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Introduction

* Results in clinical trials are rarely machine readable

""""" « Difficult to automate their generation, make them reproducible, trace their
origin or reuse them for further outputs

........ .+ The Clinical Data Interchange Consortium (CDISC) develops data
standards for clinical trials which have been widely adopted by industry,
regulators, and, increasingly, academia

» A standard way of representing and describing analysis results and
associated metadata is therefore desirable

cdisc



Analysis Results Current State

nalysis Dataset
MIDS | CEDECOD |WASAEYN

1| XYZ | 000001 |HYPOI|Hypoglycemia| Y  |07Sp201222:29:00

2 XYZ | 000001 |HYPO 2|Hypoglycemia 10Sep2012 09:12:00

3| xvz | 000001 |HYPO3|Hypoglycemia 10Sep2012 23:05:00

4 | XYZ | 000001 |HYPO 4|Hypoglycemia 118ep2012 15:24:00

s | XYZ | 000001 |HYPO 5|Hypoglycemia 18Sep2012 11:39:00

6 | XYZ | 000002 |HYPO I|Hypoglycemia 22012012 13:28:00

7 | XYZ | 000002 |HYPO 2|Hypoglycemia 250¢t2012 13:59:00

z|z|z|z|z|z|z

8 | XYZ | 000002 |HYPO 3|Hypoglycemia 17Nov2012 05:01:00

ADaM Dataset

Analysis Results

ANALYSIS VARIABLE.
ANALYSIS REASON

ANALYSIS PURPOSE.
ANALYSIS DATASET

)
ANALYSIS VARIABLE
ANALYSIS REASON

par]  ANALYSIS PURPOSE
ANALYSIS DATASET

(CHG (Change from baseline)
SPECTFIED.

PRIMARY OUTCOME MEASURE
ADHBAIC

‘Table 4.2.2: HbAle Longitudinal Repeated M i Metadata

Metadaa Field. Meadaa

'DISPLAY IDENTEIER Table 4.1 Figure 421

DISPLAY NAME Mean C} Repeated M Double.blind Trestment
Period,Intenion-f-teat Popultion

‘RESULT IDENTIFIER Treament iffrence results (LSMean,confidence interval, p-valne)

PARAM HbAL (%)

PARAMCD HBAIC

(CHG (Change from baseline)
B INSAP

PRIMARY OUTCOME MEASURE
ADHBAIC

P

ANALYSIS VARIABLE ‘CHG (Change from baschoc)
ANALYSIS REASON SPECIFIED IN SAP

ANALYSIS PURPOSE PRIMARY OUTCOME MEASURE
ANAL ADHBAIC

ARM for define.xml




Analysis Results Current State

1 1 Static results created for Clinical « ARM v1.0 describes metadata
Study Report about displays (PDF) and results
* May be hundred of tables in PDF (at high level), no formal analysis
o e . and results model or results data.
frt format, often difficult to navigate

 Lack of features to drive

i« Noor limited traceability (e.g., to autornation
e protocol, SAP, ADaM data)

. . Limi |
« Expensive to generate and only used imited regulatory use cases

once, no or limited reusability

cdisc



Analysis Results Standards Goals

) Analysis Results Metadata Technical Specification

b (ARM-TS), to support automation, traceability, and

creation of data displays

Im Define an Analysis Results Data (ARD) structure, to
i

support reuse and reproducibility of results data

y lllustrate and exercise ARD and ARM-TS with a set of
N common data displays



Title/

Footnote

Result

Where
Clause

Result Data

Dataset

Order

Variable

Value

Label

Count

Dataset

Order

Variable

Value

Label

Count

Result Result Result
Group Variable Statistics

Dataset Stats Name

Order

Variable Stats Value

Variable

Stats Label
Value

Stats

Label Description

* Work in progress



... ARM Technical
. . Specification*

 Prospective focus on
“. 1 automation, traceability, and

=" creation of data displays

Linked, modular, flexible and

=: tool agnostics

Supports meta-programming

Serves a different purpose
than ARM for Define-XML

*Work in progress

cdisc 1



cdisc

11



L]
: RFXENDTC | RFXSTDTC smED ¢ stuovio <results>
. N <list-item>
° <analysis_result_id>T14201-VS-01</analysis_result_id>
ASIAN PRASTO-TFLVI-4 . .
<version>1</version>
. Or: 3 FIEBIRD (T <result_description>SBP by visit</result_description>
: NATIVE HAWAIAN OR O} a PRASTO-TFLVI-4 000003 <display_pattern/>
: ASIAN PRASTD-TFLVI-4  00-0004 <reason>SPECIFIED TN GADC /roocons /S
[ ] otHER 20010403 20210324 PRASTD-TFLVI-4 | 0010005 <purpose>SECONT
. ASIAN 202-08-1 2021-05-12 PRASTD-TFLVI-4 0010006 <dataset>ADVS<j
. <where_clause -
. <analysis_variz
. <analysis_group_iu-iil_wLoUp_uiw/ellalysis_group_id>
o <grouping_by_varl>PARAMCD</grouping_by_varl>/>
. <grouping_by_var2>AVISITN</grouping_by var2>/>
cesa@enn <programming_code_context>SAS 9.4</programming_code_context>/>

CDISC Pilot 01
CDISC Pilot 01

AnalysisGrpVar_1Label
Placebo

Placebo

Placebo

Placebo

Placebo

Placebo

Placebo

Placebo

Xanomeline Low Dose
Xanomeline Low Dose
Xanomeline Low Dose
Xanomeline Low Dose
Xanomeline Low Dose
Xanomeline Low Dose
Xanomeline Low Dose
Xanomeline Low Dose
Xanomeline High Dose
Xanomeline High Dose
Xanomeline High Dose

nalysis progra

ms

ResultByVar_1val

SYsBP
SvsBP

ResultbyVar_1Label
Systolic Blood Pressure (mmHg)  Baseline
Systolic Blood Pressure (mmHg)  Baseline
Systolic Blood Pressure (mmig)  Baseline
Systolic Blood Pressure (mmHg)  Baseline
Systolic Blood Pressure (mmHg)  Baseline
Systolic Blood Pressure (mmHg) _ Baseline

Blood Pressure (mmHg)  Baseline
Systolic Blood Pressure (mmig)  Baseline

Systolic Blood Pressure (mmHg)  Baseline

ic Blood Pressure (mmHg)  Baseline
Systolic Blood Pressure (mmiig)  Baseline
Systolic Blood Pressure (mmHg)  Baseline
Systolic Blood Pressure (mmHg)  Baseline

ResultByVar_2Label Analysisvar StatsName

StatsLabel
Maximum

Mean

Median

Minimum

Number

Quartile 1

Quartile 3
standard deviation

Quartile 3
Standard deviation

statsval
184
1368

<programming_code>analyze_vs.sas</programming_code>/>

</list-item>
</results>

Automation

Scheduled Visi

by

Parameter (Units)
visit

Xanomeline  Xanomeline
Placebo Low Dose High Dose
(N=255) (N=252) (N=252)

Total
(N=759)

systolic Blood Pressure (mmHg)
Baseline

Mean (SD)

Median

n
Mean (SD)

252
136.8 (17.81) 136.9 (17.57) 138.8 (18.74)

124, 150 122, 150 125, 150
80, 184 100, 186 100, 194

= Qutput table -

Min, Max

Week 2 Change from Baseline
n

Mean (sD)
Median

249 251 243
-3.3 (14.60) -1.8 (15.32) -6.1 (15.57)
-2
-12, 4 -10, 8 -16, 4
-38, 40 -48, 0 -s2, 40

137.5 (18.04)
124, 150
80, 194

746
133.8 (17.41)
131
121, 144
88, 151
743
-3.7 (15.25)
3

-12, &
-52, 40
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RFXENDTC | RFXSTDTC sTUDYID <results>

<list-item>
<analysis_result_id>T14201-VS-01</analysis_result_id>
<version>1</version>
<result_description>SBP by visit</result_description>

a a Q

ASIAN PRASTD-TFLVI-4 | 001-0001

<display_pattern/>
ASIAN PRASTD-TFLVI-4  00-0004 <reason>SPECIFIER TN _SARC [roacond />
OTHER 202104-03  2021-03-24 PRASTD-TFLVI-4 | 001-0005 <purpose>SECONI

ASIAN 2021081 2021-05-12 PRASTD-TFLVI-4  001-0006

<dataset>ADVS</ A R M _TS

gTOUp_ LU il _Group_Uis/ atlalysis_group_id>

Bfoing_by_varl>PARAMCD</grouping_by_varl>/>

<grouping_by_var2>AVISITN</grouping_by_var2>/>

<programming_code_context>SAS 9.4</programming_code_context>/>

<programming_code>analyze_vs.sas</programming_code>/>
</list-item>

</results>

Alternative
rograms

AnalysisGrpVar_lLabel _ResultByVar_1Val ResultbyVar_1Label ResultbyVar_2Label Analysisvar StatsName Statslabel statsval AnalysisGrpVar_lLabel _ResultByVar_1Val ResultByVar_1iLabel ResultByVar_2Label Analysisvar StatsName Statslabel statsval
Placebo SvsBP Systolic Blood Pressure (mmHg)  Baseline MAX Maximum 184 Placebo SvsBP Systolic Blood Pressure (mmHg)  Baseline AVAL MAX Maximum 184
Placebo svsap Systolic Blood Pressure (mmHg)  Baseline AVAL MEAN  Mean 136.8 Placebo svsap Systolic Blood Pressure (mmHg)  Baseline AVAL MEAN  Mean 1368

Placebo svsep Systolic Blood Pressure (mmig)  Baseline AVAL MEDIAN  Median Placebo SYsBP Systolic Blood Pressure (mmig)  Baseline AVAL MEDIAN  Median 137
Placebo SYsBP Systolic Blood Pressure (mmHg)  Baseline AVAL MIN Minimum Placebo SYSBP Systolic Blood Pressure (mmHg)  Baseline AVAL MIN Minimum 80
Placebo SYsBP Systolic Blood Pressure (mmHg)  Baseline AvAL N Number Placebo SvsBP. Systolic Blood Pressure (mmHg)  Baseline AVAL N Number 255
Placebo svsBP Systolic Blood Pressure (mmHg)  Baseline AVAL ai Quartile 1 Placebo SvsBP Systolic Blood Pressure (mmHg)  Baseline AVAL at Quartile 1 124

Placebo SYSBP Systi he AVAL a3 Quartile 3 150
Standard deviation

Placebo svsep
Placebo SYSBP
Xanomeline Low Dose  SYSBP

e AVAL Q3 Quartile 3
e AVAL sTD standard deviat
e AVAL MAX Maximum
e AVAL MEAN  Mean

e AVAL MEDIAN  Median Xanomeline Low Dose
e AVAL MIN Minimum Xanomeline Low Dose
Blood Pressure (mmHg)  Baseline AVAL N Number SvsEP SyStOIC BI00G PressUre (mmrg)  Baseline AVAL N Number 252
svsep Systolic Blood Pressure (mmig)  Baseline AVAL ai Quartile 1 Xanomeline Low Dose  SYSBP. Systolic Blood Pressure (mmig)  Baseline AVAL a1 Quartile 1 122
SvseP Systolic Blood Pressure (mmHg)  Baseline AVAL a3 Quartile 3 Xanomeline Low Dose  SYSBP. Systolic Blood Pressure (mmHg)  Baseline AVAL a3 Quartile 3 150
svsep Systolic Blood Pressure (mmHg)  Baseline AVAL STD Standard deviation  17.57 Xanomeline Low Dose  SYSBP. Systolic Blood Pressure (mmHg)  Baseline AVAL sTD Standard deviation  17.57
Xanomeline High Dose  SYSBP. Systolic Blood Pressure (mmiig)  Baseline AVAL MAX Maximum 194 Xanomeline High Dose  SYSBP. Systolic Blood Pressure (mmiig)  Baseline AVAL MAX Maximum 194
CDISC Pilot 01 Xanomeline High Dose  SYSBP. Systolic Blood Pressure (mmHg) ~ Baseline AVAL MEAN Mean 1388 CDISC Pilot 01 Xanomeline High Dose  SYSBP. Systolic Blood Pressure (mmHg)  Baseline AVAL MEAN Mean 1388
CDISC Pilot 01 Xanomeline High Dose Systolic Blood Pressure (mmHg)  Baseline Median CDISC Pilot 01 Xanomeline High Dose Systolic Blood Pressure (mmHg)  Baseline

13



ASIAN

oTHER

NATIV

ASIAN

oTHER

ASIAN

AnalysisGrpVar_1Label

Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo

Xanomeline Low Dose

Xanomeline High Dose
Xanomeline High Dose
Xanomeline High Dose

REXENDTC | RFXSTDTC

a

aM

202-04-03  2021-03-24

2021081 2021-05-12

ResultbyVar_1Label
Systolic Blood Pressure (mmHg)
Systolic Blood Pressure (mmHg)
Systolic Blood Pressure (mmtig)
Systolic Blood Pressure (mmHg)
Systolic Blood Pressure (mmg)
Systolic Blood Pressure (mmtig)

Blood Pressure (mmHg)

Systolic Blood Pressure (mmHg)
Systolic Blood Pressure (mmHg)

ic Blood Pressure (mmHg)
Systolic Blood Pressure (mmHg)
Systolic Blood Pressure (mmHg)
Systolic Blood Pressure (mmHg)

ResultByVar_2(abel

Baseline
Baseline
Baseline
Baseline
Baseline
Baseline

Baseline
Baseline
Baseline
Baseline
Baseline
Baseline
Baseline

a
0010001

000002
000003
000004
000005

001-0008

StatsLabel statsval
Maximum 184
Mean 1368
Median

Minimum

Number

Quartile 1

Quartile 3

standard deviation

Maximum

Mean

Median

Minimum

Number

Quartile 1

Quartile 3

Standard deviation

Maximum

Mean

Median

<results>

<list-item>
<analysis_result_id>T14201-VS-01</analysis_result_id>
<version>1</version>

<result_description>SBP by visit</result_description>

<display_pattern/>

<reason>SPECIFIED TN SAD</roacons /s

<purpose>SECONI

<dataset>ADVS</

o RSN
<analysis_variz
<analysis_group_Llu-iil_wioup_uis/atialysis_grodp_id>
<grouping_by_varl>PARAMCD</grouping_by_varl>/>
<grouping_by_var2>AVISITN</grouping_by_var2>/>
<programming_code_context>SAS 9.4</programming_code_context>/>
<programming_code>analyze_vs.sas</programming_code>/>

</list-item>
</results>

3

Systolic Blood Pressure at Week 2

Systolicblood pressure (mmHg)

Xanomeline Low Dose

Treatment allocation

Output figure



ASIAN

oTHER

NATIVE HAWAIAN OR O]

ASIAN

oTHER

ASIAN

AnalysisGrpVar_1Label
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Xanomeline Low Dose
Xanomeline Low Dose
Xanomeline Low Dose
Xanomeline Low Dose
Xanomeline Low Dose
Xanomeline Low Dose
Xanomeline Low Dose
Xanomeline Low Dose
Xanomeline High Dose
CDISC Pilot 01 Xanomeline High Dose
CDISC Pilot 01 Xanomeline High Dose

SYsBP
SvsBP

ResultByVar_1val

REXENDTC | RFXSTDTC

a

202+ 2021-03-24

2021081 2021-05-12

stuovio
a

PRASTO-TFLVI-4
PRASTD-TFLVI-4
PRASTO-TFLVI-4
PRASTD-TFLVI-4
PRASTD-TFLVI-4

PRASTD-TFLVI-4

a

001-0001

001-0002

001-0003

001-0004

001-0005

001-0008

<results>

<list-item>
<analysis_result_id>T14201-VS-01</analysis_result_id>
<version>1</version>
<result_description>SBP by visit</result_description>

<display_pattern/>

<reason>SPECTFIEN TM_SAD- /rascans /s

<purpose>SECONI
<dataset>ADVS</
<where_clause

<analysis_varig

ARM-TS

<analysis_group_iu-iii_GLoup_uis/adalysis_group_id>
<grouping_by_varl>PARAMCD</grouping_by_varl>/>

<grouping_by_var2>AVISITN</grouping_by_var2>/>
<programming_code_context>SAS 9.4</programming_code_context>/>
<programming_code>analyze_vs.sas</programming_code>/>

</list-item>
</results>

ResultbyVar_1Label
Systolic Blood Pressure (mmHg)
Systolic Blood Pressure (mmHg)
Systolic Blood Pressure (mmtig)
Systolic Blood Pressure (mmHg)
Systolic Blood Pressure (mmg)
Systolic Blood Pressure (mmtig)

Blood Pressure (mmHg)
Systolic Blood Pressure (mmHg)
Systolic Blood Pressure (mmHg)

ic Blood Pressure (mmHg)
Systolic Blood Pressure (mmHg)
Systolic Blood Pressure (mmHg)
Systolic Blood Pressure (mmHg)

ResultByVar_2(abel

Baseline
Baseline
Baseline
Baseline
Baseline
Baseline

Baseline
Baseline
Baseline
Baseline
Baseline
Baseline
Baseline

AnalysisVar StatsName  StatsLabel

MAX
MEAN
MEDIAN
MIN

N

ai

Q3

sTD
MAX
MEAN
MEDIAN
MIN

MEAN

Maximum
Mean

Median

Minimum

Number

Quartile 1

Quartile 3
standard deviation
Maximum

Mean

Median

Minimum

Number

Quartile 1

Quartile 3
Standard deviation
Maximum

Mean
Median

statsval

184
1368

Traceability

safety Popul

3

by Schedu

ed

Visits

Parameter (Units)
visit

Placebo

(N=25!

5)

Xanomeline
Low Dose

(N=252)

Xanomeline
High Dose

(N=252)

systolic Blood Pressure
Baseline

Mean (SD)

Median

(mmHg)

n
Mean (SD)
Median

Min, Max
Week 2 Change from Baseline
n

Mean (sD)
Median

252
136.8 (17.81) 136.9 (17.57) 138.8 (18.74)

124, 150

80, 1

249

-3.3 (14.60)
2

-12,
-38,

84

4
40

122,
100,

150
186

251

-1.8 (15.32)

-10,
-a8,

8
20

125,
100,

243
-6.1 (15.57)

-1,
-s2,

150
194

Output table -

4
20

137.5 (18.04)

124, 150

80, 1

133.8 (17.41)
131

121, 144

8, 1

743

-3.7 (15.25)
3

-12,
-s2,

94

91

6
40
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Analysis Results Desired Future State

1k  Formal model for deSCI'ibing o Support Storage’ access,
analyses and results as data processing and reproducibility of
.7~ . Facilitate automated generation of results
results N
et - lectronic (PDF) t "  Traceability to Protocol/SAP and to
~# e From electronic o machine :
readable results, with context and nput ADaM data
L metadata to source « Open-source tools to design,

« Improved navigation and reusability ~ specify, build and generate

of analyses and results analysis results

cdisc 16



Analysis Results Standards Deliverables

» Content Scope: common safety analyses

' » Deliverables for v1.0
« ARM Technical Specification

* New Model and Implementation Guide to represent analysis results
« Terminology

 |dentification of Conformance Rules

» Expected publication 2023

cdisc



Thank you

Contact:
karl.wallendszus@ndph.ox.ac.uk
hansjoerg.frenzel@iconplc.com
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