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Labour’s top three priorities 

http://news.bbc.co.uk/2/hi/uk_news/education/6564933.stm



The Department of Education is one

• Asked on “Fox News Sunday” 
how he would cut spending, 
Trump named the Department 
of Education and the 
Environmental Protection 
Agency as potential targets.

• “No, I'm not cutting services, 
but I'm cutting spending. But I 
may cut Department of 
Education.”

Oct 18, 2015, 04:34 PM EDT
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STANDARDIZATION & HARMONIZATION



Standardization is a process

• Intended to accomplish reasonable comparability
and/or interchangeability of results produced by 
different laboratory measurement procedures

• The process in practice establishes metrological 
traceability to internationally agreed 
measurement standards

Vesper HW, Thienpont LM. Traceability in laboratory medicine. Clin Chem. 2009 Jun;55(6):1067-75. doi: 10.1373/clinchem.2008.107052. Epub 2009 Apr 9. PMID: 19359540.



A problem as old as clinical testing

Linda Thienpont - Keynote - Evolution of Standardization in Laboratory Medicine https://www.youtube.com/watch?v=RnEZJ8H9IjY



It makes sense, but…

• Establishing standardization is a fast-flowing 
river overcoming all obstacles

• Obstacles cause the river to meander and slow 
down

• A theory will find its way into practice because 
it has value

Linda Thienpont - Keynote - Evolution of Standardization in Laboratory Medicine https://www.youtube.com/watch?v=RnEZJ8H9IjY



Insulin measurement

• 1959 – insulin assay in plasma

• Still not standardized

• Obstacles

– Insufficient definition

– What is measured?

Linda Thienpont - Keynote - Evolution of Standardization in Laboratory Medicine 
https://www.youtube.com/watch?v=RnEZJ8H9IjY

The Nobel Prize in Physiology or Medicine 1977 Rosalyn 
Yalow “for the development of radioimmunoassays of 

peptide hormones”

R. S. Yalow and S. A. Berson
Assay of Plasma Insulin in Human Subjects by 

Immunological Methods. Nature 1959



What do we “intend” to measure?
• Insofar as the antigenic substances present in 

standards or test samples are dissimilar and/or 
molecularly heterogeneous, an immunoassay is 
invalid, and the results it yields have no universal 
significance

• Attempts to standardize “analytically-invalid” 
immunoassays inevitably fail

Ekins R. Immunoassay standardization. Scand J Clin Lab Invest Suppl. 1991;205:33-46. doi: 10.3109/00365519109104600. PMID: 1947747.

Roger Ekins
Department of Molecular Endocrinology, University College 
and Middlesex School of Medicine, London, UK



Two approaches 
Standardization

• A metrological approach

• Reference measurement 
procedure

• Trueness is established

Harmonization

• A pragmatic approach

• Alignment of assays

• Surrogate reference 
measurement procedure

Both harmonization and standardization aim for the same outcome: 
laboratory test results that are comparable across technologies, time, and location.





CDC’s Clinical 
Standardization Programs 
(CSPs) make certain that 
the accuracy, precision, 
and other relevant 
analytical performance 
parameters of a 
laboratory test are 
improved and maintained 
to meet clinical needs





STANDARDIZATION OF FLOW CYTOMETRY

ASSAYS



Prof. Tomáš Kalina

“all [flow cytometric assays] 
need to define the cells of 
interest, interpret (simplify) 
their identity from the 
immunophenotype and 
enumerate their proportion 
in the sample”

Kalina T. Reproducibility of Flow Cytometry Through Standardization: 
Opportunities and Challenges. Cytometry A. 2020 Feb;97(2):137-147. 
doi: 10.1002/cyto.a.23901. Epub 2019 Oct 8. PMID: 31593368.
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the Human ImmunoPhenotyping Consortium 
2016

PRECISESADS Flow Cytometry Study Group & 

PRECISESADS Clinical Consortium 2016

the ONE Study 

consortium 2013

Standardized and flexible eight colour flow 

cytometry panels - Glycostem Therapeutics 

2017
The GEIL 
study 2013

The Swiss Cytometry Society 
(SCS) study 2019

the Human Immunology Project 
Consortium (HIPC) 2012

The Canadian National Transplant 

Research Program (CNTRP) 2018

The Children's Oncology 
Group (COG) study 2008



Is standardization impossible?

• It depends…

– Enumeration vs. 
Leukemia/Lymphoma

How Good Is Good Enough?

Moving 
goalposts

Variable 
resources 

Personal 
preferences



EDUCATION & STANDARDIZATION

A success story



CD34+ HSC enumeration

• Flow cytometric enumeration of CD34+ cells 
provides a rapid means of measuring a clinically 
useful surrogate marker of graft adequacy

– based on the number of CD34+ cells/Kg of patient 
body weight

– predictor of the success of apheresis

– “on-line” monitor the yield of CD34+ cells



Stem Cell Enumeration

• CD34+ enumeration dates back to the late 1980’s

ProCOUNT™ (BD Biosciences)

Stem-Kit™ (Beckman-Coulter)



Stem Cell Enumeration

courtesy of D. Robert Sutherland

Rob Sutherland



The ISHAGE protocol – a journey



Education. 

• CD34 Epitopes:

• CLASS I, II, and III

• CD45 isoforms 

• Fluorochrome suitability

• Boolean gating strategy

• Useless isotype controls

• Adding a viability dye

• Single platform

• Reverse pipetting

• CD3 drop-in for allogeneic products

• Guidelines for post-thawed samples

• Limitations of hematology analyzers

• Use of a Forward Scatter/Side 

Scatter gate 

• Challenges faced on new cytometers

Education. Education. 



Slide from Sutherland



Europe comes together!

• 1998 Volume34, Issue3 - 15 June 1998
Pages 128-142

“…successful implementation of a standard protocol 

can significantly reduce interlaboratory variation 

and that centralized hands-on training of the involved 

laboratory personnel is an effective tool to achieve this 

goal.”



The ISHAGE protocol – results
• The use of SP flow cytometric technology has improved 

standardization globally of this procedure
– using the SP ISHAGE approach, CVs of <10% have been achieved
– consistently produces the lowest inter-laboratory CVs of all the 

gating strategies used
– laboratories performing the ISHAGE protocol incorrectly are up 

to twice as likely to fail an external quality assurance / 
proficiency testing exercise

• Education and technical support has improved the correct 
usage of the ISHAGE protocol gating strategy

Whitby A, Whitby L, Fletcher M, Reilly JT, Sutherland DR, Keeney M, Barnett D. ISHAGE protocol: are we doing it correctly? 
Cytometry B Clin Cytom. 2012 Jan;82(1):9-17. doi: 10.1002/cyto.b.20612. Epub 2011 Sep 13. PMID: 21915992.



Utilization

FL-4 (CD34+ Enumeration Survey)

• DP users (n=77):

– ISHAGE: 77% of respondents 

• SP users (n=232):

– ISHAGE: 86% of respondents



CONTINUED EDUCATION



Systematic Education
• Education of users
• Education of manufacturers
• Education of regulatory bodies – new CLSI 

guidelines (in process)
• Education at conferences
• Education in the lab
• Education within specialized societies



https://onlinelibrary.wiley.com/doi/10.1002/cyto.b.21528

First 3 rounds

Conclusion: Despite the provision of 
the COG standardized analysis 
protocol, even experienced labs require 
an educational component for B-ALL 
MRD analysis by FCM

Michael Keeney, Brent L. Wood, Benjamin D. Hedley, Joseph A. DiGiuseppe, Maryalice Stetler-Stevenson, 
Elisabeth Paietta, Gerard Lozanski, Adam C. Seegmiller, Bruce W. Greig, Aaron C. Shaver, Lata Mukundan, 
Howard R. Higley, Caroline C. Sigman, Gary Kelloff, J. Milburn Jessup, Michael J. Borowitz

Last 2 rounds



Small Cell Therapy Labs
• Established 12/3/2009
• 1229 members
• 148,320 discussion threads
• 297 posts are ISHAGE protocol-related

– “The currently used flow gating platform came from an article by D. Robert 
Sutherland, chair of the ISHAGE Stem Cell Enumeration Committee at the time, 
in an attempt to standardize methods between labs

– The committee was established in 1995 by ISHAGE to "validate a simple, rapid 
and sensitive flow cytometric method to quantitate CD34+ cells in peripheral 
blood and apheresis products." See Journal of Hematotherapy 5:213-
226(1996)”.

small-cell-therapy-lab@googlegroups.com



Purdue Cytometry Discussion List

• Established in 1989

• Archive goes back to July 1992

• Continuously available for free access to all scientists

• Current membership is approximately 4500 scientists

• ISHAGE: 13 posts

• CD34: 87 posts

http://www.cyto.purdue.edu/hmarchiv/index.htm

http://www.cyto.purdue.edu/hmarchiv/index.htm






https://meridian.allenpress.com/aplm/article/147/5/584/485897/A-Consortium-for-Analytic-Standardization-in



ICCS Education Committee

@ICCS_Education

39 members

1,673 Followers



25 open-access modules

Chair: 
Prof. Dr. med. Wolfgang Kern

ICCS Quality and Standards Committee



WHAT IS CLINICAL CYTOMETRY?
CONFERENCES
SCHOOLS & AFFILIATED EVENTS
CERTIFICATION EXAM
CERTIFIED CYTOMETRISTS
ESCCA PUBLICATIONS
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Education is the movement from darkness to 
light

(Alan Bloom)


