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Disclaimer

The opinions expressed in this presentation and on the following slides are
solely those of the presenter and not necessarily those of Novartis.

Novartis does not guarantee the accuracy or reliability of the information
provided herein.
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~2 years ago, we asked our medical monitors...

“What tools are you actively using to monitor patient
safety during a trial?”

— Grade®
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4(33) 0 0 0 4(33)
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=t —F—+ 2(17) 0 0 0 2(17)
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3(25) 0 0 0 3(25)
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How would you...

“Describe your ideal tool or platform for monitoring
patient safety.”

Easy to find
subjects of interest
and drill down

Quick and simple
to use

Refreshed daily

Information is Consolidates data
consistent with from multiple data
existing tools sources & domains
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Finding a Solution

Industry moving towards Business Informatics (Bl) tools for clinical
data

Data visualization provides quick, summary views with detailed drill
down, driving safety review, exploratory analysis & hypothesis
generation

Body System or Organ Class

UsiqueCount(Subject) v +

Ready

The presentation describes how Novartis is using Spotfire to address
the needs of our medical monitors
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Objective #1: Automated data flow, refreshed daily
Getting started: Evaluating our existing data flow

Clinical data is collected using the Novartis Clinical Data Standards and
stored in a metadata driven data warehouse

Could one of the pre-existing data layers feed Spotfire?

Data monitoring &
cleaning - Jreview
Reports
Clinical Database Other Trial Data Novartis Clinical e —
@ E Data Standards IR 5 S—
P —— ,
— | Standards definitions
'“ - Metadata management

Global Programming & Stats
Reporting

Datasets Tables

= = || Il

8 Listings | Figures

x Jreview — collection data, used for data cleaning, lacked calculations required for medical review

% Reporting & Analysis Environment (TLFs and ADaM) — analysis datasets not always available
during early stages of the trial, data must be extracted/refreshed manually
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Objective #1: Automated data flow, refreshed daily
Setting up an automated workflow

“ A new data mart was setup for Spotfire where calculations & derivations could
be performed

+ Study data is extracted from the data warehouse daily
+ Calculations include study day, baseline, change from baseline, lab results normalization

I

Enroliment, Demographics & Protocol Deviations

Study 1

Visualizations Study Visits, Status/Disposition & Death

Adverse Events, ConMeds, MedHx & Dosing
Labs (LNRs, eDish, Multivariate)

Measurements (ECG, VS, Lung, Questionnaires)

Study 3
Visualizations

Oncology (Diagnosis, Tumor Response)

Patient Profile and Subject Level Views

- Study XX
Visualizations

Listing Builder & Subset Comparison

—

“ A global template is used to create a single Spotfire file per study, refreshed
daily

+ Visualizations provide summary views of domains, enabling drill down to patient profile and subject
level views for subjects of interest
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Refining Reports Content

An iterative approach to building reports

After developing the infrastructure, we focused on the original
business requirements of the end users

v/

With each successive release:

» Reports were updated with additional options for categorizing, filtering, coloring, etc.
* New types of visualizations were added (e.g. box plots, heatmaps)

« Custom Spotfire API extensions were developed to enhance the functionality

The remainder of this presentation describes some of the
improvements in our next release to help meet the medical monitors
requirements
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Objective #2: Quick and simple to use
What users wanted...

A quick summary of their study each time they logon. This
Includes—

- Basic operational metrics:
- # Screened & Enrolled
- Subject status summary

 Universal measures of safety:
- Counts of SAEs, # patients with SAEs
- Deaths, bucketed by # days after enrollment
- QTcF Elevations
- Recent & most common SAEs, AEs leading to discontinuation, Deaths

Visualizations should have a consistent look and feel so
more time can be spent interpreting the content
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Homepage — Summarizes Key Information
What users see when they login to their study

Menu D h AE (S y)  AE (H i

AE isti MH ( y) Linked AE & MH CM (Treemap) Listing Builder Subset Comparison VS (S y/Histog ) VS (Shi ) VS & ECG Results, by Subji

U) NOVARTIS

- CNOV123A1234 Spotfire-ICRS

List of Available Reports Subjects Randomized Over Time Current Subject Status Study summary:
Color by:
- - 4 Current Subject Status
Enroliment, Demographics & Protocol Deviations ig Wor s # Subjects Screened: 185
2 Hon Sw & inposT.TRe || # Subjects Enrolled: 94
Enroliment Summary - Map & Inc/Exc Criteria % 78 mEon S!udz - In SURVIVAL
Demographics - Age, Sex, Race, Ethnicity 2 38 (T4%)  monstudy-in TREATME [ #AEs: 799 ,
Protocol Deviations Overview - Confirmed PDs € # SAEs: 26 (12 subjects)
3 83
: 2 o # Deaths: 7
Study Visits, Status/Disposition & Death g Within X days of enroliment:
Adverse Events, ConMeds & MedHx : ;; <30d: 1 31-60d:0 61-90d: 3

(Nane)

54 (57.4 %) # QTcF >=500: 1

Labs (LNRs, eDish, Multivariate) # Change from BL >=60: 4

Measurements (ECG, VS, Lung, Questionnaires)

Oncology (Diagnosis, Tumor Response)

Global Options

@ Cumulative Subject Count
&

[of t Subject Statu: # Subj... &
Patient Profile and Subject Level Views 0 E urren 4 = g —
0 % On Study - In POST-TREATMENT FOLLOW... 7 Hide Screen Failures -
Listing Builder & Subset Comparison i Off Study 12 Show Screen Failures .
Q4 (o1 Q2 Q3 @ On Study - In TREATMENT 21
2012 2013 & On Study - In SURVIVAL FOLLOW-UP 54
§ Data Cutoff
[ < |
L
Date of Enroliment # Subjects Enter a cutoff date to hide any
assessments and events that started
AFTER that date:

Safety Summary for Last X Days, Enter # of Days: 30

-31-Dec-209 g

E.g. Enter 15-Jun-2015 to hide AEs,

SAEs AEs Leading to Discontinuation R for Di i ion, by Phase Deaths Vitals, Labs, etc. occuring on or after
16-Jun-2015.
Preferred Term #Sub... v Preferred Term #Sub... v Epoch Standardized...  #Sub...¥ Preferred Term #Sub... v Limit by Status on Study
LETHARGY 1 LETHARGY 1 £ Treatment SUBJECT/GU... 3 RESPIRATORY FAILURE 1
RESPIRATORY FAILURE 1 E ADVERSE EVE .. 2 Limit to Specific Subjects
:g PHYSICIAN D... 2
DEATH 1
§ § 4 §
- = =
3 3 ¥ 3
3 3 g 5
A L 'ﬁ A
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Consistent User Interface — Lower Learning Curve
Standard menu, consistent placement of filter & drop downs

Mens  E Demographyy  AE (S ¥)  AE(H 4 AE MH (S y) Linked AESMH  CM(Treemap)  Listing Builder  Subset C VS (S y 0 VS(ShiftBox) VS & ECG Results, by Subject
[ Momepage | | Resetfimens | Adverse Events - Summary
Manimire Zoom Bas | [ Mark All Subjects | E
[oervan ) [ Ceseian ) Summary of the adverse events experienced by subjects, showing the frequency and timing of events with options to categorize by severity, causality, actions taken, etc.
Ootaity on Oormand Data Source: AE Doman - Cinical Database

Summary & Options 1 - Adverse Events Overview (SUMMARY)

. (Count:0)
# Scrooned Subj wi AEs: 105 (of 125) Categorize yaxis by:  Body System or Organ Class (SOC) Colorby:  (Nore) v Separate Plots per:  (None) v
# Envolled Subj wi AEs: 95 (of 110)
# SAEs Reported (clinical DB): 15
Data Cutoff: 31-Dec-209 i
000 a0 Lweranc systemors... [N
o v L carouc osoncens I
2- AEs by Stant Day CONGENTAL FAMLIAL A0 GENETIC.. |1
ear a0 Lasvind osorcens [ ©
ENDOCRINE DiSORDERS || 1
eve oisoroens [N
BTN e e_
GENERAL DISORDERS AND ADMINIST
Serious:
2N HEPATOBILLARY DISORDERS - 4
2y 3 INMUNE SYSTEM DIsORDERS ] 1
@ Evot) 3 wrecnons o seesranons |
£ N muury.poisornc ano eroceour... [ ' Desplays o st of subjects
Soverty: 3 wvesnaanons [ 29 Pove been maried
@ e j | rerovsmonmnonoson . e
crace: wuscuosceera o corect.. I
¥ GRADE 1 § neorLasms senion, maucrant 2. [ ¢
¥ GRADE 2 nervous svstem osoroens | -
¥ GRADE 3 esverarric osorcens [ ::
¥ GRADE & rena ano urmasy oisoroens [N ¢
¥ UNIOWN rerrooucTive system avo ereas . [ ¢
? ey ResemaToRY, Torscsc svo veo... [ -
Action s Sty Orug: s avo suecuraveous issue or... [
¥ DOSE ADJUSTED vascuusr oisorosns [N ©
¥ NONE (empty) ||+
¥ NOT APPUICABLE
¥ PERMANENTLY DISCONTINUED = ° 1o 20 % 40 s & L 80 %0
¥ TEMPORARILY INTERRUPTED 00000 «
W) UNNOWN Urigue Count of Scbets
¥ (Emgey)
Other Action Taken: 2 - Adverse Events by Start Day (SUMMARY)
¥ CONCOMITANT MEDICATION O AEs are plotted according to start date, and categorized/colored by the options for visualization (1) above. NOTE: Partial dates are shown as empty shapes.
¥) NO CONCOMITANT MEDICATIO
v



Objective #3: Easy to Find Subjects of Interest

What users wanted...

Visualizations are very effective at summarizing large
volumes of data

However, visualizations should provide:
» Simple summary views to find trends and outliers

» Choices when dissecting the data (i.e. options for categorizing,
coloring, plotting, etc.)

* The ability to focus review on subgroups of subjects

A way to highlight and store, for future reference, a subset of
subjects of interest

12| Using Analytics to Monitor Patient Safety | Rajat Nanda | 20Aug2015 | PhUSE SDE | Business Use Only U NOVARTIS



Summary Views for Outliers
Scatter plots, histograms, box plots

Vital Signs - Study Overview & Histograms

Summary of the vital signs results for all subjects. Use the first visualization to identify outliers and trends; the histograms show the overall distribution of reported results.

Data Source: VS Domain - Clinical Database

1 - Vital Signs Overview, by Study Day (SUMMARY)
Categorize y-axis by: lResuIts (standard units) Color by:
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Summary Views for Trends
Shift plots post-BL v. BL, by test

1 - Vital Signs Shift Plots - Overview (SUMMARY)
Show ALL or MAX Post Baseline Results: Al Post Baseline Results Color by: (None)

Interpretation: A data point above the orange dotted line indicates post-baseline result is GREATER than the baseline result. Below the line indicates post-baseline result is LESS than the baseline
result.

SYSTOLIC BLOOD PRESSURE DIASTOLIC BLOOD PRESSURE
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Summary Views for Trends
Shift plots post-BL v. BL, by visit

2 - Vital Signs Shift Plots, by Visit (SUMMARY)

Draw separate plots for each Visit or Timepoint: TIP: Use the quick data filters to look at each parameter individually.

Use the scroll bar on the right to cycle through all of the visits.

Interpretation: A data point above the orange line indicates the result is GREATER than the baseline result. Below the line indicates the result is LESS than the baseline result.

101

108 .

Post baseline result

105 115 125 135 145

86 95

Baseline result
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Options, options, and more options
Options for categorizing, coloring, plotting

Using drop down options, a single AE Summary bar chart can
generate hundreds of combinations of outputs

Adverse Events - Summary
Summary of the adverse events experienced by subjects, showing the frequency and timing of events with options to categorize by severity, causality, actions taken, etc.

Data Source: AE Domain - Clinical Database

1 - Adverse Events Overview (SUMMARY)

Categorize y-axis by: Colorby:  [(None) v Separate Plots per:
High Level Group Term (HLGT)
S'g? Le\&e_IrTerm F(#_LT) Possibly Related to Study Drug? Sex
- L;\e;vz;rteLevzlqe(rm )(LLT) Severity/Intensity Race
B Reported Term Toxicity Grade Ethnicity
BLOOD AND LYMPHATIC Sv{Category for AE Serious? . Treatment
Subcategory for AE Action Taken With Study Treatment
SARDIAG Other Action Taken (Conmed/Proc)
CONGENITAL, FAMILIAL AND GENETIC... [|1 Lead to Discontinuation?
AR AND LABYRINTH DIsoRDERS [l 6 Outcome

ENDOCRINE DISORDERS I 1

eve oisoroers [
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Global Options for Subgroup Selection

Focused review of subgroups

Statistical analysis is driven by Global Options
population sets, whereas ongoing
safety review focuses on patient Show Screen Failures |
cohorts, current subject status and

data cut-offs for interim analysis

Enter a cutoff date 1o hide any
assessments and events that started
AFTER that date:

. . 31-Dec-2099
Global options were setup, allowing
E.g. Enter 15-Jun-2015 to hide AEs,

end USers tO Ilmlt reports tO the Vitals, Labs, etc. occuring on or after
subjects of interest from the 16-Jun-2015.

romepage
- Useful for dose escalation meetings,

reviewing subjects off-study
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Storing Subjects of Interest
Focused review of patient subsets

We have a list of subjects with an Adverse Event of XX and a list of
subjects with lab elevation YY.

* How do | see which patients have both?
* Or have one but not the other?

- x A x
AE - ALT Elevation Lab - ALT >G2
1-001 —> 1-003
1-003 € —>» 1-004
1-004 € 1-006
1004

18 | Using Analytics to Monitor Patient Safety | Rajat Nanda | 20Aug2015 | PhUSE SDE | Business Use Only U NOVARTIS



Storing Subjects of Interest (cont.)
Storing patient subsets

1 - Adverse Events Overview (SUMMARY)

Categorize y-axis by: | Preferred Term (PT) v Color by: | (None) v Separate Plots per:

A Cu Sto m S p Otfi re ALANINE AMINOTRANSFERASE INCRE %

extension was developed R i —.

. ASPARTATE AMINOTRANSFERASE IN.... 20
allowing users to store 000 suxne evoserarase I
. . BLOOD ALKALINE PHOSPHATASE INC... 12
L 1
S u bJ eCt Se I eCtIO n S fro m B;‘ggz:;?;::: i:ﬁ:zzzz 10 AE TerX\S:é&;dDRA Preferred Term: BLOOD CREATININE
any visualization b —

BLOOD POTASSIUM INCREASED

BLOOD TESTOSTERONE DECREASED

CREATININE RENAL CLEARANCE DEC..
ELECTROCARDIOGRAM QT PROLONG

1
1
BLOOD MAGNESIUM DECREASED 1 Apply 1st Subset
1
1

Store 2nd Subset

JRA Preferred Term

\iiew Subset Details

SeIeCt & Sto re Su bJeCtS Wlth - Lab Overview, by Study Day (SUMMARY) Categorize y-axis by: | Normalized result v
AE Blood Creatinine

I n Creased (Empty) in the color by indicates the units and/or standard range are unavailable.
> Color by:

. . - ce Range In..
Select & store subjects with . . o
elevated Normalized
Creatinine result e

Store 1st Subset

1.400 Apply st Subset
Store 2nd Subset

1.200
Apply 2nd Subset

malized result
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Storing Subjects of Interest (cont.)
Comparing patient subsets

Users can then combine / intersect patient subsets for
further investigation

(None)
Combine patients from subsets 1 & 2

Combine patients from subsets 2 & 3
Combine patients from subsets 1 &3
Combine patients from all 3 subsets
Include common patients from subsets 1 & 2
Include common patients from subsets 2 & 3
Include common patients from subsets 1 & 3
Include common patients from all 3 subsets

1st Subset Summary 2nd Subset Summary 3rd Subset Summary
Page: AE (Summary) Page: Labs (Summary) Page:
Visualization: 1 - Adverse Events Overview Visualization: 1 - Lab Overview, by Study Day Visualization:
Description: Description: (Empty) in the color by indicates the units and/or Description:
standard range are unavailable.
Count: 10 Count:
Count:3
1st Subset Details 2nd Subset Details 3rd Subset Details
SubsetTableColumn SubsetTableColumn SubsetTableColumn
1150003 1052001
1153009 1452001
1810 1802001

Enhances cross-domain review of subjects—allowing you
to compare multiple groups of subjects
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Objective #4: Consistent with other tools
Example: Summarizing Adverse Events

BLOOD AND LYMPHATIC SYSTEM DIS...
CARDIAC DISORDERS
CONGENITAL, FAMILIAL AND GENETIC... I 1
EAR AND LABYRINTH DISORDERS - 4
ENDOCRINE DISORDERS - 3
EYE DISORDERS
GENERAL DISORDERS AND ADMINIST ...
HEPATOBILIARY DISORDERS - 3

IMMUNE SYSTEM DISORDERS I 1
INFECTIONS AND INFESTATIONS

4

(o2
(]

gan Class

FS
o

Using the color by option on a standard AE summary visualization
misrepresents the total # of subjects with each Adverse Event:

hd Color by:
sLoop anD LympHaTic sysTemDis... [[IIR 2 :::Z;:de
caroiac pisoroers [N 1o B GRADE 2
CONGENITAL, FAMILIAL AND GENETIC... | 1 ngg: 3
EAR AND LABYRINTH DISORDERS [ ¢ [ UNKNOWN
M (Empty)

ENDOCRINE DISORDERS | 3
eve Disoroers [ ©

HEPATOBILIARY DISORDERS ll |7
IMMUNE SYSTEM DISORDERS | 1
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Objective #4: Consistent with other tools
Example: Summarizing Adverse Events

We added derivations to the Spotfire mart to calculate the worst
severity/grade of an event per patient, ensuring consistency with an
AE Summary Table from statistical programming

2 - Crosstable of AEs, by Worst Severity/Toxicity (SUMMARY)

Scroll down to view the full list of terms.

Body System or Organ Class GRADE 1 GRADE 2 GRADE 3 GRADE 4 UNKNOWN Gra... Gra...

#  %of #  %of #  %of #  %of #  %of total total

Subject Total Subject Total Subject Total Subject Total Subject Total Of’f‘ of %

Subject  of
Tntal
BLOOD AND LYMPHATIC SYSTEM DIS... 5 36% 6 43% 2 14% 2 14% --- --- 15 10.7...
CARDIAC DISORDERS 5 36% 3 21% 6 43% --- --- --- --- 14  10.0...
CONGENITAL, FAMILIAL AND GENETIL... 1 0.7 % - --- --- --- --- --- --- --- 1 0.7 %
EAR AND LABYRINTH DISORDERS 4 29% - - --- --- --- --- --- --- 4 29%
ENDOCRINE DISORDERS 3 21% - --- --- --- --- 3 21%
EYE DISORDERS S 64% --- --- 1 0.7 % --- --- --- --- 10 71%
GASTROINTESTINAL DISORDERS 29 207... 33 279.. 17 121, 1 0.7 % --- --- 86 614...
GENERAL DISORDERS AND ADMINIS... 25 178... 25 178... 17 121 2 14% --- --- 69 49.3...
HEPATOBILIARY DISORDERS - - 1 0.7 % 2 14% --- --- --- --- 3 21%
IMMUNE SYSTEM DISORDERS 1 0.7 % --- --- --- --- --- --- --- --- 1 0.7 %

INFECTIONS AND INFESTATIONS 15 10.7... 21 150... 9 6B64% --- --- --- --- 45 321...

o e I e B e e
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Objective #5: Consolidate Multiple Data Domains
Example: eDish Plot

User selects subjects of interest in an eDISH plot, and can view
additional lab tests, dosing information, and metastatic sites in a
unified view

59'“;:‘“ D'AALL; f°" eDISH  gelect a subject to view lab results and the patient profile below.
ot:

Synchronize graphs to show study day o to|o |_Synchronize H Maximize
Marked Subjects Resuits prior to study day -60 are sxcluded
(Count - 2) = Color by
(Column Names)
11-eDISHPlot  eamt . -
301022 W Alkaine phosphat
v %0 MALT(SGPT)  Color by:
[AST (SGOT) .
40 2o E8ilirvbin (tota) AP (minimum)
200 EGeT,
18.0 [l Greater than 2.000
MLess than orequalto 2.0
35 16.0 WAl other values
. 140 B (Empty)
£
3 b Unzs and curves:
30 0 100 Vestical Line:
80 ====3 X ULN for ALT/AST
60
25 “ Horizontal Line
- ====2 X ULN for Bilirubin
g 20
= 20 === 0.0 Horizontal Line
5 < 4,000
i @ g g g g 8 g 8 g 8 8 ,
15 g Vertical Line:
2 C 5.000
Study day
10
Metastatic Sites Note: Days prior to “study day -50" are shown on day -0 using the "X as symbol. Partial dates are shown as empty shapes. For detalls please check the tooitip that gives both the actual calculated study day and the date reported. Observations that have no end date end
static Sit stastat - Color by
Mstat ic Sites Matat ic Sites, .
05 Spacify Other Sventtypz
PLEURA WAE
za Study Drug -89 50380 3t 03¢ # mza
0.0 B smus )
BRADYCARDIA >
RESPIRATORY
= TRACT INFECTION e
»
PYREXIA r—a r—a
PLEURITIC PAIN -« B«
PERICARDITIS —
PAIN OF SKIN —q
OEDEMA o
- PERIPHERAL >
=
1 A
H NAUSEA Prer— —da
2 AE HYPERNATRAEMIA e
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Obijective #5: Consolidate Multiple Data Sources
Example: Investigator & central assessment of tumor

* Show local & central data side by side for comparison

) L4 (Bemmary) Lote (IR LD Resume. by Bulgect

[ momepsge | | Meserrmen |

[ Wi T By | [ s A e )

Summary & Options Marted Subpect
ot §) conrey
® Subjects Soreened '3
# Subjects Enrclled 420 A utects wil e o \amet
Totad Frovebpects L L
's Assessment wwemiades [ ey
Average # Evabuations. & -
# Subject w at Least 1 Eval 100 °

# Subjects with PO (radiclogieal). 89

Average # Evaluations &
# Subject w' ot Least 1 Eval. %00
# Subgects with PO (radiclogeeal). &9

Data Cut-off. 31.00c-2000

0 Sumof Sevetens B Coouaied Naoe

SO Pt ALTLOD Comeuton [

Adwywe Doee Loveis gt eie of Conder Tuma

Tumor Measurements

Smnary of Tha Damor Madi s emants 1 a0 evahaton SeecT 3 SUDACT 10 virw The Summary of Nadalogical evauations

OFta Sowrce D B I8 Domars - Ol Catatase
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Spotfire Visualizations: Benefits Realized
Looking back at our objectives

Better data, quicker (24-48hrs) — macro level view with
drill down

Data transparency — more engaged / better discussions
within clinical trial team, including stats

Exploratory review — including hypothesis generation,
while using TLFs for hypothesis confirmation
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Spotfire Visualizations: Anticipated Benefits

Safety Signal Detection — finding and monitoring risk at an earlier
stage in the trial

Standardization — using a global Spotfire template for all studies can
drive enterprise wide consistency in reporting & analysis (e.g. rules for
determine baseline values, CTC grading, etc.)

Flexible design — integration with SAS & R allows complex statistical
analysis by non-technical end users

Reduction in requests for TLFs to those most relevant to your
data
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Questions?
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