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ABSTRACT

In the current FDA regulated-industry, Define-XML is an essential component of a CDISC data submission analysis
package. Analysis Results Metadata (ARM) v-1.0 added to the Define-XML v2.0 supports the review of key efficacy
and safety analysis results and outlines their relation to the submitted clinical trial data in CDISC ADaM format. The
components of the ARM are normally gathered from SAS® programs and reports, and documented as the
submission package is being prepared, which could impact the efficiency and quality. In this paper, the authors
propose an effective approach to a proactive planning for information collection, storage, and display using the
Pinnacle 21 Enterprise Define tool. This approach not only helps the team to reduce the cycle time for the
submission package preparation but also delivers a high quality define document for the Analysis package.

INTRODUCTION

Compliance with the CDISC data standards is critical for a successful new drug submission; however, it will require
additional effort at each step of the process from the ADaM datasets and report development to the submission
package preparation. Understanding the regulatory requirements will help streamline the process, and a good
planning of submission package in the early stage of ADaM datasets and reports design will help maintain a high
quality of the submission documents.

One of the challenges we encountered when working on the submission document was gathering the details from
reports and programs in order to complete the ARM of Define-XML at the last minute. It is inefficient for every project
team to go through common programs, or protocol-specific programs to identify the information needed for the ARM
in different submissions. It is error prone for non-developers of the programs to identify the key programming
statements from SAS code at the end of the process, especially from complex programs.

The focus of this paper is to describe the ARM requirements in the updated CDISC ADaM Analysis Data Model
Version 2.1 document, and propose an effective approach to proactively plan for information collection, storage,
and display using the Pinnacle 21 Enterprise Define tool.

ANALYSIS RESULTS METADATA VERSION 1.0

WHAT IS ARM?

ARM stands for Analysis Results Metadata. It is a specification that describes the Analysis Data Model (ADaM) ARM
extension to the Define-XML 2.0 model for the purpose of submission to regulatory agencies such as the United
States Food and Drug Administration (FDA), Pharmaceuticals and Medical Devices Agency (PMDA) as well as for the
exchange of analysis datasets and key results between other parties. This Analysis Results Metadata extension is
based on the metadata model as described in the CDISC ADaM Analysis Data Model Version 2.1 document.

It provides the metadata needed for traceability from a result in a statistical display to the supporting data in the
analysis datasets. Version 1.0 of the ARM specification was released in January 2015 and is available at
https://www.cdisc.org/standards/foundational/adam. It supports the submission of ARM as defined in ADaM v2.1.

WHY ARM?
ARM provides a fundamental principle of ADaM, i.e., traceability, which enables the regulatory reviewers to
understand the data flow from collection to SDTM and from ADaM to Analysis Results.

ARM describes key components of significant analysis results, providing both text and links from a result to metadata
and other sources describing the analysis. It has the potential to save a significant amount of time for regulatory
reviewers and thus speed up the drug approval.

ARM is an optional ADaM metadata component according to the ADaM version 2.1 document. Currently, PMDA
requires ARM in the submission package, while FDA is interested in receiving it. As a best practice, the ARM should
be provided to assist reviewers by identifying the critical analyses, providing links between results, documentation,
and datasets, and documenting the analyses performed. However, ARM is not necessarily required or even advisable
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for every analysis in a clinical study report (CSR) or submission. The sponsor determines which analyses should be

displayed in ARM.

ARM REQUIREMENT

ARM describes the major attributes of a specified analysis result found in a CSR or submission. The metadata fields to
be used to describe an analysis result, along with the metadata example for dose response analysis in Figure 1 and 2,

are listed in Table 1.0.

TABLE 1 ANALYSIS RESULTS METADATA FIELDS

Metadata Field

Definition

Source /
Metadata Example

DISPLAY IDENTIFIER

A unique identifier for the specific analysis display (such as
a table or figure number)

Table/Figure number
Table 14-3.01

DISPLAY NAME

Title of display, including additional information if needed to
describe and identify the display (e.g., analysis population)

Table/Figure title
Primary Endpoint Analysis:
ADAS Cog (11) - Change from
Baseline to Week 24 — LOCF

RESULT IDENTIFIER

Identifies the specific analysis result within a display when there
are multiple analysis results on a display.

Table/Figure
Analysis of dose response

PARAM The analysis parameter in the BDS analysis dataset that is the Define.xml variable section
focus of the analysis result. Does not apply if the result is not ADAS-Cog (11) Total Score
based on a BDS analysis dataset.

PARAMCD Corresponds to PARAM in the BDS analysis dataset. Does not | Define.xml variable section
apply if the result is not based on a BDS analysis dataset. ACTOT11

ANALYSIS VARIABLE | The analysis variable being analyzed Define.xml variable section

CHG

REASON The rationale for performing this analysis. It indicates when the | Protocol and/or SAP
analysis was planned (e.g., “Pre-specified in Protocol,” “Pre- Primary efficacy analysis as pre-
specified in SAP,” “Data Driven,” “Requested by Regulatory specified in protocol
Agency”) and the purpose of the analysis within the body of
evidence (e.g., “Primary Efficacy,” “Key Secondary Efficacy,”

“Safety’).
DATASET Define.xml Dataset section

The name of the dataset used to generate the analysis result. In
most cases, this is a single dataset. However, if multiple datasets
are used, they are all listed here.

ADQSADAS

SELECTION CRITERIA

Specific and sufficient selection criteria for analysis subset and /
or numerator — a complete list of the variables and their values
used to identify the records selected for the analysis.

Protocol and/or SAP
ITTFL="Y" and AVISIT="Week 24"
and PARAMCD="ACTOT11'

DOCUMENTATION

Textual description of the analysis performed.

Protocol and/or SAP
SAP Section 10.1.1. Linear model
analysis of dose response for the
ADAS-Cog(11) total score change
from baseline at Week 24 - missing
values imputed using LOCF,
Efficacy population. Used PROC
GLM in SAS to produce p-value
(from Type Il SS for treatment
dose); Independent terms in model
are TRTDOSE (randomized dose:
0 for placebo; 54 for low dose; 81
for high dose) SITEGR1 (site
group, as a class variable) and
BASE (baseline ADAS-Cog score).
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Source /
Metadata Field Definition Metadata Example
PROGRAMMING The software programming code used to perform the specific Study SAS ® programs
STATEMENTS analysis. This includes, for example, the model statement (using [SAS version 9.2]

the specific variable names) and all technical specifications
needed for reproducing the analysis (e.g., covariance structure).

proc glm data = ADQSADAS;
where EFFFL="Y’ and
ANLO1FL="Y’ and AVISIT="Week
24’ and PARAMCD="ACTOT";
class SITEGRT;
model CHG = TRTPN SITEGR1;
run;

Example of a rendition of ARM metadata using a stylesheet (The resource that transforms the XML into navigable

HTML) is provided in Figure 1 and Figure 2.

Analysis Results Metadata (Summary) for Study CDISC-Sample

Table 14-3.01 Primary Endpoint Analysis: ADAS-Cog - Summary at Week 24 - LOCF (Efficacy Population)

Dose response analysis for ADAS-Cog changes from baseline

Pairwise comparisons to placebo for ADAS-Cog changes from baseline

Table 14-5.02 Incidence of Treatment Emergent Serious Adverse Events by Treatment Group

Incidence of Treatment Emergent Serious Adverse Events by Treatment Group

Figure 1 Analysis Results Metadata (Summary)

Analysis Results Metadata (Detail) for Study CDISC-Sample

Table 14-3.01

Display Table 14-3.01 Primary Endpoint Analysis: ADAS-Cog - Summary at Week 24 - LOCF (Efficacy Population)

Dose response analysis for ADAS-Cog changes from baseline

Analysis Parameter(s) |PARAMCD = "ACTOT" (Adas-Cog(11) Subscore)

Analysis Variable(s) CHG (Change from Baseline)

Analysis Reason SPECIFIED IN SAP

Analysis Purpose PRIMARY OUTCOME MEASURE

Data References (incl. | anosapAs [PARAMCD = "ACTOT" and AVISIT = "Week 24" and EFFFL = "Y" and ANLOIFL = "Y"]
Selection Criteria)

SAS to produce p-value (from Type III SS for treatment dose).
SAP Section 10.1.1

Documentation Linear model analysis of CHG for dose response; using randomized dose (0 for placebo; 54 for low dose; 81 for high dose) and site group in model. Used PROC GLM in

Programming [SAS version 9.2]
Statements

proc glm data = ADQSADAS;
where EFFFL='Y' and AWNLOIFL='¥Y' and AVISIT='Week 24' and PRREMCD="ACTOT";
class SITEGRI1;
model CHG = TRTPN SITEGRL;

run;

Figure 2 Analysis Results Metadata (Detail)
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Figure 3 shows an example of the statistical display in the CSR as the source for Figure 1 and Figure 2.

Protocols ¢Dracerrore; |RROSADAS [PARAMCD ="ACTOT" and AVISIT = "Week 24 and EFFFL ="Y" and ANLOIFL ="Y'] Nllp oo 3 or 2
Population: Efficacy

Table 14-3.01
Primary Endpoint Amalysis: ADAZ Cog (11) - Change from Basalime to Weak 24 - LOCF

| Analysis Variable(s - Tanonsline Timomseline
(s) CHG (Change from Baseline) Plagabo Low Doss Bigh Dose
(H=73) [H=B1) (H=T4)
Easalins
n 7= 21 T4
Maan (ED) 24.1 (1z2.1%] z24.4 (1z2.921 21.3 [11.74)
Nadian [Ran3s) 21.0 (5;£1) 21.0 (5;:57] 18.0 [2;57)
Weak 24
n T g1 74
Maan (5D 26.7 (13.7%) 26.4 (13.18) 22.8 [12.48)
Median (Raogs) 24.0 (5:82) 25.0 (6;:62) 20.0 (3:62)
Thangs froo Bassline
n 7= 21 74
Mazn (8D} 2.5 (5.80] 2.0 (5.55) 1.5 [4.26]
Nadian [Ran3s) 2.0 (-11;1¢) 2.0 (-11;:17) 1.0 [-7;:13
E-valuz (Coss Respomss) [1] [2) 0.245
E-valus(Xan - Placebo) [1] [2) .569 0.233
Diff of LS Msans (EE] -0.5 (0.82) =1.0 (D.34)
2EN CI [=2.1;1.1) =2.7:0.71
p-valus(Xan High - Xan Low) [1) [3] 0.520
Diff of LS Msans (SE) -3.E (0.284)
25N OI -2.2;1.1}

J Baszea on Analywis of ocovariance (ANCOVA] model with troatment and site group as factors and basoline
lue a5 a covariate.

[2] Test for a non-zero coefficient for treatment (dose) ar a contimous variable.

[3] Pairwise comparison with treatment af a categorical variable: p-values withour austment for mulciple
comparisms.

Source: Cr\cdigsc_pdlot|\PROCRAME\DRAFT|IFLs\rtf_ef?fl.sag 21:05 Monday, June 2¢, 200¢

Figure 3 Example of an analysis table in CSR with some of the metadata annotations

AUTOMATE ARM GENERATION IN DEFINE

CURRENT PROCESS

In our current process, information in the ARM is identified from the reports and programs when the submission
package is prepared, and ARM is manually generated as an external PDF file, analysis-results-metadata.pdf, and
linked to define.xml generated by Pinnacle 21 Enterprise as shown in Figure 4. This is time consuming and error
prone.
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. | — - ) fee)
( :/‘. =] CA\Users\gihong\Documents\MK3475\MSI-H HC\PO0OVOOMKO00xml P~ H {2 Definexml - Pinnacle 21 Ent...| = Define - Pinnacle 21 Enterpr...| (& Study POOOVOOMKOO0D, ... ‘ | AKX
ADaM-IG 1.0 Llnked tO analysis_resu|ts_metadata pdf Date of Define-¥XML document generation: 2018-04-27T02:29:557 ~
Analysis Reviewer's Guide Styleshest version: 2015-01-16
Analysis-Result-Metadata /
. Standard AD3M-IG 1.0
Analysis Datasets
Parameter Value Level Metad ~ Study Name POOOVOOMKO000
Controlled Terminology Study Description MKO0000-000: A Clinical Trial of Pembrolizumab (MK-0000) Evaluating Predictive Biomarkers in Subjects with
N . Advanced Solid Tumors (KEYNOTE 000)

Analysis Derivations
Comments Protocol Name POOOVOOMKOQ00

Analysis Datasets for Study POOOVOOMK0000 (ADaM-IG 1.0)

Dataset Description Class Structure Purpose Keys Location Documentation

ADSL Subject-Level SUBJECT LEVEL 0One record per subject Analysis | USUBJID adsl.xpt

Analysis Dataset ANALYSIS
DATASET
ADDILI DILI Reporting BASIC DATA One observation per subject, |Analysis [USUBJID, PARAMCD, addili.xpt
Analysis Dataset STRUCTURE parameter, and analysis time AEPOCH, ADT
< > point. R

Figure 4 analysis-results-metadata.pdf linked to define.xml as an external file.

ENHANCED PROCESS

Aiming at an efficient submission process with high quality, our strategy is to proactively document the ARM
components when the reports are being designed or generated, and to automate the ARM generation as an extension
to Define.xml using Pinnacle 21 Enterprise tool when the submission package is being developed.

To gather and document the ARM components, we are building an efficient submission tool, <ARMOtemplate.xlsm>,
a macro-enabled spreadsheet with tabs containing macros that automate frequently used tasks. It contains two types
of tabs, the regular Excel® tabs for documenting the study reports, and Pinnacle 21 Enterprise required tabs which
are macro-enabled spreadsheet tabs that select and combine information from the study report tabs (Figure 5).

I 9 = ARMOtemplatexlsm - Not Classified - Microsoft Excel (=] 5 [
m Home Insert Page Layout Formulas Data Review View SAS &7 @ = Bp IR
14 - K « [ | Safetyanalysis v
A B C D E F G H I -
| b R | b | | | %
. Variables 2
Submit (Additional - |Analysis  |Ar
1 |Program (Y/N) |TLFNo. [TLFTitle TLF Sub-title | Description Variables Protocol Specific) [Reason  [Pu
therapy
(Cohort A: xxx (months) , 9
Carcinoma) ADEXSUM.AVAL, and number (g
summary of (MK0000) (ASaT|Summary of drug ADEXSUNM.PARAM |ADSL.SAFFL, ofdrug
2 |sDexposure.txt Table2.7.4  |Drug Exposure |Population) expasure CD ADSL.PARTO1N administratio |ex|
(Cohort A: xxx AGE (Age), Performance characteristic |suk
Carcinoma) RACEGRL (Race), Statusat s, ba:
Subject (MK000O0) (ASaT ETHNIC Screening), demographic |ch:
3 |asrObaselineOcharacteristics.txt Table 2.7.4  |Characteristics |Population) Subject characteristics (Ethnicity), DMSTG 5 s I
| Fendeal |.1nc| cacc |Rna|v<|< m:l
14 4 » M| Content | ARM Standards ARM Oncology - Efficacy Properties Analysis Displays Analysis Results [| 4| [ ] 3 |I|
C v X
Not Classihed
Edit | | | | | | OO 0%
1 1 1 1
| Tabs for study reports | | Pinnacle 21 Enterprise required tabs |

Figure 5 ARMOtemplate.xlsm with study reports tabs and Pinnacle 21 Enterprise required tabs

Study Reports Tabs:

Tabs for study reports include those for Standards reports and for therapeutic area specific reports, i.e. tabs “ARM
Standards”, and “ARM Oncology — Efficacy” in Figure 5, which contain the ARM components for the reports common
to all the studies and specific to a therapeutic area, respectively. For the ease of maintenance, each study tab
contains all the ARM components needed to produce the ARM as the Define-XML extension. With all the reports
documented ahead of the schedule, each study team will only need to select the reports to be included in the
package, and add study specific information, such as the subtitle of the reports, additional selection criteria, etc.,
when working on the submission, instead of spending time to read, understand, and select each report program at the
last minute.
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Pinnacle 21 Enterprise Required Tabs:

Pinnacle 21Enterprise required tabs, “Analysis Display” and “Analysis Criteria”, are the macro-enabled spreadsheet
tabs in <ARM Template.xlsm> with the columns required by Pinnacle 21 Enterprise. Macro functions are embedded
in each column to automatically link the information from the study tabs once data are entered into the study tabs.
Pinnacle 21 Enterprise required tabs can be copied directly to the data specification, e.g. POO0OVOOMKO0000.xIsx, as
the input file for Pinnacle 21 Enterprise (Figure 6) to generate ARM as part of the Define-XML (Figure 7).

. s = e ]
e@‘@ hitps://merck-test pinnacleZL.net/defines/1 281 datasets-tab 0+ @ ¢ | @ befine - Pinnacle 21 Enterpr... X ‘ ‘ AR

File Edit View Favorites Tools Help

ARMOTemplate.xlsm

Import Define Excel Template
Tabs: Analysis Displays
Analysis Results

Please select the template

Merck Sharp & Dohme Corp. | Pinnacle 21

v
PO00VOOMKO000.xlIsx

(Data Specification)

Please select an Excel (Xisx) file to import.
PO00VOOMKO000 xIsx

Browse.

If you need a biank template, download it here

Submit Cancel

®100%

Figure 6 Pinnacle 21 Enterprise required tabs in ARMOTemplate.xIsm, copied to the data specification, as the input
file for Pinnacle 21 Enterprise

—

-, B— = o] . ]
AN - e
(&) >‘l1t - & || @ study Pooovoomko000, Dat... . - ARk RLH

File Edit View Favorites Tools Help Linked to Analysis Results Metadata
y) for Study, and y -
ADaM-IG 1.0 Results Metadata (Detail) for Study in Date of Define-¥ML document generation: 2018-04-27T14:23:092 A
Analysis Reviewer's Guide this Define.xml Styleshest version: 2015-01-16
Analysis Results Metadata
3 tandard ADaM-IG 1.0
Analysis Datassts
Paramatar Valus Level Mstadata Study Name PocovooMkoooR
Contralled Terminalogy Study Description MKOD00-000: & Clinica| Trial of Pembrolizumab (MK-0000) Evaluating Predictive Biomarkers in Subjects with Advanced Selid Tumers (KEVNOTE 000)
Analysis Derivations Protocol Name POOOVOOMKO000
Comments
Analysis Results Metadata (Summary) for Study PO0OOVOOMKO000
Table 10-3 Subject Charactaristics (ASaT Population)
Subisct for 3ll subiects as treaved populstion
Table 11-1 Summary of Best Overall Response Based on IWG per Central Review (MASaT Populatien)
Qverall Response Based on IWG per central
Analysis Results Metadata (Detail) for Study POOOVOOMKO00O
Table 10-3
Display Table 10-32 Subject Characteristics (ASaT Population) il
Subject Characteristics for all subjects as treated population
Analysis Parameter{s)
Analysis Variable{s) RACEGRL (Paoled Race Group 1)
REGION (Region)
¥
Analysis Reason Baseline analysis
Anzlysis Purpose Repart subject baseline and disease characteristics for 2l treated subjects (safety population) fl
Data Refersnces (indl. | aps) [TRTFL = V"]
Selection Criteria)
Documentation Display baseline varizbles from ADSL
Programming
Statements (SRS Version 5.4), sObaselinelcharlasatgen.txt 1l
For each snalysis varisble yyyy,
proec sgli
select distinct yyyy, countidistinct usubjid) as n
from xx.adsl
where adsl. trofl=’¥’)
group by yyyys
quity il
Note: xx is the libnsme where snalysis dsvasets are residing )
—— e

Figure 7 ARM generated by Pinnacle 21 Enterprise as part of Define-XML
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CONCLUSION

Many approaches have been explored to generate ARM, such as using a word template file, SAS macro, or Pinnacle
21 Enterprise tool, etc., across the pharmaceutical industry. No matter which approach is used, it is critical to fully
understand the CDISC requirements and proactively plan the data collection for ARM in order to produce the ARM
with high quality and cycle time reduction. Establishing an ARM template file to collect and store ARM components for
both standards reports and therapeutic area specific reports ensures the effective implementation and governance of
CDISC data standards across studies.
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