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Problem Statement

Objective of this project is to develop a process using cutting edge technology and
methodology to eliminate repetitive work, increase automation, enhance operational

process and reduce cycle time. Also engage highly qualified resources to focus on highly
valued areas to meet the unmet needs.

Clinician, Statistician

More than 50K
Artifacts

Programming

Source
Data Programming

400+ users

Manual process &
Resource
Intensive
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Journey towards Automation

Part 1

Part 1 of the Autocode project, and we focus on
macro call statement and IF-THEN/ELSE logic
generation from tabular metadata by rule-based
system

Macro call

1 OATASET [VARNAME _|VARVER [coverst _|oiceom 5
"

|ADSLARFSTOT=<ASTOT=<
joerved [ wADTRTEMFL

vARUABEL |oenvoro .
jaoves

] r

invar=sdayvar,

adrule = VERSIONI,
ocutdsn = _10ADTRTEMFL,
debug=OFF) ;

IF-THEN/ELSE logic in Data Step

[Overall  |Overall response |Overall response at 3rd  |Best overall Response
[response [at 2nd time point |time point (X,)
lat st (o)
[ime
fpoint (x,)
cr (Unknown Unknown Final:  SD If X, = XX otherwise, NE
Intenim: If no additionai disease
15 are expected” then
SDif X, = XX otherwise, NE
eise uCR
[CR with X; - X, = Y¥[Any 3
CRwWith v T = —— =
1 ’-’n xx WC BORL BOR2 NOTE ERROR.
2 (R Unknown 1>XX D NE
3 ‘u @ - @
4 R &R #X2>0X SO NE
saa e XK S PD  Note: cannot be PR after R
X KX S PD  Note: connot be SO ofer CR
Ta@ xS0 D
5 & #out ERROR: Unexpected error 1. USUBJID= RSOTC:
3 BOR=IFC(X1 >= XX, "SD", "NE")
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13 PR Unka
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Part 2

Part 2 of the Autocode project, our exploration was
using NLP — both supervised and un-supervised
methods

NLP (NATURAL LANGUAGE PROCESSING)
- Map human language to Code

Word, Phrase, Sentence, Paragraph

https://cloud.google.com/natural-language/

http://www.antlr.org/

Variable, Function, Data Step, PROC, Macro, Program

- N
Level 3 | Level 2 Level 1 Level 0
DeteProc | [Pattern || AoMaciame  productionCode
Sort e || saca

ALXX 535 3
Subset

Summary
ackdNew
it

Assignto Y on non-missing record within PARAMCD where ADT <= ARFSTDT.

Part 3

=

%AsSsign(indsn=xc value='Y' by=PARAMCD select=/ a5t non-missing ,subset=%str(.<ADT<=ARFSTDT) )

Part 3 of the Autocode project, we explored with
NLU and NER engine to generate TLG using a Virtual
Al assistant to automate this task with minimum
inputs and manual effort

aewhae= (TRTEMFL="Y),

timept= %str(astdy<=21),

TSFAE-STO1:  Overall Summary of Treatment-emergent|Adverse Events
Analysis Set (Study [Study ID])

Subjects with 1 or more:
AEs

Related AEs
AEs leading to death ®
Serious AEs

e
ﬁlﬂm“mm)

Key: AE = adverse event, igNeRgE
* An AE is categorized as related if assessed by the investigator as possioRy
* AEs leading to death are based on AE outcome of Fatal.

data .
nerge a b:
by usbjid,

run.
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Approach
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v' Exact match
(rule-based system)

v Fuzzy match
(instance-based learning)

v" Smart match
(model-based learning)

Hands-On Machine Learning with Scikit-Learn and TensorFlow, Aurélien Géron Published by O'Reilly Media, Inc.
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Approach
TLG title NLU - title analyzed to structured data — map to code

/\
Sentence Intent \

agsummary

/
~

Entity
Treatment-emergent teae hd
tastrefst001(tbltype = CORE,

Serious seriousAE ~ colvar = trtllan,

inbdsdsn = a_in.adae,
Grade 3 or Higher aeGrade ~ insldsn = a_in.adsl,

popvar = saffl,
System Organ Class bygroup ~ poptxt = %str(Analysis set: Treated),
Preferred Term bygroup2 cutoff = pctl>=1 or pct2>=1,

bdswhere = %str (TRTEMFL='Y' and aetoxgrn>=3 and aeser = 'Y'),
ny Treatment Group inaegroup hdl e
subjltxt = AEs,

Percent aePercent ~ lvlvars = aebodsys*aedecod,

lvltxt = %str(System organ class|Preferred term),

002 ; B ‘ 2
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Methodology

E.g.
) . ) Showin
Framework to identify the intents action resulltsg
of the input in Connectto | on the
natural language. Search Engine .
right
~
Resolve Intent
Interactive GUI RASA & Text Response E.g. | can help
Actions N you vith
Actor l
E.qg.
NER action Shovg;ing
results
Database
« Semantic search enabled o::gt:te
« Graphical response enabled

e Fastsearch on Big Data

Custom build NER to detect
JnJ Drug,
Adverse Events,
Preferred Terms,
Countries, efc

GohmsonGohimon



Methodology

Neural Net NER
Engine

Virtual Assistant Interactive user
framework interface

Predictive

L models

NLU module
for intent

User
input/output

Preserve
historic data

Domain
specific NER
Named entity
identification
Contextual
entities

"  Named Entity
Extraction

% Contextual entity
extraction

s Macros/functions

mapping.

Active feedback.

Models optimized for

Precision.

ML models

Maps to code

High
precision
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Process flow

Treatment-emergent serious Adverse
Events with Grade3 or Higher by
System Organ Class and Preferred Term
in Any treatment group)

Custom built
Specific NER

Events with
Organ Class and
treatment group)

Interactive GUI

Intent resolution
———
1

Adverse
by System
in Any 3

ENVISIONED DATA PROCESS

e —————————————
@ Data Extraction

_______

inbdsdsn
insldsn
popvar
poptxt
cutoff
bdswhere
subjltxt
lvlivars
lvlcxt

5

(0

Data Mapping
N

a_in.adae,

a_in.adsl,

saffl,

$str (Analysis set: Treated),

pctl>=1 or pct2>=1,
$str (TRTEMFL="Y' and aetoxgrn>=3 and aeser = 'Y')

AEs,
aebodsys+~aedecod,
$str (System organ class|Preferred term),
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NER (Named Entity Recognition)
1) TEXT RULE-BASED APPROACH

The Rule PERSON is appointed president of

Will be associated with the subset of event template

ComingPerson Entityl
Position president

Organization Entity2
-

Find what \d+\S‘“ percent|pct| 9%

'stem Organ Class and Preferred Term (at Least 1 Percent in Any Treatment Group)
at Least 5% by System Organ Class and Preferred Term
rib With Frequency of at Least 5 pct by System Organ Class and Preferred Term
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NER (Named Entity Recognition)

2) LINGUISTIC RULE-BASED APPROACH
Number of Patients with 1 or More Treatment-Emergent Adverse Events by Age group BYGROUP and by MedDRA System Organ Class and

A~
— ~—
—
NP

Preferred Term BYGROUP

import spacy

from spacy.pipeline import EntityRuler

nlp = spacy.load("en_core _sci_md", disable = ['ner'])
nlp.add_pipe(merge_noun_chunks)

nlp.add_pipe(merge entities)

bygroup_pattern =[
{"LOWER": "by"}
L{"POS": "{}", "OP": "x"}
,b{'POS"':{"'NOT_IN': ["ADP']}, "OP": "*"}
,{"POS":{"'NOT_IN': ["ADP','VERB','PART"',"CCONJ']}}
1

by Age group NOUNPHRASE

Universal POS(part-of-speech) tags

+ ADJ: adjective

* ADP: adposition

+ ADV:adverb

+ AUX: auxiliary

+ CCONJ: coordinating conjunction
+ DET:determiner

« INTJ:interjection

* NUM: numeral

+ PART: particle

« PRON: pronoun

* PROPN: proper noun

« PUNCT: punctuation

+ SCONJ: subordinating conjunction
+ syM: symbol

by MedDRA System Organ Class NOUNPHRASE and Preferred Term NOUNPHRASE

np_pattern = [{"TAG": {"IN': ['NN','NNP','NNS’, 'NNPS']}, "OP": "+"}]

NN
NNS
NNP
NNPS

Noun, singular or mass
Noun, plural

Proper noun, singular
Proper noun, plural
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NER (Named Entity Recognition)

3) MACHINE LEARNING APPROACH

Design Time

Training Data Model

(labeled text corpus)

Training

Feature

Extraction &

U am

Deep Learning-based NLP

v

Test Data

(text corpus to be
labeled)

{

XX
ey,
O
.

’/§

&

S

Documents

RunTime

Annotate Entities

Selected word/phrase Entity type

sssssss AE v
Grade v

inaeGroup v

aePercen t

TEAE v
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Challenges
s High-quality training data is the key factors for the success and more
training data need to be collected and labeled.
**Limited to standard macros/functions — Open code is yet explored.

**Current exploration is limited to analysis data should meet the one-proc-
away requirement for output generation.
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Data Flow and solution

1. Intent prediction —> Macro Name

agsummary

2. Entity(role) recognition —> Macro parameter

-emergent Serious Adverse Events with Grade 3 or Higher by System Organ Class and
(at Least 1 Percent in Any Treatment Group)

input by variable label

. bygroup : Organ Class, bygroup : Outcom

mapped variable and label o,
. bygroup : [ @AEBODSYS>, System Organ Class J,

4. Rule-based mapping -> Macro parameter value . “sciovs
5. SAS Code generation (header, body, end)

6. Command file (.bat) generation to trigger xxx.sas/xxx.R and generate xxx.rtf



