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 This presentation is largely formed of 
my opinion on the matter, and should 
be taken in that spirit 

 I have been a member of ad hoc expert 
panels that have developed IHC 
guidelines, have been a consultant to 
the CAP-ACP National Standards 
Committee for High-Complexity 
Testing/IHC and am a member of the 
CAP Pathology and Laboratory 
Quality Center working group for 
immunohistochemistry assay 
validation 

 I have no relevant financial 
relationships to disclose 

A disclaimer and 
disclosure 

β-catenin 



 What is the rationale for expert panel and society 
based practice guidelines? 
 A matter of standardization 

 What measurable effects do they have on 
immunohistochemical practice? 
 A matter of conformity 

 What measurable effects do they have on laboratory 
quality? 
 A matter of outcomes 



 What is the rationale for guideline recommendations? 
 To provide a framework for pre-analytic standardization 
 To develop testing and interpretative algorithms to 

normalize practices 
 To provide expectations for reporting of test results 
 To respond to and anticipate regulatory scrutiny 

 The ideal: 
 Uniform practice across labs 
 Uniform quality across labs 

 



 What is the basis for guideline recommendations? 
 

 How are guidelines developed? 
 

 How are guidelines disseminated? 
 



 What is the basis for guideline recommendations? 
 
Evidence - that which tends to prove or disprove 

something 
 
Eminence - a position of great distinction or superiority 
 
Inscience (syn. nescience) - want of knowledge, ignorance 

 inscient2 - having inward knowledge or insight 
 

 
 



 How are guidelines developed? 
 
 Expert consensus informed by the evidence 

 
 Formal analysis of the strength of evidence 

 
 A combination of these 



 Specific standards for developing guidelines 
 1.  establish transparency 
 2. manage conflict of interest 
 3. use multidisciplinary development teams 
 4. employ systematic review using IOM standards 
 5. establish evidence foundations for and rating the strength 

of recommendations 
 6. use standardized language to articulate recommendations 
 7. subject proposed recommendations to external review 
 8. update recommendations as relevant evidence emerges 

Institute of Medicine. Clinical Practice Guidelines We Can Trust. Washington, DC: The 
National Academies Press. 2011 

 



 Level 1 study:  
 Collaborative study using a large panel of well-characterized 

samples 
 summary data from external proficiency-testing schemes or 

inter-laboratory comparisons 
 Level 2 study: 

 High-quality peer-reviewed studies (method comparisons, 
validation studies)  

 Level 3 study 
 Lower-quality peer-reviewed studies 
 expert panel–reviewed US FDA summaries 

 Level 4 study:  
 Unpublished or non–peer-reviewed data 

 
 

 



 Convincing  
 Two or more level 1 or level 2 studies (study design and execution) that 

had an appropriate number and distribution of challenges and reported 
consistent and generalizable results. 

 One level 1 or level 2 study that had an appropriate number and 
distribution of challenges and reported generalizable results 

 Adequate  
 Two or more level 1 or level 2 studies that lacked the appropriate 

number and distribution of challenges, or 
 were consistent but not generalizable 

 Inadequate  
 Combinations of level 1 or level 2 studies that show unexplained 

inconsistencies, or 
 one or more level 3 or level 4 studies 
 expert opinion 

Teutsch SM, et al.: Applications in Practice and Prevention (EGAPP) Initiative: 
methods of the EGAPP Working Group.  Genet Med 2009;11:3–14. 

 
 



 Strong recommendation 
 Strength of evidence is convincing, based on consistent, 

generalizable, good-quality evidence; further studies are 
unlikely to change the conclusions 

 Recommendation 
 Strength of evidence is adequate, based on limitations in 

the quality of evidence; further studies may change the 
conclusions 

 Expert consensus opinion 
 Important validation element to address but strength of 

evidence is inadequate; gaps in knowledge may require 
further studies 

 



A few examples of recently published guidelines. Most represent 
expert consensus informed by the evidence; those with detailed 
methodologic description of their analysis and summary of the 
evidence are noted with an *asterisk 
 CAP-ACP National Standards Committee for High-Complexity 

Testing/IHC best practices for IHC test validation (Torlakovic 
EE, et al.  Am J Clin Pathol 2010; 133:354) and guidelines for 
preparation, storage and transport of unstained sections  
(Cheung CC, et al.  Am J Clin Pathol 2014; 142:629) 

 Reporting guidelines for immunohistochemistry: REMARK 
(Altman DG, et al. PLoS Medicine 2012; 9:e1001216) and 
MISFISHIE (Deutsch EW, et al.  Nat Biotechnol 2008; 26:305) 

 International Council for Standardization in Hematology 
guidelines for immunohistochemistry of bone marrow samples 
(Torlakovic EE, et al. Int J Lab Hematol 2015; 37:431) 

 
 



 International Mesothelioma Interest Group guidelines for 
cytopathologic diagnosis of mesothelioma (Hjerpe A, et al. 
Acta Cytologica 2015; 59:2) 

 International ad hoc panel recommendations for positive 
and negative immunohistochemical controls (Torlakovic 
EE, eta l. Appl Immunohistochem Mol Morphol 2014; 22:241 
and 2015; 23:1) 

 Ad hoc standardization committee recommendations for 
diagnostic IHC testing and ER/PR testing (Yaziji H, et l. 
Appl Immunohistochem Mol Morphol 2008; 16:513 and 
Goldstein NS, et al.  Appl Immunohistochem Mol Morphol 
2007; 15:124) 

 Independent expert panel guidelines for ER/PR test 
validation (Fitzgibbons PL, et al.  Arch Pathol Lab Med 
2010; 134:930) 

 
 



 Antibody validation for biomarker discovery (Howat 
WJ, et al.  Methods 2014; 70:34) 

 NCCN guidelines for Her2 testing in breast carcinoma 
(Carlson RW, etal.  J Natl Compr Canc Netw 2006; 
Suppl3: S1) 

 *ASCO/CAP guidelines (original and updated) for 
Her2 testing in breast carcinoma (Wolff C, et al.  Arch 
Pathol Lab Med 2007; 131:18 and 2014; 138:241) 

 European multilaboratory validation of and 
recommendations for Her2 testing in gastric 
adenocarcinoma (Rueschoff J, et al.  Virchows Arch 
2010; 457:299)  

 
 

 
 



 *CAP/IASLC/AMP guidelines for biomarker testing in 
lung carcinoma (later endorsed by ASCO) (Lindeman 
NI, et al. Arch Pathol Lab Med 2013; 137:828) 

 *CAP Quality Center guidelines for ER/PR testing 
(Hammond ME, et al. Arch Pathol Lab Med 2010; 
134:907) 

 *CAP Quality Center guidelines for validation of 
immunohistochemical assays (Fitzgibbons PL, et al. 
Arch Pathol Lab Med 2014; 138:1432) 

 *CAP Quality Center guidelines for validating image 
analysis platforms (Pantowitz L, et al. Arch Pathol Lab 
Med 2013; 137:1710) 

 
 

 
 



 Garbage in, garbage out: a critical evaluation of strategies 
used for validation of immunohistochemical biomarkers 
(O’Hurley G, et al.  Mol Oncol 2014; 783) 
 a detailed expert opinion discussion of validation techniques 

and the requirements of an assay validation system 
 National guidelines and level of evidence: comments on 

some of the new recommendations in the ASCO/CAP 
human epidermal growth factor 2 guidelines for breast 
cancer  (Rakha EA, et al. J Clin Oncol 2015; 33:1301) 
 A critical review of the evidence for changes in the definition 

of indeterminate IHC and FISH 2013 update and an accurate 
prediction of the impact on overall impact on reflex testing 
rates, indeterminate rates and patient management 

 
 



 How are guidelines disseminated? 
 

 Early distribution for comments and feedback? 
 

 Formal presentation and discussion at meetings with 
subsequent publication? 
 

 Publication alone? 
 



 How well do laboratories follow guideline 
recommendations? 
 

 Is this alone a good measure of laboratory quality? 





 The Her2 experience 
 Original understanding of lab practices (circa 2004) 

 
 CAP Pathology and Laboratory Quality Center 

questionnaire (2008) 
 
 Follow-up CAP questionnaire (2011) to reflect changes in 

practice after 1 full accreditation cycle 
 

  Validation of antibody-based assays for predictive 
biomarkers and diagnosis 



 
 Original understanding of lab practices circa 2004 

(reviewed in original ASCO/CAP Her2 guidelines – appendix D; Wolff AC et al. J Clin 
Oncol 2007; 25:118) 

 Only a “small fraction” of labs performing Her2 testing 
validated the test assay before offering results 

 Fewer than 30% of labs participated in external quality 
assurance programs 

 48% of labs reported following FDA approved methods 
 Inter-laboratory discordances rates 20% 



 CAP Quality Center questionnaire 2008  
(Nakhleh RE, et al., Arch Pathol Lab Med 2010; 134:728) 

 81.4% of labs interpreted Her2 IHC performed in-house 
 83.8% used ASCO/CAP recommended scoring criteria 

 13.2% used manufacturer’s recommendations 
 71.6% of labs conveyed fixation time information in 

reports 
 27.2% of labs specified the number of hours of fixation 
 24.1% stated that fixation times met ASCO/CAP guidelines 
 28.4% did not mention fixation time 
 Compliance highest (76.3%) among labs accredited by CAP 

 
 



 CAP Quality Center questionnaire 2008  
(Nakhleh RE, et al., Arch Pathol Lab Med 2010; 134:728) 
 60.6% of labs validated IHC by concordance with FISH 

 Median number of cases in FISH concordance validation set = 40 
 Labs achieving 95% concordance between IHC 0,1+ and FISH 

negative: 81.0% 
 Labs achieving 95% concordance between IHC 3+ and FISH positive: 

73.3%  
 23.5% validated by concordance with IHC results from 

another lab 
 Median number of cases in comparative IHC validation set = 27 

 Labs achieving 95% interlab concordance for IHC 0,1+: 72.3% 
 Labs achieving 95% interlab concordance for IHC 3+: 67.7% 

 FISH validation of IHC most common (78.8%) in labs 
accredited by CAP 

 90.8% of labs had an interpretative competency program in 
place 
 



 Follow-up CAP questionnaire 2011 to reflect changes in 
practice after 1 full accreditation cycle (Dyhdalo KS, et al., Arch 
Pathol Lab Med 2014; 138:876) 

 74.5% of labs interpreted Her2 IHC performed in-house 
(less likely – 63.6% -- if the responding lab did not 
participate in the earlier questionnaire) 

 86.6% used ASCO/CAP recommended scoring criteria 
 11.8% used manufacturer’s recommendations 

 83.2% of labs conveyed fixation time information in 
reports 
 37.9% of labs specified the number of hours of fixation 
 26.7% stated fixation times met ASCO/CAP guidelines 
 16.8% did not mention fixation time 

 
 



 Follow-up CAP questionnaire 2011 to reflect changes in 
practice after 1 full accreditation cycle (Dyhdalo KS, et al., Arch Pathol 
Lab Med 2014; 138:876) 

 46% of labs had written procedures for Her2 assay validation 
 49.1% of labs validated IHC by concordance with FISH 

 Median number of cases in FISH concordance validation set = 40 
 Labs achieving 95% concordance between IHC 0,1+ and FISH 

negative: 76.5% 
 Labs achieving 95% concordance between IHC 3+ and FISH positive: 

70.4%  
 26.3% validated by concordance with IHC results from 

another lab 
 Median number of cases in comparative IHC validation set = 27 

 Labs achieving 95% interlab concordance for IHC 0,1+: 71.1% 
 Labs achieving 95% interlab concordance for IHC 3+: 69.6% 

 



 
 CAP Survey in 2015 looked at validation practices in 

comparison to a 2010 survey  
(Hardy LB et al, Arch Pathol Lab Med 2013; 137:19 and unpublished data provided by Raouf 

Nakhleh MD on behalf of the CAP Quality Center) 

 Interval improvement since 2010: 
 Percentage of labs that validate predictive markers and have 

written protocols for validation (interval change +28%) 
 Percentage of labs that validate diagnostic markers and have 

written protocols for validation (interval change +12%) 
 Median number of cases used for validation (both marker 

types), though a surprisingly large number of labs still use 
sample sizes sufficiently small to preclude any statistical 
confidence in the value of a positive or negative result 
 

 
 



 
 An unexpected finding: 

 An increase in the percentage of labs sending out some 
or all IHC (though most still interpreting in house)  

 
 



 A multicenter (n=27) analysis of interlab variation in 
Her2 (and ER/PR testing) covering 98% of breast 
cancer cases in Sweden during the study period 

 Cases stained for biomarkers in accordance with 
Swedish national guidelines, then stains and blocks 
sent to a central facility 

 Original interpretations compared with central stain 
and review 

 Agreements for ER and PR: κ = 0.95 and 0.85 analytic 

 Agreement for Her2 0, 1+ vs 2+,3+: κ = 0.64 interpretative 
 (Ekholm M, et al. Acta Oncol 2015; 54:1040) 

 



 
 Yes, perhaps 

 Attention to guidelines suggests attention to pre-
analytic and analytic performance 

 Consistency (and quality) should continue to improve 
 But it is not a measure of outcomes 



Guidelines are, 
after all, just an 
instruction set… 



 How do we measure outcomes based on recommended 
guidelines (and if we cannot, why create guidelines in 
the first place)? 
 

 What is the role of external quality assurance (EQA)? 
 



 How do we measure outcomes based on recommended 
guidelines? 
 External quality assurance (EQA) 

 formal review of internal samples for quality 
 formal review of external samples based on self–reported and 

expert panel review of results compared to vetted positive and 
negative standards 

 ‘round robin’ sharing of cases between labs (see Liessem S, et al 
Pathologe 2014; 35:61) 

 Comparison with the literature experience 
 Ongoing evaluation of lab performance against  

 expected positive rates (Her2, ER, PR, ALK)  
 reflex FISH rates (Her2 2+ IHC; ALK/ROS indeterminate IHC) 

 Internal interpretative proficiency testing 



Arch Pathol Lab Med. 2014 Feb; 138(2): 241–256 



 What is the role of external quality assurance (EQA)? 
 
 External review of stain quality, testing parameters  

 (cIQc, NordiQC, UK-NEQAS, CAP) 
 

 Comparison with peers  
 (cIQc, NordiQC, CAP) 

 
 Feedback on best practices  

 (cIQc, NordiQC) 



 Should participation in EQA be a requirement of 
laboratory accreditation? 



 The literature experience with ASCO/CAP 2013 updates 
 Differences of opinion, it seems 

 A few studies support the proposition stated in the guideline update 
that changes in IHC and FISH interpretative criteria were needed to 
improve overall confidence in positive results and to decrease false 
negatives 

 However, the consensus in press is that the changes, while slightly 
improving overall positive rates, increased both IHC and FISH based 
indeterminate results, delaying reporting for some patients, increasing 
the overall unresolved indeterminate rate and increasing the number of 
cases requiring repeat testing on alternate blocks or samples 

 ASCO/CAP have since reverted IHC2+ criteria to original guidelines 
(but FISH criteria remain unchanged) 

 Not all national guidelines adopted the changes included in the 
ASCO/CAP update 
 UK guidelines retain a ratio-based indeterminate FISH (Her2:Cep17 

1.80-1.99) (Rakha EA et al., J Clin Pathol 2015; 68:93; see also J Clin 
Oncol 2015; 33:1301)) 



 The literature experience with cIQc survey summaries 
and both cIQc and NordiQC website analyses of 
completed challenges suggests that laboratories 
modify pre-analytic and analytic parameters in 
response to performance against peers and that overall 
laboratory performance improves with subsequent 
challenges 
 



ALK 
Cheung CC et al.  Appl 
Immunohistochem Mol 

Morphol 2015; 23:677 
 



P53 
Lee S, et al.  Int J Gynecol 

Pathol 2016; 35:209 



Examples of published cIQc and NordiQC summaries 
 Socioeconomic impact of inaccurate Her2 testing (NordiQC).  

Vyberg M, et al.  BMC Health Serv Res 2015; 15:352 
 Optimized use of p53, WT1 and napsin A in ovarian carcinoma 

(cIQc).  Lee S, et al.  Int J Gynecol Pathol 2016; 35:209 
 General observations on pre-analytic and analytic factors in IHC 

testing (NordiQC).  Vyberg M and Nielsen S.  Virchows Arch 
2016; 468:19;    Nielsen S. BioTech Histochem 2015; 90:331 

 ALK IHC and FISH testing in lung carcinoma (cIQc).  Cheung 
CC et al.  Appl Immunohistochem Mol Morphol 2015; 23:677 

 Diagnostic accuracy of steroid hormone receptor IHC (cIQc).  
Perez T, et al.  Appl Immunohistochem Mol Morphol 2015 Jul 18 
[Epub ahead of print] 



Examples of published cIQc and NordiQC summaries 
 Best practices in CD15 IHC (NordiQC).  Roge etal. Appl 

Immunohistochem Mol Morphol 2014; 22:449 
 Comparison of IHC testing performance in academic and non-

academic centers (cIQc).  Chen ZW, et al.  Am J Clin Pathol 2013; 
140:55 

 Laboratory score/reference method score ratios for monitoring 
performance of hormone receptor testing (cIQc).  Cheung CC, et 
al.  Am J Clin Pathol 2011; 136:67 

 Analytic errors with keratin IHC tests (cIQc).  Copete M, et al.  J 
Clin Pathol 2011; 64:220 

 EQA for hormone receptor markers  (cIQc/CAP-ACP).  Terry J, et 
al.  Appl Immunohistochem Mol Morphol 2009; 17:375 

 Impact of antibody selection for cyclin D1 in mantle cell 
lymphoma (NordiQC).  Torlakovic E, et al.  Am J Clin Pathol 
2005; 124:782 



Other studies of note: 
 
 Interlaboratory variation in Her2 testing for gastric carcinoma in 

Canada (uncredited cIQc?).  Brandon S, et al. Arch Pathol Lab 
Med 2014; 138:1495 

 Interlaboratory CD117 IHC performance on TMAs (CAP).  
Dorfman DM, et al.  Arch Pathol Lab Med 2006; 130:779 

 Interlaboratory Her2 IHC performance on TMAs constructed 
from cell lines with known Her2 quantification (CAP).  
Fitzgibbons PL, et al.  Arch Pathol Lab Med 2006; 130:1440. 

 The importance of on-slide positive controls as a marker for 
‘failed slides’.  Cheung CC, et al.  Appl Immunohistochem Mol 
Morphol 2015 dec 9 [Epub ahead of print] 
 



 These challenges are an effective means for 
laboratories to monitor performance over time (in the 
context of best practices and consensus guidelines) for 
established biomarkers and diagnostic tests 

 
 Feedback from initial and first repeat challenges with 

novel biomarkers probably provide the best 
information regarding performance of a lab’s test 
methods and interpretative competency 



 Guidelines form the basis for important 
conversations regarding laboratory practice and 
quality 

 
 Carefully vetted evidence-based guidelines provide 

the best working platform for laboratory 
standardization 
 

 IHC laboratory practice has become much more 
consistent in response to these recommendations 



 Properly conceived, interpreted and annotated 
EQA challenges provide the best resource for 
defining and refining best practices and improving 
both lab quality and lab to lab reproducibility 



 Level 1 study:  
 Collaborative study using a large panel of well-characterized 

samples 
 summary data from external proficiency-testing schemes or 

inter-laboratory comparisons 
 Level 2 study: 

 High-quality peer-reviewed studies (method comparisons, 
validation studies)  

 Level 3 study 
 Lower-quality peer-reviewed studies 
 expert panel–reviewed US FDA summaries 

 Level 4 study:  
 Unpublished or non–peer-reviewed data 

 
 

 



 Results of EQA should be formally evaluated by 
quality panels and promulgated as recommended 
guidelines 
 Current dissemination of observations through web-

based analyses and peer-reviewed manuscripts 
provide the evidence 

 Impartial expert panels should propose best practice 
protocols using this evidence 

 These protocols should form the basis for IHC 
laboratory quality review and accreditation 



 CAP (both sides of the border) and ASCP have been 
involved in meaningful discussions about best practices, 
through sponsored committee work and guideline 
development, but 

 Perhaps multidisciplinary teams within 
immunohist0chemistry might be better suited for the 
next steps 

 ISIMM  
International Society for Immunohistochemistry and 
Molecular Morphology   www.isimm.org 
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