material 

• Yes, but no on-slide 

• In-house control a pain! 

• Commercial controls too expensive 
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Control Material 

et al., 

et al., 

Summary 1 

• Lack of tissue homogeneity makes it impossible to determine the ‘true 

value’ of measurement in cellular pathology.  

 

• Laboratory should consider where they have ‘Uncertainty’ 

o Create a simple matrix board of uncertainty: post-its! 

o Consider which methods are best to achieve clinically reliable 

measurements…. Verify or Validate methods  

o Ensure lab equipment is calibrated regularly to a traceable standard 

o Make sure all staff are competent in the area they are working 

o Assess equipment achieves the desired objectives… Audits 

o Well defined Protocols & Methods  
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 External quality Assessments Provide Laboratories with a 

Means to Gauge Staining Quality Over Time 

Inconsistent & Inaccurate 

• Unreliable Methods 

• Unreliable Interpretation 

Consistent but NOT Accurate 

• Outdated Methods 

• Resistant to Change! 

Consistent & Accurate 

• Optimised Methods 

• Reliable Interpretation 

Improving Consistency 

• Conscious effort to improve 

• More Reliable Interpretation 

Summary 2 

Thank you 
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