Utilizing SAS for Cross
Report Verification in a
Clinical Trials Setting

DanielSzydlo, SCHARP/Fred Hut®eattle, WA
Iraj Mohebalian SCHARP/Fred Hut¢hkeattle, WA
Marla Husnik, SCHARP/Fred Hutcheattle, WA




\

*Motivation

*(General framework
*Details of the SAScode
*Limitations
*Conclusions



Motivation to
develop a cross
report verification




—

We were working on a large phase Il clinical trial for
HIV prevention with requirement for biannual Data
Safety and Monitoring Reports (DSMB).

Faced with verifying hundreds of pages of tables,
listings and figures (TLFs) under tight timelines.

Manual review of TLFs is very timsnsuming and
error-prone.

Reports were growing in size over time and frequency
of reporting was enough to warrant investing in the
development of an automated system.



General framework
for the cross
report verification




General Framework
“

* We developed procedures utilizing SA$o automate a
verification checks, improving the accuracy and
efficiency of the TLFS for DSMB reports

* Resultsdata setsused to generate TLFs

* Excel driver filecreated and contained verificatiorchecks
to be performed

* Verificationchecksdeveloped and performed on the
results datasets

* HTMLformatted file developed to show what errors
occurred and where they occurred




General Framework
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Step 1. Read theverification driver Excelfile.
9 Recyits Data | Step 2: Runtheverifiction checks against the
TLFs et Results DataSet

Step 3. Create an HTML reportfilewiththe result

\..___,./ of the verification checks.
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Step 1. Read theverification driver Excelfile.
| Step 2: Runtheverificgtion checks against the
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Results Data et
Step 3. Create an HTML reportfilewiththe result
of the verification checks.
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Features of the
T

* Standard data sets are created for each TLF
through the use of SASmacros

* Data sets are concatenated to form one large
results data set

* Sandardizedformat and containsenough
Information to make every element of the
TLFs uniguelydentifiable

* Basis for the verification checks




Variables in the
O

prgmid (program ID): Directory location and file name of SAS
program

dataset created_front Unique identifierrepresenting name of
the standardizeddata setbased on the TLF

number_of titles, number of footnotes: Number oftitles &
footnotes from a TLF

title1+itle10, footnotel-footnotel0: Values of titleditle10 and
footnotel-footnotelOfrom a TLF

rowvar (row variable description): Row heading a table
colvar (column variable description): Column headingp a table

repvar (report variable): Value of a cell intable (or data
element in a figure)




Exampleof the
—

DSMB Open Report - January 1, 9999

A Phase lll Clinical Trial
Visit Cutoff Date: April 1, 2015

Table 2. Demographics of Enrolled Participants by Site

Site 1

Site 2

All Sites

Paricipants Evoled 157 108 %
Paricipants wit Demographics Form 157 106 %
Participant Age (years)
N 6] 108 %
Wean (D) 26(59) 276(58) 270(59)
Wedian %0 0 %0
25, 75t %tle 2.3 23,31 7K]
Win, Max 16,4 104 18,44
Participant Age
Missing 0(0%) 0(0%) 0(0%)
T510years 8(5% 2(%) 10(4%)
20-24 years 84 (41%) % (32%) % (37%)
229 years 44 (25%) 2 (30%) 76 (2%%)
30-34 years 2B(15%) 27 (25%) 50 (19%)
3530 years 140%) (%) 21 (%)
4045 years 4 (5%) 4(@%) B (%)

* prgmid =
/open/ft_dem_site blind.sas

dataset_created from=
demout_site

number_of_titles=4
titlel-title4 =

*

*

*

*

*

titlel = A Phase Il Clinicdlrial

title2 =DSMB Open Reporz
January 19999

title3 =Visit Cutoff Date: April
1,2015

title4 =Table 2. Demographics
of Enrolled Participants bysite



Exampleof the

\

Participants Enrolled Site 1

Participants Enrolled 106 Site 2

Participants Enrolled 263 All Sites

Participants with Demographics Form | 157 Site 1

Participants with Demographics Form 106 Site 2 .
Participants with Demographics Form 263 All Sites H rSt rOW Of th e ReS u ItS Data. S et .
Participant Age (years) Site 1

Participant Age (vears) Site 2 * _ - .

Patcpan Ags e rowvar = Participants Enrolled
M 157 Site 1

N 106 Site 2 .

N 263 Al Sites * COIVar = S|te 1

Mean (SD) 26.6 (5.9) Site 1

Mean (SD) 27.6(5.8) Site 2 *

Mean (SD) 27.0(5.9) All Sites —_ 1 5 7

Median 25.0 Site 1 re pvar

Median 27.0 Site 2 %

Median 26.0 All Sites CD d h

2sth, 751 e 2.3 rrespondsto the

25th, 75th %tile 23,31 Site 2 . .

Participants Enrolled row
Min, Max 18 44 Site 1

Min, M 19, 44 Site 2 . .

e e and Site 1 column in the
Participant Age Site 1

Participant Age Site 2 b I

Participant Age All Sites ta e

Missing 0(0%) Site 1

Missing 0 (0%) Site 2

Missing 0(0%) All Sites




Sructure of the

\

rowvar colvar repvar
Description Column A Value 1
Description Column B Value 2
Description Al Value 3
Column_A Column B All
Description Value _1 Value_2 Value _3




Structure of the
"

* Firstbox correspondsto the format the data takes in the
Results DateSet

rowvar colvar repvar
Cescription Column A Value 1
Description Column_ B Value J
Cescription Al Value 3




Structure of the
“

* Secondbox correspondsto the output as it appears in the
table usedfor the report

Column_A Column B All

Descriptian Value 1 Value ? Value 3




Details of the SAS
Code
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‘ Step 1. Fead theverification driver Excel file.

ep

| Rezults Oata
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N
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TR AT ALl ZLhos dHd [
Results Data Set,

Step 3. Create an HTML reportfilewiththe result

of the verification checks.

/




Features of the

(verification_checks.xlsx)

o

* Manually created to define the verification
checks to be made for each report

Verification check IDDescription Status Notes
Total Enrolled from Accrual Summary by Site table
should match Participants Enrolled when it occurs

VC_0001 other tables.

VC_0002 Title 1 should match for all pages.

VC_0003 Title 2 should match for all pages in open report.
VC_0004 Title 2 should match for all pages in closed report.
VC_0005 Title 3 should match for all pages.

VC_0006 Check the SAS logs



Features of the

(verification_checks.xlsx)

o

* Manually created to define the verification
checks to be made for each repaort

Verification check IDDescription
Total Enrolled from Accrual Summary by Site tab
should match Participants Enrolled when it occu

VC_0001 other tables.

VC_0002 Title 1 should match for all pages.

VC_0003 Title 2 should match for all pages in open repor].
VC_0004 Title 2 should match for all pages in closed repgrt.
VC_0005 Title 3 should match for all pages.

VC_0006 Check the SAS logs




Create a SAS%dataset from the

o
PROAMPORT

out=checks
datafile="Verification checks.x|sx"

dbms=excelcs replace
run;



# OAAOA OOAI Po

macro variables to Status & Notes
"

DATAtemp;

attrib Statuslength=$20 format=$20.
Notes length=$256 format=$256;
set checkgwhere=("missing{erification _check_id));

Status=
strip(Status)||'&'||strip( Verification_check id||'_status’;

Notes =
strip(Notes)||'&'||strip( Verification_check_id||' notes',

run,



%O A |

b |

A

e

OOAI

added macrovariables to Status &

\

\

-

Total Enrolled from Accrual Summary by

&VC_0001_status &VC_0001_notes VC 0001 | Sitetable should match Participants
Enrolled when It occurs in oher tables,

&VC_0002_status &VC_0002_notes VC 0002 |Title 1 chould match for all pages.

&VC 0003 etae &VC 0003 notes ve 0003 | Title 2 should match for all pages in open
o S i repot

&VC 0004 tatus &VC 0004 fotes VC oop4  Tile 2 should match for all pages in
T S i closed report

&VC_0005_status &VC_0005_fotes VC_0005 it 3 should match for all pages.

VC_0006_status &VC_0006_notes VC_0006 | Check the SAS logs




Create using

Proc Report and ODS HTML
ODSHTML file= Verification_template.htm’; _‘

PROMEPORT datdemp headlineheadskipnowd Is=256
center style(report)=table[frame=below rules=rows];
column Obs Verification_check ICDescription Status Notes;

define Obs /'Obs center;
define Verification_check _IIY

‘Verification Check ID' center orderstyle(column)=[cellwidth=2in just=center];
define Description /

‘Description' flow width=50 style(column)=[cellwidth=5injust=left] ;
define Status / 'Status' flow style(column)=[cellwidth=1in just=center];
define Notes / 'Notes style(column)=[cellwidth=4in just=left] flow;
compute obs;
cntl+1;
obs=cntl;
endcomp;

run;
ODSHTML close;



Example of the

»

wd ¢ =

[ Other bookmarks

A-DG-1 s i3 QIR (M Ya1 YOy § @& Ye 0 §
= = C [ filey//T:/mtn/p020/analysis/dsmb/9999_99/validation/code/Validation_template.htm
i Apps [ All Bookmarks (] Atlas € BusTracker & google [ Email [JUW [ Work [ Media (] Finances [J Travel ([ Nordic [J Retail (] Software [ Stats [J News [ Paristrip [ Weather [J SNC [J Health [ Online dating sites | Online Marketing | (3 Kauai
Obs Validation Check ID Description Status Notes

1 WVC_0001 Total Enrolled from Accrual Summary by Site table should match Participants &WC_0001_status &VC_0001_notes
Enrolled when it occurs in other tables.

2 VC_0002 Total Enrolled from Accrual Summary by Site table should match Total Enrclled &VWC 0002 status &VC_0002_notes
row in Accrual Summary by Calendar Month and Site tables.

3 'VC_0004 Total Enrolled from Accrual Summary by Site table should match Total Enrclled &VC_0004_status  &VC_0004_notes
Cumulative Enrcllment - All Sites figure title

4 'VC_0005 Total Enrolled from Accrual Summary by Site table should match All Arms colur &VC_0005_status &VC_0005_notes
in Enrollment by Site and Treatment Arm table.

5 VC_0006 Title 1 should match for all pages. A&VC_0006_status &VC_0006_notes

6 VC_0007 Title 2 should match for all pages in open report. &VC_0007_status &VC_00D07_notes

T VC_0008 Title 2 should match for all pages in closed report. &VWC_0008_status &VC_0008_notes

8 VC_0009 Title 3 should match for all pages. &VC_0009 status &VC_0009_notes

9 VC_0010 Date in source should match for all pages. &VWC_0010_status &VC_0010_notes

10 VC_0011 Footnote 3 in Accrual Summary by Site table should match Feotnote 1 in Accl &VWC_0011_status &VC_0011_notes
Summary by Calendar Month and Site table.

1" VC_0012 Feotnote 4 in Accrual Summary by Site table should match Feotnote 2 in Accl &VWC _0012_status &VC_0012_notes
Summary by Calendar Month and Site table.

12 VC_0013 Make sure there is a period at the end of each footnote. &VC_0013_status  &VC_0013_notes

13 VC_0014 Make sure there is a dash line before footnote(s). &VC_0014_status  &VC_0014_notes

14 VC_0015 Make sure we are pointing correctly to the Plate and Form level datasets. &VC_0015_status &VC_0015_notes

15 VC_0016 Make sure rows in the titles xIs files matches the rows with the titles xls in the AVC_0016_status &VC_0016_notes
DSMB Live.

16 VC_0017 Check the SAS Log files. 8VC_0017_status  &VC_0017_notes

17 VC_0018 Check for differences in the source files &VWC_0018_status &VC_0018_notes




Step 2. Run the

against the Results Data Set

O 545 verification driver program
S - Step 2: Runtheverification checks against the
TLFs Cat Results Data et
Step 3. Lreate afi ATMICTEQOILTTE WIThTHE resLlt
of the verification chedks.




Create separate SASrograms for

each of the
R

* TheVerification Checksare detailed in theExcel Verification
Driver File

* Eachprogram has a specific verification aim, such as confirming
that the enrollment totals match across all TLFs.

“ Accomplished bycomparing all occurrences of the relevant
data elementwithin the Results Data Seand determining

whether the values of those cells satisfy the conditions of the
check.

* Duringthis process the values for the macro variables
&VC_ 4Dnumber>_statusand &VC <4Dnumber>_notesare
created and stored.



Example ofa of

the enrollment numbers
-’

* Total enrollment generally appears in tables in a row with the

N Pal 7 ~ 7

EAAAEI C 1T £/ O0OAOOEAEDAT OO %l O1 11
corresponding to All Sites.

Using theResults Data Setcalledwork.save al] subset on the
relevant observations for this check where theowvar value equals

O0AOOEAEDAT OO céoblarOAll IOAA A NDIAA OOB 4

DATAVC 0001;

setwork.save_all )
if upcasgstrip(ROWVAR)F: 'PARTICIPANT®. 2/ , , %$ O

and colvar= 999;
run ;



Exampleof a of
the enrollment number

o

* Create a new variable callechum_repvaras a
numeric version ofrepvar, acharacter variable in
the Results DateéSet

dataall ;
length num_repvar8;
setVC 0001 endeof;

num_repvar= input(strip(repvar),10.);
keep prgmid varchrcolvarnum_repvarrepvar;
run ;



Exampleof a of

the enrollment numbers
-’

“ Create a PDF file that summarizes the enroliment numbers
found in the Results Data Set

ODSpdf file = "VC_0001.pdfbookmarklist=hide notoc;
title "VC_0001: Total Enrolled from Accrual Summary by Site table should match
Participants Enrolled when it occurs in other tables";

PROMREPORT data=albwd Is=256;

column prgmid varchrcolvarnum_repvar,
define prgmid/ 'SourceFile' display style(column)=ellwidth=6in just=left];
define varchr/ 'Descriptiont display style(column)=¢ellwidth=1.5in just=right];
define colvar/ 'Column display style(column)=¢ellwidth=1in just=right];
define num_repvar/ 'Result display style(column)=¢ellwidth=1in just=right];

run;

ODS pdf close;



the

I‘
VIC _0001: Total Enrolled from Accrual Summary by Site table should match Participants Enrolled when it occurs in other tables

Example ofthe PDF file created from

closed't_anal sex_arm sas Participants Enrolled 999 263
open/t_anal sex_country sas Participants Enrolled 999 263
closed't_base_contra_dsmb_arm sas Participants Enrolled 999 263
open't_base_contra_dsmb_country.sas Participants Enrolled 999 263
closed't_dem_arm.sas Participants Enrolled 999 263
open't_dem_country.sas Participants Enrolled 999 263
closed't_fu_soc_harms_arm.sas Participants Enrolled 999 263
closed't_fu_soc_harms_country sas Participants Enrolled 999 263
closed't_fu_soc_harms_site sas Participants Enrolled 09 263
closed't_hiv_inc_arm sas Participants Enrolled 999 263
closed't_hiv_inc_country.sas Participants Enrolled 999 254




Exampleof a of

the enrollment numbers
-’

“ The check compares the minimu@and maximum values
of the num_repvarvariables usingProc SQL

“ If the minimum and maximum are equal then all values
must beidentical so it will pass, otherwise it fails

PROGSQLnoprint;

select minfhum_repvarn- max(hnum_repvai into :diff
from VC_0001;

quit;



Exampleof a of

the enrollment numbers

o

*If the minimum and maximum are equal then an %IF statement gives the

O6# PPPX OOAOOO I AAOI OAOEAAI A OE/
OEA OAI OA 1T £ O&AEI AAo6 S8
* Assignan HTML link containing a path to the PDF summary file
WACRO check;
%globaVC_0001_ statu¥C 0001 _notes
%et VC_0001_notes = &notes;
Uf &diff = 0%hen %letvC _0001_statuszAHREE"VC_0001.pdf">Passed</A>
%lse %leVC 0001 status=<A HREF="VC_0001.pdf">Failed</A>
%MEND check;

%check;



the PDF file
"

VIC _0001: Total Enrolled from Accrual Summary by Site table should match Participants Enrolled when it occurs in other tables

Keep in mind the results as seen In

closed't_anal sex_arm sas Participants Enrolled 999 263
open/t_anal sex_country sas Participants Enrolled 999 263
closed't_base_contra_dsmb_arm sas Participants Enrolled 999 263
open't_base_contra_dsmb_country.sas Participants Enrolled 999 263
closed't_dem_arm.sas Participants Enrolled 999 263
open't_dem_country.sas Participants Enrolled 999 263
closed't_fu_soc_harms_arm.sas Participants Enrolled 999 263
closed't_fu_soc_harms_country sas Participants Enrolled 999 263
closed't_fu_soc_harms_site sas Participants Enrolled 09 263
closed't_hiv_inc_arm sas Participants Enrolled 999 263
closed/t_hiv_inc_country.sas Participants Enrolled 999
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ep 3: Create an HTML reportfilewiththe result
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Update the

make the

o

* Onceall of the verification checks specified in the Excel
Verification DriverFilehave run, we update ouHTMLTemplate
Fileand make theValidation Dashboard

* We update it with the macrovariables
&VC_ 4Dnumber>_statusand &VC_<4Dnumber>_notesstored
for eachcheck as a global macro variables



Update the

make the

9IACROread_htm (webin,webout); —

filenameweb_in"&webin";
filenameweb_out "&webout";
DATA _null_;
length line $ 256;
infile web_inlength=lvg;
file web_out;
input @1 line $varying200vg;
linetranwrd(line,'&amp;','&");
line = trim(resolve(line));
put line;

run;
filenameweb _in;
filenameweb_out;

%MENDead _htm;

%ead_htm (webin=Validation_template.htm webout=Validation dashboard.htm);



Update the

make the

9IACROread_htm (webin,webout); ——_

filenameweb_in"&webin";
filenameweb_out "&webout";
DATA _null_;

length line $ 256;

infile web_inlength=lvg;

file web_out;

input @1 line $varying200vg; Required since

line=tranwrd (line,' &amp;','&"); _ HTML code shows
line = trim(resolve(line)); &amp; instead of &
put line;

run;
filenameweb _in;
filenameweb_out;

%MENDead _htm;

%ead_htm (webin= Validation_template.htm, webout=Validation_dashboard.htm );



Update the

make the

o

IMACROread htm(webin,webout);
filenameweb_in"&webin";
filenameweb_out "&webout";
DATA _null_;

length line $ 256;
infile web_inlength=lvg;

file web_out; _ _ .
input @1 line $varying200vg; variables defined as:
VC_0001_ status=<A

linetranwrd(line,'&amp;','&");
line = trim(resolve(line)); _ HREF="VC_0001.pdf">Passe

Resolves the macro

put line; d</A>or VC_0001_status=<A
run; _ HREF="VC_0001.pdf">Failed
filenameweb_in; </A>

filenameweb_out;
%MENDead _htm;

%ead_htm (webin=Validation_template.htm, webout=Validation_dashboard.htnj;



Example of the




