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Harmonization in Laboratory Medicine

« Harmonization is a fundamental aspect of ensuring the
analytical and clinical quality of the total testing process

Total Testing Process

« Growing expectation for standardized patient care across
healthcare centers

« Harmonization efforts have largely focused on the pre-
analytical and analytical phase of testing, including:

o Standardized quality indicator goals
o Increased automation
o Development of commutable reference standards and improved

metrological traceability Pre-analytical  Analytical Post-analytical
Sample collection, Test Result
e . . processing and measurement reporting and
Have similar gains been made in reference transport interpretation

interval reporting?

Clinical chemistry and laboratory medicine. 2013 Apr 1;51(4):741-51.
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CSCC Working Group on Reference Interval Harmonization

Main Objective: Establish evidence-based harmonized/common reference intervals (hRIs) and
support their implementation in laboratories across Canada.
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Complete national reference interval (RI) survey (2017) and assess bias
across manufacturers and instruments
1

Identify initial analyte candidates for Rl harmonization

Extract laboratory data from community reference laboratories across Canada

Derive preliminary harmonized RIs based on big data analytics approach and compare
with data from:

Other Harmonization
Initiatives

Canadian Health

Manufacturers
Measures Survey

Refine preliminary harmonized RIs based on evidence and clinical input
and complete verification studies across Canada on all major analytical
platforms

Publish and implement national Canadian
harmonized Rls
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Reference Interval Harmonization in Canada: Current Gaps

Variation in ALP Reference Intervals
50 Year Old Male

Variation in ALP Reference Intervals
14 Year Old Female

Reference interval harmonization supports consistent and standardized test

result interpretation, when appropriate [P e e |
;: :;_BOCAUPERAZRSISUKRI 37 30 esssss———— 130 UK Rls
2 = = s 3
CSCC 2017 National Survey on Reference Interval Variation: A= 15 =
_ 42 m— F2% 1
Design: 3 % t— 8 —
« 37 laboratories, 7 analytes: RIs for ALT, ALP, calcium, creatinine, fT4, hemoglobin, e 8  —
sodium T — - B | O t———
« 40 laboratories measured 6 analytes in reference samples (hemoglobin excluded) Bi w — 2y s
AR 3| = .
Key Findings: AT 0 Hl-—=
- Variability in Rls even between laboratories using the same instrumentation Al T I
« Rl variability exceeded test result variability 1w = —
3 SOZ_L 175 i@ ; 40 61_1“131',0
0 100 200 300 400 500 600 0 50 100 150 200 250
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ALP Reference Intervals Reported by Clinical

Laboratories (U/L)

== Abbott == Beckman

Clinical biochemistry. 2017 Nov 1;50(16-17):925-35.

Ortho

ALP Reference Intervals Reported by Clinical

Laboratories (U/L)

== Roche Siemens
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CSCC hRI WG: Selection of initial analyte panel

« Candidate analytes for harmonization must demonstrate
minimal analytical bias across the platforms to be
harmonized

* For the analytical platforms used in Canada, we
evaluated:
 Method
 Manufacturer
« Calibration traceability
 Reference method
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Electrolytes

Sodium
Potassium
Magnesium
Chloride
CO2

Renal

 Creatinine
e« Calcium
* Phosphate

Hepatic

ALT

ALP

Total Protein
Total Bilirubin
Albumin

LDH

Endocrine

* FreeT3
* FreeT4
« TSH

17 initial analytes were selected

AACC escc



CSCC hRI WG: Selection of reference interval approach

Direct Approach

« Recommended by CLSI
Q » Better representation of a healthy population

« Minimal pre-analytical variation

« Extensive resource requirements

» Large sample size required

» Updating recommendations as new analytical
platforms develop is challenging
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Indirect Approach

» Less resources required
« Data easily representative

» Pre-analytical processes reflect routine laboratory
practice

« Requires in-depth statistical analysis and
consideration

» Determination of healthy population relies on
statistical methods

AACC escc



CSCC hRI WG: Selection of reference interval approach

Hoffman Method (1963)

97.5
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Plot the cumulative frequency of the
distribution on a normal probability paper

Reference interval extrapolated through
linear regression
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Bhattacharya Method (1967)

Mathematical straightening of the
Gaussian distribution

The slope and intercept are used to
determine the mean and SD, and from
this, the reference interval

TML Method (20

0.000

0 24 48 72 96 120 156 192 228 264 300 336

ALP UL
Ode omputational PpOwWe O DE
everaged (o de c aire elere c
erva Q al E 0010

The Clinical biochemist Reviews. 2019 May;40(2):99.
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CSCC hRI WG: Selection of data contributing centres

« Appropriate selection of data contributing centres is essential to optimize the performance of indirect methods

Criteria for data centre contribution:

o Large outpatient population

o Representative of Canadian population

o Representative of different analytical platforms
o Consistent results over time

Formed collaborations with

community laboratories to support
this initiative
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Analyzing the Data.

Example — Alkaline Phosphatase

a Retrieve population dataset

v' Extract data from multiple centres across
two year period

v Remove all repeat observations

v Include key covariates:

O

O
O
O

Age

Sex

Date of Collection
Result

Province: Ontario
Analytical Platform: Roche
Sample Size: 1062848

L.Tfe Labs:

Province: Ontario
Analytical Platform: Roche
Sample Size: 2655240

DynaLIFE

MEDICAL LABS

Province: Alberta
Analytical Platform: Siemens
Sample Size: 503169

L°TfeLa bs:

Province: BC
Analytical Platform: Roche
Sample Size: 781171




Analyzing the Data.

Example — Alkaline Phosphatase

Assess age/sex differences

Visually assess raw data across each
centre

Assess data density to evaluate age-
specific trends

Use specialized plots to view age- and
sex-specific differences

Confirm visual assessment statistically
using Harris & Boyd Method

Councentration {LU/L)

Councentration {LU/L)

150

100

50

180

80 100 120

60

40

ALP - Alberta (DynaLIFE)

O Males
O Females
T T T T T T
19-<30 30-<40 40-<50 50-<60 60-<70 70-<80
Age (years)
ALP - Ontario (Dynacare)
O Males
O Females
T T T T T T
19-<30 30-=40 40-<50 50-=60 60-<70 70-=80
Age (years)

Councentration {LU/L)

Councentration (/L)

140

80 100

80

40

140

80 100

80

40

ALP - British Columbia (LifeLabs)

O Males
O Females
T T T T T T
19-=30 30-<40 40-=50 50-=60 60-<70 70-<80
Age (years)
ALP — Ontario (LifeLabs)
O Males
O Females
T T T T T T
19-<30 30-<40 40-<50 50-<60 60-<70 70-<80
Age (years)

Significant age- and sex-specific differences (20-

40y M/F, 40-80y)
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Analyzing the Data.

Example — Alkaline Phosphatase

e Data clean up

v' Monthly stability assessed visually

v' Percent deviation from median
compared to reference change value
(RCV) reported by EFLM

v" Remove outliers for each centre based
on Tukey or Hubert method

% change from annual

% change from annual

median

ALP - Alberta (DynaLIFE)
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ALP - British Columbia (LifeLabs)
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Jan17  Apri7  Jul17 Oct17  Jan18  Apr18 Jul 18 Oct 18

Months

ALP - Ontario (LifeLabs)

T T T 1T T T T T T T T T T T T T T T T T T T1
Jan17  Apr17  Jul17  Oct17 Jan18 Apr18  Jul18 Oct 18

Months

No instability observed
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Analyzing the Data.
Example — Alkaline Phosphatase g
2
c
2
e Centre-specific differences S - H
o
(&)
c
O
O 04
v’ Assess centre-specific differences
using Harris & Boyd method DynaLIFE LifeLabs LifeLabs Dynacare
AB BC ON ON
v Combine all centres if no significant
differences are observed into Canada- Dync '''' DynaLIFE
W|de f||e MEDICAL LABS
Province: _Ontano (Roche) Province: Alberta (Siemens)
Sample Size: 1062848 Sample Size: 503169
@ @
L'fe La bs: LTfe Labs:
| Sample Size: 2655240 Size: 2655240 Sample Size: 781171
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Analyzing the Data.

Example — Alkaline Phosphatase

Establish RI for each partition

v' Use TML method to establish
reference intervals for each partition

v Compare established reference
Intervals across provinces and
reference intervals

Preliminary hRIs Across Canada

140
~ . ~®" Dynacare AB
S 120 Te., * T¢17 ™ LifeLabsBC
~— 100 tel - .
c —o— LifeLabs Ontario
O g0 Dynacare Ontario
I Combined
S [ ]
8 40 ® ¢ O sl LA 3 XX )
c
o 20
© 0
19 to <40y M 19 to <40y F 40 to <80y
Partition
Partition Dynacare LifeLabs LifeLabs Dynacare Canada-Wide
AB BC ON ON
Siemens Roche Roche Roche

19 to <40y M 46-121 42-114 42-110 42-111 42-113

19 to <40y F 37-115 34-103 34-101 34-106 35-105

40 to <80y 44-124 41-119 41-115 41-118 41-119

*displayed in U/L
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Preliminary Recommendations

Analyzing the Data.

Example — Alkaline Phosphatase

Data from Healthy
Canadians
(CHMS study)

e Compare and assess

Compare to indirect and direct data
published by international initiatives

Preliminary harmonized
reference standards

Data from Data from
manufacturer other
package harmonization

Compare to manufacturer package S |

insert data

Compare to what is currently used at
each centre

Proposed Harmonized RI

19 to <40y M 40-115 U/L
Internal discussion and finalization 19 to <40y F 35-105 U/L
40 to <80y 40-120 U/L

AACC escc




CSCC hRI WG: Preliminary Recommendations & Next Steps

Recommended harmonized reference intervals for 17 assays discussed by hRl Working Group

Analyte Calculated RI Recommended Harmonized Rl

Alanine 19 o <80y M 11-53 19 to <BDy M Rl: 11-53, CDL: <33°
aminotransferase (U/L) 19 to <BOy F B-35 19 to <80y F Rl: 8-35, CDL: <25

19 to <60y M 40-51

19 to <80

Albumin BCG (g/L) 19 to <60y F 39-49 earc; 40-50

60 to <80y 39-49 v

< - <

Alkaline Phosphatase 19 to <40y M 42-114 19 to <40y M 40-115
(UfL) 19 to <40y F 34-103 19 to <40y F 35-105

40 to <80y 41-119 40 to <80y 40-120
'['ai?te Dehydrogenase | 14, cg0y 122-237 19tn <80y 120-240

I 19 to <80y M 3.5-20.0 19tc<BDy M 3-20
Total Bilirub 1L
otal Bilirubin (umol/L) 7 o aov F 28158 19to<B0yF | 3-16

Total Protein {g/L) 19 to <80y 61-79 19 to <80y 60-80

19 to <60y 0.79—-145
Phosphate (mmol/L) B0 to <80y M 0.77-1.43 19 to <80y 0.80— 1.45

60 to=<ByF 0.B6-147

19 to <40y M 2.21-254
Calcium {mmol/L) 19 to <40y F 2.16—2.50 19 to <80y 2.15— 2.55

40 to <80y 2.16—-252

i.? to <80 years 63-117
Creatinine {umaol/L) Nat finalized Mat finalized

19 to <80 years

E 43-05
FT3 {(pmol/L) 19 to <B0y 3.01-5.68 19 to <BOy 3.0to0 5.7
FT4 {pmol/L) 19 to <B0y 07-155 19 to <BOy 9.5to 15.5

RI: 0.60-4.55
B - < !

TSH [miU/L) 19 to <80y 0.60-4.55 19 to <80y CDL: 0.1-4.13¢
Sodium (mmaol/L) 19 to <80y 138-145 19 to <B0y 137-145
Potassium (mmaol/L) 19 to <80y 3.8-5.1 19 to <80y 3.8-5.1
Magnesium (mmaol/L) 19 to <80y 0.73-1.00 19 to <BOy 0.73-1.00
Total CO2 (mmolfL) 19 to <B0y 22-32 19 to <BOy 22-30
Chloride [mmol/L) 19 to <R0y 97 —107 Nat finalized Mat finalized

Establishment of preliminary hRIs for 15/17 parameters

Limitations to the current data:
o Only three manufacturers represented

o Only three provinces represented
o All data contributing centres use serum as preferred matrices

How can they be addressed prior to implementation?
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CSCC hRI WG: Cross-Canadian Verification Study

Objective: To verify proposed hRIs on major analytical platforms across Canada using serum and plasma samples prospectively
collected from healthy adults.

Study Design:

20 Males (19-<40y) 20 Females (19-<40 . : ‘“g
T EEEEEEERENE "."'E."‘y) 2 Serum . 1mLA||qUOt ';!&‘:;:Pv‘
TTIe00790 oo ee eI me bl A
10 Males (40-<80y) 10 Females (40-<80y) [ m 0O iy
60 adult volunteers recruited from the community 2 serum and 2 plasma tubes will be collected Distribution to 8 laboratories across Canada
with the following age/sex distribution. from each participant for analysis of all 17 analytes
2w THE LAB+BEYOND  (Rochey Ortho  SIEMENS &, CJ AACC escc
EkIBNIE?(%I"J Clinical Diagnostics COULTER Abbott




CSCC hRI WG: Cross-Canadian Verification Study - Results

Serum Phosphate Serum TSH
201 6
» Most analytes met the criteria
15 Group for verification established by
. 4 B Avbott - NF the hRI WG
£ = B3 Beckman - AB
£ [= eckman
= c B3 Ortho - NB )
S 107 = B Ortho - ON « Select analytes require further
5 *gj E Roche - analysis and investigation (e.g.
g S, B Roche - ON TSH, FT3, FT4, creatinine)
0 — Siemens - QB
 Minimal differences between
matrices were observed
0.0 0
I Cliniclal Labolratory | I | | | I Cliniclal Labolratory I

*shaded grey area indicates proposed hRIs
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Final Conclusions and Next Steps

« Anovel big data analytics approach was undertaken to defined preliminary hRIs for 17 analytes:
* (1) extraction of data from community reference laboratories across Canada

(2) assessment of outliers

(3) statistical evaluation of age, sex, and center-specific differences

(4) derivation of preliminary hRIls using the TML method

(5) comparison of established hRIs to direct data in the healthy Canadian population.

* Robustness of these data was assessed through a Cross-Canada Verification Study where results supported
implementation of these recommendations (exceptions include: FT4, TSH, FT3, and creatinine)

» Future work will focus on finalizing recommendations, supporting their implementation, and expanding this
approach to other analytes
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