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Critical Role of Laboratory Medicine in Healthcare Delivery

Laboratory Medicine is : e
part of the multi-disciplinary The quality of the Clinical Laboratory

team at the centre of healthcare Service 1is critically dependent on:

* Quality Lab Operations
Accurate/Precise Iesting Process (validated
methods/systems)

|dentify risk factors
& symptoms

* Appropriate Reference Intervals/Decision Limits
Accurate interpretation of lab results based on
appropriate reference intervals
or clinical decision limits

Diagnose
disease

Clinical
LAB

Evaluate
response

Determine
appropriate
treatment

Key to ensuring Postanalytical Quality
of Laboratory Reports
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Reference Intervals: Key Health Associated Benchmarks in Clinical Decision-Making

Reference Population

 Health associated benchmarks, defined as the 2.5"" and Study Sample Sample Analysis
97.5'"" percentiles in a healthy reference population

* Applied to flag abnormal results to prompt further
follow-up of laboratory investigations

How do we define health and what covariates
should be considered in reference interval

establishment?
BMI
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Ethnicity
 Age * Time of collection R
* Sex * Fasting Status
* Ethnicity * Analytical Methodology Key Resources:

CLS/| and IFCC Guidelines
IFCC Taskforce on Global Reference Interval Database
IFCC Committee on Reference Intervals & Decision Limits




Why Reference Intervals?

Reference Intervals serve as health-associated benchmarks to
accurately assess laboratory test results

Patient Care (adult and pediatric) is highly dependent on the use and
interpretation of medical lab tests

Reference Intervals can be influenced by many covariates such as
Age, Sex, Ethnicity, BMI

Until recently, appropriately partitioned/up-to-date Reference Intervals
have not been clearly defined in pediatric (and even adult)
populations




Population Reference Intervals vs Clinical Decision Limits

Reference Interval: health associated benchmarks used to Clinical Decision Limits: threshold values that indicate

significant patient risk of clinical outcome or diagnosis of a
specific disease.

assist in clinical decision-making (central 95% of result values
obtained from a reference population).

HbA1c (%)

Reference Interval

« Reference interval harmonization supports consistent and standardized test result interpretation, when appropriate
« Harmonized reference intervals should only be considered when significant analytical differences are NOT observed
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Reference Intervals vs Decision Limits
(Common Source of Error in Result Interpretation)

e Clinical Decision Limits determined based on clinical outcome
studies are preferred to population reference intervals

» Decision Limits are available and must be used for some
analytes (HbA1c, lipids, Vitamin D, Ferritin, and some others) based
on latest clinical guidelines

* A common source of error is application of reference intervals In
result interpretation when decision limits are more appropriate




Reference intervals: Major Gaps

Most of the available reference intervals determined decades ago
on older/less accurate laboratory instruments/methodologies

Most Pediatric reference intervals incomplete and out of date

Most available only for Caucasian populations

No data for many new and emerging disease biomarkers of
pediatric disease

Available data from samples collected on hospitalized adults and
children
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Regulatory Requirement for Reference Intervals

 DIRECTIVE 98/79/EC, In Vitro Diagnostics Directive (IVDD) 8. Information

supplied by the manufacturer 8.7. Where appropriate, the instructions for use must
contain the following particulars:

(1) the reference intervals for the quantities being determined, including a description of
the appropriate reference population;

*A requirement for Manufacturers and Clinical Laboratories

e ISO 15189 Medical laboratories

Particular requirements for quality and competence
5.5.5 Biological reference intervals shall be periodically reviewed.

If the laboratory has reason to believe that a particular interval is no longer appropriate for the reference
population, then an investigation shall be undertaken, followed, if necessary, by corrective action. A
review of biological reference intervals shall also take place when the laboratory changes an
examination procedure or pre-examination procedure, if appropriate.




Establishment of Reference Intervals
(DIRECT & INDIRECT Methods)

The traditional method for establishing reference intervals,
known as the DIRECT approach, is based on collecting
samples from healthy individuals

INDIRECT approach, is to derive reference intervals by use of
routine laboratory data stored in the laboratory information
system — (Big Data Approach)
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Comparison of Direct & Indirect Methods
Statistical Methods for derivation of Rls for direct and indirect studies

DIRECT methods

a) Nonparametric method

b) Parametric method with Latent Abnormal Vaue Exclusion
(LAVE)

c) Parametric method without LAVE

d) Parametric calculation using Tukey’s outlier detection method

INDIRECT methods

a) Hoffman method

b) Bhattacharya method

c) Truncated minimum chi-square (TMC) method

d) Truncated maximum likelihood (TML) method (Cosmic; refiQe
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An Example of the DIRECT Approach
CALIPER Initiative in Canada

W‘?W K

CALIPER%:

"ARM" us with the knowledge to help others




Reference Intervals

Major Gaps in Special Populations

Altered
hormonal
secretion

Altered thyroid
function

significant enlargement of the
thyroid gland

Pregnancy

Increase in

cardiac output
~30-50% above baseline

\ Hemodilution

plasma volume increases by 40-50%
and red blood cell volume increases
only by 20-30%

Immune
alterations

Pediatric

Major organ
maturation

Rapid changes
in body weight
and length

/ ody weight doubles in first six
months of life
Transition to
extrauterine life
Accompanied by several pulmonary
and endocrine changes
Physiological

\ anemia of infancy

Immune
alterations
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Children are Not Small Adults

* Body weight:

[0 Doubles by 6 months of age
0 Triples by the first birthday

* Body length increases by 50% during the first year

e Major organ systems grow and mature

* Important changes take place during puberty

[ Accelerated growth and sexual maturation occur

Pediatric Reference Intervals Need to reflect differences in:

e Development & physiologic function at different ages
e Key covariates including gender, age, BMI, sexual development (Tanner stage), and ethnicity

Shaw JL et al. Crit Rev Clin Lab Sci 2013; Adeli K et al. BMJ 2018




Clinical case example: Alkaline Phosphatase

Alkaline Phosphatase

® CALIPER Males * Young children have significantly higher
o CALIPER Ferales levels of ALP as compared to adults

A CHMS Males

e Application of an adult reference interval
A CHMS Females

would result in flagging the majority of the
pediatric population, resulting in:

* Unnecessary follow-up testing

* Misinformed clinical decision making
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Crit Rev Clin Lab Sci. 2017 Sep;54(6):358-413. doi: 10.1080/10408363.2017.1379945.
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Global Reference Interval Initiatives in Pediatrics

Age
Study Country Range
ears
AACB Australia and New
Zealand groups
CALIPER Canada
CALIPER%;
CHILDx United States
COPENH
AGEN
KiGGS Germany
LOOK

Sex

Statistical
Method

Central 95%

Central 95%

Median, mean

and central 95%

Central 95%

Median and
central 90%

Median and
central 95%

Examples of Groups of Biomarkers
Studied

Common blood analytes (mostly
ions and enzymes)
Common biochemical markers
Endocrine markers
Tumor markers
Vitamins
Metabolic disease biomarkers
Testosterone indices
Enzymes
Coagulation tests
Hormones
Vitamins
Bone markers

Common blood analytes

Nutrient deficiency markers
Non-communicable diseases and
lipids
Immunology markers
Thyroid hormones

Cardiac Biomarker
Common blood analyte‘
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CALIPER: A canadian Initiative to Close the Evidence Gap in
Pediatric Reference Intervals for Biomarkers of Health & Disease

e CALIPER (CANADIAN LABORATORY INITIATIVE ON PEDIATRIC REFERENCE
INTERVALS): A CIHR Funded Initiative (2010-present)

* OBIJECTIVE: To establish a comprehensive database of healthy reference standards for
biomarkers of health and disease in children and adolescents.

e STUDY COHORT: >14500 Children and adolescents (birth to 18 years) recruited over the
past decade through various community-based programs including:

* Community Centre

* Schools i
* Art & Sport events and festivals |

www.caliperdatabase.or

e STUDY BIOBANK: Pediatric biobank of collected serum specimens (-80C) & www.caliperproject.org




CALIPER Mobile & Web Apps

X+

& > C @& caliper.research.sickkids.ca/#/

‘ARM’ us with the knowledge to help oth

CALIPER Pediatric Reference Interval Database

SEARCH DATABASE

The CALIPER reference interval database has been developed based on a study of thousands of
healthy children and adolescents. The CALIPER database provides reference standards to assist with
interpretation of laboratory test results in pediatric patients. For more information about the CALIPER

project, please use the links provided below.

CALIPER WEBSITE CALIPER PUBLICATIONS ‘

£ Download on the
[ S App Store

GETITON
b Google Play

visit www.caliperdatabase.org for more details

CALIPER

‘ARM’ us with the knowledge to help others

About CALIPER Project

Resources (CALIPER Videos)

Settings

Acknowledgement/Disclaimer

Evaluate Test Results @

Medical Lab Test

Iron

Test Result
10.5

Test Unit
Sl (Canada and Intl.)
CON (US) pmol/L

Patient Sex

. m

Patient Age
Oto <14 Years

Lab Instrument (optional)

Abbott Architect (Default)

€ 10.5 pmol/L
(Your result)

28

i fall within the expected range for a
. ¢individual (based on the CALIPER
val database established on the Abbott

CLEAR EVALUATE

f a o o]

# Download on the

App Store

GETITON
»‘ Google Play

visit www.caliperproject.ca for more details
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http://www.caliperproject.org/
http://www.caliperdatabase.org/

CALIPER Database: A Global Resource

Pediatric reference intervals available for over 200 laboratory biomarkers on several analytical platforms based on data
from thousands of healthy children and adolescents from birth to 18 years
CALIPER online database currently has over 57,000 registered users from 3,650 institutions in 100 countries

CALIPER Database Users Around the World www.caliperdatabase.org

@ Thyroid-Stimulating Hormone (TSH)
® Alkaline Phosphatase (ALP)
@ Free Thyroxine (FT4)
® Ferritin
® cCalcium
@ Creatinine (Enzymatic)
@ Alanine Aminotransferase (ALT)
@ Bilirubin (Total)
Gamma-Glutamyl Transferase (GGT)

sssss

Aspartate Aminotransferase (AST)
@ Phosphate
® Testosterone
@ Free Triiodothyronine (FT3)
@ Uric Acid
Bilirubin (Direct)
Creatine Kinase (CK)
Hemoglobin (HGB)
@ Urea Nitrogen
@ Creatinine (Jaffe)
@ others

Most Popular Medical Lab Tests
Searched in CALIPER Datab
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Reference Intervals — Publications/Resources

Pediatric
Reference

CLINICAL
CHEMISTRY
and MOLECULAR

DIAGNOSTICS

P
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Comparison of Direct & Indirect Methods

Methods for derivation of Rls for direct and indirect studies

Direct methods

a) Nonparametric method
b) Parametric method with Latent Abnormal Vaue Exclusion (LAVE)

c) Parametric method without LAVE
d) Parametric calculation using Tukey’s outlier detection method

Indirect methods
a) Hoffman method
b) Bhattacharya method
c) Truncated minimum chi-square (TMC) method
d) Truncated maximum likelihood (TML) method (Cosmic; refineR)
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Big Data Analytics:

Indirect Reference Interval

Studies in Canada:
Applications in Clinical

Biochemistry .
Harnessing the Power of

Big Data Analyfics to
O\ Establish Reference
. /f/ S Intervals
7 oo Ul
% Clin Chem. 2023 Sep
1:69(9):991-1008.
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Indirect Study: Outpatient Data Collection from Across Canada

» 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
@
@)

Representative of different analytical platforms ] At
Consistent results over time ;

Prairie Provinces

Formed collaborations with
community laboratories to
support this initiative

LYfelabs \
DynaLIFE LyfeLabs Kbynocore
COLABIOCLI &/




DATA EXTRACTION:
Laboratory results extracted for 16 analytes from community laboratories across Canada (2017-2018)
| |
B I D ata A n a I tl ‘ s Centre A Centre B Centre C: Centre D:
(AB, Adwia/Centaur) (BC. Cobas/Architect) (ON, Cobas/Architect) (ON, Cobas)

DATA STABILITY OVER TIME:
Monthly medians plotted as a percentage from the overall median for each laboratory.

Percent deviation within 2 RCV Percent deviation exceeded ¥; RCV

Outlying months removed per established

criteria

Retrieve population dataset

AGE AND SEX ASSESSMENT:
Statistically significant differences in test results across 10-year age bins and sexes determined via
Harris and Boyd for each dataset separately. Partitions established based on evidence.

OUTLIER REMOVAL:
Box Cox transformed and normality of data assessed using quantile-quantile plots

v Extract data from multiple centres
across two-year period

Gaussian distribution Non-Gaussian distribution

Outliers removed using Tukey method for Outliers removed using Hubert method for

- each partition in each dataset separately each partition in each dataset separately

v Remove all repeat observations
BETWEEN LABORATORY DIFFERENCES:

Statistically significant differences between contributing laboratories determined via Harris & Boyd.
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V Incl u de key cova riates: No statistical Statistical significance
significance REASSESSMENT:
(@) Age Data reviewed to determine feasibility of

harmonization

o Sex
. INDIRECT REFERENCE INTERVAL ESTABLISHMENT:
(@) Date of COI Iectlon Reference intervals established for each laboratory and the combined data set using the refineR method
for each partition in each dataset and all data combined
o Result

CROSS-CANADA VERIFICATION:
Serum and plasma samples prospectively collected from healthy adults distributed to nine laboratories
across Canada for analysis of 16 analytes on various analytical systems (n=60)

Percent verification 280% across all laboratories Percent verification <80% across all laboratories

VERIFICATION

Confederacién Latinoamericana .
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1 Data preprocessing

A Observed routine data B Determination of

C Calculation of histogram H

(RWD) including pathological  parameter search regions  using overlapping bins within

and non-pathological samples and main peak
Histogram of raw data

selected region

Test Results

For each A in range ...

RefineR Algorithm

Ammer T, Schutzenmeister A, Prokosch HU, Rauh M,
Rank CM, Zierk J. refineR: a novel algorithm for reference

interval estimation from real-world data. Scientific reports.
2021 Aug 6;11(1):1-7.

A Testing of a Box-Cox B Calculation of costs using
transformed normal distribution M — bins within the confidence
(parameters A, u,, o scaling factor P)

Test Results Test Results

n 2 - -
C Optimization using multi-level grid search = — M

Derivation of reference intervals 123 teference interval  80-1

-, central 95%
Optimal model M* with minimum cost leads to g
the identification of the non-pathological
distribution.
Reference intervals can be derived from the
estimated model.
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19-<30 30-<40 40-<50 50-<80 60-<70 70-<80

Age Group Clinical Laboratory

90% 90% 93% : 93% 93%

Clinical Laboratory

93% 97% 97% 97% 97% 100%

Clinical Laboratory

Laboratory

B Advis - AB

$ Cobas - BC
Cobas - ON1

‘ Cobas - ON2

Group

BE Architect- NF
B3 Atellics - QC
E Cobas- AB
* Cobas - ON
E Cobas - ON2
BE oxc-AB

* Integra - BC
B vitros - NB
Bl vitros - ON

Group

BE Architect- NF
B3 Atellics - QC
$ Cobas - AB
- Cobas - ON
Cobas - ON2
BE Dxc-AB
. Integra - BC
BE vitros - NB
B vitros - ON

Creatinine

Further Data Analysis/Investigation Required

Result Summary:

Approximately 14.7 million results
evaluated

Statistically significant sex differences
observed
o Males higher concentrations relative to
females

Sex-specific recommend hRIs verified in
all nine Canadian laboratories participating
in cross-Canada verification program (both
Jaffe and Enzymatic methods)

Currently reviewing data to discuss validity
of upper reference limits

8
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INDIRECT Big Analytics Approach

* A novel big data analytics approach was undertaken to define preliminary
hRIs for 16 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 hRIs 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 for most tests

« Showcases the power of big data and new statistical techniques to assist in
addressing gaps in clinical service
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