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Meet the Speaker
John McDade

Title: Associate Director, Operational Excellence
Organization: PHASTAR

| have been in the industry programming for around 16 years and been
with PHASTAR for the last 8 years as part of the Operational Excellence
team. Here | enjoy working on a variety of process and tool development
initiatives and have started the open-source journey.

Outside of work | love playing golf and the guitar and 'm a long-suffering
fan of Scottish footballl Most of my time is spent chasing my 6 year old
son around and love nothing more than getting away to the coast with my
family.



Disclaimer and Disclosures

* The views and opinions expressed in this presentation are those of the
Vi author and do not necessarily reflect the official policy or position of CDISC.

- | have no real or apparent conflicts of interest to report
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Open-Source Movement

Open Study Builder
The OpenStudyBuilder is a new approach to working with studies that once fully implemented will drive end-to-end consistency and
more efficient processes

Admiral
ADaM in R Asset Library.

CDISC Rules Engine (CORE)

Deliver and execute a governed set of executable Conformance Rules for each Foundational Standard openCST

The open-source release of the SAS Clinical Standards Toolkit (openCST) is a framework that allows for the registration of CDISC
standards metadata to enable automation, such as working in SAS with XML based standards (Define-XML, ODM, ...) and validation of

clinical data, such as SDTM

CDISC-0DM-XML-CRF-SDTM-Annotations

An XMLMAP for ODM-XML and for Define-XML along with a small set of SAS macros for each, converting the XML documents to SAS
datasets following familiar data models shared by MDR and validation tools.

R4DSXML
CORE - Rule Editor RADSXML is R package for import both CDISC Dataset-XML and Define-XML as R data frame
Creating additional Conformance Rules in a common specification for CORE

Smart Submission Dataset Viewer

Dataset-JSON Hackathon Projects Dataset viewer allowing to inspect CDISC SDTM, SEND and ADaM submission files

Projects developed as part of the Dataset-JSON hackathon

Define-XML XSL Stylesheets = TFL Designer
This projects provides a Define-XML v2.0 and v2.1 XSL stylesheet A1 An open-source TFL designer to create study-specific analysis output display and in parallel generate machine-readable metadata.

tfrmt

® N 3
F""'” defineR
The {tfrmt} R package is a table formatting framework that provides the means to flexibly design and build mock results summaries.

An open-source R package capable of generating the Define-XML.

and configuration of study systems to support clinical trial execution. tidyCDISC is a shiny app to easily create custom tables and figures from ADaM-ish data sets.

Tplyr
Tplyr is a grammar of data format and summary, designed to simplify the creation of clinical safety summaries.

ODM XML Stylesheet
Apply a style sheet to ODM-XML, exactly as you apply a style sheet to define-xml to display it in a browser.

L > Digital Data Flow tidyCDISC
b TransCelerate The DDF initiative aims to modernize clinical trials by enabling a digital workflow that allows for automated creation of study content

odmlib Visual Define-XML Editor
odmlib is a Python library that simplifies creating and processing ODM and its extensions, such as Define-XML <[> visual Editor for Define-XML 2.0 and ARM standards

L
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T hust Data Visualisation & - ; *
Open Source Technology

[ B X ]
CdISC CDISC Open Source Alliance
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Future SDTM Programming Approach (from 2020 perspective)

Source Mapping Target
Target  Target Target Target Target Target  Target
ogtibraeyi - Dutaset v Viarisble; - IDescription Joinet Typd - jtagth - iSorting Onler]
1 SOT™M Vs STUDYID  Study Identifier text 10 1
1 SOT™M vs DOMAIN  Domain Abbreviation text 2 2]
1 CDASH vs SUBJID ALLUSUBID SOT™M Vs USUBJID  Unique Subject identifier text 14 3]
1 CDASH vs VS.VSSPI0 SOT™M vs VSSPID Sponsor-Defined Identifier text 4 S|
1 CDASH vs visit VISITNUM ESOTM Vs VISITNUM  Visit Number integer 8 16)
1 CDASH Vs vIsIT vISIT SOT™M Vs vIsIT Visit Name text 18 17}
1 CDASH vs VSDAT Assigned VS.VSDTC SOTM vs VSOTC Date/Time of Measurements date 10 19}
Biomedical Concepts
Foundational ndar -
oundationd! Standapes | Source Mapping Target |
LA - -
cdiscs Target  Target  Target
LIBRARY B subset Condition B Pre Processing [l Timing[B Type Bl Merge Key |- Sequence - Library - Dataset -
5 50TM Ve
PRE TARGET VISIT 5 50TM Ve
PRE TARGET USUBJID 5 SDTM V5
.. d WS.SE.SE EPOCH PRE TARGET USUBJID, VEOTC 5 SDTM Vs
! Desia Study and Data h
e €Sl gf 1 A .
: . Collection Designers
@
é . g
&
o . XPT files, Define,
e aCRF, SDRG
.-
RS -®
AP TR st e e kanin s RN sl T ot vy g e e e e e R e
PSRN Specily Fssminiarivsrriainsnas: BUlld/EXecUte = ssnaraiss Report ------
e .
&% = Automated Process
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MAPPING LIBRARY

RAW2SDTM

Mapping
Library

cdisc

=
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Building Study Metadata

EDC SPEC CODELISTS

5y DataDictionaryName -7 CodedData ~ | Ordinal ~ | UserDataStrin M
ﬁ!ﬁ’ﬁ 1 0se not chang
° ° EDC SPEC VARIABLES $AEACN " 0] Dose increased
5, 3 A ! B ] | $AEACN "2 3 Dose reducad
*..* ||FormoiD FieldOID | DataDictionaryName H | $AEACN 3 " Drug interrupted
L ibA et ] | $AEACHN " 5 Drug permanently discontinued
. A AEOQUT |$OUT $AEACN '23 5 Not i
3 : $AEOUI U 1 Recovered/resolved
| AE I AEACN SAEACN $AEOQUT " 2 Recovering/resolving
r Recovered/resolved with
$SAEQUT 2 3 sequelae
$SAEQUT 6] 4 Not recovered/not resolved
$AEOUT "4 5 Fatal

RAW2SDTM METADATA

AE AEACN C 2 Action Taken, Investig $AEACN_ "
2 AE AEACN (4 2 Action Taken, Investig SAEACN. "2
= ; AE AEACN C 2 Action Taken, Investig $AEACN. "3
5 AE AEACN C 2 Action Taken, Investig $AEACN. "4

¥ : AEALH c 2.Actinn Takon |nvesig GAEACK | _rga"
: AE AEOUT C 2 Qutcome of AE $AEOQUT. "o
AE AEOUT C 2 Qutcome of AE $AEOQUT. "
I . AE AEOUT C 2 Qutcome of AE $AEOUT. "2"
AE AEOUT C 2 Qutcome of AE $AEOUT. "3"
AE AEOUT C 2 Qutcome of AE $AEOQUT. "4"
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Building Study Metadata

'RAW_TABLI - [RAW_col UnM T IRAW TvE - [RAW | ENG1 - IRAW I ABFL ______ [paw FORMAT 1 IR ! 1 R - [SDTM_TAR - ISDTM._COLUL - [SDTM_WHRCI AUSE
AE AEACN Cc 2 Action Taken, Investig SAEACN. AE AEACN "DOSE NOT CHANGED"
AE AEACN Cc 2 Action Taken, Investig SAEACN. AE AEACN "DOSE INCREASED"
AE AEACN Cc 2 Action Taken, Investig SAEACN. AE AEACN "DOSE REDUCED"
AE AEACN Cc 2 Action Taken, Investig SAEACN. AE AEACN "DRUG INTERRUPTED"
AE AEACN Cc 2 Action Taken, Investig SAEACN. AE AEACN "DRUG WITHDRAWN"
AE FYrv-re P TIE ) . GeCarach Ar AEAGH wAT ADD oD e
AE AEOUT Cc 2 Outcome of AE $AEQUT. AE AEOUT "RECOVERED/RESOLVED"
AE AEOUT Cc 2 Outcome of AE $AEQUT. AE AEOUT "RECOVERING/RESOLVING"
AE AEOUT Cc 2 Outcome of AE $AEQUT. AE AEOUT "RECOVERED/RESOLVED WITH SEQUELAE"
AE AEOUT Cc 2 Outcome of AE $AEQUT. AE AEOUT "NOT RECOVERED/NOT RESOLVED"
AE AEOUT Cc 2 Outcome of AE $AEQUT. AE AEOUT "FATAL"
# RAW column = AEACN # Map the "AEACN" column to a new column called "S_ AEACN"
**% RAW column =AEACN ***; mUtate(Sa‘:AEL:( mappigg: "éOSE NOT CHANGED",
if AEACN= "@" then S_AEACN = "DOSE NOT CHANGED"; AEECN::"Q" ~ "DOSE NOT CHANGED™ ::1 DOSE INCREASED”J
. ? 2 DOSE REDUCED'
else if AEACN= "1" then S__AEACN = "DOSE INCREASED"; AEACN=="1" ~ "DOSE INCREASED", "3 DRUG INTERRUP;ED")
else if AEACN= "2" then S__AEACN = "DOSE REDUCED"; AEACN=="2" ~ "DOSE REDUCED", "4": "DRUG WITHDRAWN",
;%) else if AEACN= "3" then S__AEACN = "DRUG INTERRUPTED"; i:gm::"i" - 3232 ﬂlﬁgﬁﬁmm ; ) "987: "NOT APPLICABLE",
0 -i..-0 else :I-.'F AEACN= "4" then S__AEACN = "DRUG WITHDRAWN"; AEACN--"08" ~ "NOT APPLICAELE'J' .
s o else 1f AEACN= "98" then S__AEACN = "NOT APPLICABLE ; Y) %% # Apply mapping to create a new (alumrj "s__aeacn”
@7 oin 55 0s ® df['s__aeacn'] = df['aeacn’].map(mapping)

# Map the "AEOUT" column to a new column called "S__AEOUT"
# RAW column = AEOUT mapping = {

it tate(S__AEQUT - nw "
- o] *%% RAW column =AEOUT ***; mutate( Zase_uhen( @": "RECOVERED/RESOLVED",

if AEQUT= "@" then S_ AEOUT = "RECOVERED/RESOLVED"; AEOUT—="0" ~ "RECOVERED/RESOLVED", o ggggt’,ggg%ggfb‘g“&m SEQUELAE"
else J-.'F AEOUT= "1" then S__AEOUT = "RECOVERING/RESOLVING"; AEQUT= ~ "RECOVERING/RESOLVING", 3", "NOT RECOVERED/NOT RESOLVED" ’
else if AEOUT= "2" then S__AEOUT = "RECOVERED/RESOLVED WITH SEQUEL AEQUT=="2" ~ "RECOVERED/RESOLVED WITH SEQUELAE", "2": "DRUG WITHDRAN" >
else if AEOUT= "3" then S__ AEOUT = "NOT RECOVERED/NOT RESOLVED"; AEOUT=="3" ~ "NOT RECOVERED/NOT RESOLVED", }
S e ® else if AEOUT= "4" then S__ AEOUT = "FATAL"; AEOQUT=="4" ~ "FATAL"
)) %k # Apply mapping to create a new column "s__ aeout™

df['s__aeout'] = df['aeout'].map(mapping)
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"DOSE INCREASED"
2 Action Taken, Investig SAEACN. "DOSE REDUCED"

2 Action Taken, Investig SAEACN. "DRUG INTERRUPTED"
2 Action Taken, | EACN. "DRUG WITHDRAWN"
§ an 5 ,

Outcome of A

2 Quicome of AE - "RECOVERING/RESOLVING"
2 Qutcome of AE B "RECOVERED/RESOLVED WITH SEQUELAE"

2 Qutcome of AE B "NOT RECOVERED/NOT RESOLVED"
2 Quicome of AE B "FATAL"

Action Taken with Study Treatment DOSE INCREASED

Action Taken with Study Treatment DOSE REDUCED
Action Taken with Study Treatment DRUG INTERRUFTED
Action Taken with Study Treatment DRUG WITHDRAWMN

Qutcome of Event RECOVERED/RESOLVED
Qutcome of Event RECOVERING/RESOLVING
Outcome of Event RECOVERED/RESOLVED WITH SEQUELAE

Outcome of Event NOT RECOVERED/MOT RESOLVED
Qutcome of Event FATAL

Action Taken with Study Treatment [C66767] Outcome of Event [C66768]
Permitted Value (Code) Permitted Value (Code)

DOSE NOT CHANGED [C49504]

RECOVERED/RESOLVED [C49498]

DOSE INCREASED [C49503]

RECOVERING/RESOLVING [C49496]
DOSE REDUCED [C49505]

RECOVERED/RESOLVED WITH SEQUELAE [C49495]
DRUG INTERRUPTED [C49501]
DRUG WITHDRAWN [C49502] NOT RECOVERED/NOT RESOLVED [C49494]
NOT APPLICABLE [C48660] FATAL [C48275]
e e eeen
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CDISC IG Metadata to Code

EE R R R R L R R R E R E R R R T
e

** code to create SEQ variable. **; # code to create SEQ variable and final dataset
FHEEKKEEREKKKERRE IR KRR XK KKK KRR E R KRR i EREEE R S
B

e - e ae seq <-

M % pro = EER TR ae_add e
e byl studyid usubjid aestdtc aedecod; I ar‘r‘anga%Tlo.lDoYIDJ USUBIID, AESTDTC, AEDECOD) %% I
"l ungrou

. run;
[ IEEEXRRY H group_by (USUBJID) %>%
; . mutate(AESEQ = 1:n()) %>%
i data ae_seq; ungroup()
5 |
bq studyid usubjid aestdtc aedecod; I flgzlgze <
e b e LA S e select§f STUDYID, DOMAIN, USUBIID, AESEQ, AESPID, AETERM, AELLT, AELLTCD, AEDECOD, AEPTCD,
else aeseq+l; AEHLT, AEHLTCD, AEHLGT, AEHLGTCD, AECAT, AEBODSYS, AEBDSYCD, AESOC, AESOCCD, AESER,
run; AEACN, AEREL, AFRELNST, AFOUT, AESCONG, AESDISAB, AESDTH, AESHOSP, AESLIFE, AESMIE,

AECONTRT, AETOXGR, EPOCH, AESTDTC, AEENDTC, AESTDY, AEENDY)

e e R e R e e e e R ]
El

*¥* code to create final main dataset. **;
*’i’i’k*’i’i’k’k’i’i’i’k'i”i”i’k&’i’k*&’iﬁ*&’iﬁ*k***k******;

:.s data sdtm.ze |label="Adverse Events");l
g set
: keepSTUDYID DOMAIN USUBJID AESEQ AESPID AETERM AELLT AELLTCD AEDECOD AEPTCD
- ? AEHLT AEHLTCD AEHLGT AEHLGTCD AECAT AEBODSYS AEBDSYCD AESOC AESOCCD AESER
‘e AEACN AEREL AERELNST AEOUT AESCONG AESDISAB AESDTH AESHOSP AESLIFE AESMIE
Eoan. wd AECONTRT AETOXGR EPOCH AESTDTC AEENDTC AESTDY AEENDY;
' run;
® )

L
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Final Automation Components




Combining Raw Data

SDTM_TABLE rawn
. . AE 2 1 AE AE, SERAE LEFT JOI "USUBJID", "AESPID", "AETERM"
i I ) 1CE SET
: 1CM SET
CIEEEEEY °
et fom 3 1.C0 SET
e co 5
CV 1 EEEE S E R E R EE EE LR E R E R EE SR E R E R E R E R E R EE R EEE R E R E EE L
** Join raw datasets as per join metadata **;
DA 1 3K 3 3k ke 3k e ok e ok i ok e ok i ok o ok i o i o sk ok s o sk ok s o s ok s ok ook ok ok ok ok ok ok ok ok ok ok ok ke
DD 1
proc sort data=ae_ae_2;
DM 7 by usubjid aespid aeterm;
run;
Ds 4 B R
o 4 proc sort data=ae_serae_2; # Join raw datasets as per join metadata
by usubjid EESple aetgr‘r;l‘ B R B e e e SR st s e e S
EG 1 run;
ae_addvars <-
A FA 7 . ae_ae_2 %>k
o da;:r,a:—zzd::'";’(in_a) left _join(ae_serae 2, by = cl"USUBIID", "AESPID", "AETERM")) I
2 , JHO 1 g _ae_ =a)
‘et JIE 1 by usubjid aespid aeterm;
LB 2 1T
MH 2 run;
| LRES < [ X T
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Filtering Raw Data

RAW_COLUNSDTM_TABLE SDTM_COLUMN  SDTM_WHRCLAUSE SDTM_ASSIGNED_VALUE
VS SBP VS VSTESTCD SBP NE . "SYSBP"

Vs SBP Vs VSTEST SBP NE . "Systolic Blood Pressure”
VS SBP VS VSCAT SBP NE . "PULSE AND BLOOD PRESSURE"
VS SBP VS VSPOS SBP NE . "UNSPECIFIED"

VS SBP VS VSORRES SBP NE .
VS SBP VS VSORRESU SBP NE . "mmHg"
VS SBP VS VSSTRESC SBP NE .
Vs SBpP VS VSSTRESN SBP NE .

V5 SBP VS VSSTRESU SBP NE . "mmHg"
>

K RAW_TABLE_WHRCLAUSE
AEYN EQ "1"

data AE_AE (Kkeep= i wxx RAW column =SBP **%:
set AE_AE_set {where=(AEYN EQ "1")); I if SBP NE . then do:
*

S__VSCAT = "PULSE AND BLOOD PRESSURET,
ke o S__VSORRES = strip(put(SBP,best.));
i ot S__VSORRESU = "mmHg";

R S__VSPOS = "UNSPECIFIED";

T ae ag <- S__VSSTRESC = strip(put(SBP,best.));
s b EE 2.2 S__VSSTRESN = SBP;

: ) _ - S__VSSTRESU = "mmHg";

i flltI (REYN == "1") >3 I S__VSTEST = "Systo%ic Blood Pressure";
mutate ( S__VSTESTCD = "SYSBP";

'*;i ; output;

Sedon . end;

L
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Code Snippets

1 AE AETRTEM
2 AE AETOXGR
3 AE AETOXGR
4 AE AETOXGR

SUPP GEMERAL aetrtem=ifc(aestdtcn ge rfstdtn,”y",N');
proc contents data=raw.ae out=ae_cont noprint:
PARENT PRE-PROCESS run;

proc sql noprint;
select name into ‘tox_vars separated by '’
from ae_cont
where prxmatch({"/AEC\d{2JTOX/i" name);
quit;
FPRE-PROCESS %let tox_vam=&sglobs:
array toxc{"} $ aetoxgr &tox_vars;
maxv=0;
do i=1 to dim{toxc);
if input(toxc{i}, best.)=maxv then maxv=input(toxc{i}.best.);
end;
if cats(of toxc{*}) ne " then aetoxgr=strip(put{maxv,be

PARENT

PARENT GENERAL

s s 3k ok sk sk sk o o o o o ok ok sk sk sk o o ol ol ol e S S o sk ol ol ol o SR RO SRR R R SR R SR SR R R R R

** pre-Processing for Derivations *%*;
dkkkkeck kR hokk kR kR rkkk Rk kokk Rk kR Rkok Rk kR R Rk ok ok

** AETOXGR;
proc contents data=raw.ae out=ae_cont noprint;
run;

proc sql noprint;
select name into :tox_vars separated by

from ae_cont
where prxmatch("/AEC\d{2}TOX/1i",name);

quit;
%let tox_varn=&sglobs;

S K K KKK KKK KKK KK K K S S S S S S SR R R R R R R R R R R R R R R R R R KRR R R R R R R KK
H

** perivation code **;
R EEE R EEEEEEEE L LRSS R EEEEE EEE L E L L L L L L N

data ae_addvarsi;
set ae_addvars;

**EPOCH;
EPOCH = "}

**AETRTEM;
aetrtem=ifc(aestdten ge rfstdtn,'Y','N");

**AETOXGR;
array toxc{*} $ aetoxgr &tox_vars;
maxv=0;
do i=1 to dim(toxc);
if input(toxc{i},best.)>maxv then maxv=input(toxc{i},best.);
end;
if cats(of toxc{*}) ne '' then aetoxgr=strip(put(maxv,best.));

run;
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SAS and R Automated Code Benefits

Metadata Driven

Mapping library not language dependent

Double programming complete?
Double programming required?

oe®
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Next Steps

» Synthetic Data with Al
* R Package / OAK Project
* TFL Automation in R with Analysis Results Standards

[ 2 L
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Thank You!

John.mcdade @phastar.com
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