where

sciencehymanity

Incremental Automation

Lessons from a Pragmatic and Agile Journey of
Improvement

L) e | |
Blogen PHUSE US Connect 2023 || Todd Bazin & Anuja Das

Confidential and Proprietary 1



Agenda

« Background
- Automation Scope
o Why Automate?
o Why Automate Incrementally?

Getting Started
Overview of Automation Sub-Projects

Lessons Learned
o What has worked well?
- What can be improved?
o Key Takeaways

Next Steps
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Disparate Solutions with Manual Connections

Lack of Process & Consistency Across Compounds

Why Automate’?

Siloed Activities = Duplicative Work

Repetitive Tasks Drain Time & Resource
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Incorporate Existing Tools

Learnings from Previous Automation Efforts

Manageable Scope

Incrementally?

Short Term Value; Long Term Impact

Bring People Along
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Automation Strategy

Automation is viewed as a multi-year initiative with a strategy geared toward the
identification and prioritization of sub-projects that will optimize/automate a process

or deliverable and add significant value in the short term.

This modular approach ensures we gain efficiencies in the short term by creating
Incremental improvements to existing processes and tools while contributing to the

longer-term vision of end-to-end automation.
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End-to-End Study Data, Metadata and Artifact Generation Process Flow
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Automation Sub-Projects (2022)

1. Auto-ADaM: Aturn-key solution to produce an immediately executable ADaM program that creates select ADaM baseline

and safety datasets with seamless compatibility with MDSM

Impact: Truly standardize the execution of ADaMs to significantly reduce creation and QC time & resources

2. MDSM (Metadata Driven STandard ANalyses Macros): A programming process that will generate specified displays by
calling a suite of STAN macros based on input metadata

Impact: Reduce standard table production time and parallel programming to free up resources for value -forward work

3. Workflow Dashboard / Automation Hub (“GLUE”): A user-focused dashboard that pulls useful information from various
tools to help users execute their daily work activities from a fully informed perspective

Impact: User-friendly, agile interface, that builds a connection between all custom-built applications within the automation

initiative
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1. Auto-ADaM Overview

* Leverage Biogen standard analysis dataset metadata to automatically generate ADxx.SAS programs for Baseline and

Safety
+ Employ modular approach for data manipulations and derivations ensuring standardization consistency and
overnance compliance across domains, studies, and compounds thus improving quality and efficiency

* Provide interactive GUI user-interface enabling programmer to visualize and modify program code details and process

flow
LT approval; Develop Application —
Z 3 | specs; Begin App Development >4 | Application Development and Testing
Dteﬂnte ust(;r-\tnterfacs Sgiﬁﬁand Teta:giata Explore and test implementation strategies to realize
) N rgcﬂl]Jre @ st:ppo fSAE(Jj M € application application vision; Refine interface specifications; Repeat
51 Define Task; Develop PoC for ADAE and ine generation ot AUal programs
Leverage metadata sourced from Biogen
standard ADaM specifications for ADAE to
produce automatically-generated ADxx SAS
program E 5| Training and Roll-out
E 2 | Develop PoC for ADSL and ADLB :
+ Training
Expand on concepts developed for * Roll-out
ADAE and apply to PoC for ADSL and * Implement additional domains, e.g.,
ADLB ADVS, ADCM, ADEG

G G 2D
2022 Q1 2022 Q2 2022 Q3 2022 Q4 /2023 Q1 2023 Q2
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2. MDSM (Metadata Driven Standard Analyses Macros) Overview

* Metadata Driven Standard Analyses Macros (MDSM) is a programming process that will generate specified displays by
calling a suite of standard macros based on input metadata. MDSM reduces standard table generation time from hours to

minutes.

« MDSM can be appliedto any table output that meets the following conditions:
o Display standard columns (i.e., Each data column defines a subset of the analysis population: treatment groups,

cohorts, subgroups, etc. with or without one-level column span)

Placebo Treatment A
Placebo | Treatment A Japan Ex Japan Japan Ex Japan
(N=xx) (N=xx) (N=xx) (N=xx) {N=xx) (N=xx)

o Summarizes categorical and defined continuous statistics

» Version 1.0 (production live Q2 2022)

PROGRAM

+ OUTPUTS
= [
MDSM Call ’ : ‘
a S ———
=

eMock Shells Seiected study: testproduct/mdsm/test_uat
™

Sty settings Worktion Exportto Partie  Shell Versioning

Column Layout Metadata

nnnnnnnnnnnn P— ‘Span Label (11 Cotumn Width entation
order Label Auy) tin) Orientation | ACTION

s
2 - 13

meets
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3. Workflow Dashboard / Automation Hub (“GLUE”) Overview

Connects (i.e., “glues”) core internal tools to underpin automation efforts

Version 1.0 (production live Q3 2022) of the Workflow Dashboard provides users with a holistic view of a project/study and
their corresponding deliverable. Users can track, manage deliverable activities, timelines, & resources

The dashboard also enables users to manage milestones, view a project’s status, copy a deliverable, and access other
applications to more effectively coordinate work from an informed perspective

Version 1.1 to include functionality to launch automation tools (e.g., Auto-ADaM, MDSM) and serve as the Automation Hub

Program Statistician: = - Planned FPI: 2015-08-24
z X i . = FPI Date: 2015-08-13 A Final TLF date(first after
P EE ISR (2 PROJECTS) < ADD NEW PROJECT 2 ¥ SMT Statistician: ==y Actual FPI: 2015-08-13 d More.. SPRT Pipeline DART
e [P0 Dute: 2015.0e 06 SHT Statisician: <y o Actual FPL; 2015-08-13  [ol) El TN
MILESTONES WORKFLOW VENUS | TEAM LIST
SDTM delivery: 2022:07:20, Pre Dev Development Revise Review QC Review Stats Passed Review Total Completion Esti Shell Counts SOTM (49) [N
_ | ’ SDTM 1 1 2 60% MOSM(0) ADaM (28) B
Manage Milestones (Lead only) Spacs 1 1 21 23 92.8% gt
ADaM 5 g [ 23 81.5% B
TLE 3 2 kTS 2 2 P 112 I Custom(240) -
a =
Total 3 4 a4 2 38 70 161 Total(265) B
1AL Workflow Sync PROGRAMMING/STATISTICS 'H [E] &
DEPENDENCIES QC PGM COMPARE DATA SUMMARY MORE INFO No WF . -
Y (lﬁﬂ] ‘Emsa -
Passed (4) Passed (0) CRT (78) Folder Created: 2017-04-11 e
Fared (0) s Maec setist(11) In.Swne(0) L
Faled(2) e 2019-07-23 DBL (PRE) Qut of Sync(36) PROGRAMMING
No Data (2) Ho Data (161) RAW(E4) Getdata (ON) i
Last Modified Active (ON) -
2019-04:23 A LAY i
e —
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Lessons Learned
Lesson 1: Leverage an overarching/umbrella initiative (“Automation”)

An Umbrellalnitiative: ﬂ
* Harnesses Sr. Management ~
Supportfor Sub-Projects AUtOm ati on

o Assists with Prioritization
o Resourcing
o Funding yr

« Engages End-Users MDSM

o Assists with recruiting sub-project
team members Workflow Dashboard

o Ignites creativity / new ideas

Auto-ADaM

SDTM (EBD)
eSub — Folder & File Mgmt eSub - TLG to MW

Governance DB Upgrade
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Lessons Learned
Lesson 2: Dedicated project management support is critical to success

Charter (or equivalent): Up-front, detailed documentation framing goals, business drivers, team members
and stakeholders, approval status, resources, success criteria, and milestone/timeline info etc.

Importance of identifying achievable milestones foreach effortto allow for frequentexamination of

progress, timeline, resources, roadblocks, etc.

o for a single task, but
also, if dependencies between tasks — e.g., falling behind one task could impact another task or project

o

Charter for each sub-project
critical to ensure alignment
between team members and Sr.
e == _ Leadership

[ -
“Biogen. 1
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Lessons Learned
Lesson 3: If you buildit, they may not come

DEFINE
« Don't assume incremental improvements 200 s o Io20ts i D new
. . strategic objectives.
will lead to greater adoption
. . COMMUNICATE % DETAIL

« Change Management is critical! s sty Tt e vsion
and he goal o e % X reality o people anc
Qontrale Comracet Hevo 8 meaning for
to the solution. each one of them.

0] o

G

IMPLEMENT

Move the organisation to
the new desired state and
and give people the tools
to attain it.

ENSURE

The final step is to ensure that
the expected results have been
achieved and that the change
is sustainable over time.

Source: KPMEG.

> Leadership change

» Communication and commitment

»> Impact and measurement of change
> Training people
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Lessons Learned
Lesson 3: If you build it, they may not come (continued)

Example

Following the release of v1.0 of the Workflow Dashboard / Automation Hub (“GLUE”), several trainings,
communications, etc. was provided to end users and the automation team expected rapid adoption of the

new tool
o Automation team quickly worked to identify a long list of improvements/new functionality to incorporate into v2.0

However, based on usage metrics, there was a low adoption/utilization of the Dashboard
o Automation team interviewed key stakeholders to learn why

Results/Actions Planned:
° Even after trainings/communications awareness of new tool still low
> ACTION: Early adopters to promote benefits at the study team level
° Key functionality for core group of potential users was not accessible via the Dashboard
> ACTION: Next version targeted as v1.1 — scope reduced to focus on key functionality and widespread tool
adoption
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Lessons Learned
Lesson 4: Ensure success can be measured
Example

« Perinitial PoCs, MDSM was projected to reduce standard table productiontime from hours to minutes
o Post-production automated tracking proved it

MDSM vs Traditional Programming

« Ultilization also tracked automatically to confirm adoption

tudy/Deliverable able ables ompliant — % Adoption
ounts STAN Tables sing MDSM
38 28 27 27
24

bbbl TG 3 v i 100%
100%

SRS T LI 46

£ L DT AR AT 41 29 28 28 100%
ey we kSl ¥ o 29 17 16 s 94.11%
b Wi X Ve 45 45 42 32 71.11%

« Success metrics has led to widespread adoption and mandated use of MDSM by Sr. Leadership
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Lessons Learned
Lesson 5: Importance of training / support resources

 End user engagement, education and supportcritical to success

ADS Apps and Tools

« On-demandis key

METADATA DRIVEN STAN MACROS

MDSM

Metadata Driven STAN Macros (MDSM) is a new capability/functionality within Venus application. It is designed to create STAN and STAN-like
qualifying tables. This innovative approach replaces the traditional way of generating STAN tables. MDSM provides users with a Macro driven program,
and it produces an RTF output along with a corresponding QC dataset. Relevant metadata is captured and stored in Venus interface.

MDSM
the study?
A0S MOSM
(Metadata Oriven STAN Macros) g
Non GaP User Guide i
' ADS MOSM
e s 4 Josvos (Metadiata Driven STAN Macros)
—— (Metadata Oriven on Non Gusde
— Non G User Guide b
[ ——
L e e
MDSM User Guide MDSM- Training Presentation MDSM - How to create STAN shells MDSM MDSM Population
set metax dy

MDSM Roll out Training
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Lessons Learned
Other Key Lessons/Takeaways

* Involve IT partners during sub-projectplanning to ensure alignment and available resourcesforany
upgrade/validation activities, as applicable

« Importance of a strong standards culture and tight governance (develop, educate, govern, maintain) to
underpin automation efforts

After-Action Review In A Nutshell

An after-action review (AAR) is a structured process of reflecting on the work of a group by identifying strengths,

- . . weaknesses, and areas for improvement. After action reviews were first utilized by the United States Army on

o C O nd uct Afte r—ACtI On R eVI eWS (AA RS) O r Eq u Ivale nt combat missions. Since then, modern companies such as British Petroleum, Motorola, and General Electric have
all become proponents. AARs are also used to identify gaps in public health emergency preparedness systems.

After Hurricane Katrina in 2005, a searching review of the emergency response led to new methods of

communicating during natural disasters.

e Celebrate Success!

Step 1 - Make it a priority

Step 2 - Involve everyone

1. What did we expect to happen?
2. What actually happened?

Step 3 - Conducting the review

Step 4 - Crafting the report

Step 5 - Implement the changes

1. Gennaro Cuofano | January 2023
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End-to-End Study Data, Metadata and Artifact Generation Process Flow
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Ongoing

« Continue to monitor industry advancements in supporting automation

« Continue to evaluate buy vs. build
o Combination of tools

B

Culture

cccccccccccccccccccccccccccc
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Thank you!

Biogen Automation Core Team: Phil Brown, Matt Carlson, Pankaj Kumar,

Krunal Shah, Samir Parikh, Kumar Sreeramaiah, Anuja Das
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Open Discussion / Q&A

For additional questions/comments/feedback please email: todd.bazin@biogen.com, anuja.das@biogen.com
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Auto-ADaM: Dataset Content Driven by Phoenix

Current Study: biib105-dsur2022:biib105-dsur2022 - eSpec {hiih1l]5l'd5ur!dsur2l]22}

m ﬂ Study Insert’Edit Data

Edit Dataset/Variable Level Metadata

Dataset | ADAE Dataset Options
Label: Advarse Events Analysis Dataset Purpose: Analysis Class: GDCURREMCE DATA
STRUCTURE

Structure: One record per subject, per AE term, per AE preferred termn, per AE start date, per AE end
date, per AE sequence

Keys: USUBJID, AETERM, AEDECOD, AESTDTC, AEEMNDTC, AESEQ

Documentation:

Motes: m

Variable Level Metadata

Wariable Label Comment or Method (for define.xml) Mapping Spec (Co t for Progr } Code List Length Type
ITRTF Planned Treatment [TRTF is equal to ADSLTRTOHP [Creste / Edit]|[20 text
ITHTPM Planned Treatment (M} ITHTPM is equal to ADSLTRTOIPN [Zreate [ Edit]|E integen
ITRTA |&ctesl Treatment [TRTA is equal to ADSLTRTHA [(Zreate / Edit]|[20 et
ITRTAMN |&ctesl Trestrmant (M) [TRTAM is equal to ADSL. TRTO1AMN [Craste [ Edit]|E integern
|BSTDT |4natysis Start Date numeric date wversion of AEAESTOTC [Zreate [ Edit]|E integen
|ASTON lanalysis Start Relstive Day JAEMDT - ADSL.TRTSOT + 1 for AEMDT = ADSL.TRTSDT [(Create  Edit]|i@ integer|
IJAEMDT - ADSL.TRTSDT for AEMOT = ADSL.TRTSDT
|BEMDT |4natysis End Dats numeric date wersion of AE AEEMDOTC [Craste [ Edit]|E integern
=MD lanalysis End Relative Day JAEMDT - ADSL.TRTSDOT + 1 for AEMDT »= ADSL.TRTSDT [(Create / Edit]|i@ integer
IAEMDT - ADSL.TRTSDT for AEMDOT < ADSEL.TRTSDT
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Auto-ADaM: Variable-Level Derivations

Auto-ADaM:: DEV ## Current Study: biib105-dsur2022:biib105-dsur2022 - eSpec (biib105/dsur/dsur2(22)

Study Insert’Edit Data

Dataset Module Details

Dataset

Ciher Resounces Logout mearson

Label: Adverse Events Analysis Oatase! Purpose: Analysis Class: OCCURREMIE DATA

STRUCTURE

Structure: One record per subject, per AE term, per AE preferred tenm, per AE start date, per AE end

date, per AE sequencs

Keys: USUBJID, AETERM, AEDECCD, AESTDTC, AEENDTC, AESEQ

Documentation:
Notes:

Variable Level Metadata

Wariable

Label

Action or Module

Module Description

History

TRTF

Flannad Treatmeant

[ADAM_ASSIGN_TC_VARVAL Vi

VAROUT =trip
WARIM = frilp

RTPN

Flanned '-I'rearmervt (M)

I
[ADAM_ASSIGM_TO_VARVAL_\

T
VAROUT =trtpn
WVARIM = trilpn

[THTA

&otual Trestment

[EDAM_ASSIGN_TC_WARVAL V1

VAROUT =trta
WARIN = trid1a

[TRTAMN

Lctual Treatment (M)

[ADAM_ASSIGN_TC_VARVAL Vi

WVAROUT = trtan
WARIN = trid1an

IWETDT

malysis Start Dete

[ADAM_CHAR1SDTM_TO_SASDT_vi

WAROUT = astdt
VARIMN = sestdic
INFMT = eB501da10
IRULE =RULE1

QOIOIE|E

IAETDY

nalysis Start Relative Day

[ADAM_SASDT_TO_DUR_V1

IMFMT = =8501dt12
VARCUT = astdy
EVTDT = a=sidt
REFOT = trisdi

€
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Auto-ADaM Interface — Program Process Flow

Create Study Process Order
Dataset [ADAE v |

Drag and drop the items into the cornect order and click the "Save” button.

Save omder

Included

>>> ADAE Program Flow <<<<

Source Target

¢ ae, adsl EL
+ ag, adsl ae
%+ ag, adsl ae
+ ag, adsl ae
%+ ag, adsl ae
+ ae_ adsl ae
¢ ae, adsl ae
% ae, adsl ae
+ ag, adsl ae
%+ ag, adsl ae
+ ag, adsl ae
%+ ag, adsl ae
% ae, adsl ae
¢ ae, adsl ae
% ae, adsl ae
+ ag, adsl ae
%+ ag, adsl ae
+ ag, adsl ae
%+ ag, adsl ae
& ae adcl ETY

Module Name

ADAM_READ_DATASET_V1

ADAM_READ_DATASET_V1

ADAM_MERGE_DATASET VA

TRTP: ADAM_ASSIGN_TO_VARVAL_V1

TRTPN: ADAM_ASSIGN_TO_VARVAL_V1

TRTA: ADAM_ASSIGN_TO_VARVAL_V1

TRTAN: ADAM_ASSIGN_TO VARVAL V1
ASTDT: ADAM_CHAR{SDTM_TO_SASDT_VA
ASTTM: ADAM_SASDTM_TO_SASTM_Vi
ASTDTM: ADAM_CHAR1SDTM_TO_SASDTM_VA
ASTDTF: ADAM_CHARDTM_TO_DT_IMPFL_V1
ASTTMF: ADAM_CHARDTM_TC_TM_IMPFL_V4
AENDT: ADAM_CHAR1SDTM_TO_SASDT_V1
AENTM: ADAM_SASDTM_TO_SASTM_V4
AENDTM: ADAM_CHAR1SOTM_TO_SASDTM_V1
AENDTF: ADAM_CHARDTM_TO_DT_IMPFL_V1
ASTDY: ADAM_SASDT_TO_DUR_V1

AENDY: ADAM_SASDT_TO_DUR_V1

ADURN: ADAM_SASDT_TO_DUR_V4

ADURLU: ADAM_ASSIGN_TO_VALUE V1
ASEVN: ADAM_ASSIGN_TO_VARFMT Vi

ARFI - ANAM ASSKSN TO VARWVAI W4

[more info]

[miore info)

[more info]
[miore info)
[more info]
[miore info)
[more info]
[miore info]
[miore infa]
[more info]
[miore info)
[more info]
[miore info)
[more info]
[more info]
[miore infa]
[more info]
[miore info)
[more info]
[miore info)
[more info]
Tminre infnl

>>> ADAE Module/Variable "Bench" <<<<

Source Target

ADAE AESEQ
ADAE ITTFL
ADAE ITTFL
ADAE LPREL
ADAE SITEID
ADAE STUDYID
ADAE SUBJID
ADAE USUBJID

& & & & & & & B

Undefined

SAFFL
TRTEMFL
AQCCIFL
AOCCPIFL
AQCCSIFL
AETOXGRN
AECTHFL
AEREFID
AETERM
AEDECOD
AEBODSYS
AELLT
AEHLT
AEHLGT

Confidential and Proprietary

Module Name

[miore infa)]
[micre infa)]
[miore infao)]
[micre infa)]
[miore infao)]
[mnicre: infio]
[mizre infa)]
[miore infa)]
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Auto-ADaM: Automatically Generated Code

data as_adsl 010 (drop=& adam scheck dropvars & adam drop in vars)
adam scheck temp (keep=& adam scheck keespvars)

** Note: Module [adam datastep_init_vl] MUST appear directly after datastep DATA statemsnt **;
%adam datastep init vl;
%attrib (vars=
TRTPF TRTFN TRTA TETAN ASTDT ASTTM ASTDTM ASTDTE ASTTME AENDT
AENTM AENDTM AENDTF ASTDY AENDY ADUEN ADUERU ASEVN AREL PREFL
FUPFL TRTEMFL
) ;
merge
as_010 (in=1inl)
adsl 010 (in=inZ2)

by usubjid;
if inl and in2;

el ke e e e ake e ke ke e ke e e ke e e e ke e e e ke e e e b b e e ke e e e e e b e ke b e e b e e e ke e b ke e b e e e ke e b ke e b e e ke e e ke b e e e ke e e e e ke e e ok e e e e ke b e e ke e e ke e e e ke e ke

% ADAMID 3. 2. 1.1.1 adiad
++|yAROUT : TRTP | ok
** "APTRIE : 540 :: Planned Treatment ek
#+ MODULE : ADAM ASSIGN TO VARVAL V1 o

* ok

¥+ PURPOSE : Assign ADxx var: to VARIN var—value
e e e ol e e e e e e ol e e e e e e ok e e e e e e e g R R R S R o o ok S o S
r

%adam_assign_to_wvarval vl (

varout = trtp
,varin = trtllp
,adamid = %str(3.2.1.1.1)

):
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MDSM - Overview

Programming Flow Within the MDSM Macro call

Table layout MDSM Macro call outline

Column layout

™\

Plzfﬁu '-ml-l-_l_-;mmg T_-:t;l + Build Column layout + Population count Big N
(,f(_-/,,) (:('-/,)) (:(_../f,) _\%sta n_tab_col_layout )
Content
yd | Get the statistics for each row or category
el %stan_tab_row_layout
- h S
Output

Demography - amabyshs et -
Page Lof

e ]
iy [

P
Create RTF Qutput
%stan_tab_rtf
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