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Communicating and Understanding Studies is Difficult



* Immense workload

Quality is less than what can be achieved

Programmers Sponsors Regulators
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\ verisian

Build, Validate and Submit Clinical Trial Analyses



Proven reduced Inquiry-response turn-around time

Inquiry Hypothesis Root Cause Analysis
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Macro resolution




basel

adef

base2

adef

adef

adef

Macro resolution

data adef;
run;

data basel base2;
set adef;

run;
data adef;

merge adef baseZ2;

by usubjid visitnum;

run;

data adef;
merge basel adef;
by usubjid;

run;
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adsl.sas \ / Xp.sas \

adef.sas
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Derivation




Overview Graph of a Study
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Full Data Dependency Graph of a Study
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Focus on upstream dependencies and downstream outputs

Select files

Q ad

Files

v [ Study
[2) adae.sas
[) adef.sas
[2) adsl.sas
[) adtte.sas

adverse.sas

Dataset Graph | Overview Graph

File: adtte.sas
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Original

Resolved Log Derivation

adtte.sas (Original)

98 cnsr = 2;

] adt = astdt;

100 evntdesc = put(cnsr, evntdesc.) ;
101 srcdom = 'ADAE';

102 srcvar = 'ASTDY';

103 srcseq = aeseq;

104 end;

105 else

106 [(H

107 cnsr = 3;

108 adt = trtedt;

109 evntdesc = put(cnsr, evntdesc.) ;
110 srcdom = 'ADSL';

111 srcvar = 'TRTEDT';

112 srcseq = .;

113 end;

114

115 aval = adt - startdt + 1;

116

117 format startdt adt yymmddle.;

118 run;

119

120 *x assign variable order and labels;

121 data adtte;

122 retain &adtteKEEPSTRING;

123 set EMPTY_adtte adtte;

124 run;

125

126 xkx SORT adtte ACCORDING TO METADATA AND SAVE PERMANENT DATASET;
127 %make_sort_order(metadatafile=&metadatafile, dataset=ADTTE)
128
LogMessages

Type Log message

v warning 1

WARNING: Multiple lengths were specified for the variable AGEGR1 by input data

set(s). This can cause truncation of data.

[«



Inspect original Logs

Original | Resolved Log Derivation . L
Original  Resolved | Log | Derivation

adef.sas (Original)

_run_alllog (Showinglinesrelatingto adef.sas)
13 out = adsl;

14 by usubjid; TTTT T TToe T T T TToTT Tt mm Smoms oo
15 6384 MLOGIC(CFB): Parameter OUTDATA has value adef
16 data adef; 6385 MLOGIC(CFB): Parameter DAYVAR has value ady
178 mergeisdtn-xpiling=kinader)RadsIR(nfaRinadsLys 6386 MLOGIC(CFB): Parameter AVALVAR has value xpstresn
gy useaid 6387 MLOGIC(CFB): Parameter KEEPVARS has value
20 St not (inads\andl inadef)! then 6388 MPRINT(CFB): proc sort data = adef out = adef (rename = (xpstresn = aval));
21 put 'PROB' 'LEM: Missing subject?-- ' usubjid= inadef= inadsl= ; 6389 MPRINT(CFB): by usubjid visitnum;
;g erton X 6390 MPRINT(CFB):  run;
25 xptest = param 6392 NOTE: There were 177 observations read from the data set WORK.ADEF.
26 xptestcd = paramcd 6393 NOTE: SAS sort was used.
27 visit = avisit 6394 NOTE: The data set WORK.ADEF has 177 observations and 3@ variables.
i ) RECIIESREe e 6395 NOTE: PROCEDURE SORT used (Total process time):
30 if inads\ and inadef; 6396 real time 0.00 seconds
31 avisitn = input(put(visitnum, avisitn.), best.); 6397 cpu time 0.01 seconds
B2 6398
33 %dtc2dt(xpdtc, refdt=randdt); 6399
6400 MPRINT(CFB): * Baseline is defined as the last non-missing value prior to study day 1 first dose;
ok ilate changes from baseline for all post-baseline visits; 6401 MPRINT(CFB): * (note, values on Day 1 are assumed to occur before the first dose);
%scfb(indata=adef, outdata=adef, dayvar=ady, avalvar=xpstresn); 6402 MPRINT(CFB): data basel (keep = usubjid visitnum) base2 (keep = usubjid base);
. 6403 MPRINT(CFB): set adef;
40 set ade;; 6404 MPRINT(CFB): where ady<=1 and aval > .z;
41 by usubjid; 6405 MPRINT(CFB): by usubjid visitnum;
:g retain critl "Pain improvement from baseline of at least 2 points"; ol Il CEE '.-ename L ?.base;
o RESPFL = put((.z <= chg <= 2), _@nly.); 6407 MPRINT(CFB): if last.usubjid;
45 if RESPFL='Y' then 6408 MPRINT(CFB): run;
46 critifl = 'Y'; 6409
:g eliimﬂ s 6410 NOTE: There were 60 observations read from the data set WORK.ADEF.
49 run; ! 6411 WHERE (ady<=1) and (aval>.Z);
50 6412 NOTE: The data set WORK.BASE1l has 60 observations and 2 variables.
51 %k assign variable order and labels; 6413 NOTE: The data set WORK.BASE2 has 60 observations and 2 variables.
<B Ghd L 6414 NOTE: DATA statement used (Total process time):
53  retain &ADEFKEEPSTRING; .
54 set EMPTY_ADEF adef: 6415 real time 0.00 seconds
55 run; 6416 cpu time 0.01 seconds
56 6417
57 ¥k SORT ADEF ACCORDING u,: METADATA AND 'Lv AVE PERMANENT DATASET; 6418
:: e B AL S B A o W LA o) 6419 MPRINT(CFB): * Do one merge to identify the baseline record;
60 proc sort 6420 MPRINT(CFB): data adef;

61  data=adef(keep = SADEFKEEPSTRING) cane mmnmamLornal - —oeos odef oo See fobtoooh



See original and macros resolved

Original | Resolved Log Derivation Original | Resolved | Log Derivation
adef.sas (Original) adefsas (Macro-resolved)
13 out = adsl; 157
158 run;

14 by usubjid;
15 ’
16 data adef; 160 *x calculate changes from baseline for all post-baseline visits;

17 merge sdtm.xp (in = inadef) adsl (in = inadsl); 161 kil verisian: macro invocation start of <%cfb> Jotckoloolokaookdok ;
s 162 »;
18 by usubjid ; i 5 2
19 163 = %cfb(indata=adef, outdata=adef, dayvar=ady, avalvar=xpstresn);
20 if not(inadsl and inadef) then :2; i
21 put 'PROB' 'LEM: Missing subject?—- ' usubjid= inadef= inadsl= ; i Fokpolciolololoelolookoloklololololoololloloooklolokolololiolaokolollokoiokiolololoololoolokkoioklolciololiololaololokoklolciololsiololoiololokokolokkorolokok Rk
22
23 rename trtolp = trtp 167 proc sort data = adef out = adef (rename = (xpstresn = aval));
24 trtolpn = trtpn ::g by.usubjl.d visitnum;
25 xptest = param 170 4,
26 xptestcd = paramcd 1 : o
27 visit = avisit 171 * Baseline is defined as the last non-missing value prior to study day 1 first dose;
28 xporres o oEla 172 * (note, values on Day 1 are assumed to occur before the first dose);
29 . 173 data basel (keep = usubjid visitnum) base2 (keep = usubjid base);
H
30 if inadsl and inadef; e .
31 avisitn = input(put(visitnum, avisitn.), best.); were 2 ol avatisaszs
32 176 by usubjid visitnum;
33 sdtc2dt (xpdtc, refdt=randdt); L ennchavalis ek
178 if last.usubjid;
179 run;
180

+* calculate changes from baseline for all post-baseline visits;

%cfb(indata=adef, outdata=adef, dayvar=ady, avalvar=xpstresn); ELFL o D (G L 0 i s DA

182 data adef;

183 merge adef basel (in = inbase);
184 by usubjid visitnum;

185 if inbase then

40 set adef;

41 by usubjid; e

4 186 ablfl = 'Y';

43 retain critl "Pain improvement from baseline of at least 2 points"; b

44 RESPFL = put((.z <= chg <= -2), _@nly.); | 188 run;

45 if RESPFL='Y' then 1:: o - o6 In thalbacal vaTie

46 critifl = 'Y'; 1 * Do another merge to merge in the baseline value;
191 data adef;

47 else f b

48 critifl = 'N'; 192 merge a¢.i¢.2 ase2;

49 run; ::i by usubjid;

50 £

195 if base > .z then

196 chg = aval - base;

197

198 if base>.z and base ne @ then
199 pchg = chg/basex«100;

51 xx assign variable order and labels;
52 data adef;

53 retain SADEFKEEPSTRING;

54 set EMPTY_ADEF adef;

55 run; o
56
y A " A - - - - e 201 run;
57 kkk SORT ADEF ACCORDING TO METADATA AND SAVE PERMANENT DATASET;
202 ekkckkokkdokok verisian: macro invocation end of <%cfb> fokcrookkokRok ;

58 %make_sort_order(metadatafile=&metadatafile,dataset=ADEF)

59
60 proc sort q‘%
=

203 kkkkkckkkolckokiokok koo kkkok ok S S e S e e e S E e e e e

61 data=adef(keep = &ADEFKEEPSTRING)



Dataset derivations across programs

Dataset Graph | Overview Graph B X Original =~ Resolved = Log Derivation

adef.sas (Macro-resolved)
Datasets: adam.adtte 106 retain CRIT1 *';

107 attrib ITTFL label="Intent-to-Treat Flag" length=$1.;
108 retain ITTFL '';
109 if 0;
110 run;
= 111 sk
112 ke
113
x S : 114
Select datasets . e 115 proc sort
116 data = adam.adsl
117 (keep = usubjid siteid country age agegrl agegrln sex race randdt trt@lp trt@lpn ittfl)
il 118 out = adsl;
= 119 by usubjid;
120

=
= = 121 data adef;
=1 .
[ - |

HoAoF verisian: macro invocation end of <

tokokokkokokRKRRRR KRRk KRR KRR KRR IR KRR KoK KK K koK FRAK KA K Kok KKK K Kok

Q  adam.ad o

Dataset Reference

v [ adam 122  merge sdtm.xp (in = inadef) adsl (in = inadsl);

123 by usubjid ;
124

125 if not(inadsl and inadef) then

= 126 put 'PROB' 'LEM: Missing subject?-- ' usubjid= inadef= inadsl= ;
127

128 rename trt@lp = trtp

| . 129 trt@lpn = trtpn

s - 130 xptest = param

5) adam.adtte (final) adtte.sas (260) — = . g; :gzzitc‘i - ::z:'i":d

133 xporres = avalc

134 A

135 if inadsl and inadef;

136 avisitn = input(put(visitnum, avisitn.), best.);

137

138  sekkkokkokook Yook 1%

> B adam.adae
> B adam.adef
> B adam.adsl

v [ adam.adtte

™ ey scer

isian: macro invocation start of <%dtc2dt> Forpokdok KKK K

140 %dtc2dt(xpdtc, refdt=randdt);

142  sekkkkkokodok R S S S S SokokakkRok ok kAR K kR HK KKK K seokok kKK KKK K KKk kKKK K

Log Messages

There are no log messages associated with that dataset

i
i



Understand derivations across the study
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488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504

rar

put "WARN" "ING: key variables do not define an unique record. " usubjid=;

retain xpseq;

if first.usubjid then
xpseq = 1;

else
xpseq = xpseq + 1;

label xpseq = "Sequence Number";
run;

* XP.sas;
proc sort
data=xp(keep = &XPKEEPSTRING)
out=sdtm.xp;
by &XPSORTSTRING;
run;

* adef.sas;
data adef;
merge sdtm.xp (in = inadef) adsl (in = inadsl);
by usubjid ;

if not(inadsl and inadef) then

put 'PROB' 'LEM: Missing subject?—— ' usubjid= inadef= inadsl=
rename trt@lp = trtp
trt@lpn = trtpn
xptest = param
xptestcd = paramcd
visit = avisit
xporres = avalc

H
if inadsl and inadef;
avisitn = input(put(visitnum, avisitn.), best.);

soksfokokokokKK KKK verisian: macro invocation start of <S%dtc2dt>

[«



Building custom Al co-pilots
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Datasets: adam.adtte

Explain derivations using Verisian Al co-pilots

1219 * adtte. ;
1220 data adtte;
1221 merge adtte (in = inadtte rename=(randdt=startdt))

1222
1223
1224
1225
1226
1227

1276
1277 run;

adef (in = inadef)
adae (in = inadae)
lstex (in = inlstex)

H
by usubjid ;

retain param "Time to first pain relief (days)"
paramcd "TTPNRELF"

H
rename trt@lp = trtp
trtolpn = trtpn

length srcvar $10. srcdom $4.;

if (.<chg<@) and (adt<astdt or not inadae) then
do;
cnsr = @;
adt = adt;
evntdesc = put(cnsr, evntdesc.) ;
srcdom = 'ADEF';
srcvar = 'XPDY';
srcseq = xpseq;
end;

else if chg>0 and (adt<astdt or not inadae) then
do;
cnsr = 1;
adt = adt;

evntdesc = put(cnsr, evntdesc.) ;
srcdom = ‘XP';

srcvar = 'XPDY';

srcseq = xpseq;

end;
else if (.<astdt<adt) then
do;
cnsr = 2;
adt = astdt;

evntdesc = put(cnsr, evntdesc.) ;
srcdom = 'ADAE';
srcvar = 'ASTDY';
srcseq = aeseq;

end;

else

do;
cnsr = 3;
adt = trtedt;
evntdesc = put(cnsr, evntdesc.) ;
srcdom = 'ADSL';
srcvar = '"TRTEDT';
srcseq = .;

end;

aval = adt - startdt + 1;

format startdt adt yymmdd10.;

1. The code performs a merge
operation to combine aata from
various sources (ADDTE, ADEF,
ADAE, LSTEX) based on the
USUBJID variable.

2 The code assigns and retains
parameter values for the "Time to
first pain relief (aays) " with a
Stanaard code “TTPNRELF"

3. The code classifies events (chg »
Oor <chg <0) based on therapy
Start (trtp, trton, srcvar, srcadom),
assessment start gate (astat),
assessmentend date (aat), and
therapy end date (trteat).



Explain and Communicate

Verisian Al co-pilots  \g

A

: Obtain Traceability and Context
Inquiry
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Answer Inquiries with Verisian Al co-pilots

Inquiry:

How is the treatment-emergent time frame defined? Provide relevant
code snippets.

|
.
|
|

Original ~ Resolved Log | Derivation

Full Derivation

628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
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650
651
652
653
654
655
656
657
658
659
660
661
(173
663
664
(13
666
667
668
669

SRR RISk IR ARSI AR AR |

if length(trim(aeendtc))=1@0 and index(aeendtc,'—')=@ then aendt = input(aeendtc, yymmdd1@.);
else if length(aeendtc)=16 and index(aeendtc,'--')=@ and index(aeendtc,'-:')=0 then do;
aendtm = input(trim(aeendtc)||":00", e8601dt19.);

aendt = datepart(aendtm);

* optionally add formats:;

format aendtm datetimel6.;

end;

if .<aendt<trtsdt then aendy = aendt - trtsdt;

else if aendt>=trtsdt then aendy = aendt - trtsdt + 1;

* optionally add formats:;

format aendt yymmdd1@

............ verisian: macro invocation end of <%dtc2dt Sk HAAAK

......................................................................................................

if index(AEDECOD, 'PAIN')>@ or AEDECOD='HEADACHE' then
CQOINAM = 'PAIN EVENT';

else
CQOINAM = '

aereln = input(put(aerel, $aereln.), best.);
aesevn = input(put(aesev, $aesevn.), best.);
slated events (AERELN>0);

relgrin = (aereln>@); ++ group rela
relgrl = put(relgrin, relgrin.);

trtemfl = put sdt or (astdt<=.z and not(.z<aendt<trtsdt))), _Only.);
if astdt>=trtsdt then
trtemfl = 'Y';
format astdt aendt yymmddle.;
run;

data adae;
retain &adaeKEEPSTRING;
set EMPTY_adae adae;

run;

670 * adae.sas;

671
672
673
674
675

proc sort
data=adae(keep = &adaeKEEPSTRING)
out=adam. adae;
by &adaeSORTSTRING;
run;

trtemfl = put((astdt>=trtsdt or
(astdt<=.z and not(.z<aendt<trtsdt))),
_only.);
if astdt>=trtsdt then
trtemfl = 'Y';

This code sets the treatment-emergent flag ( trtemfl)
to 'Y' if the start date of the adverse event (astdt) is
greater than or equal to the treatment start date
(trtsdt). If the treatment start date is missing, the
adverse event is considered treatment-emergent if the
end date is either missing or is on or after the treatment
start date.



Programmers Faster developing, debugging, and inquiry response

Faster iterations, greater submission quality and confidence,

Sponsors faster time-to-market

Regulators Faster and easier review



Inquiry Response one example of Traceability in Action

But there are many other processes in which
Traceability paired with Al
can introduce a paradigm shift



Based on Traceability, Empowered by Al

<) Builder
Build studies faster and at higher quality

(“Y  Validator

Ensure optimal quality with automated quality control

<
<

Submitter

Submit transparently with quality and confidence

<



Clinical Trial Analyses using Verisian

<P Faster and better build

e

. v Submit in confidence with full
@ Automated Quality Control transparency

Raw SDTM ADaM TLFs Submission Review



