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What is LOINC?




5 What Is LOING? LOINC

. . From Regenstrief

: i+ LOINC stands for Logical Observation Identifiers Names and Codes

... » Logical: a system, not just a list
g * more logical than any CDISC controlled terminology list

i« Observation
Bl * NOT only lab tests!
S « Also microbiology tests, vital signs, questionnaires, ...

* |dentifiers
* unique identifier for each test/observation
(CDISC xxTESTCD/xxTEST does NOT at all uniquely identify a test or observation)
« Names and Codes
« Each unique test has a code, a “long name” and a “short name”
* The code is a 4-5 digit number + 1 check digit
* The “short name” represents the 5/6 “dimensions” of the LOINC system
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LOINC as a System

(not a list ...)

¢ One immediately
recognizes some
mapping opportunities

e But some aspects
like "Property" and
"Scale" are not present
in SDTM at all

cdisc

LOINC

from Regenstrief

Serum or Glucose Mass _
Plasma Concentratation

TR

LOINC code: 2345-7

LOINC long name:

Glucose [mass/volume] in Serum
or Plasma

LR B

Point in Quanti- Empty
Time (Pt) tative (Optional)



" Pre-coordinated versus Post-coordinated

LOINC is “pre-coordinated”, CDISC-CT mostly “post-coordinated”
* Pre-coordinated is:

* | plan carefully in advance

ot « | know what type of results to expect

« There is no need to (subjectively) categorize results,

5 everything is already well pre-defined

» Post-coordinated is:
* | do not plan well and carefully in advance
* | do not know what type of results to expect

* So | need to (subjectively) categorize the test results | obtain
» Huge amount of work - error prone
* There is no guarantee regulatory reviewers can compare results between studies and sponsors!

» CDISC: categorization into xxTESTCD/xxTEST, xxSPEC, xxMETHOQOD, ...
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LOINC and Regulatory Submissions




LOINC and the Regulatory Authorities

» 2017: FDA mandates the submission of the LOINC code for lab test results
(SDTM LB domain) when the LOINC code can be obtained from the lab
 LBLOINC should not be derived!

 Panic in the industry

» CDISC, FDA and LOINC (Regenstrief) start the development of a LOINC-
CDISC mapping
* limited to lab tests (excludes microbiology)
* Imited to the 1,400 most popular LOINC lab test codes

» LOINC-CDISC mapping published in 2020

* but only as Excel worksheet ...
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Why the regulatory LOINC requirement?

* FDA cannot compare lab results between different studies from different

sponsors using the CDISC-CT (combination of LBTESTCD/LBTEST,
LBSPEC, LBMETHOD, ...)

i+« Only the LOINC code (LBLOINC), as the only real unique identifier, allows
to compare lab results between different studies and sponsors

 Reason is that LBTESTCD/LBTEST, LBSPEC, LBMETHOD, etc, are
(subjective) categorizations of the test

» and some information is not present anyway (e.g. scale) or must be deduced from the results

* In EHRSs, the LOINC code is the de-facto unique identifier for each
observation (also for non-labs), in many countries even mandated by law
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The LOINC-CDISC Mapping
and its Extensions




The LOINC-CDISC Mapping

..+ Published by CDISC in 2020

« 2,298 mappings for 1,400 most popular LOINC codes

+ limited to lab tests, no microbiology tests, no COVID-19 tests, no vital signs, no ECG ...

* Published as an Excel worksheet
* not really machine-executable

A B C D E F G H I J K L M
LOINC Class | LOINC Code Component Property | Time Aspect System scale Method LOINC Short Name CDISC LBTEST CDISC LETESTCD CDISC LBSPEC
- - - - - - - - - - - -
Direct antiglobulin t=stigG DAT IgG-5p R
BLDBK 10066 irect antiglobulin =<t g imp Pt REC Nom 95-SP REAT | A tiglobulin Test, Direct ANGLOBDR c81974 ERYTHROCYTES
specific reagent RBC-Imp
BLDBK 103317 Rh Type Bt Bid Nom Rh Bid Rh Factor RH 92948 BLOGD
BLDBK 5839 ABO group Type Bt Bid Nom ABO Group Bid ABO Blood Group ABO C125939 BLOOD
Gl Tast
CHAL 147710 Glucose*post CFst scne Pt SeriPlas an o Glucose GLUC C105585 SERUMOR PLASMA
CHAL 147710 Glucose*post CFst scne Pt SerfPlas an Glucose p fast Glucose GLUC C105585 SERUM
SerPlsCnc
CHAL 147710 Glucose”post CFst sCne Pt SeriPlas an Glucose p fast Glucose GLUC C105585 PLASMA
SerPl-sCnc
CHAL 2768739 Insulin*post CFst ACnc Pt SeriPlas an Insulin p fast SerPl-aCnc Insulin IN SULIN 74788 SERUMOR PLASMA
CHAL 276739 Insulin*post CFst Acnc Pt SerPlas an Insulin p fast SerPl-aCnc Insulin IN SULIN 74788 SERUM
‘ CHAL 278739 Insulin*post CFst ACnc Pt SerPlas Qn Insulin p fast SerPl-aCnc Insulin INSULIN C74788 PLASMA
CHA'H :O U ysses Glucose”post CFst MCne Pt SeriPlas an G'S"e‘:_;‘en%‘::‘ Glucose GLUC C105585 SERUMOR PLASMA




“." The LOINC-CDISC Mapping

: i+ Provides mappings between the LOINC code and (existing) SDTM variables
; - LBTESTCD /LBTEST
a. « LBSPEC, LBMETHOD, LBANMETH, LBLOC, LBFAST
""" + proposes values for LBORRESU (the rest of the medical world is using UCUM notation)
: + sets values for LBTPT where necessary
=it e Introduces new SDTM variables:
+ LBPDUR (time aspect)
« LBRESTYP (property that is measured, e.g. "mass concentration", "presence”, ...)
 LBRSLSCL (scale)
« LBTSTOPO (Test Operational Objective, e.g. "screen", "confirm")
« LBLLOD (Lower Limit of Detection)
« LBTSTCND (Test Condition)
« LBMTHSEN (Method Sensitivity, e.g. "high sensitivity")
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The LOINC-CDISC Mapping and Real-World-Data

» Very soon, it became obvious that this LOINC-CDISC Mapping is insufficient
for work with EHRs and Real-World-Data

» Very limited in scope (only 1,400 LOINC codes)
* No mappings for Microbiology, Vital Signs, ECG, Questionnaires, ...
* No machine-executable implementation (Excel)

* For use with EHR and RWD, we extended the mapping:
« for more than 10,000 LOINC codes
* including mappings for COVID-19 tests (regularly extended)
* including >600 Vital Signs test codes

» and implemented all of this as a free RESTful Web Service
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-+ Extended Mapping: an Example

;-{}}?m- » LOINC code 10968-6: Glucose [Presence] in Urine by Test strip - 4.5 hours post 75 g

& glucose oral (PO) _ .
| . L] &« & O B nttpsy//loinc.org/10968-6/ B v =
ik, + Aglucose challenge ... LOINC & Q

.”'”::z [ ] LBTESTCD = GLUC / LBTEST = GLUCOSE LOINC CODE LONG COMMON NAME LOINC STATUS

10968-6  Glucose [Presence] inUrineby  Active

.. « LBSPEC = URINE Test strip --4.5 hours post 75 g

glucose PO

... d LBMETHOD = TEST STRIP Fully-Specified Name
o LBTPT — POST DOSE Component Glucose*4.5H post 75 g glucose PO

"""" « LBELTM = PT4H30M e v

« LBTPTREF = 75 g glucose PO dose - -
: LBPTFL = Y Additional Names
« LBRESTYP = THRESHOLD OR PRESENCE ShortName  Glucose 45hp 755 GIePOUr QISirp

Display Name Glucose 4.5 Hr post 75 g glucose PO Test strip QI (U)
® LBRESSCL = ORD I NAL mer Name Glucose 4.5 hr after 75 g glucose by mouth, Urine
ALPHA

Basic Attributes

CHAL

L
Class
Cd Isc Using LOINC in Regulatory Submissions - Jozef Aerts, XML4Pharma - C
Type Laboratory



The Extended LOINC-CDISC Mapping:
RESTful Web Services

« API description at:
' http://xml4pharmaserver.com/WebServices/LOINC2CDISC_webservices.html

‘ ° Example' ¥ <XML4PharmaServerbkebServiceResponse ServerDateTime="2620-10-82T0%9:88:13">
z . - <klebServiceRequestrhttp://vwww.xmldpharmaserver.com:58808/CDISCCTService2/rest/LOINC2SDTMLB/ 34183 -4« /ebServiceRegquest >
¥ <{Response>
¥ <LOINC2SDTMMapping MappingSource="XHML4Pharma" >
<LBTESTCD WNCICode="C92294">GLOBBPT</LBTESTCD>
<LBTEST MNCICode="C922%94":Beta Globulin/Total Protein</LBTEST:
<LBORRESU_Example MCICode="C25613">%</LBORRESU Example>
<LBPOS/ >
<LBLOINC »34183-4</LBELOINC >
<LBSPEC MNCICode="C13283">URINE</LBSPEC>
<LBLOC/ >
<LBMETHOD NCICode="C16536">ELECTROPHORESIS</LBMETHOD>
o <LBANMETH, >
i <LBFAST/ >
<LBTPT/>
: <SUPPLB.LBPTFL/ >
. <SUPPLB.LBPDUR>PT24H</SUPPLE . LEPDUR >
<SUPPLB.LBRESTYP>MASS FRACTION</SUPPLE.LBRESTYP:
<SUPPLB.LBRSLSCL>QUANTITATIVE</SUPPLE.LBRSLSCL>
P <SUPPLB.LBTSTOPO/ >
T <SUPPLB. LBLLOD/ >
: <SUPPLB.LBTSTCND/ »
<SUPPLB.LBMTHSEN/ >
<Example UCUM Units>%</Example UCUM Units:>
</LOINC2SDTHMapping>

d"'?' </Response>
C Isc </XML4PharmaServeriebServiceResponser 17



http://xml4pharmaserver.com/WebServices/LOINC2CDISC_webservices.html

.. The Extended LOINC-CDISC Mapping:
.7 RESTful Web Services

: i+« The RESTful Web Service is very fast: about 20ms response time

* |s being used by many companies and organizations to fully automate

« the creation of SDTM datasets for lab data starting from LOINC codes
;-5:;-5';.:? + the creation of SDTM datasets directly from EHRs, not only for LB datasets,
T but also for Vital Signs, COVID-19 Microbiology datasets etc..

(also see HL7-Vulcan “Real World Data” project)

« However, as the LOINC code is the real unique identifier of the test,
one starts thinking about whether it makes sense that one must still submit
xXTESTCD/xxXTEST, xxSPEC, xxMETHQOD, etc., when the LOINC code is
known.
* Is this related to the primitiveness of the review tools at the regulatory authorities?
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LOINC Codes and Regulatory Review Tools

« Most regulatory review tools are not “SDTM-savvy”

» A reviewer cannot know what a specific LOINC code means
» and thus must rely on xxTESTCD/xxTEST, xxSPEC, xxMETHOD, xxTPT, etc..

* Therefore, we created the “Smart Submission Dataset Viewer” which
“understands” SDTM, SEND and ADaM

+ freely available from:
https://sourceforge.net/projects/smart-submission-dataset-viewe/

* The viewer works with CDISC Dataset-XML, Dataset-JSON and CSV files

« SAS-XPT is admittedly not supported, as this is an outdated format
« SAS-XPT files can however be converted “on the fly” to a modern format

LL
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https://sourceforge.net/projects/smart-submission-dataset-viewe/

The “Smart Submission Dataset Viewer’’:
LOINC features

MC

Hi

q https://medlineplus.gov/lab-tests/alkaline-phosphatase/

M) hational Library ofledicne |l
nfp MedlinePlus

Trusted Health Information for You

About MedlinePlus What's New Site Map Customer Support

‘ Health Topics Drugs & Supplements Genetics Medical Tests Videos & Tools

Home — Medical Tests — Alkaline Phosphatase

Alkaline Phosphatase

What is an alkaline phosphatase test?

An alkaline phosphatase (ALP) test measures the amount of ALP in your blood. ALP is an enzyme
found throughout the body, but it is mostly found in the liver, bones, kidneys, and digestive system.
When the liver is damaged. ALP may leak into the bloodstream. High levels of ALP can indicate liver
disease or bone disorders.

Other names: ALP, ALK, PHOS, Alkp, ALK PHOS

What is it used for?

An alkaline phosphatase test is used to detect diseases of the liver or bones.

Why do | need an alkaline phosphatase test?

Your health care provider may have ordered an alkaline phosphatase test as part of a routine
checkup or if you have symptoms of liver damage or a bone disorder. Symptoms of liver disease
include:

= Nausea and vomiting

« Weight loss

« Tiredness

« Weakness

« Jaundice, a condition that causes your skin and eyes to turn yellow
= Swelling and/or pain in your abdomen

« Dark-colored urine and/or light-colored stool

« Frequent ltiching

WEEK 6

42

WEEK &

5

Copy (CTRL-C)

Show MedlinePlus Connect LOINC Information
Show LOINC details (LOINC website)

EEEREO®

Paget's Disease of Bone

Related Medical Tests

How to Understand Your Lab

Serum or Plasma




LOINC, SDTM, and SAS Transport format




LOINC, SDTM, and SAS Transport format

» SAS Transport Format 5 (XPT) is a catastrophic format, essentially blocking
i s every innovation in our industry

- - One step beyond the punch card ...
» Moving to SAS Transport 8 will throw us back >20 years in time, blocking
innovation for the next 10-20 years

®:0:0 o The new CDISC Dataset-JSON format is a much better, and very modern
format for electronic submissions to regulatory authorities
 considerably smaller file sizes that XPT

» easy to import into SAS, R, or any other modern software (no SAS needed)

* inherent support for non-ASCII characters (UTF-8 default encoding) - e.g “Chinese”
characters (no “tricks” needed)

 free (open source) viewers available
» perfect for use with RESTful Web Services

» As the LOINC code is the real unique identifier, transposal with SAS
Transport (5 or 8) will lead to problems (first character is a number ...)

LL
Cd ISC Using LOINC in Regulatory Submissions - Jozef Aerts, XML4Pharma - CDISC China Interchange 2022 22



https://wiki.cdisc.org/display/ODM2/Dataset-JSON

Conclusions




Conclusions

* Only the LOINC code is the real unique identifier of the test

+ this also applies to microbiology, vital signs, ECG, ...

« Regulatory authorities can only compare test results between studies and
sponsors using the LOINC code
« this especially applies to labs and microbiology

* Although the LOINC code is the real identifier, and CDISC still requires to
submit xxTESTCD/xxTEST, xxSPEC, xxLOC, xxMETHQOD, etc.,
a LOINC-SDTM-LB Mapping has been developed and published by CDISC

LL
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Conclusions

« This mapping has been considerably extended to over 10,000 LOINC codes
including vital signs and COVID-19 microbiology tests

* A (free) RESTful Web Service has been installed to make these mappings
usuable in applications, allowing automation

* Reviewers can use these and other RESTful web services in modern tools

to work with LOINC codes
(essentially making LBTESTCD/LBTESTC, etc. unnecessary)

« Regulatory authorities must move to a modern submission format (like
CDISC Dataset-JSON) and not start using the catastrophic SAS Transport 8
format

» This avoids problems when doing transposals with LOINC codes
» and would once and for all solve the character encoding problem
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