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Abstract

Large-scale efficacy clinical trials generate numerous table and listing reports in PDF or MS-
Word format for inclusion in Clinical Study Reports. The importance of data accuracy,
frequency of generation and sheer length of reports combined, make their verification crucial,
time-consuming, and prone to human error. This paper presents the framework and one of the
tools we have developed at Bayer to automate a number of verification checks that help
improve the quality of our TLF deliverables by performing various consistency checks for
every study deliverable. This is done by digitalizing and storing the contents of the reports to a
standardized cell-based data repository with each cell stored having multiple properties
associated with it. We present specific examples of our tool using mock data from a Phase Il
clinical trial study and show the benefits such a tool can have in improving the quality of the
deliverables.



Introduction

# Of TLFs in the CSR Package
Regulatory Requirements on Submissions
Shortening timelines

Human oversight while verification
Automation & digitalization of TLFs



General Framework

By saving the last created SAS® dataset before each report, and converting these datasets to
a standardized cell-based format, we are able to automate identifying the following
discrepancies in the reports:

Reports with undefined titles

Missing footnote references
Duplicate records in reports

Report creation dates

Empty reports

SAS log file findings

AE reports for discrepancies
Hardcoded formats

Reported Big N with each population
e And more...



A Sample Report

Let’s take the following sample report and examine what it takes to convert it to a digitalized
cell-based format.

Table 1.1 / 1: Study sample sizes in extension by country and site (subjects enrolled in extension)

Number of subjects Number of Number of
enrolled m subjects subjects
Date of the Date of the extension valid for valid for
Country Investigator Name earliest consent last viait (a) Dozmg Group m Extension safety ITT
Total 16MAY2012  10APR201S 36 Total 40 40
Twice 2 week 4 4
Every 3 days 12 12
Every 7 days 8 8
Variable frequency 16 16
AUSTRIA Total 100CT2012  20FEB201% 2 Total 2
Vanable frequency 2
UNIV. PROF. DR. CHRISTOPHER 100CT2012  20FEB201% 2 Total 2 2
BELGIUM Total 240CT2012 2 Total 2 2
Twice 2 week 1 1

(2) Number of zubjects enrolled 15 the number of zubjects who z1zned mformed consent for Part A extenzion.

Report Name: t-14-1-samplesizes-pe.zazs~ 23NOV2019 22:537

Figure 1

Learning to differentiate fields in a reports that are values and fields that are properties of the
values is essential to this process.



Differentiating cell-based properties and values in a report

Selected cell value “127, highlighted in the green box (figure 2), has all the properties that are
selected in the red boxes. Differentiating between a cell value and cell properties can be
accomplished easily during the report creation by querying various parameters such as

Order, By, Title, and Footnote statements. We have learned that gathering this information by
scanning the final output is cumbersome.

Table 1.1 / 1: Study sample sizes in extension by couniry and site (subjects enrolled in extension)

Number of subjects Numberof [Numberof
enrolled m subjects subjects
Date of the Date of the extension valid for | valid for
[ Country Investigator Name earliest consent  last visit (a) Dosmg Group m Extension | safety ITT
Total 16MAY2012 10APR2019 36 Total 40 40
ra -’ |- 4 ;
12 12
very | days 8
Variable frequency 16 16
AUSTRIA Total 100CT2012 20FEB2019 2 Total 2 2
Variable frequency 2 2
UNIV.PROF.DR. CHRISTOPHER 100CT2012 20FEB2019 2 Total 2 2
BELGIUM Total 240CT2012 2 Total 2 2
Twice a week 1 1

(2) Number of subjects enrolled is the number of subjects who signed mformed consent for Part A extension.

ReportName: t-14-1-samplesizes-pe.sas  25NOV201922:57 Figure 2




A Sample Study Check Report

When we run checks against a study which has the supported cell-based dataset, an HTML
page with hyperlinks to various programs, reports, and the findings is created. This created
dashboard (figure 3) provides a Table of Contents functionality for the entire report.

Project: 999999 - Study: xxxxx - Area: test_queryxx @ C ross Re p O rt
4 o o .
wVerification
Verification Dashboard
Obs Description Status Notes
1 Check for reports with undefined titles Passed
2 Check for missing footnote references Passed
3 Check for duplicate records in reports t_14_1_demographics_pe_1
t 14 2 1_exposurel fs_1
t 14 2 1_exposure2 pe_ 1
t_14_2 1_treatattrib_pe_1
4 Check report creation dates Passed
5 Compare program file names against NAME parameter in  Passed
iniprog call
6 Check for empty reports t_14_3 2 deathlist_pe_1
t_ 14 _3_ 2 disclist1_pe_1
7 Check for missing iniprog and/or endprog calls Passed
8 Check SAS log files Passed
9 Check AE reports for discrepancies Passed
10 Check Big N within each population group Passed
11 Check for hardcoded libnames and formats -exposurel-fs sas

|

t-14-2-1
t-14-2-1-exposure2-pe_sas
t-14-3-3-peg-pe_sas

fileFilter is set fo: . *

Number of reporis: 37 Figure 3

Dsta as of December 1, 2019 4:29



CHECK STATUS

Valid values for the Status fields are: Passed, Failed and TBD (To-Be-
Determined).
For some checks, by checking, | know that the values are correct or not.
Passed or Failed. Checks like looking for missing titles. Titles are there or
not? Yes or No
Some checks like finding duplicate records, it totally depends on the report.
You can easily find duplicate records in the demography report. But in the
death report, you don’t want to find duplicates.
TBD is for those cases where the program cannot figure whether something
Is correct or not, so they need to be checked visually.

Passed: | know the values are correct.

Failed: | know the values are incorrect.

TBD: | don’t know if the values are correct




Check for reports with undefined titles (Dashboard)
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Once We Create a Standardlzed Ce”' Project: 999999 - Study: xxxxx - Area: test_queryxx ‘ CI’OSSR@pOI"L
based dataset for a set of Listings and \Verification

Verification Dashboard

. . . . . . . Obs Description Status Notes
Tables’ Identlfylng a mISSIng tltle IS a 1 Check for reports with undefined titles Failed t_14_1_conmeds_ex_3
H I SAS d . 2 | Check for missing footnote references Passed
SI m p e CO e - 3 Check for duplicate records in reports t_14_1_demographics1_ex_1
t_14_1_diseasechar_ex_1
t_14_1_vaccination_ex_1
t_14_2_1_list_recovery_ex_1
t_14_2 1_locandsev_ex_1
t_14_2 1_locandsev_ex_2
4 Check report creation dates Passed
5 Compare program file names against NAME parameter in | Passed
iniprog call
6 Check for empty reports t_14_1_gastro_ex_1
t_14_1_plasma_ex_1
H H 14_2_1_mi 1 1
Figure 4 is a sample dashboard for a T EETT
t_14_2_1_minorsurg3_ex_1
. . t_14_3_2_deathlist_ex_1
selected study. Clicking on the Status -
. 7 Check for missing iniprog and/or endprog calls Passed
field takes you to a summary report for B Check SAS gfles R TR T————
t-14-3-2-deathlist-ex.log
the Selected CheCk CIICkIng On the ObS 9 Check AE reports for discrepancies t_14_1_conmeds_ex_3
. 14 3 1 verall? 1
f. Id t k t d t .I r't f. 5 : 14 3 1 :zzui:?nar\zx ex_1
14 31 5 1
ield takes you to a detail report (figure 3) DI st o
. . . . . . . t_14_3_1_aesummary3_ex_1
with identified discrepancies highlighted. E
10  Check Big N within each population group Passed
1 Check for hardcoded libnames and formats Passed

fileFilter iz set to: .*

Figure 4
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Check for reports with undefined titles (Detail)

Clicking on the program name displays its associated SAS Program and clicking on the

report name displays its associated .rtf or .Ist file.

Sample Detail check for reports with undefined titles:

Detail: Check for reports with undefined titles

Obs Program
Name
1 t-14-1-catheter-ex_sas
2 t-14-1-conmeds-ex. sas
3

t-14-1-demographics1-ex.sas

6 t-14-1-diseasechar-ex.sas

7 t-14-1-dispbyepoch-other-ex sas
8 t-14-1-dispbyepochi-ex.sas

9 t-14-1-dispbyepoch2-ex.sas

10 t-14-1-dropouts-ex.sas

11 t-14-1-gastro-ex.sas

12 t-14-1-medhistory-ex.sas

13 t-14-1-plasma-ex.sas

Report
Name

t 14 1 catheter ex 1

t 14 1 conmeds ex 1

t 14 1 conmeds ex 2

1_demographics1_ex_1

14

diseasechar_ex_1

14

dispbyepoch_other ex 1

14

dispbyepoch1_ex_1

14

dispbyepoch? ex 1

14

dropouts_ex_1

14

gastro_ex 1

14

medhistory_ex_1

14

plasma ex 1

Title

Listing of Venous Catheters (safety set in expansion)

Number of subjects who took at least one concomitant medication during the Part

2 (safety set in expansion)

Number of subjects who took at least one medication that started and ended before

study treatment (safety set in expansion)

Demographics (safety set in expansion)

Disease characteristics (safety set in expansion)

Disposition: Specification of reason for subjects with ‘'OTHER' as reason for

discontinuation (all subjects in expansion)
Disposition: Screening (all subjects in expansion)

Disposition: Part 2 (safety set in expansion)

Subjects who prematurely discontinued from Part 2 (safety set in expansion)

Listing of Gastrointestinal Diagnostic Procedures (safety set in expansion)

Number of subjects with medical history findings by primary system organ class

and high level term (safety set in expansion)

Listing of Plasma-Derived FVIIl as Replacement Thera

safety set in expansion

Figure 5
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Check for missing footnote references

There are various ways a report can have discrepancies with footnote references. So far, we

have identified the following scenarios:

Footnote without the corresponding reference
Value reference without a matching footnote
Column reference without a matching footnote
Row reference without a matching footnote

abkwh =

Row header reference without a matching footnote

Using the cell-based dataset, we are able to answer these questions programmatically.

Following is an example of a report where there is a footnote without any reference:

Table 14.1 J 1: Study sample sizes by country and site

Number of Number of
Date of Date of subjects subjects
first last visit enrolled m wahd for
Country Study Site Name Imvestizator Name consant m Part 2 the study safaty
Total 140CT201> 15ATG2016 5
NEW ZEAT AND Total 4FEB2016 12JUL2016 - 3
HAFNMATOLOGY SERVICE DR. Jon Dow 4FEB2016 03JUN2016 1 1
TWAIKATO HOSPITAL DR. Jon Smith I4MAR2016 12JUL2016 3 2
UNITED STATES Total 02MAR2016 24NIAY2016 1 1
PRIMARY CHILDREXN'S DR. Jon Dow 02MAR2016 24NIAY2016 1 1
HOSPITAL

(2) Number of subjects enrolled 1s the mumber of subjects who =izned mformed consent

End of tzble

Figure 6




Check for missing footnote references
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Following report (figure 7) is a summary check for the previous report (figure 6):

Summary: Check for missing footnote references

Obs Program Report Column Row Row Header ~ Value Footnote Referenced
Name Name Reference | Reference = Reference | Reference = Without Any Footnote
Missing Missing Missing Missing Reference List

Footnote Footnote Footnote Footnote

1 t-14-1-samplesizes-ex.sas t 14 1_samplesizes_ex_1 No No No No Yes (a) Number of subjects
enrolled is the...

<Top>|<Back>

Figure 7
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Check for duplicate records (Detail)

This check identifies duplicate rows in the Table and Listing reports.

Following (figure 8) is the screenshot of a report with duplicate records:

Listing: Ldwverse ewvents (Safety analysis set)
Zctual Treatment: PLA+CAPE
Line LE
Number occocur Start End
That prior Date Date Ldverse
Links CICAE MedDra MedDra to of of Start/End Event
Subject TO termcd/Reported Preferred Organ first Adwverse Zdwverse LE (Relatiwve Duration
Number LESPEC Visitc termcd Term Clazs dose Ewvent Ewvent Grd Das) {Daya)
240140003 34 CYCLE 40 FPAIMAR-FLANTAR Falmar-plantar Skin and 035EF2013 1 517/-T20
ERYTHREODYSESTHE erythrodysaesthe subcutaneocus
SIE SYNDROME, gia syndrome tissue
EFAIMAR-PLANTAR disorders
ERYTHEODYSESTHE
5In SYNDROME
PRIMAR-PLANTER Palmar-plantar Skin and 035EPZ013 1 517/-720
ERYTHREODYSESTHE erythrodysaesthe subcutaneous
SIE SYNDROME, gia syndrome tissue
EFAIMAR-PLANTAR disorders
ERYTHEODYSESTHE
5In SYNDROME
CYCLE 41 FRIMAR-FLANTAR FPalmar-plantar Skin and 035EF2013 1 517/-T20
ERYTHREODYSESTHE erythrodysaesthe subcutaneous
SIE SYNDROME, gia syndrome tissue
EFAIMAR-PLANTAR disorders
ERYTHRODYSESTHE
5In SYNDROME
CYCLE 42 FPRLIMAR-FLANTAR FPalmar-plantar Skin and 035EF2013 1 517/-T20
ERYTHREODYSESTHE erythrodysaesthe subcutaneous
SIE SYNDROME, gia syndrome tissue
EFAIMAR-PLANTAR disorders
ERYTHRODYSESTHE
5In SYNDROME
CYCLE 43 FPRLIMAR-FLANTAR FPalmar-plantar Skin and 035EF2013 1 517/-T20

ERYTHREODYSESTHE erythrodysaesthe subcutaneous
SIE SYNDROME, gia syndrome tissue
PRIMAER-PLANTRER disorders

ERYTHRODYSESTHE
SIAE SYNDROME

Figure 8




Check for duplicate records (Detail)
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When running a check against a study that includes the previous report (figure 8), this
discrepancy will be identified.

First row in the following summary report (figure 9) shows there are three duplicate AE records.

Clicking on the number “3” in the duplicate records column will display the three duplicate
records (figure 10).

Detail: Check for duplicate records in reports

Obs Program Report Title Duplicate
Name Name Records
1 |-ae.585 | _se 1 Adverse events (Safety analysis set) 2
2 l-a5.53 l_as 1 Analysis sets 0
3 I-cm.s3s | cm 1 Prior systemic anti-cancer therapy (Full analysis set) 0
4 |l cm 2 Concomitant medications (Full analysis set) 17
5 |-co.533 | co 1 All comments (Full analysis set) 0
6 |-ds 535 | ds 1 Drug accountability (Safety analysis set) 2
7 I-dm.sas | dm 1 Demographics (Full analysis set) 0
8 |-dv.sas | dv 1 Protocol Devistions (Full analysis set) 0

Figure 9
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Following report indicates three separate duplicate records in the AE listing.
Clicking on the report name on the last line will display the actual report (figure 8).

Duplicate Record(s): Adverse events (Safety analysis set)

Obs Actual Subject Line Visit CTCAE termcd/Reported MedDra MedDra AE Start Date End  AE StarttEnd Adverse Treatment Relto Serious/Life
Treatment Number Number termcd Preferred Term Organ Class occur of Date of Grd (Relative Event Emergent? SOR/PLA Threatening
That prior Adverse Adverse Day) Duration CAPE
Links to Event Event (Days)
to first
AESPEC dose
1 PLA+CAPE 240140002 34 CYCLE PALMAR-FLANTAR Palmar-plantar Skin and 03SEP2012 1 517/-720 YES | NO/'YES | N
40 ERYTHRODYSESTHESIA erythrodysaesthesia subcutaneous
SYNDROME/PALMAR- syndrome tissue disorders
PLANTAR
ERYTHRODYSESTHESIA
SYNDROME
2 SOR+CAFPE 100040002 3 CYCLE DIARRHEA/INTERMITTENT Diarrhoes Gastrointestinal 280CT20123 1 235/-459 YES | NO/NO N
21 DIARRHEA disorders
3 | SOR+CAPE | 200100002 9 CYCLE ALOPECIA/ALOPECIA Alopecia Skin and 18JAN2012 1 1568/-2E23 YES | YES/YES | N
59 subcutaneous

tissue disorders

|_ae 1

<Top>|<Back>

Figure 10
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Check report creation dates

Let's say you have a file that includes a number of SAS programs. All your programs work at
first. But due to addition of new data, for instance a new visit is added, one of the programs
stops working. Now you are working with an outdated file in the middle of your TLF report.
The object of this check is to help identify these outdated reports.

If the gap between report creation date and that of the most recent report is greater than a
certain time window, the report is flagged.

Check for empty reports

All reports that contain no data are flagged.

Check SAS Log files

SAS log files are scanned for the presence of ERRORs, WARNINGs and
critical NOTEs. Reports are flagged if any such findings are detected.
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Check AE reports for discrepancies

Numbers among AE Summary, Overall and Listing reports are checked for consistency.
We take AE reports based on their titles and group them to the following categories:
Population Set, Timing Method, Scope, Dictionary.

The numbers in the AE columns of the Table report and the number of lines in the Listing
report must match. If not, the report is flagged.

For example, if we take all the study AE reports written for the intent-to-treat population set,
and from that group select all the Treatment Emergent reports, and from that new subgroup of
reports select all the SAE reports that used the same dictionary, the number of rows in the
Listing and the total columns in the Table reports has to match. If not, the report is flagged.

opulation Set

Scope Dictionary




Check AE reports for discrepancies

AE reports are grouped to the following categories:
Population Set: safety analysis set, full analysis set, intent-to-treat, per-protocal,...
Timing Method: all , Treatment Emergent, Cutoff, After, Before, Between, Phase, Pre/Post treatment, ...
Scope: Any AE, SAE, Severe, Related, SAE, Discontinuation, non-Serious

Dictionary: MedDRA, CTCAE, MedDRA/CTCAE (not specified defaults to MedDRA)

Following is an example of checking for AE discrepancies. Two reports are flagged because the
total column in the table does not match the number of lines with the associated listing report.

Detail: Check AE reports for discrepancies

Obs Population Timing Method Scope Dictionary Output Total Program Report Title
Set Type Name Name
1 (intent-to-treat) Treatment AnyAE MedDRA Table 37 t-aeoverall.sas t asoverall-1 Overall summary of number of subjects with adverse events in extension (intent-to-
Emergent treat)
2 37 t-aesummary.sas t assummary-1 Number of subjects with adverse events by primary system organ class and

preferred term in extension (intent-to-treat)

3 Related MedDRA Table 3 t-aesummary2.sas | { aesummary2-1 Number of subjects with drug-related adverse events by primary system organ class,
preferred term in extension (intent-to- treat)

Terms MedDRA Listing t-aeterms.sas t asterms-1 Adverse event terms and associated reported terms in extension coded by MedDRA
version 22.0 (intent-to-treat)

Figure 11
18



Check for Big N within each population (Detail)
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Check reports for discrepancies in Big N for various populations. Reports in which Big N
does not match within a population are flagged.

Sample HTML detail report:

Detail: Check Big N within each population group

Obs Population Page Big N Program Report Title
Set By Name Name
1 (intent to treat subjects treated 40 t-ireatadmin-pa.sas ¢ treatadmin pa 1 Summary of treatment administration for bleeds per subject (intent o treat subjects treated for bleeds)
for bleeds)

2 Age: §to <12 years 18 t-treatadmin-pa.sas ¢ treatadmin pa 3 Summary of treatment administration for bleeds per subject (intent o treat subjects treated for bleeds)
Age: §to <12 years

3 Age: <G years 22 t-treatadmin-pa.sas | { treatadmin pa 2 Summary of treatment administration for bleeds per subject (intent to treat subjects treated for bleeds)
Age: <0 years

7 (intent to treat subjects, main 53 t-bleeds.sas t bleeds 2 Summary of bleads (intent to freat subjects. main study completers only)
study completers only)
8 53 {-EXposure.sas { exposure 1 Days in study and exposure days (intent to treat subjects, main study completers only)

Figure 12

19




& Check for hardcoded libname and formats

Check for hardcoded libnames and formats. SAS programs are scanned for the presence of
LIBNAME and PROC FORMAT statements.

Sample HTML detail report:

Detail: Check for hardcoded libnames and formats

Obs Program Hardcoded Hardcoded
Name Libnames Formats
1 t effic dosefreq.sas v v
3 t effic bleeds.sas v v 4

5 t effic exposure.sas v v

Figure 13
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= Conclusions:

« SAS macros to create a cell-based data set for each reporting event and implement
various cross-report verification checks.
« Limitation - SAS data sets used to create TLFs, rather than the text contained in the PDF
output.
« Solution is not a replacement for visual verification.
« Cross-report verification system is helpful for verification of large deliverables.
« Using these data sets, we are able to:
« Reproduce reports in various formats such as JSON, XML, RDF and Excel
« Recreate listing reports for a subset of data
« Convert Table and Listing reports to organizational digital assets
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