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Disclaimer and Disclosures

* The views and opinions expressed in this presentation are those of the
Tl author(s) and do not necessatrily reflect the official policy or position of
CDISC.



What's Up with LOINC and UCUM?
From EHR Records to LB Dataset
in Just a Few Minutes
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. Introduction

. . What's up with LOINC and UCUM at CDISC?

« LOINC: mandated in SDTM by FDA for laboratory data
« "LOINC to CDISC-CT mapping" in public review

« UCUM: worldwide standard notation for units in science & engineering

* mentioned by FDA in "Data Standards Catalog"
* Implications for SDTM/SEND/ADaM submissions still unclear
« Mandated/requested for SPL, drug establishment registration, drug listing

* No intentions at CDISC to replace "UNIT" codelists by UCUM notation
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.. Demo: from FHIR EHR-records to SDTM
-7 in just a few minutes

.+ Challenge:

LT . Canwe generate large SDTM-LB + DM datasets from Electronic Health
,,,,,,, Records (HL7-FHIR)?

¢« Injust a few minutes?

* And standardize from US conventional units to Sl units (or vice versa) fully
automatically (LBSTRESC, LBSTRESN, LBSTRESU)?

Yes, we can!

But only when using LOINC and UCUM
cd
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Demo: from FHIR EHR-records to SDTM
in just a few minutes
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How did we do it?

No, it is not "rocket science" ...

Source: Wikipedia

It just is LOINC and UCUM




“+~ How does it work?

.« Define set of lab tests by LOINC code

» Best practice: LOINC codes are already in the protocol

* Query the EHR repository for the lab results (FHIR "Observation" resources)
by the LOINC code

-+« Transform FHIR records to CDISC LB SDTM using
« LOINC to CDISC mapping (RESTful web service)
« LOINC RESTful web services

* Ask user whether standardization is desired

[ X
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How does it work?

* LOINC codes come in pairs

* One with Sl units ("substance concentration") and one with "conventional" ("mass
concentration") UCUM units

* So, we can easily find the "target" Sl unit from the "conventional" LOINC
code

» Do UCUM conversion from source (original) units to target (standardized)
units, using our RESTful web service
(soon to be deployed at NLM servers)

» Store the generated LB SDTM records to file in CDISC Dataset-XML format

« Embed the original FHIR record into the SDTM record
* Not possible using SAS-XPT ...

« Additionally, generate the DM SDTM dataset from the "Patient” resource
(easy ...)

(X
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.7+ The Conventional to Sl unit conversion VW = Mtecular ieht
-7 (and vice versa) RESTful web service

LOINC-Part
LOINC DB _MW DB

= -
= =
Il =

LOINC compound
part number (LPN)

: LOINC code
R readout
. from RWS request

MW file

O gtomol & LOINC compound
ff; """ * mol to g conversion molecular weight
A (using MW) (MW)

** The RESTful web service will soon be available by the NLM

eo0o
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Example Conventional to Sl unit conversion
-7 LOINC 21305-8 (Glucose [Mass/Vol] in 24 hours Urin)

.  Value provided: 15 mg/dL

..« LOINC code: 21305-8

...+ Component/ Analyte: Glucose => LP14635-4 => MW: 180.2

» Property: mass concentration (so ... "conventional")

« Corresponding molar concentration ("SI") LOINC code: 25916-8
« Standard Sl unit molar: mmol/L

* 15 mg/dL (conventional) =15.103g/102L=15.103.(180.2)" mol /102 L
= 0.83 mmol/L

* This kind of calculations can easily be automated

cdise
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Example Conventional to Sl unit conversion
" LOINC 21305-8 (Glucose in 24 hours Urin)

v <UCUMWebServiceResponse ServerDateTime="2828-82-16T13:89:55">»
v <WebServiceRequest>
http://xmldpharmaserver.com:2288/UCUMService2/rest/ucumtransform/15/from/mg/dL/to/mmol/L/LOINC/21385-8
¢ /WebServiceRequest»

v <Response>» ———m—— @
<SourceQuantity»15.8</SourceQuantity
celni i

—_ - _
TargetUnitrmmol/L</TargetUnit> B
<:::::?MulecularweightUSEd}iﬂﬁ.2<fMﬂlE{Ul&PNEightEé}E@i)
<ResultQuantity>8.83240844</ResultQuantity>
</Respomse>——— —
</UCUMKebServiceResponse>
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Cd I$ CDISC 2020 Europe Interchange | #CDISCEurope #ClearDataClearlmpact 13



Example Results

« 17 Urinalysis tests

« EHR record retrieval from Synthea EHR demo repository
by RESTful Web Service (FHIR-API)

* 14,000 records retrieved and transformed to SDTM
* Resulting in an SDTM-LB dataset of 15,000 records

 FHIR source "Observation" embedded within the LB record
» Using CDISC Dataset-XML format

* Quantitative results standardized to Sl units (LBSTRESC/LBSTRESN)

* For 32 unique subjects => SDTM-DM dataset

(X
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Example Results

i Andallthat ...

- In less than 5 minutes
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Example results

[é<1temﬁrnupData ItemGrouplID="IG.LB" data:IltemGroupDataSeqgq="3">

<ItemData ItemQID="IT.STUDYID" Valus="SyntheaStudy"/>

«ItemData ItemOID="IT.DOMAIN" Value="LB"/>

"9 <ItemData ItemOID="IT.USUBJID" Value="04dBf766-99fB-4a71-9cac-17a730cf93£6" />

. <ItemData ItemOID="IT.LBSEQ" Valus="3"/>

<ItemData ItemOID="IT.LBTESTCD" Valus="BILI"/>

<ItemData ItemOID="IT.LBTEST" Valus="Bilirmbin"/>
<ItemData~TEEWOID="IT.LBCAT" Value—"URINANATTSES:

,éifgagiia ITtemOID="IT.LBORRES" Value="0.6546"/>

<ItemData ItemOID="IT.LBORRESU" Value="mg/dL"/>

<ItemData ItemQID="IT.LBSTRESC" Valus="11.20"/>

EitembDatd ItemCID="IT.LBSTRESN" Value="11.20"J3
cItemData ItemOID="IT.LBSTRESU" Value="umol/L"/>

h?iﬁEEﬁEta«I&gﬂQID=“IT.LBLOIHC” Value="20505-

<ItemData ItemOID="IT. E Talue="UORINE" />

<ItemData ItemOID="IT.LBMETHOD" Valus="TEST STRIE"/>

<ItemData ItemOID="IT.LEDTC" Valus="1975-11-12T16:29:46-05:00"/>

<ItemData ItemOID="IT.LBDY" Vals

<ItemData ItemQID=IT.LBEVLINT" Value="PT"/> T

<Observatson xmlns="http://hl7.org/fhir">

Td valus="4b51ff91-7892-4090-ae27-25984049d43c" />

<meta>

<lastUpdated value="2019-04-09T12:04:23.0398174+00:00" />
<versionId valus="MTUINDgxMTQ2MzA=OTgxNzAwMA" />
</meta>
<fhir:text xmlns:fhir="http://hl7.org/fhir" xmlns:xhtml="http://www.w3.0rg/1999/xhtml">
<fhir:status value="generated"/>
<xhtml :div>
<xhtml :p>Statms: final</xhtml:p>

<xhtml:p>Test: Bilirubin.total [Mass/volume] in Urine by Test strip (LOINC 20505-4)</xht
<K ip»Subject: Patient/04d8f766-99f8-4a71-9cac-17a730cf93f6</xhtml:p>
Prrannter {1 3IhaR546-4516-4441-93RA—I?NafIeefhdfc wvhemw

<whtrml = rmoesREno
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STUDYID

Example results

DORAIMN USUBJID LBSEQ LBTESTCD LBTEST LBCAT LBORRES LBORRESU
SyntheasStudy (LB 04d8f766-99f5-4a71-9cac-17a7 30cf93f6 1 COLOR Color MISC Reddish coloruring—————— |
Syntheastudy (LB 04dBf7 66-9973-4a71-9cac-17a7 30cfa 316 2 GLUC Glucose URINAMALYSIS tl‘rTﬁE_qucnse test = ++ (finding)
SyntheasStudy (LB 04daf766-99f3-4a71-9cac-17a7 30cf9316 4 BILI Bilirubin URINAMALY SIS mMdirrg-efoilirubin in urine (finding)
SyntheasStudy (LB 04d8f766-99f5-4a71-9cac-17a7 30cf93f6 5 KETONES [Ketones URINAMALYSIS  |16.62 mag/dL
el
e
STUDYID  [DOMAIN UsSUBJID LBSECQ LBTESTCD LBTEST LBCAT LBSTRESC LBSTRESM [LBSTRESLU| LBLOING LBSPEC | LBMETHOD| LBEVLINT
SyntheaStudy  |LB 04dBf766-99f8-4a7 1-9cac-17a730cfa3f6 1 COLOR Color MISC Reddish color uring——""__ T T —l8775-8 URINE PT
SyntheaStudy |LB 04d8f766-99f3-4a71-9cac-17a7 30cf93f6 2 GLUC Glucose URIMAMALYSIS |Urine glucosedest.. 2 -4 URINE TEST STRIP |PT
SyntheaStudy |LB 04d8f766-99f3-4a71-9cac-17a730cfa3f6 |4 BILI Bilirubin URINAMALYSIS |Finding of bilirufr 0-3 URINE TEST STRIP |PT
SyntheaStudy |LB 04d3f766-99f3-4a71-9cac-17a730cfA3f6 5 KETOMES |Ketones URIMAMALYSIS |284.3 2843 |mmaolll 5797-6 URINE TEST STRIP |PT
* Bilirubin: 0.6546 mg/dL (original) = 11.2 umol/L (standardized)
KL — ®
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Example results

STUDYID DOMAIN USUBJID ~ LBSEQ | LBTESTCD| LBTEST LBCAT
SyntheaStudy  |LB 04d8f766-00f3-4a71-9cac-17a730cf93f6 |1 COLOR Color MISC
SyntheaStudy  |LB 04d8f766-00f3-4a71-9cac-17a730cfa3fs |2 GLUC Glucose URINANAL ...
SyntheaStudy  |LB 04d8f766-00f3-4a71-Ocac-17a730cf03f6 |2 BILI Bilirubin URIMNANAL ..
SyntheaStudy  |LB 04d8f766-00f3-4a71-9cac-17a730cf93f6 |4 BILI Bilirubin URIMNANAL ...
SyntheaStudy LB 04daf7f 04d8f766-99f8-4a71-9cac-17a730cfa3f6 (LUSUBJID) URIMNAMNAL...
SyntheaStudy  |LB 04daf71 URINANAL ...
SyntheaStudy  |LB 04daf7i FHIR record: URIMNANAL .
SyntheaStudy  |LB 04daf7¢ , URINANAL ..
Syntheastud LB 0adsr7d 2 Aus: final URINANAL

y Y Test: Bilirubintotal [Massiolume] in Urine by Test strip (LOIMNC 20505-4)

SyntheaStudy  |LB 04def7g o URIMNANAL ..
Subject: Patient/04d3fy66-99f8-4a71-9cac-17a7 30cfa3fa

SyntheaStudy  |LB 04daf71 _ URIMNANAL ...
Encounter: Encounter 3098546-4519-4d41-9386-320a83ee3bd6

Syntheastudy LB 04daT7d | terTime of observation: 1975-11-12T16:29:46-05:00 URINANAL. .

SyntheaStudy  |LB 04d8f7( o0 : o= : URINANAL ...

SyntheaStudy  |LB 04d8f7¢ _ _ MISC

SyntheaStudy  |LB 04dBTT b DaalIe: 08T 2a 300 02420 maldL (UCUN. maldL) e T TURINANAL

g RN ) DN T T 1 MAANFTCDD MOET AT Measmeas A T="TOM~FNT08T |-1I:" II_III 1 II_IiIiru e 1 IIRTARKRILAL

FHIR source record embedded in SDTM-LB record
(visualized by the "Smart Submission Dataset Viewer")

cdisc
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Future work




Future work

* Implement SDTM-IG 3.3/ SDTM model v.1.7

« Use FHIR resources "ResearchStudy" and "ResearchSubject” for selecting
the right subjects for the study

* Try out with new (preliminary) Corona Virus LOINC codes

* Extend to SDTM domains VS, MB, QS

* LOINC contains a large number of tests for these domains
but a mapping to SDTM is not available yet

A similar approach would also work for MH and CM (no LOINC needed)

(X
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Conclusions




Conclusions

* We need LOINC codes for retrieving information from EHRs and
transformation to SDTM records
« And not only for lab tests

* Only the combination of LOINC with UCUM notation for units allows for
automated Conventional < Sl unit conversion
* Impossible using "CDISC units"

» Personal opinion: FDA and CDISC should start allowing UCUM notation for
units in submissions
« CDISC "UNIT" has too many limitations

(X
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Thank You!
Contact: Jozef.Aerts@XML4Pharma.com
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