
Dataset-XML
The better transport format

for electronic submission data



A bit of history

• 19xx: FDA wants electronic submissions

• Looks for a transport format

• As most reviewers use SAS, a SAS transport format would be welcome

• However, SAS Transport is not open

• SAS and FDA agree to publish the "Transport 5" specification

• The "TS-140" document is published

• But wouldn't it have been better to simply use CSV?

http://support.sas.com/techsup/technote/ts140.pdf


The TS-140 specification



XPT and TS-140: the problematic part

• But modern computers do NOT use "IBM-style" integers and doubles
any more

• "IBM-style" was only meant for IBM mainframes and VAX computers



XPT and IBM mainframes
Do you still have one at home?

https://en.wikipedia.org/
wiki/IBM_mainframe

https://en.wikipedia.org/wiki/IBM_mainframe


Some more history: Dataset-XML

• Around 2005, CDISC and FDA performed a pilot to use ODM for 
submission purposes

• The pilot was interrupted and discontinued, as FDA decided that
future submissions would be done using HL7-v3 messages

• CDISC: "HL7-v3 messages won't work!"

• FDA outsourced the development of the HL7-v3 messages to an 
external party

• After a number of years and xxx,xxx US$, it was reported by the
external party that: "HL7-v3 messages don't work!"



Some more history: Dataset-XML

• 2014: CDISC publishes the Dataset-XML standard

• XML based standard building on define.xml

• To transport ANY tabular data
• Submission and non-submission data



Dataset-XML builds on define.xml

Define.xml: 



Dataset-XML builds on define.xml

Dataset-XML: 



Advantages of Dataset-XML

• Modern technology

• Works 1:1 with define.xml
• Easy validation against the define.xml

• P.S.: the "define.xml" is the YOUR TRUTH about your study's metadata

• Validation tool used by FDA (and probably you too) does NOT validate the
define.xml correctly - it validates against the own idea of one company what
the define.xml should be

• Allows audit trail on submission data

• Allows embedding of source data points (e.g. FHIR data point)



Disadvantages of Dataset-XML

• File size
• Usually about 2-3x file size of XPT files

(except for SUPPQUAL files)

• But XML can easily be zipped - and tools can read zipped XML
(zipped XML does not need to be unzipped - XPT is also binary …)

• Technology not known by medical reviewers

• "Not-invented-here" at the FDA
• But used by the rest of the world

• Pharma/FDA is the only industry using XPT



Dataset-XML and file sizes

• Also XPT files can be zipped
• Also XPT is very inefficient

• XML can also be transformed into JSON, RDF Turtle, …

Dataset XPT file size XML file size Zipped XML file size

DM 0.1 MB 0.3 MB 0.02 MB

VS 23 MB 32 MB 0.8 MB

LB 33 MB 66 MB 2.0 MB

QS 33 MB 110 MB 2.8 MB

SUPPLB 55 MB 40 MB 2.0 MB

REMARKS:



Does file size matter?

• It does NOT matter when information is immediately stored into a 
database or data warehouse

• It DOES matter when using memory sticks, file servers with slow 
intranet lines

• Which of both is the FDA doing?

• Does Amazon use XPT files?



Dataset-XML and audit trails

• As Dataset-XML is a subset of ODM, audit trails can easily be added



Dataset-XML and Electronic Health Records

• As Dataset-XML is based on ODM, and ODM is extensible,
EHR data points can easily be embedded. For example: FHIR



FHIR source record in SDTM record



FHIR source record in SDTM record (detail)



And can easily be visualized to the reviewer

Visualization by the "Smart Dataset-XML Viewer"



Tools for working with Dataset-XML

• See:
https://wiki.cdisc.org/display/
PUB/CDISC+Dataset-XML+Resources

https://wiki.cdisc.org/display/PUB/CDISC+Dataset-XML+Resources


Tools for working with Dataset-XML



Smart Dataset-XML Viewer

• Viewer software for inspecting SDTM/SEND/ADaM submissions

• Similar to "SASViewer" or "SAS Universal Viewer"
• But much smarter for SDTM, SEND and ADaM files

• Soon to extended (to also convert XPT files) and to be renamed
to "Smart Submission Dataset Viewer"

• Essentially, reviewers should NOT use such viewers, but load the data
into databases, and query these databases - they don't however



Smart Dataset-XML Viewer

• Can use modern technologies such as RESTful Web Services

• Can connect to scientific information systems such as these from
• The National Library of Medicine

• LOINC

• SNOMED-CT

• UMLS (Unified Medical Language System)

• The FDA systems do apparently use none of these



Smart Dataset-XML Viewer - Demo time!



The role of define.xml in submissions

• Define.xml is PRIMARILY meant to be used as a 
machine-readable specification of the submission metadata

• Most reviewers however only use the human-readable VIEW

• The define.xml is
YOUR TRUTH of what is in the submission
and not that of CDISC, Pinnacle21 or anyone else

• So better take care the define.xml is of high quality



High Quality define.xml

• Made long time before you do the submission

• Generated BEFORE the datasets are generated
• And not generated at the last moment using crap software

• Possibly generated already at or before study start
• Although you cannot know everything in advance

• Possibly used as a specification
• For the CRO or service provider
• With the mapping instructions between operational data and SDTM/SEND

(ADaM may be different)



Using define.xml as a mapping specification

• Define.xml used by the "SDTM-ETL" mapping software



Stylesheets for define.xml

• Are the sponsor's responsibility

• FDA should essentially use their own stylesheet
(but they have no idea how to do that)

• The stylesheet helps the reviewer to find things easier, 
in a better and user-friendly way …

• Check for stylesheets made available by Phuse, CDISC, …
• And if you don't like it, find/hire an XSLT specialist



Use of Dataset-XML: Validation:
Open Rules for CDISC Standards (ORCS)

• Initiative by a few CDISC volunteers

• Goal is to have all validation rules in a format that is both:
• Human-readable (at least to people who have minimal programming skills)

• Machine-readable (machines should be able to execute it)

• To be used as a "reference implementation" of the rules
• Anyone can develop ist own validation software, but the results minimally

need to be identical to that of the reference implementation

• Usual methodology in software language development (e.g. Java)



Open Rules for CDISC Standards (ORCS)

• Problem: there is no universal "rule description language"
• Even not a standardized "pseudo code language"

• The SDTM team published rules with pseudo code
• Has been ignored by the FDA validation software

• For XML documents, there is however XQuery
• W3C standard

https://www.cdisc.org/system/files/members/standard/foundational/sdtmig/SDTMIG v3.2 Conformance Rules v1.0.xlsx


Open Rules for CDISC Standards - XQuery

• We can use XQuery for defining rules that are as well human-readable
as machine-readable

• But XQuery only works on XML …

• If we use Dataset-XML, we can thus have open, vendor-neutral rules
definitions using XQuery

• Which can still act as a "reference implementation"



ORCS Rule example - FDAC017-FDAC018



Open Rules for CDISC Standards - Principles

• Basis is the define.xml (which is YOUR truth about the submission)

• Information from the SDTM-IG can be queried using RESTful web 
services from SHARE and other CDISC services
• E.g. whether a variable is "required", "expected" or "permissible"

• Descriptive error messages are provided
• Including the "record number"

• ANYONE can implement these open rules in their own software
independent of programming language (Java, C#, SAS, Python, …)



ORCS: using RESTful web services

• CDISC RESTful web services API at
• http://xml4pharmaserver.com/WebServices/CDISCSDSVariables_webservices.html

• Will also be available through the SHARE v2 API



ORCS: using RESTful web services - Example

• Rules engine needs to check whether variable is "required", "expected" or
"permissible"
• This depends on the version of the SDTM-IG

• Define.xml may "upgrade" this
• E.g. may state that permissible variable LBLOINC is "required" in the current submission / 

dataset

• Rule definition asks SHARE whether the variable is "required", "expected" 
or "permissible"
• Using the RESTful web service API, given the variable name and SDTM-IG version

• And checks whether the define.xml did not "upgrade" this

• And then checks whether all records comply with the requirement



ORCS: using RESTful web services
Future: working with the SHARE API



Open Rules for CDISC Standards: Advantages

• Really open 

• Freely available

• Software language independent

• Vendor neutral

• Human-readable as well as machine-readable

• Clear and exact error messages

• Error messages come as XML for further processing
• But can also be transformed to … Excel …

• Soon an official CDISC project => will hopefully later go into SHARE



Open Rules for CDISC Standards: Disdvantages

• Currently, use of Dataset-XML necessary
• But the FDA does not use Dataset-XML

• Slower than Pinnacle21 validation
• Each rule must first be compiled "on the fly"

• Rules must be executed sequentially
• Though some people have already tried parallelization

• XQuery pretty unknown among SAS programmers



Open Rules for CDISC Standards
Call for volunteers

• We especially need volunteers for allowing us to implement the
"ADaM Validation Checks v.1.3"

• No XQuery nor XML knowledge required

• Good knowledge of ADaM required

• Willing to provide test examples



A short overview of other "Jozef projects"

• Annotated Protocol in XML

• Machine-readable SDTM-IG

• Connecting CDISC-CT to healthcare controlled terminology



Annotated Protocol in XML

• Currently, protocols come as Word, or PDF documents

• Must be interpreted by humans, in order e.g. to:

• Define which forms with what content

• Which tests need to be performed



Annotated Protocol in XML:
Example: CDISC Diabetes TAUG

• Not a single LOINC or SNOMED code mentioned …
• So, how can we find the data in the HIS or EHR ?



Annotated Protocol in XML
Short demo movie: Trial Summary data



Machine-readable SDTM-IG

• Students undergraduate project 2016-2017

• Generated an XML Structure for the SDTM-IG 3.2 content
• Tables

• Assumptions

• Other metadata such as define.xml datatypes

Generated a stylesheet to display the content of the machine-readable
SDTM-IG to humans in a browser



Machine-readable SDTM-IG: Results



Machine-readable SDTM-IG: Results
• And the human-readable content:

• 100% identical in text content

• >95% identical in presentation (HTML instead of PDF)



Machine-readable SDTM-IG
Why doesn't CDISC do this?

• SDTM-IG developers need an infrastructure to put the content in

• We cannot expect the SDTM-IG developers to write/edit XML

• SDTM-IG developers are used to work in Word
• But latest SDTM-IG (v.3.3) was developed in Wiki/Jira environment

• Can we use Wiki/JIRA to generate the SDTM-IG in XML?

• Will SHARE deliver everything so that we don't need an IG?



Connecting CDISC-CT 
to healthcare controlled terminology

• CDISC-CT is completely disconnected from (controlled) terminology
used in healthcare (LOINC, SNOMED-CT, ICD-10, …)

• This makes it difficult to use information from electronic health
records (EHRs) in clinical research

• Ideally, CDISC should give up some of its coding systems and use
those from healthcare

• For the moment, we need … mapping



Mapping between CDISC-CT
and Healthcare-CT

• Mapping between most used Laboratory LOINC Codes 
LBTESTCD / LBSPEC / LBMETHOD in development

• Can we automate things?

• Fortunately, we have UMLS (Unified Medical Language System)
• Tries to connect terms between different medical coding systems

(including NCI-CDISC)

• An open RESTful Web Service is available
• So we can use that in our tools



Connecting CDISC-CT to Healthcare CT

Connections 
between CDISC-CT 
"ALB" and LOINC 
codes and panels
as used in 
healtcare IT

Movie available



And Jozef …

• If you do all this volunteer and research work,
what are you living from?

• XML4Pharma provides
• CDISC consultancy

• Software for working with CDISC standards (ODM, Define.xml, SDTM)

• Not for free, but not expensive either

• Always with intelligent Graphical User Interfaces and many Wizards

• 1000 times better than the crap software that is often offered for free by
other companies


