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Agenda @

— Integration of Data Visualization & Scalable Enterprise Level
Delivery (ELD) Model

— Keys & Lessons Learned from Successful ELD
Implementation

The graphs rendered herein are not referenced to any specific GSK study or asset,
contain no personally identifiable information, and are shown for demonstrative
purposes only.
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Integration of Data Visualization &
Scegaiole Enterprise Level Delivery (ELD)
Mode



Organizational Embedding of Data Visualization @
Requires successful marriage of tool availability and user engagement

1. Limited Access/Limited Engagement 2. Wide Access/Limited Engagement
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GSK Legacy Approach: Team based

— Clinical teams decide individually to use Spotfire

‘F'y ‘F'y ‘F'y ‘F'y

— Teams were assisted with setup
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GSK Legacy Approach: Team based

— Clinical teams decide individually to use Spotfire
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— Teams were assisted with setup
— Initial adoption was high

— Responsibility for data updates & maintenance was a team responsibility
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GSK Scalable Enterprise Level Delivery (ELD) Model @

— Data Visualization is delivered via a centralized team
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— All teams are continuously supported
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GSK: Scalable Enterprise Level Delivery (ELD) Model @

— Data Visualization is delivered via a Centralized Team
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GSK: Scalable Enterprise Level Delivery (ELD) Model @

— Data Visualization is delivered via a Centralized Team
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— All teams are continuously supported
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— Dramatic and consistent increase in Spotfire adoption & requests for Data
Visualization

— 275% increase in deployed Spotfire Workflows in 2016 vs. 2015
— 250% increase in Workflow Setups in Q1 2017 vs. Q1 2016
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GSK: Functional Areas Supported by DVO

Co-development Clinical Development
Col.laborgnons & (CPSSO, GCSO,
In-hcensmg Japan, China)

(i.e. HIV/ViiV, BMS)

Data Visualization

— CSTV Standard Template
— SRT Standard Template
— RBM Core Template

Safety/Safety CROs:
Review Partially/Fully
(i.e. SERM) Outsourced

Key Stakeholders & Collaborators:

Clinical Development Study Teams (i.e. OSLs, CILs, Medical Monitors, DQLs, Statistician)

Clinical Programming
GCSP: SERM
R&D IT: Integrated Systems Support (ISS) and IT Support (near/off-shore vendors)

Data Visualization PhUSE CONNECT 2019 Baltimore
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Keys & Lessons Learned from
Successful Enterprise Level Delivery
(ELD) Implementation



Enterprise Level Delivery Model for Data Visualization @
Key Principles Enabling Implementation

A. Define Programs Supported by Data Visualization
B. Standardize Collection of Data Visualizations (or Workflows)
C. Standardize Data Type Supported

D. Standardized, Scalable Process

Data Visualization PhUSE CONNECT 2019 Baltimore 18
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Key Principles for Successful ELD Implementation @
A. Define Programs Supported by Data Visualization

— Enterprise Level Delivery (ELD)

— GSK R&D Clinical Development; 3 major Programs:
— In Stream Clinical Monitoring: CSTV Workflow
— Safety Review Teams: SRT Workflow
— Risk Based Monitoring: RBM Tool

— Each Program has different Stakeholders; same data represented
differently and/or different questions
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Keys for successful ELD implementation at GSK
B. Standardize Collection of Data Visualizations (or Workflows)

&

— Small number of Standard Templates

— Templates designed to transcend therapeutic area & clinical phase

— Collaboration: Statistics & Programming (S&P), Centralized Data Visualization, Data

Management, Safety, & Clinical

— Standardize Workflow content & visualization outputs

Menu Page

Patient Profile

All Visualizations: Key Visualizations by Role:
Standard Visuals:
501 - Early Withdrawal

502 - Vital Signs Distribution - -
S03Vitds Anahain Medical Monitor :

S05 - Protocol Deviations
S06 - InForm Query Analysis
507 - Entry Lag ® S01 - Early Withdrawal

306-C d
S10 - St?;cljmiﬁ:ns * 512 - Safety Overview

$11 - Study Population Overview

S12 - Safety Overview =
SRR CIL/OSL:

514 - Interval between doses
515 - QTeB by Visit

® S10 - Study Visits
Labs/Liver: * 312 - Safety Qverview
S16 - Lab Data * 301 - Early Withdrawal
S17 - Labs By Subjects

Patient Details: DQL:
$18 - Patient Profile - Detail Labs, AEs

Conmeds o
519 - LFT Profile « 505 - Protocol Deviations

« S07 - Entry Lag

Patient Selection:
520 - Patient Selection - AE

Other:

521 - Query Counts
Glossary

Patient Profile
Q
exposure 200.00mg
Z-PAK (AZYTHROMYCIN)
TRIDESONIT
TAVANIC
SALMETEROL
PRO 140
NEXIUM
LOPINAVIR
LAMIVUDINE
1BALIZUMAB
FUCIDINE
ENFUVIRTIDE
EFAVIRENZ
DELAVIRDINE
cLavUL
CARBOCYSTEINE
AMDOXOVIR
ER RESPIRATORY T.
ORAL GANDIDOSIS
FATIGUE
DEHYDROSIS OF THE LE
AGGRAVATION OF ASTH
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Keys for Successful ELD Implementation at GSK @
C. Standardize Data Type Supported

— Standardizing data inputs allows a large number of studies to be
supported with a small number standard templates

— 2 Types Supported : System Independent (SI, GSK Proprietary) & SDTM
(CDISC Standard)

— Standard process for data updates

— Advantages
— Investment upfront programming and coding
— Rapid Setup
— Reproducible and Outputs Validated

— Only 6 Templates to support all Programs across clinical dev.
— CSTV: In-Stream Clinical Monitoring (2 Templates; SI/SDTM)
— SRT. Safety Review (3 Templates; Blinded/Unblinded)
— RBM: Risk Based Monitoring (1 Template)
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Scalable ELD Process Model for Data Visualization @

D. Standardized, Scalable Process

— Model Supports >80 Clinical Studies; >110 Production Workflows

— Single scalable process governs entire DV Support Portfolio
— Define Programs in Support Portfolio
— Define content of Standard Templates and visualization outputs
— Defined data types

— ELD Supported Matrixed On/Off Shore Team (ON/S, OFF/S)
— Flexible Resourcing Model
— Best use of resources

— GSK Oversight
— Cross-Trained OFF/S staff allows demand-based expansion/contraction

— GSK Staff Independent of Pipeline Changes

Data Visualization PhUSE CONNECT 2019 Baltimore
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Scalable ELD Process Model for Data Visualization @
D. Standardized, Scalable Process

— Standardized templates follow the 80:20 rule

— Single Delivery Process 2 Parts:
a. Setup Standard Template
b. Study Specific Customization

a. Standard Template Setup Process:

Quality Assurance

User GSK DVA OFF/S DVP 1 OFF/S DVP 2 GSK DVA
Request @ STD RQMTS g Delivers - Performs = Fitfor Purpose s
STD TEMP User Review

b. Study Specific Customization Process:

Production

Workflow

Quality Assurance

— - =
User GSK DVA OFF/S DVP 1 OFF/S DVP2 GSK DVA Production
Request @ SSV RQMTS :1 Create Dataset ’: QC U Fit for Purpose L4 Visuals
& Build Visual User Review

ELD = Enterprise Level Delivery
DVA = Data Visualization Analyst
DVP = Data Visualization Programmer
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ELD Process Governance @
a. Standard Template Setup Process

— Quality Plan
— Inputs: Standard Workflow Specifications

— Qutputs: Study Specific Workbook (SSW); Key Organizational Process Asset
Template Std

Specifications 1
Quality Assurance

User GSK DVA OFF/S DVP 1 OFF/S DVP 2 GSK DVA Production
Request @ STD RQMTS g Delivers . Performs  Fitfor Purpose hmmmd Workflow
STD TEMP User Review

SS
Issue Log

ELD = Enterprise Level Delivery
DVA = Data Visualization Analyst
DVP = Data Visualization Programmer

QC Checklist
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ELD Process Governance @
b. Study Specific Customization Process

— Quality Plan
— Inputs: Study Team SSV Requirements in SSW

— Outputs: Study Specific Workbook (SSW); Key Organizational Process Asset

QC SsV
Checklist

Study Team
Requirements

&ROMTS . ’
SSW

Quality Assurance

=

OFF/S DVP 1 OFF/S DVP 2 GSK DVA
Create Dataset Performs | Fit for PUrpose  rmmmd
_ & Build Visual ' User Review
SS

Issue Log

Production

Visuals

ELD = Enterprise Level Delivery
DVA = Data Visualization Analyst
DVP = Data Visualization Programmer

Data Visualization PhUSE CONNECT 2019 Baltimore



Centralization: Organizational Improvement Process @

— Key benefit- Quality plan outputs track:
— Template Issues (Issue Log)

— Study Specific Visuals (Study Specific Customization Process)
— Quality plan outputs are the inputs to drive the Improvement Process

— Improvement Process: Centralization captures key innovations &
learnings. Redistribution across Portfolio drives greater efficiency;

— Issue Logs form requirements for Up-versioning Standard Templates
— Study Specific Visuals: Improve & innovate standard visuals

1 Adverse Event Classification By Body System

Tree Map pos=: v - Pareto Chart |ms—e e

Data Visualization PhAUSE CONNECT 2019 Baltimore 26
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Improvement Process: Inn



Pareto Driven Lab Analysis
Connected Charting Relates Study & Detail Level Information Seamlessly

Menu

521.1 Pareto of Lab Data Failures to Limits
(Red = High Fail, Orange= Low Fail)

521.2 Lab Data Measurements vs.VisitNum

CREAT (umaliL)

Color by

Show Tests with more s 800 Faillype + + =
than this Result Count: T
5 TRIG (mmoliL) 485 % 700 .
[« Janmerw (O | HOL (mmaliL) 71%
: 100 LDLCC {mmollL) 442% 500 femE
Hint: ALP (UIL) 29% . @ tiom
If you see a bar with 100%, CHOL (mmoliL) 2E% 500 B Reference points.
move the Slider to the Right AMYLASE (UIL) ME% — Median
Selection Order: CHOLHDL (RATIO) 302% 4001
; GLUC (mmaliL) 301 % 200 ;
1: Test (Bar) . creat wmalL) |G 282 % e = g,
2: Box Plot Area (Optional) REC (104121) 2230 2002 ° ; :
3: Trend Point(s) HGE (glL) 195 % =
4: Subjects, Below HCT (fraction af 1) 19.4 % 100 |
: . LIPASET (UIL) 188% .
HezctMarkdingy |Rcsctiiters 0 BILIND {umoliL) 177 %
T PLAT (10%3/L) 175% @
ALT (UIL) 16.4% Eount
AST (UIL) 149% ) Median
WBC (10491 149% O
140%
m 128% 521.3 Subject Lab Test Values vs. VisitNum
BICARB (mmollL) 12.4% ® CREAT (umoliL) Color by:
URATE (mmal/L} ME% 700 FailType v + »
MEV (L) 108 % 0 o+
HEUT (10°81L) 10.1% Shape by:
CA (mmaoliL) 29% 820 FailType v + =
PROT (alL) 8.5% o0 +H
EOS (1091L) 75%
UREAN {mmol/L) 86% 540
SODIUM (mmaliL) 45%
FSH (UIL) 1% 500
BILI (umoliL) 40% 260
ALB (g/L) 36%
K (mmollL) 33% 420
28% 180
0.0% 50% 100% 150% 20.0% 25.0% 30.0% 350% 40.0% 450% 500% .

Failure Percentage ~ + =

2100 110 120 130 140 150 180 170 180 18..

through outlier identification, to lab results of interest

190 200 210 220 230 240 280 260

Allows analysis with rapid progression from study-level information,

Pareto histogram drives successive, connected charts for lab analysis

Data Visualization PhAUSE CONNECT 2019 Baltimore
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Pareto Driven AE Analysis

Rapid assessment of study AEs relating to treatment, onset, and duration

Menu Control Panels ONCO02.1 Most Frequent AE Subject Counts, by MAXTOXGR for [AETERM] ONCO02.2 Most Frequent Tr R d AE Subject Counts, by MAXRELTOX for [AETERM] Filters
O (@] .
Total T ANEMIA 39 T FEVER kL) AE overview
Enrolled: 46 NAUSEA ANEMIA N T T
FEVER 0 CYTOKINE RELEASE SYNDROME Type to search filters
Toxicity Grade Colors: T FATIGUE
mild-1 [ ;’(‘;ﬁ:}f HYPOTENSION DV_dv_ae_voo1
A LYMPHOGYTE COUNT DECREASED
Moderme 2 O HYPOPHOSPHATEMIA HaUsEs D] AETERY
deth Severe -3 = LYMPHOGYTE COUNT DECREASED DIARRHEA Type to search in ist
Life-T "atEF"'t"gl - ; NEUTROPHIL GOUNT DECREASED SINUS TACHYCARDIA | (an) 584 values
atal -5 PLATELET COUNT DECREASED RASH MACULO-PAPULAR ABDOMINAL CRAMPS
DIARRHEA WHITE BLOOD CELL DECREASED ABDOMINAL DISTENSION
AE Terms to use : VOMITING —_ NEUT?{LS:ENNE: ABDOMINAL DISTENTION
AE Preferred Term WHITE BLOOD CELL DECREASED MEUTROPHIL COUNT DECREASED ABDOMINAL PAIN
| AETerm HYPONATREMIA PLATELET COUNT DECREASED ﬁgf'[ﬁf;ﬁ LACTIC
HYPOTENSION COUGH .
CONSTIRATION ALANINE AMINOTRANSFERASE INCRE ..
HEADAGHE AECE]
itchs COUGH -
Suitchs % or Numbere CYTOKINE RELEASE SYNDROME Selection of AEs HYPOALELINENIA el sear s
) . HYPOPHOSPHATEMIA (Al 398 values
Trellis By : HYPOKALEMIA Causes Drilldown ASPARTATE AMINOTRANSFERASE IN_.. I
SINUS TACHYCARDIA &
| (None) oy in Charts Below vaogslfﬁﬂg Abdominal cramps
ACTARMCD TACHYGARDIA Abdominal distension
[ 5 10 15 20 26 30 40 DIZZINESS Abdominal pein
Abdominal pain upper
AE System / Organ Class : 0 2 4 6 8 10 12 14 16 13 20 22 24 26 28 0 Abnormal ECG
Type to search in list
- ~ | AELLTCD
| (an) 24 vatues O ] 3]
Type to search in list
Bloed and lymphatic system diso... ONCO02.3 AE Duration (days) ONCO02.4 AE Onset (days) | (21 0 values
Cardiac discrders — — (Empty)
Ear and labyrinth disorders UJ £50 J 700 .

Endocrine disarders
Eye disorders 500 800 .

g o
.
450 o0
Max Toxicity : 400 ] [ ]
| 4 & van 1 . 400 H . B
e 350 AEDECOD
300 T . :
1 - 300 ° [ . Type to search in list
: 280 *. 200 - B | () 318 values
200 100 _ .
Max Trimnt-Related Tox : . Abdominal distension
| (an) & vatves 1 150 . B | ] - - Abdominal pain

100 . = H - Abdominal pain upper
® . Abscess
1 . -100 ®
2 - 50 E 1 ® ) 8 Acne
£ ke L]
3 o - ] i - —_ —_— —_ -200
AEPTCD
ANEMIA FEVER NAUSEA ANEMIA FEVER NAUSEA Type to search in fist
Reset All Markings 1 2 3 4 1 2 3 1 2 3 1 2 3 4 1 2 3 1 2 3
S ——— &1 90 & 2 82 37 4 &0 19 2 Count &6 95 72 2 82 E: 4 &2 19 3 I (A1) O values
Reset All Filters & 4 1 22 1 1 1 4 4 4 i 25 16 15 45 10 & 9 5 -1 8 (Empty)
- 7 14 El o 4 4 1 7 4 o 123 100 132 45 M3 72 74 85 53 123
1 o o 1 o o 1 o o 1 -35 -32 -B kL -6 -4 4 -7 -850 -5
455 128 7 43 il 43 3 304 42 L] 477 568 567 B4 594 570 278 451 424 365
454 128 7 42 il 43 2 304 42 5 512 600 572 16 700 574 272 458 514 370

Some filters are hidden.

— Iron Python coding creates control panels to improve efficiency/utility
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Swimlane Charts Clearly Relate Events Over Time @
Patient Profile Connect Exposure, Labs, Conmeds & AEs Temporally

Menu Patient Profile: Event Types Over Time

O Color by:
Control Panels T o |
oooo i ] [ oo oo DHHHHHHD iil:l -
LimitData | Mark Only exposure ] a ® =
Vitamin D @ conmed
) exposure
Vitamin B ® b
Tinzapari O Shaps by:
regabali AETOXCI
u u
pantol L]
[} Y
octreotid, &2
ccccc d u
magnesium A3
loperamide I
)
hydromar, phone CR (]
)
gabapentin
fentanyl - il
£ [
dexamethasone ] e
staminophen = a1 mm
F 5 A
ctal p P —O
L 4 .
nasal Conges...
— — @ 4
Fatigl Py ’
@
Diarrh L J 5
o (&)
dehydration L —
- @
Anorexi -+
Abdominal &—
Pain M ®
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
1 59 % 97 ceZ2Z2-o8sHAAREAERARRE R R IREERRERARERE
J =
| O

— Swimlane charts allowing onset and duration of events to be compared

— Potential correlations between exposure, conmeds, and AEs can be
rapidly identified

— Simple charts allow rapid monitoring as the study progresses
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Swimlanes Aggregate Large Amounts of Information @

Duration on Treatment by Treatment Status

Menu Swimlane Plot: Duration on Treatment by Study Treatment Status (All Domains Collapsed)
L] Monatherapy Color by:
Selected Subject Count: o RSSTRESC_ v + =+
Lesion Location: 10 neC ®
[ A1) 8 valuss : - @ CONSENT OBTAINED/
BLADDER @ DEATH
BREAST neee @ INFORMED CONSENT
COLON/RECTUM 2 neC *® -
HEAD AND NECK e LAST_DOSE
MELANOMA e @ ONGOING
NON-SMALL CELL L. f
CRCMSI . . PD
@ PHYSICIAN DECISION
Dose Type: NSCLC
(All) 2 values I NSGLG ® PR
| Monotherapy 03 e ® s
Combination therapy weoe : *® TREATMENT DAY 1
8 = @ WITHDRAWAL BY SUB.
Day In Study NSGLS .
— i ) Shape by:
Treatment Day 1 & Later ; H
| Al pata st #: - Tve RSSTRESC_ ~ + =
o1 MEL L( . ¥ L]
Filters for Presentation ™aC - r——— P> CONSENT OBTAINEDY...
L % DEATH
. B.
;\vllj?]rker Size RCC- s ”® x 2 INFORMED CONSENT ..
[ o s *% I LAST_DOSE
100 500 sTs p.; = ONGOING
— %
oL o — — A PD
. MEL — 3 PHYSICIAN DECISION
Reset Filters @ PR
o] 0 100 200 300 400 500 800 700 =30
Reset Marking -

__ | TREATMENT DAY 1
U ' w WITHDRAWAL BY SUB...
RSDY_

— Swimlanes of treatment duration by status provide excellent overviews of
individual patient milestones and events

— Utility is compromised when multiple filters need setting to access desired view
— Multiple pages provide functionality but add considerable overhead

— Creation of Filter/View Presets (e.g. Filters for Presentation, above) with Python
provides new controls for rapid navigation and view customization

— Controls allow multiple types of views to be readily available on 1 page

Data Visualization PhUSE CONNECT 2019 Baltimore
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Conclusion



Conclusions @

— Interactive data visualization tools have enabled more robust and timely
decision making for Safety Review, In-Stream Clinical Review, & Risk
Based Monitoring

— Centralized DV Operations provides GSK rapid access and efficient
management of Workflow Setup, Customization and Creation

— Successful organizational embedding of Data Visualization requires
scalable plans for adoption & responsible Governance/Quality Plans
ensuring risk/benefit balance maintained

— Centralized Data Analytics has delivered key benefits:

— Unified knowledge capture; elegant study-level Tools are integrated centrally,
into Standard Templates to drive innovation and capability

— Central development and maintenance of sophisticated workflows augments in-
stream analysis and enhances formal reporting

Data Visualization PhAUSE CONNECT 2019 Baltimore
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Questions?



Backups




Swimlane

Swimlane with Controls

Menu

Control Panels

Selected Subject Count: 433

Trellis by :
| (None)
Cohort
Dose Type
First Scheduled Dose
Tumor Type

Lesion Type:

Type to search in list

| ai) 20 values
ANU

BLA

CRC

X

END

ESPSOM

Cohort:
| (A 22 values H

Bladder 0.3ms/kg
Bladder/Urothelial 1me...
Carvical 0.3mg/ke
Carvical 1mg/kg
Chemotherapy-DOCETA...
Chemotherapy:GEMCIT...

Day In Study :
Treatment Day 1 & Lat...
I All Data

Filters for Presentation

Marker Size :
3.00

[ Jmmmn s |

Swimlane Plot: Duration on Treatment by Study Treatment Status
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ox e
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w00
Sl @ \ @ ® =
0 50 100 150 200 250 300 350 400
O
Study Day +

Color by:
RESPONSE + + w

O CR

@ First_schdose

@ Last_dose

@ ONGOING

@FD

@ PR

© =D

@ TREATMENT DAY 1
Shape by:

RESPONSE ~ + ~
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= ONGOING
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@ sD

| TREATMENT DAY 1
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