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Background




sue TRANSITIONING TO FUTURE OF CLINICAL TRIALS

Study published by the Massachusetts Institute of Technology (MIT) has found that only 13.8% of drugs successfully pass clinical trials company can
expect to pay between $161 million to $2 billion for any drug to complete the entire clinical trials. This Artificial Intelligence has the potential to
Significantly reduce clinical cycle time and cost while helping to improve the outcome of clinical development.

Traditional clinical trail data flow The future state vision
A Non-linear maze of manual effort, rework Streamline interoperability of trial artifacts enabled through the
standardization of data/vocabulary learnings from Al & ML

Inefficiency
T oo

'
Revisions and ‘
rawark
Repetitive
Documaent
Authoring - 7~

FUTURE STATE BENEFITS

nual
Revisions and transcription
rework

® ® o Reduced manual Increased Improved Trial Optimized Use of Insights bnedu:ed Errors in
H Effort & rework. % interoperability / Cycle time. To Improve the Next Trial Trial artifacts.
Across Multiple
systems
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AUML — CHALLENGES AND OPPORTUNITIES IN IMPLEMENTING ANALYTICS IN THE PHARMA INDUSTRY



https://phuse.s3.eu-central-1.amazonaws.com/Archive/2021/SDE/APAC/Virtual%20-%20India%20Winter/PRE_India06.pdf

From Unstructured Data to Structured Data — AI Solution
NLP(Natural Language Processing)
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Ahmed fre
pf@g’&ﬂ?
number 1
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<Program="Accounting">
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Vs,

VSDTC

(VS.VSDTC)y erte =i (SAShp ( ei5 (ADY)s-(ADT)g{ARFSTDT)y (ADT)g
{ADY)4-(ADT-ARFSTOT)7 |! (EGSPID)1y (UNSCHED )3 (EG.1s(VISIT)3
f of (B¢ Y I (EG.VISIT)3 {(UNSCHEDULED s, 11161 (AVISIT) 14 1 (UNSCHEDULED g
<University> 1D Name | Age | Program
<|D Number="160801">
<Name="Shaun"> 160801 | Shaun 18 | Communication
<Age="18">
<Program="Communication"> 60802 | Linh 20 Accounting
<|D Number="160802">
<Name="Linh"> 160803 | Ahmed | 19 | Psychology
<Age="20">

Artificial Intelligence:
Mimicking the intelligence or
behavioural pattern of humans
or any other living entity.
-

—~

- ~

Rule-based , <
systems /

/

Machine Learning:
A technique by which a computer
can "learn" from data, without
using a complex set of different
rules. This approach is mainly
based on training a model from
datasets.

Deep Learning:
A technique to perform
machine learning
inspired by our brain's
own network of
neurons.

How deep learning is a subset of machine learning and how machine learning is a subset of
artificial intelligence (Al)


https://en.wikipedia.org/wiki/Deep_learning
https://cloud.google.com/natural-language/

Assignto Y on l2<! non-missing record within PARAMCD where ADT <= ARFSTDT,

Digitalization for the Trial Artifacts =
Specification %ASSIgN findsnan values Y bysPARAMCD selects! 251 nON-Missing subset=36str{.<ADT<=ARFSTOT)

paper-based documents 1s growing
rapidly. These documents contain
A wvanety of  table-based

information with vasiations in WSUBSET(.<ADT<=ARFSTDT)
and lavonte A much %SUBSET(not missing(AVAL))
The most common [ (>=30%in either %SORTBY(PARAMCD ADT)

treatment group) included Afiaemia (43 PARAMCD)

patients [70:5%] and 43 patients [69:4%].

respectively), d8CTeASedappRLite) (29 patients
[47.5%)] and 27 patients [43:5%),
respectively

%SUBSET(
IGN:!

)

S etneles auese il
Ncons Lt .

T \\

Table 3. Patient Screening and Enroliment, Trials A and B D CO—
Disposition Trial A Trial B ’ .
Patients screened XX XX 4 ™
Screening failures XXX (XX X%) XXX (XX X%) -~ .

Inclusion/exclusion XXX (XX X%) XXX (XX X%)

criteria not met

Patient XXX (XX.X%) XXX (XX.X%)

noncompliance

Consent withdrawn XXX (XX X%) XXX (XX.X%)

Other XXX (XX.X%) XXX (XXX%)
Patients enrolled XXX (XXX%) XXX (XX X%)
Patients randomized XXX (XX X%) XXX (XX X%)
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Business Problem

Clinical data analysis algorithms are complex and require
pre-planning in human-readable text

People cannot always follow strict standard algorithm
descriptions

GUI(Graphical User Interface) is not user-friendly to build
flexible algorithms

Algorithm in ‘free’ text are commonly used in the industry
Diverse Mapping Specification across TA/Companies

Translation of human-readable text to machine-readable
code is time-consuming

Ongoing updates are required due to changes in source data
and debugging process

Synchronizing Specifications and code is challenging for
human

Define-XML Version 2 [Variable Level Metadata]
Demographics (DM) [Location: dm.xpt)

Variable Label Key Type Length Controlled Terms  Origin Derivation/Comment
or Format

STUDYID | Study Identifier 1] text 40 Protacol

DOMAIN | Domain text 2 Assigned | Two-character abbreviation for the domain most relevant
Abbreviation to the observation. The Domain abbreviation is also used

as a prefix for variables to ensure uniqueness when
datasets are merged.

USUBJID | Unique Subject | 2| text 20 Derived | | concatenation of STUDYID and SUBJID
Identifier

SUBIID Subject fext 3 CRF Pag
Identifier for the 1
Study

RFSTDTC | Subject datetime 1508601 Derived | | RFSTDTC = First date/time of study drug treatment
Reference Start
Date/Time

RFENDTC | Subject datetime 1508601 Derived | | RFENDTC = Date of Completion or date of Withdrawal.
Reference End Null for screen failures
Date/Time

RFXSTDTC | Date/Time cf datetime 1508601 Derived | | RFXSTDTC = Date/time of first exposure to protocol
First Study specified treatment from CRF
Treatment

RFXENDTC | Date/Time of datetime 1508501 Derived | | RFXENDTC = Date/time of last exposure to protocol
Last Study specified treatment from CRF
Treatment

RFICDTC Date/Time of date 1508501 CRF Pag
Informed 1
Consent

RFPENDTC | Date/Time of date 1508601 Derived | | RFPSTDTC = Date/time when subject ended participatient
End of or follow-up in a trial (last date/time of contact)
Participation

DTHDTC | Date/Time of date 1508601 CRF Pagy | From AE page; when outcome is Death then Y then
Death 207 date/time, else Null

DTHFL Subject Death text 1) ['Y" = "Yes] CRF Pags | From AE page; when outcome is Death then Y, else Null
Flag <No Yes Response | 207

>

>4




SDTM Mapping Code Generation

e Updates should be taken in both files

SDTM programming codes not fully reusable in most cases

e Reference programming code needs to be checked line by line before implementation

Manual creation not the best solution

e Time consuming
e Pron to error
e Intensive QC required for simple and standardized variable generation



Standard Derivations in clinical laboratory data

* Laboratory toxicity grading has been very important part of safety reporting since the FDA began accepting electronic data.
Remaining up to date with the various CTCAE versions could be a challenge when you have different source laboratory raw
data each time.

Grade 1 Grade 2 Grade 3 Grade 4

>2.5 - 5.0 x ULN if baseline >5.0 - 20.0 x ULN if
was normal; >2.5 - 5.0 x baseline was normal; >5.0 -
baseline if baseline was 20.0 x baseline if baseline

abnormal was abnormal

>ULN - 2.5 x ULN if
baseline was normal; 2.0 -
2.5 x baseline if baseline
was abnormal

>20.0 x ULN if baseline was
normal; >20.0 x baseline if
baseline was abnormal

“cCalculate toxicity grade ;
s proc fomp cutlib=work.funcs.toxgrd ;
function GradeTox(lbcd $, 1lln, uln, bsln, value,dir $);
nml=(missing(1lln)=0);
*No issing normal range lower limit;

nmu=(missing (uln)=0) ;

issing normal range upper limit;

if LLN <= BASE (LBSTRESN when LBBLF="Y") == ULN then derive
LBTOXGRN as per following.

n do;

if ULN < LB.LBORRES <= ULN*2.5 then LBTOXGRN = 1. if Lbcd:'.\'fu'{(" then . s
grade=4+<( . < value < O.

else if ULN*2.5 < LB.LBORRES <= ULN*5 then LBTOXGRN = 2. :i: :‘:5 ::}:: ps :‘;:

else if ULN*5 < LB.LBORRES <= ULN*20 then LBTOXGRN = 3. R I;;d(im_ ::::e bt
grade=3+( . < value < 20)

else if LB.LBORRES = ULN*20 then LBTOXGRN = 4. +2+ (20 <= value < 30)
+1% (30 <= value < 1lln);
else if lbcd='COCA' then
grade=4*(( . < value < 1.5))
or else if BASE < LLN or BASE = ULN then derive LBTOXGRN as per +3%((1.5 <= value <1.75) )
following +24((1.75 <= value < 2.0) )
> +1*((2. <= value < 1lln) );

return (grade);

10

if BASE*2 < LB.LBORRES <= BASE*2.5 then LBTOXGRN = 1.
else if BASE*2.5 < LB.LBORRES <= BASE*5 then LBTOXGRN = 2.
else if BASE*5 < LB.LBORRES <= BASE*20 then LBTOXGRN = 3.
else if LB.LBORRES > BASE*20 then LBTOXGRN = 4.

end;

*High direct

else if dir='H' then do;

if lbcd='HGB' then
grade=3+( (uln+40<value) or (bsln>uln and bsln+40<value))
+2* ((uln+20<value<=uln+40) or (bsln>uln and value>bsln))

+1* ((uln<value<=uln+20) or (bsln>uln and bsln<=value<=bsln+20));

else if 1bcd="INR' then
grade=3+*( (value>2.S5+%uln))
+2*((1.5*%uln<value<=2.5*%uln))
+1% ((1*uln<value<=1.5*%uln));



Standard algorithm example from CDISC 360

AutoSave @ o) [F] © ~

File

Home Insert Draw Page

G1 - |2 J

Concatenation of STUDYID and

2 |awusumio suaio dot/STUDYID/SUBIID
Current observation Number

3 |vsvsseio () Observation_Number
(VISDAT/VSDAT) to 1508601

4 |vsvsorc date format. 1SODTC VISDAT/VSDAT
Calculation: VSOTC -
RFSTOTC+1 if VSOTC iz on or

5 |vsvsov = LA Relative_Day VSOTC/RFSTDTC
‘Convert VSORRES to standard 'VSORRES/VSORRESU/VS

12 | VS VSSTRESN.item1 result Standard_Meight_Conversion STRESU
‘Sequential number identifying

13 |vs.vssea Sequence usuBID
Assign EPOCH based on the SE

14 | Vs SE SE_EPOCH ‘domain EPOCH VS2/USUBJID/VSDTC

VSS/USUBID, VSPOS,
VSTESTCO,

15 |Vs.vss vsBASEFL Derive Baseline flag. BASEFL VSDTC/VSTESTCO

16 [om.omorc Convert to 1508601 date 1s00TC OmoAT

17 [omarstorc Convertto 1508601 date  150DTC DssTOAT

18 |OM RFXSTDTC Convert to ISOB601 date 1SODTC DSSTDAT

« » .| Datasets | Sheetl

Variables | Valuelevel | WhereClauses | Sheet2 | Methods | Codelists

Possible SAS Code

when the system identifies the keyword is.

Concatenate, it will look Into parameter field. > susID);

Observation_Number ()

when the system identidies the keyword is

Observation_Number, it will convertthe  VSSPID= best);
1SODTC (source date): 1 not
VSOTC = put{VISDAT, €8601da.);

when the system identifies

SOOYC, el look fnto perametars eld for VSOTC = put{VSDAT,
iz

Relative_Day (assessment Date/Reference
Date): VSOY = Input{VSDTC, 86

else.
when the system Identidies the keyword is VSOY = Input{VSDTC, e
Standard_Height_Conversion (original i VSORRESU =
value/original unit/standard unit):

when the system identifies the keyword s
Sequence (reference variable to start 3

counting):
i firstUSUBJID then VSSEQ =

When the system identifies the keyword 15 VSSEQ+1;
EPOCH (Dataset/MergingKey/Date): proc sal;

create table _VS1as
When the system identifies
EPOCH, 1t will look Into perametar fieid for 5 INISVSS
BASEFL (Dataset/Sorting/Test): proc sal;

create ublo_vsu a3
when the system identifies the keyword is selecta.,

BASEFL, it will look into parameter field for 3| INpUt{VSOTC, YYMMD

1S0DTC (source date):

when the system Identifies the keyword Is.
150D7C, it will look field for °
(source date):

when the system identifies the keyword is.
150DTC, it will look into field for
1SODTC (source date):

when the system identifies the keyword is.
1SODTC, it will look field for
1S0DTC (source date):

| Dictionaries | Docume

B

Accurate algorithm generated, However

* Notuser-friendly

* Hard to apply for projects across different therapeutic

area/company
* Notadopted in daily work

" | Expression Builder - [CustomExpression]

ROUN

(PI() * POWER(Radius,

-] %]

(<) || Functions

fx Text
fx Agagregate
fx Date-Time
Jx Logical
fx Math
fx Other

4 Operators

|] Constants

[ Fierds

Sum
Average
Min
Max
Count
First
Last
Now

Today

AddDays
AddHours
AddMilliseconds
AddMinutes



Can we translate ‘free’ text specification to code, and vice visa?

12

N\

Variable Conversion Definition sas

STUDYID i 00008" STUDYID=" 00008"

USUBJID Concatenate STUDY and SUBJECT USUBJID=cat(strip(STUDY),"/',
separating by '/'. (e.g., strip(SUBJECT))

00008/ 001).

AESEQ Sort by variable STUDYID USUBJID AESTDTC|%sdtm_seq(indata=&syslast,domain=&sdt
AEDECOD. Restart the numbering at each |m_domain.);

AESPID Set to "AE- if A missing(AENO) then do; AESPID = "AE-
“| Heft{trim{put(RAW.AE.AENO,best.))) if  |"| |left{trim{put(AENO,best.))); end;
RAW.AE.AENO is not
missing.

AETERM Set to RAW.AE.AETERM. *AETERM=AETERM; *copy/keep;

AELLT Set to RAW.AE.LLT_NAME AELLT=LLT_NAME
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Case Sharing

SDTM Mapping Text Spec to Code Translation

SAS Code Generation
Algorithm Text Generation
R Code Generation



Object

Text Specto Code Translation

How to translate the Text Spec into codes for SDTM Code Gen eratlon’?

BORRES = For RAW.LB records:
If RAW.LB.MODULE='LB3' and RAW.LB.LBVDIP not missing then set to upcase(vvalue(RAW.LB.LBVDIP)), else if

and RAW.LB.LBVDIP not nissing then set to upcase(vvalue(RAW.LB.LBVDIP)), else if RAW.LB.MODULE='LB4' and
RAW.LB.LBORRES not missing then set to RAW.LB.LBORRES, else if RAW.LB.MODULE='LB6' and RAW.LB.LBVDIP

setto RAW.LB.LBORRES, else setto RAW.LB.LBORRES.

not

RAW.LB.MODULE='LB3' and RAW.LB.LBORRES not missing then set to RAW.LB.LBORRES, else if RAW.LB.MODULE="'LB4"'

missing then set to upcase(vvalue(RAW.LB.LBVDIP)), elseif RAW.LB.MODULE='LB6' and RAW.LB.LBORRES not missing then

e R ST A OSSR R

DaAmetonahis 75 R GO, RN GO, R RO R s R
o O [STUGTD USLE#D DSSTOTE GSGAT DEDEG00
= [mwewcowm

e AW CCHEWD DSTOAT 3=
Ermact Rule: e AW DC=C: -

e A -
Variabie Variabie Label | Typ~ | Lengi~ | Controsea Terms or orgn | cor Conversion Definitian
R ~ - - - e - - ~ -
STUDYID | Stdy Identifer = =1 Froocol  [Req [H0000C
DOMAIN _|Doman Abbreviaton _|C 8[[DOMAIN) Assigned _|Req _|'Ds"

[Conzatarats STUDY and SUBJECT wan -

USUBJID _|Unique Subjuct IdersifielC | 30| Derived Req

D550 |Sequance Number
12k ey _psse |osoecoD.
Reteares 0 o
N et
ey WEORMID  CONSINT “PoTocOL
FAWCOMSENT |f not ssing RAWCONSENTOSSTOATD characters[CONGINT™  OBTAMED"  MILESTONE"
[DSCAT) [See s Comert
Ty Disposlc T el  [Assignes  [Parm | e
Wist Numser e mEORMD  [CONSNT2 PROTOCOL
VISIT [Vt Nama & a0 Frotocol |Parm aaw consent carcen |COMONIZT __OBTANET __|MuESTONE"
VISITEY _|Flanned Study Gay of V[N T O Deived _[Parm 2 sette "PaoTOCOL
[Commpare DESTET nd naws RANOOMIEL | "RANDOMZED" _ MILESTONE"
[EPQCH AT eteoUsT (setto oM
|6t as 'SCREENING i SE SESTOTC<= DSSTOTC <=S8.8E8 maw sumene s oat ENOWN AUVE _ HOWN ALVE” EVENT
[nbare SE EPOCH=SCREENI Fet 1o "DATE 07 et o “niTE OF
|54t &% TREATMENT I SE SESTOTC<= DSSTOTC <=5E S8 arst
e THENT, wacces  jusccen
EFOCH _|Egoch e anligPoCH) Proiozol|Parm_|getos FOLLOWP i 58 oatacT oot I—
[59% <05_Detwia- b =
DSDTC | Data Time of Collction/c: 135|150 8601 soT parm RAWSURNE d ot g RAW COM_DAT 1 aToweT  anower v
[Gee <05_Datmins wh sewm
DSSTOTG | Stan DataiTime of GisplG 18150 8601 GRE Page 3, 4Eup TREATMENT  Ausign
| L af w STOPPEDDUE | RAW.DOSDISC.PO
|CM.RESTOTC). Note: Add 1 if calculation s graater than ar egs o CREAS s ot
DSDY___|swuay Day of Collsetion L] Danves |exp Concutented i i
TEY = (Numere o
|61 DM RFSTOTC), Note: Add 11 calculaion Is greater than oe ¢ (RAW.DOSOIC 17D See bedow for (5810 s
5 Deives |perm s 050600 DPOSTON | “TREATMENT
[Ses <BS_Detaite> an AW DOSOSC DSCCa Y weeeicase remagengs EvenT DsPOSTION”
CRF Fage 183, 205 r
CRF Page |Assign RAW.DS DSSPRELI as format. 1
205
GRF Page &, Avsg
CRF Paga | St to upcama(RAW DS IPDCDSEC).

=
e et e 2 PoEPEG)

Ve e T T

<= RAW.AERSY

tate(

###5eT to "AE-"| |RAW.AE.AENO Tf RAW.AE.AENOD 15 not...###
AESPID = if_else(!is.na(AENO), paste0( AE-,AENO), AESPID) ,

#4#SET TO RAW. AE.AETERM. L HEE
AETERM = AETERM ,

#HHSET TO RAW.AE.LLT_NAME###
MELLT =  LLT_NAME,

###ASSTON RAW.AE . AESEVMAX as format.###
AESEV=

if_else(!is na(AESEVMAX) & AESEVMAX = "1", "WILD",
if_else(!is.na(AESEVMAX) & AESEWMAX = "MODERATE",
if_else(!15.na(AESEVMAX) & AESEVMAX — “SEVERE",

AESEVMAX)))

##4Assign RAW.AE.AESER as format.###
AESER=

if_else(lis.na(AESER) & AESER
- na(AESER) & AESER
if_else(!is.na(AESER) & AESER
if_else(!is.nalAESER) & AESER
AESER))))




Process

Text to Code

Split long text into short Mask the variables and Semantically match the Parse the Translate AST into code
sentences if needed formulas by NER sentence to standard normalized
(Named Entity algorithm using embedded  algorithm into AST
Recognition) vectors (Abstract Syntax
Tree)

Code to Text

Parse the code into AST  Translate AST into text ® Machine Learning
Or other programming
language (R/Python/SQL) ® Rule-based

if needed



NER (Named Entity Recognition)

Process

General example:

On the 15th of September DATE

announced that

Apple ORG wants to acquire ABC Group ORG from New York GPE

for 1 billion dollars MONEY

Normalization Domain-specific:
v (SORSTATINAR) (IR CURRENT FORVERIRNG] nen 'SMOKER' auor  ;ele

Use NER model to Semantically match (SMOKSTAT VAR |ca 'NEVER' quor then 'NON-SMOKER' quot
recognize variables, sentences with standard
formulas, functions and algorithms based on the
quotes. Then mask with embedding vectors ..
. . Normalization (Spec smart match)
special strings
Flexible Spec Variable masked Standard Spec

Setto st valoe (AWALAEDSS 1)

inputSpec Input Spec normalized Standard Spec matched Similarity

0 Baselineflag BASELINE FLAG

DERIVE BASELINE FLAG 90.0%

1 Convert date (VISDAT/VSDAT) to 1508601 date. CONVERT DATE ($5/5$) TO 1508601 DATE CONVERT DATE ($%/$$) T0 1508601 DATE FORMAT 95.0%

2 Setto RAWAEAENO SETTO S SETTOSS 100.0%

" loASocA 3 Convert ToChar CONVERT TO CHAR CONVERT TO CHARACTER VERSION 90.0%
(412 omu) 26,3 vt}

-

Convert To SAESEV. Format CONVERT TO $55. FORMAT

CONVERT TO $XX. FORMAT 95.0%
_ Sort by variable STUDYID USUBJID AESTDTC AEDECOD. Restart the SORT BY VARIABLE $5 $5 58 5. RESTART THE NUMBERING AT EACH 8§
" numbering at each USUBJID with 1 WITH1

SORT BY VARIABLE $5 §$ $5. RESTART THE NUMBERING AT EACH §$ G
WITH 1 (ORDER SEQUENTIALLY) .

6 Concatenate (RAWAE.AESTDAT and RAWAE.AESTTIM) by'/ CONCATENATE (55 ANDS$) BY @@ CONCATENATE $5, 55 BY @@ 95.0%
“Lion is the king of the jungle”

. . . CALCULATION OF $§ = (NUMBER VERSION OF DATE OF $5 - NUMERIC  CALCULATION OF $5 = (NUMERIC VERSION OF $% - NUMERIC VERSION
. Calculation of AESTDY= (Number version of date of AESTDTC - Numeric

T 3 VERSION OF DATE OF $5). NOTE1: ADD 1 IF GREATERTHAN OREQUAL  OF $5). NOTE: ADD 1IF CALCULATION IS GREATER THAN QR EQUAL TO
" ” ’ . - version of date of DM.RFSTDTC). Note1: Add 1 if greater than or equal to 0.
The tiger hunts in this forest. T00. 0

“Everybody loves New York.” %

89.6%




Solution

Variable Variable Label : Type L gth  |c lled Terms or Origin Conversion Definition

For RAW PREG records:
If RAW.PREG.MODULE="PREG' then set to upcase(vwalue(RAW.PREG.PREGTSTU)). else If
RAW PREG.MODULE="PREG1' then set to upcase(vvalue(RAW PREG PREGTSTS)).

L For RAW LB records: I

I RAV LD MOUULE - DD aliu AV LD.LDVLIE UL 0330y UIS1H 3EL0

upcase(vvalue(RAW LB LBVDIP)),

else it RAW LB MODULE="LB3' and RAW . LB.LBORRES not missing then set to

RAW LB LBORRES,

else if RAW LB.MODULE='LB4' and RAW.LB.LBVDIF not missing then set to

upcase(vvalue(RAW LB LBVDIP)),

else if RAW LB.MODULE='LB4' and RAW . LB.LBORRES not missing then set to

RAW LB LBORRES,

Verfubie Coiveraion BanRitss Homalna else if RAW.LB.MODULE='LB6' and RAW.LB.LBVDIP not missing then set to
upcase(vvalue(RAW LB LBVDIP)),

else if RAW LB.MODULE='LBE' and RAW LB LBORRES not missing then set to

@ Al RAW LB LBORRES,

Jlee aat tn RAW I R | RORRFES

For RAW.PREG records: If

RAW.PREG.MODULE="PREG' then set to
upcase(vvalue(RAW.PREG.PREGTSTU)); RAW.PRE
olse if RAW.PREG.MODULE="PREG1" : Set to upcase of RAW.CLAB LBORRES.

LBORRES

then set to

LBORRES _|Result or Finding in Original Unif upoase(vvalue(RAW.PREG.PREGTSTS)): ’age 58 -68, 70 - 72

For RAW.LB records: If
RAW.LB.MODULE='LB3"' and

RAW.LB.LBVDIP not missing then set to

upcase(vvalue(RAW.LB.LBVDIP)), else if

RAW.LB.MODULE="LB3' and

RAW.LB.LBORRES not missing then set

to RAW.LB.LBORRES, olse if 1 Pre'process
RAW.LB.MODULE='LB4' and
RAW.LB.LBVDIP not missing then set to
upcase(vvalue(RAW.LB.LBVDIP)), olse if
RAW.LB.MODULE='LB4' and
RAW.LB.LBORRES not missing then set
to RAW.LB.LBORRES, eolseo if
RAW.LB.MODULE="LB6' and
RAW.LB.LBVDIP not missing then seot to
upcase(vvalue(RAW.LB.LBVDIP)), olse if
RAW.LB.MODULE='LB6' and
RAW.LB.LBORRES not missing then set
to RAW.LB.LBORRES, else set to
RAW. LB LBORKES.

LBORRES RAW.LB

For RAW.CLAB records: Set to upcase of

LEOARITRS RAW.CLAB.LBORRES.

RAW.CLAB|



Solution

LBORRES = For RAW.LB records:

If RAW.LB.MODULE='LB3' and RAW.LB.LBVDIP not missing then set to upcase(vvalue(RAW.LB.LBVDIP)), else if RAW.LB.MODULE='LB3' and RAW.LB.LBORRES not missing then set to RAW.LB.LBORRES, else if
RAW.LB.MODULE='LB4" a W.LB.LBVDIP not missing then set to upcase(vvalue(RAW.LB.LBVDIP)), else if RAW.LB.MODULE='LB4' and RAW.LB.LBORRES not missing then set to RAW.LB.LBORRES, else if
RAW.LB.MODULE='LB6' a W.LB.LBVDIP not missing then set to upcase(vvalue(RAW.LB.LBVDIP)), else if RAW.LB.MODULE='LB6' and RAW.LB.LBORRES not missing then set to RAW.LB.LBORRES, else setto

RAW.LB.LBORRES.

2. NER 3. Normalization

If _ and _ not miSSing then set to _ ,else if _ and
equatonelt
- . . name LBORRES
not missing then set to , else if and not missing then set to if it
condiions
condiionsand
i i i coni
’ else If — and _ not mISSIng th to _ : else If CMWT‘WBI
variable RAW.LB.MODULE
. b
_ and _ not missing then set to _ _ and i
missing

Spec (Human Language + SAS code piece)

T pe——— ) SAST (Abstiist-Syatax Tree)

?value: numeric it it

equationl condition
i 4. Parse e
equation "
equationdtc 11111 i
equationdtctim RAW.LB LBORRES
concate - [
concatenote - — g
cat — - oee oo
setnote - - ey RAW L5 NODULE=15: anfRAVIL (8VDP
calculate - — mn-:s"s“fm m‘ :
sort - = o
convertformat I I I I I I a:na; Upcase(alueRAW.LB.LBVDIP))
whera cqtoeliow
; h else else
ﬂ For RAV.LB records: If RAW.LB.MODULE="LB3' and RAV.LE.LBVDIP not mi et o i
FAV.LB. LBORRES, else if RAW.LE.JODULE='LB4’ and RAW.LB.LBVDIP not missi equationelif e B s0mmes umssg N
RAW, LB, LBORRES, elsze if RAW, LE. MODULE="LB6" and RAY.LE.LBVDIP not missi ionl: name "=" if conditions then action2 else action2 a::‘no'nf RAW.LB LBORRES,
ion2: name "=" variable if conditions else action2 eqationelifsub
RAY.LB. LBORRES, else set to RAV.LB.LBORRES. 4/ iond: mame <" varishle 1f o =
LBORRES= ifc (WODULE="LB3’ and “mizsing(LBVDIP), upcase(wvalue(LBEVDIF)), ion3sub: (variable|assignasformat) if conditions cnsion

ionelif: name "=" if conditions then action2 (equationelifsub)* (equationelelsesub)*
)

Gmmalifeuh de Alenif randitian than aedian

5. Translation

ifc (MODULE="LB?’ and ‘missing (LBORRES) ,  LBORRES,
ifc(MODULE="LB4’ and ‘missing (LBVDIF),  upcase (vvalue(LEVDIF)),
ifc (MODULE="LB4’ and ‘missing (LBORRES),  LBORRES,
ifc(MODULE="LB6" and 'missing (LBVDIP) , upcase(vvalue (LBVDIP)},
ifc(MODULE="LE6" and "missing (LBORRES) , LBORRES,

LBORRES J1))3))::

\_ SAS programs (or R/Pythgn/SQL) C?
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Solution

» Achieving 100% automation can be
a challenging goal

* Involve humans in the review and
decision-making process for new
scenarios (automatically flagged)

« Additional patterns can be added to
the knowledge base as needed to
iImprove the process

Variable Conversion Definition sas flag
STUDYID " 00008" STUDYID=" 00008" Y
USUBJID Concatenate STUDY and SUBJECT USUBJID=cat(strip{STUDY),'/", Y
separating by '/'. (e.g., strip(SUBJECT))
00008/ 001).
AESEQ Sort by variable STUDYID USUBJID AESTDTC|%sdtm_seq(indata=&syslast,domain=&sdt |Y
AEDECOD. Restart the numbering at each |m_domain.);
AESPID Set to "AE- if A missing(AENO) then do; AESPID = "AE- |Y
“| eft{trim{put(RAW.AE.AENO,best.))) if  |"||left{trim{put(AENO,best.))); end;
RAW.AE.AENO is not
missing.
AETERM Set to RAW.AE.AETERM. *AETERM=AETERM; *copy/keep;
AELLT Set to RAW.AE.LLT_NAME AELLT=LLT_NAME Y
AECAT Assgin RAW.AE.AECAT as format If if AECATOCC=1 then do; AECAT = ) {
RAW.AE.AECATOCC=1 ifc(AECAT = "1", "ANAPHYLAXIS AND
OTHER SERIOUS HYPERSENSITIVITY
REACTIONS", ifc(AECAT =
"2", "INFUSION-RELATED
REACTIONS”
AEACN Set to RAW.AE.AEACN with below AEACN= AEACN with below conversion. N
conversion.Note: 0 = DOSE NOT CHANGED, | Note: 0 = DOSE NOT CHANGED, 3 = DRUG
3 =DRUG INTERRUPTED, 4 = DRUG INTERRUPTED, 4 = DRUG WITHDRAWN, 98
WITHDRAWN, 98 = NOT APPLICABLE = NOT APPLICABLE
AEREL Assign KAW.AE.AEREL as format AEREL =iIc[AEREL= 0, 'NOT ¥
RELATED", ifc(AEREL ="1",
"RELATED",
AESCONG When AESER ="Y": Assign if AESER="Y" then do; AESCONG = Y
RAW.SERAE.AESCONG as format. ifc(AESCONG ="0", "N", ifc(AESCONG
="1", "Y"ifc(AESCONG = "C49487",
"N",ifc(AESCONG = "C49488",
g
AESCONG)))) ;; end;
AECONTRT Set to substr (vwalue (RAW.AE.AETRT), 1,1) | AECONTRT=substr(vwalue(AETRT),1,1) Y




Mapping Code Auto Generation
— Focusing on Type | & |I

Ll .o
[ ] 206 _domain="AE" ;
Derlvatlon Types 207 _module="AE SERAE ;
208 _aewd=put{ aedis, §NV.);
. . . 209 _aeendtc=%dtc(INVAR_DAT= ae, aeendat , INVAR_TIM= ae.aeentim ,OUTVAR_DTC= ae._aeendtc ):
O Type I (from Spec) - Slmple derlvatlon 210 _aeout=upcase (putc( aeout, vformat (zeout)))
211 _aerel=put ( aerel, $AERELF.);
212 _aeser=upcase (putc( aeser,vformat (aeser))):
° COpy/DrOp/Rename — 213 _aesev=upcase (putc( aesevmax, viormat (aesevmax)}):
214 _aestdtc=% dtc(INVAR_DAT= ae,aestdat , INVAR_TIM= ae.aesttim ,OUTVAR_DTC= ae._aestdtc ):
q g 215 _aeterm=aeterm:
* Assign- functioncall 216 _achlgted-hlgtcode;
217 _aehlgt=hlgtname;
° . 218 _aehltcd=hlt_code:
* Type Il (from Spec)-standard derivation (macro call) 219 Taekltonit e,
220 _ip=ip:
. 221 H
 Standard Mapping macro call (top down) — wpn
I e S T S T Tt L r
* User-defined Pattern macro call, some chance to 224 Execute standalone macros
225 0 40O RO HRRRE K R KR S 0 R S 0 0 8 0 080 0RO R R SRR O R R R OB 0 K R o R o o O R N
reuse (bottom up) 226 %dp(INVAR_REFDTC=f templib.. dm. rfstdtc , INVAR_DTC=& templib.. ae.aeendtc ,OUTVAR DY=& templib.. ae.aeendy )
227 %dp(INVAR_REFDTC=& templib.._dm. rfstdtc , INVAR_DTC=& templib.. ae.aestdtc ,OUTVAR_DY=& templib.. ae.aestdy )
o T e "| from open code —com Iex derivation 228 %seq(DATASET_LAYOUT=STUDYID USUBJID AESTDTC AEDECOD, OUTVAR_SEQ=&_ templib.. ae.aeseq) .
229
. . . 4 =xxpor rdsi\n"LE R, PREC, MODULE="PEE, ., ***;
* User-defined complex algorithm, little chance to i
reuse v

E—

Jolropin Bela®;
ST

7 nan nan nan nan
/% verisble TREPEC Leda *f
run;
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Code Generated

Program- nams. :-AE.sas

Type 2. SDTM*

Pompose §Ceiiion ox samas ans sam pfRO@ram header
Author xxXXX

Datetime. created 07/13/2022,-12:53:15. +

Input datasets [NOTE: - Complete: as needed from: the mapping: specification]

Extract Rule

[vhere RAN.AE.AEANY='"1"]
Macros: used- - tsetup, - tlocalsetup*
Output- files- :-sdtm.AE, - sdtm. suppAE*
Revision history- - :
!-Date- Author Rer. Revision
.

PP

“s. Setup-calls * a
LAE ... System.macro.variable
jautoexec:

$let sdtm_domain = AE;

$let AESort_Order = STUDYID USUBJID  AESTDTC AEDECOD:

3let kname = STUDYID DOMAIN USUBJID AESEQ RESPID AETERM AELLT AELLICD AEDECOD - AEPTCD AEHLT AEHLT(
“AESDTH - AESHOSP AESLIFE AESMIE AECONTRT EPOCH AESTDTC. AEENDTC AESTDY  AEENDY:

spreprocess (domain=AE) ;
P 5
ldata  RAW_AE;

-attrib
STUDYID label='Study- Identifier’ length=3$21
-AEREL label='Causalicy" length=3200
AEOUT label='Cutcome . of - Adverse-Event' length=3200

:

set { = ) m

RAW. (rename= (AESER - =- _AESER ) - where=(AEANY="1".)): ena e’ Where

/4 -Set.to: "AE-"| | left (trim (put (RAW.AE.AENO ,best.))) if - RAN.AE.AENQO- iz - not-missing. o 4

if  “missing (AENO) - then do:ARESPID - "AE-"||lefr(trim(put (AENO,best.))): -end;;
/*-Set-to-RAW.AE.S0OC_CODE- - */
AESOCCD = SOC_CODE;
‘. Assign RAW.AE.AESEVMAX as. format. - */
AESEV=
ifc (AESEVMAX . =."1", . "MILD", H
1£C (AESEVMAX = 2", - "MODERATE", COdeI|St
1fC(AESEVMAX = "3, "SZVER!'.

AESEVMAX) ) )|

T L T Ty

330
kL
332
333
34
EEL)
33
337
338

345

M7
343

150
351
352
353
354
355
356
357

/ =P / /*for source data-RAW.CONSENT*/
Eibata temp: if not missing(DSSTDAT2) then do;
merge. - RAW_AE (inea) -RAW_SERAE; [pSsPID=strip (put (DSASPID1, best.)) :;

SUBJECT - AENO; DSTERM="MAIN INFORMED CONSENT 2";
By DSDECOD  ="INFORMED CONSENT 2 OBTAINED";

ifa DSCAT="PROTCOCOL MILESTONE":
. DSDTC=VIS_DAT:
=i Data Join/Combin G Taia0RCRUTa e,
o G :
- ; rouping process

aterib

STUDYID label='Study- Idencifier’ lengths$

DOMAIN. - - 1abel="Dozatn. Abbreviation’ Todo p}ageholder

/* Compare VSDTC with SE.SESTDIC and SE.SEENDIC per subject per EPOCH. Set as "SCREENING® if SE.SESTDICC= QSDTC <=5
<=SE. SEENDTC where SE.EPOCH- TREATMENT. Set a= 'FOLLOW-UP® if SE.SESTDTC<= QSDTC <=SE.SEENDTC where SE.EPOCH- FOLLOV
af SESTDTC and SEENDTC include time part, then we need to compare the time. if no. only to compare date part. ¢/

/* Variable EPOCH tod - CANNOT PARSE

EPOCH=Compare VSDTC with SE.SESTDTC and SE. SEENDTC per subject per

Set as ' SCREENING® af SE.SESTDTC<= QSDTC <=SE.SEENDTC where SE. EP\.CH‘SLREENH& Set as
/* Variable EPOCH tod ¢/

* TREATMENT® 1t SE. SESTDTC<= ¢

7t 00008~ 1/
ID=—* 00008*;
Variable level
14 MAE™. 8/
DOMAIN = "RE";

/*-Concatenate. STUDY- and- SUBJECT: separating by
USUBJID = - cat(strip(STUDY), "/ ,strip(SUBJECT)):

Ei /% Calculation: of  AESTDY. = (Numeric.version. of date.part. of AEST]
then AESTDY: i equal- to-missing. '/
$adem_dy(INVAR_DIC = AEstdtc., OUTVAR DY = REstdy );

1C: - Numeric- version: of- date. part. of- DM.RFSTDIC) .

E] /*-Calculation- of AEENDY: =- (Numeric- version- of date. part-of- AEENDTC: -- Numeric- vers.
5

then  AZENDY. is-equal- to-missing. '/
w_dy(!m_b‘!c = REendtc., OUTVAR_DY = ABendy )::

100 of - date. part- of  DN.RFSTDIC) .. - Notel:

un;

ata level

B /4 Compare. AESTOTC. vith. SE.SESTDIC: and: SE. SEENDIC- per: subject: par- EPOCH. - Sat- as- 'SCREENING' if. SE.SESTDIC<=
<=5, SEENDIC- vhere- SE.EPOCR=- TREATMENT . Sat- as- *FOLLOF-UP'. if. SE, SESTDTC<- =AESTDIC. <=5E, SEENDTC: vhere- SE.EPOCR=- FOLLOR-UP;
Toaparethetipe, 1L\ no, - oaly: to- compare- date-part. '/
debug=¥ ); ; T

T SESTOTC et SEENDTC T st par -t v et

wolE
[ $adtm_epoch: (indata=finall, outdata=final2., domain=AE,

&

Botel:-Add. 1.1f cal

Add-1-3f cal

AESTDIC. <=SE. SEENDIC: vhare
If. date part
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@ rstud

scp.astrazeneca.net.

https://rstudio.scp.astrazeneca.net/s/a¢ 1f1230bee297a/p/48ecb705/ Open in Browser 4, Publish ~

Mapping Spec File Code Generated Generation Process
Upload Mapping Spec File

Browse

Name of Sheet (Case-Sensitive)

[ use template SAS code?

Integrated Process DEMO

*Dummy data is used
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Text to Code live demo

Text to Code Demo

Enter some text:

grade=if>ULN-25xULN  when baseline was normal or 2.0-2.5x baseline when  baseli
was abnormal then set to ‘Grade 1';if >2.5-  5.0xULN and baseline was normal or >2.5 - 5.0
baseline and baseline was abnormal  then  setto ‘Grade 2; if 5.0 - 20.0x ULN and baseline was
normal or 5.0 -20.0 x baseline and baseline was abnormal  then  set to 'Grade 3;

if>20.0x ULN and i or »20.0 x baseline i abnormal  then set
to 'Grade 4'; else setto '

ne

Parse Text

NER

NER2Func

Normalize

> Text to Code Demo

Enter some text:

grade =if>ULN - 2.5 x ULN when baseline was normal or2.0-2.5x baselinewhen  baseline
‘was abnormal then set to 'Grade 1'; if >2.5- 5.0 x ULN and baseline was normal or >2.5 - 5.0 x
baseline and baseline was abnormal then setto 'Grade 2'; if>5.0- 20.0 x ULN and baseline was
normal or=5.0-20.0x baseline and baseline was abnormal  then setto 'Grade 3';

if>20.0x ULN and baseline was normal or >20.0 x baseline and baseline was abnormal  then set

10 'Grade 4; else set to "’

Parse Text
NER
NER2Func

Normalize

Normalized:

grade =if range(>ULN , 2.5 "ULN) and
isnormal(baseline) orrange(2.0 “baseline , 2.5
“baseline) and isabnormal(baseline) then set to
*Grade 1'; if range(>2.5 “ULN , 5.0 *ULN) and
isnormal(baseline) or range(>2.5 *baseline , 5.0
*baseline) and isabnormal(baseline) then set to
*Grade 2'; if range(>5.0 “ULN , 20.0 *ULN) and
isnormal(baseline) or range(>5.0 *baseline ,
20.0 “baseline) and isabnormal(baseline) then set
to0'Grade 3';if range(>20.0 *ULN) and
isnormal(baseline) orrange(>20.0 “baseline) and
isabnormal(baseline) then set to 'Grade 4"; else
setto’!

SAS code:

grade= ifc{range(~ULN,, 2.5 *ULN) and
isnormal(baseline) or range(2.0 *baseline , 2.5
*baseline) and isabnormal(baseline), ‘Grade 1,
ifc(range(2.5 *ULN , 5.0 *ULN) and
isnormal(baseline) or range(=2.5 *baseline , 5.0
*baseline) and isabnormal(baseline), "Grade 2}
ifc(range(>5.0 *ULN , 20.0 *ULN) and
isnormal(baseline) or range(-5.0 *baseline, 20.0
*baseline) and isabnormal(baseline), ‘Grade 3,
ifc(range(>20.0 *ULN) and
isnormal(baseline) or range(=20.0 *baseline) and
isabnormal(paseline), ‘Grade 4,

)5

Parsed Result

equationelif

name grade
if o Af
conditionsor
conditionsand
condition
string range(>ULN , 2.5 *ULN)
condition
string isnormal(baseline)
conditionsand
condition
string range(2.@ *baseline , 2
condition
string isabnormal(baseline)
then then

action2
string set to 'Grade 1'
equationelifsub
elseif
if if

conditionsor
conditionsand

condition

string range(>2.5 *ULN
condition

string isnormal(baseld

conditionsand
condition
string range(>2.5 =bas
condition
string isabnormal (base
then then
action2
string "Grade 2';
equationelifsub
elseif
if if
conditionsor
conditionsand
condition
string range(>5.8 *UL
condition
string isnormal(baseld
conditionsand
condition
string range(>5.8 *bas
condition
string isabnormal(base

han han



24

Code to Algorithm Text

SAS function to Algorithm Text Smart Translator

(@ Paste SAS functions here

One S5 function, can be nested function

USUBJID=cat{strip(STUDY), /', strip(SUBJECT)};

(@ Convert into Algorithm Text

Text

USUBJID=Concatenate STUDY and SUBJECT separated by '/*

Abstract syntax tree

start
None
None
cquation
varisble USUBJID
element
cat
(
clement
element
element
strip
(
variable STUDY
)

quotedstring /

element

strip
(
variable SUBJECT
)

(@ Paste SAS functions here

‘One SAS function, can be nested function

ifc(RAW.LB.MODULE="LE3' and "missing(RAW.LE.LBVDIP), up LE.LBVDIP)),ifc(RAW.LE.MODULE="LB3" and
“missing(RAW.LE.LBORRES), RAW.LE.LBORRES, fc(RAW.LE.MODULE="LB4' and “missing(RAW.LE.LEVDIP),
upcase{vvalue(RAW.LB.LBYDIP)).ifc(RAW.LE.MODULE="LB4' and “missing({RAW.LB.LBORRES), RAW.LE.LBORRES, ifc(RAW.LB.MODULE="LBE’
and "missing(RAW.LB.LBVDIP), upcase walus(RAW.LB.LBVDIP]),ifc(RAW.LE.MODULE="LBG' and *missing(RAW.LE.LBORRES),
RAW.LE.LBORRES, RAW.LE.LEORRES]))]))

@ Convert into Algorithm Text

Text

if RAW.LB.MODULE="LE3’ and not missing(RAW.LB.LBVDIF) then set to upease(vvalue(RAW.LB.LBVDIF));
else if RAW.LB.MODULE RAIN.LE.LBORRES) then set to RAVW.LB.LBORRES;

else if RAW.LB.MODULE='LB4' and not missing({RAW.LB.LBVDIP) then set to upcase(vvalue(RAW.LB.LBVDIP)};
else if RAW.LB.MODULE="LB4' and not mi: RAIN.LB.LBORRES) then set to RAVLLE.LBORRES;

else if RAW.LB.MODULE="LBE' and not missing({RAW.LE.LBVDIP) then set to upcase(vvalue(RAW.LB.LBVDIP));
else if RAW.LB.MODULE='LB6' and not missing({RAW.LB.LBORRES) then set to RAW.LB.LBORRES;

else RAW.LB.LBORRES

B3 and not mi:

'8l

Abstract syntax tree

start
None
None
element

ife

(

element

equation

variable  RAW.LB.MODULE

quotedstring  LB3
and
element
element
"missmg
(
variable RAW.LB.LBVDIP
)
element
element

upcase
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SAS function to R Smart Translator

(D Paste SAS functions here

One SAS function, can be nested function

USUBJID=cat(strip(STUDY), /} strip(SUBJECT});

~
@ ConvertintoR
Rcode
USUBJID=pasted(trimws(STUDY,which="both"}, /’trimws(SUBJECT,which="bath"})
“
Abstract syntax tree
start

Code to Other Programming Language(e.g., R)

(D Paste SAS functions here

One SAS function, can be nested function

LBORRES = ifc(RAW.LB.MODULE=LB3’ and *missing(RAW.LB.LBVDIP), upcase(vvalue(RAW.LB.LBVDIP]),ifc(RAW.LB.MODULE="LB3" and
“missing(RAW.LB.LBORRES), RAW.LB.LBORRES, ifc{RAW.LB.MODULE="LB4' and *missing(RAW.LE.LEVDIF),
upcaselvvalus(RAW.LE.LBVDIP)),ifc{(RAW.LB.MODULE="LB4" and “missing|RAW.LB.LBORRES), RAW.LB.LBORRES,ifc{RAW.LB.MODULE="LBS'
and “missing(RAW.LB.LBVDIP), upcase(vvalue(RAW.LB.LBVDIP)),ifc(RAW.LB.MODULE="LB&" and *missing(RAW.LE.LBORRES),
RAW.LB.LBORRES,RAW.LB.LEQRRES))))))

@ ConvertintoR

Recode

LBORRES=
if_else(tis.na(RAW.LE.MODULE) & RAW.LE.MODULE="LB3' and lis.na(RAW.LE.LBVDIF),toupper(RAW.LE.LEVDIP),
if_else(tis.na(RAW.L B.MODULE) & RAW.L B.MODULE="LB3' and !is.na(RAW.LB.LBORRES),RAW.L B.LBORRES,
if_else(lis.na(RAW.LE.MODULE) & RAW.LB.MODULE="LB4' and lis.na(RAW.LE.LBVDIF),toupper(RAW.LE.LBVDIP),
if_else(lis.na(RAW.LB.MODULE) & RAW.LB.MODULE="LB4' and !is.na (RAW.LB.LBORRES),RAW.LB.LBORRES,
if_else(lis.na(RAW.LE.MODULE) & RAW.LE.MODULE="LBE' and lis.na(RAW.LE.LBVDIF),toupper(RAW.LE.LEVDIP),
if_else(lis.na(RAW.LE.MODULE) & RAW.LE.MODULE="LEG' and lis.na(RAW.LE.LEORRES),RAW.LE.LEORRES,RAW.LE.LBORRES)]))))

Abstract syntax tree

start




Discussion

e ChatGPT solution testing
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)l ChatGPT solution testing

Versatile system excels in both text and code
analysis & generation

R code outperforms SAS code due to its
access to more open-source training data

Translating code into R before translating it
into SAS can improve the quality

Achieving accurate results may require
multiple rounds of refinement and adjustment

Challenging to control the quality of its results
due to its black box nature

Despite these limitations, ChatGPT can
effectively process very complex text,
surpassing the capabilities of many self-
developed systems

Important to consider the protection of
company-restricted or confidential data when
using ChatGPT



Other Tasks Ai/NLP may help

ADaM

Long sentence and complexlogic;

Pretty difficultfor non-standard Specs;
Need more supportfrom standard
macro/functions and knowledge database;

ANALYSIS
We have loaded 600,000+ records of variable derivation algorithms into our protolype Metadata Repository (MDR)

system collected from the planning sheets across 60+ compounds and 1000+ study folders. Taking the variable
ABLFL (Baseline Record Flag) derivation for example, there are 3000+ records of aigorithms and 380 unique

algorithm descriptions.
After pre-p ing steps lo ion and i stop words) the texts, we did basic
syntax analysis to get some idea of the key nouns, adjectives and their relationships in ABLFL derivation, like the
words first', ‘last’, ‘closest’, ‘multiple’, 'average’ eic. that play important role to describe the aigorithms to select the
right value from data.
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Metadata-based Auto-Programming Process — Part 2: Map
human language to SAS® code by Natural Language

Processing (NLP

TLG title NLU - title =

TLG

Short and relatively Standard sentence;
Need supportfrom standards macro/functions;

Need Table layout analysis from mockup table;

| sentence

aesummary

ryus class|Pretecced sesml,

IDAR virtual Al assistant to automate statistical report

generation

analyzed to structured data — map to code

CSR

Good at key information extraction, similarity
calculation,and text summary;

Predict and identify key informationin CSRs and
linkto differentdocuments and sections

Process
Inputs to Generate CSR CSR Template Final CSR
waord Template with Additional
Protocol populated information

roteco SAE required provided by medical
information writers
- =2 using ML/AI
S5 56
CRF Narratives AW input
'\ & o -
- - summary | o me
's 25 v -
-
o —

In-text tables

5

Automate Scientific Document such as CSR Generation

using ML/NLP



https://www.lexjansen.com/phuse-us/2021/ml/PRE_ML01.pdf
https://www.lexjansen.com/phuse-us/2021/ml/PRE_ML01.pdf
https://www.lexjansen.com/phuse-us/2019/ml/ML05.pdf
https://www.lexjansen.com/phuse-us/2019/ml/ML05.pdf
https://www.lexjansen.com/phuse-us/2019/ml/ML05.pdf
https://www.lexjansen.com/phuse-us/2020/ml/ML01_ppt.pdf
https://www.lexjansen.com/phuse-us/2020/ml/ML01_ppt.pdf
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Summary

Reduce the requirements on Spec, applicable for Spec across different
TAs and companies

Reduce manual synchronization work between Spec and Code

Moore’s Law provides exponential growth in...
Storage capacity per dollar

Cultivate user's mindsetin Standard & Automation Analytical bandwidth per dollar

Data production per dollar

ACC um ula‘te alg O rlthm knOWIed g e base Moore’s Law provides near-zero growth in...

Labor pool
Individual programming ability

Framework applicable for other programming language (R/Python/SQL)  rawvidusl visvaracuiy

Hours in the day

Benefitfor both upstream and downstream work(e.g., Mapping Possible Solutions?

Better automation

recommendation, Dependency analysis, Define.xml) S e

Combinations of the two

AL/ML accelerate/simplify/automate the tasks for conversionbetweenthe G
unstructured data and structured data, based on which rule-based system
can build automatic systems

Combination of Machine and Human(Al+HI) revolutionize the way we
work, learn and solve problems
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