The Clinical Data Cinema

The many roles of data visualization in clinical development
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Motivation
The ,book”

Data tables: what does it all mean?

Subject Visit AVAL D
1001 0 10.50547% 1
1001 3| 19.016524 1
1001 778 5443375 1
1001 1/19.9024587 1
1001 219471850 1
1001 6| 19607652 1
1002 1)21.048313 2
1002 778 9.501440 2
1002 0 study subgroup
1002 3 X2301 == G5 years
1002 5 X2301 =< B5 years
1002 2 X2301 == B5 years
1003 778 X2301 < 65 years
1003 5 X2301 == 65 years
x2301 = B5 years
X2302 == 65 years
X2302 = B5 years
X2302 == 65 years
X2302 =< B5 years
X2302 == G5 years
X2302 = B5 years
X2303 == G5 years
x2303 = B5 years
X2303 == 65 years
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61  10.50547% 1.0000000
61 10.50547% 1.8510152%

AVAL

2028729856
5.22753246
-1.42217675
1973067642
-1.62338956
-0.62258545
234085618
10.88523212
1836711571

0.79213767
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0.10 18
0.05 19
025 25
0.25 37
0.38 34
041 61
0.10 9
0.05 4
0.25 7
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Today's program

Documentary
 Graphics for Clinical Study Reports and Submission Dossiers |

Drama / Comedy
 Presentations (all sorts of)

Science
- Data exploration and other interesting things

Science fiction
 Graphics for Clinical Study Reports and Submission Dossiers Il

Wrap up (not a film)
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Today's program
Documentary

Graphics for Clinical Study Reports

and Submission Dossiers

Sequel |
Producer: Sponsor company

Director: ICH E3
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Documentary
How CSRs and dossiers look like
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Documentary
How CSRs and dossiers look like

A recent Novartis submission
- Paper copy for Australia

+ 1485 Folders in 375 boxes for a total weight of 4152 KG
Thousands of pages of tables, listings and (some) graphs

How does anyone view pieces of information that belong
together but are separated by meters?
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Documentary
How figures (graphs) in CSRs and dossiers look like

Post-text and in-text figures
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Documentary
How figures (graphs) in CSRs and dossiers look like

Post-text figure 1

&0 1

Percentage of responders [95% Cl)
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Documentary
How figures (graphs) in CSRs and dossiers look like

In-text figure 1

807
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PASIS0

Percentage of responders (95% CI)

001 2 3 4 ) 12 16
Weeks of treatment

Group —4 1 =& 2

- (at least the aspect ratio in each cell is maintained)
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Documentary
How figures (graphs) in CSRs and dossiers look like

Post-text figure 2
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Percentage of responders (95% CI)
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Documentary

How figures (graphs) in CSRs and dossiers look like

In-text figure 2 .

PASIFS

wn
=
1

Percentage of responders (95% CI)

PASISO PASI00
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75
307
25
0- LLLLL h | I | L
01234 8 12 1 01234 8 12 15

Weeks of treatment

Group =% 1 =& 2

* (aspect ratio now sacrificed due to portrait: different message?)

11| Clinical Data Cinema | Juergen Loeffler | 9th October 2015 | PSI

') NOVARTIS



Documentary
Constraints for figures (graphs) in CSRs and dossiers

Post-text

Top margin: 3.00 cm Title lines
Project - Dummy data
Figure 1-13 (Page 1 of 1)
Panel plot of time course of responders on A2302 and A2303 subjects (estimate + 95% Cl)

(non-responder imputation)
E long-term efficacy Pu)
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01234 8 12 16 01234 8 12 16
Weeks of treatment
—=— Group A (m=xyz) Group B (m=xyz)
Footn OteS m = number of subjects evaluable
pool/pool_019/repart /pgm_eff /fpaneldl. R /2015-10-05 12:56:32 Final
Bottom margin: 1.98 cm
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Documentary
Constraints for figures (graphs) in CSRs and dossiers

In-text

Top margin: 2.01 cm

Project - Dummy data

Figure 1-13p (Page 1 of 1) Tltle Ilnes

Panel plot of time course of responders on A2302 and A2303 subjects (estimate + 95% CI)
(non-responder imputation)
long-term efficacy
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Left margin: 3.00 cm

m = number of subjects evaluable

Footnotes

pool/pool_018) report /pgm.2ff/ fpaneldp. R /2015-10-05 12:55:31 Final

Bottom margin: 3.81 cm
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Documentary
Limitations and constraints

Static

Limited use of colour (black and white safe)

Limited size (page margins!)

Only certain image file formats, no transparency (?)
Orientation defined by document (not graphical principles)
Audit trall

Reproducible

Validated
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Documentary
Some reflections on in-text figures

We produce them as RTF and render to PDF

The PDF is stored in the document management system
(along with the RTF source)

The medical writer extracts the image (copy or
screenshot) and pastes into Word document, resizes as
needed (a bitmap file!)

For convenience, an image file (PNG) may be directly
used

* Produced as a “side product” in SAS (not formally validated, audit
trailed, stored)

Is there a better way?
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Today's program
Drama / Comedy

Graphics for Presentations:

Internal, External, AdComs
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Drama, Comedy
Internal or external slide deck

Static, possibly animations

Orientation: landscape

Company colours

252
236
228
146

99

Simplicity

175

128

76

50

67

23

38

22

34

41

 Chart types that audience is used to

17| Clinical Data Cinema | Juergen Loeffler | 9th October 2015 | PSI

FCAF17

EC8026

E44Cle

923222

634329

') NOVARTIS



Drama, Comedy
Statisticians’ preference (minimize ink)

—= |
Treatment B I - - _I
Treatment A I A I _|
0 10 20 30 40 50 80 70 20 a0

Percentage of responders (95% CI)

pasiso A pasys M PAsE
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Drama, Comedy
Customers’ preference (= simplicity or custom?)

Treatment B

Treatment A

0 10 20 30 40 50 80 70 80 90 100
Percentage of responders (95% CI)

. PASISO . PASITE . PASIS0
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Drama, Comedy
My wife’s preference?

Number of refugees by country of origin

(Data from Badische Zeitung, 17th September 2015) NUmDEr Of refugees by country of ongin

(Data from Badische Zeitung, 17th September 2015)

Syria 55587 55587 @ syria
Albania 38245 38245 @) Abania

Kosovo 33824 33824 @) Kosovo

- 20864  Serbia 20864 @) serbia

- 13620 Iraq 12620 @iraq

- 13120 Afghanistan 13120 . Afghanistan

- 10244 Macedonia 10244 . Macedonia
6039 Eritrea 6039 @ Eritrea

Sosnia 5420 @ Bosnia

118 Pakistan 2183 @ Pakistan

n
=Y
MJ
=
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Drama, Comedy
AdCom, HA presentation

Static
Orientation landscape
“FDA colours® (not respected here)
Simplicity
Charts that audience is used to: “laypersons®

Benefit-risk
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Drama, Comedy
Benefit-risk: FDA

FDA presentation at AdCom

Risk Benefit

20 10 0 10 20 30 40 =0 &0 70
Proportion (%)
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Drama, Comedy

Benefit-risk: more sophisticated

Overall
incidences
n / N (%)

Risk Difference and 95% CI [%] (Drug A vs. Comparator)

-8 -6 -4 -2 0 2 4 6 8
] 1 I ] ] I ] ]

650 /4212 (15.4)
450 /4187 (10.7)
900 /4212 (21.4)
700 /4187 (16.7)
700 /4212 (16.6)
550/4187 (13.1)
1650 /4212 (39.2)
1550 /4187 (37.0)
1100 /3638 (30.2)
1000 /3643 (27.4)
650 /4070 (16.0)
550 /4041 (13.6)

700 /4229 (16.6)
75074203 (17.8)

700 /4229 (16.6)
850 /4203 (20.2)
550 /4229 (13.0)
500 /4203 (11.9)
30/4229 (0.7)
45/4203 (1.1)

Cardiovascular death

All-cause death

First HF hospitalization —

First all-cause hospitalization

KCCQ CSS 8M: 5 points deterioration

NYHA class 8M: worsening*

Hypotension —

Renal impairment

Hyperkalemia

Angicedema (adjudicated)

Benefits

F—h—]

* death also counted as a worsening
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Drama, Comedy
Benefit-risk: more sophisticated (alternative version)

Treatments

B Group A
O Group B

—— Confidence interval

(arrows Iif outside plotting range)
Puoint estimate

(Cross if outside plotting range)

Effect name By treatment estimate Treatment vs Comparator hazard ratio
All-cause death |: 70014200 (3.17) —s :
00012200 [0.21) I !
Cardiovascular death 45014200 (3.11) =
_-g [ 650/4200 [0.16) :
E First all-cause hospitalization 155004200 [0.37) . '
c 50/d: .37) Lo
S [ 1650/4200 (0.39) i
First HF hospitalization |: 55012200 [0.13)
TO0/4200 [0.17) i
KCCQ C55 BM deteriocration 10002200 [0.24) -
E 1100/4200 [0.25) |
NYHA clases EM worssening 55012200 [0.13) 2
[ 650/4200 [0.15) I i
Angioedema 4504200 [0.01) : — =
[ 30/4200 [0.01)
o Hyperkalemia 5004200 [0.12) a1
x L
[} 550/4200 [0.13) :
o Hypotension 7EnMz00 (2.15) _._‘_n
[ TOO/M4200 [0.17) i
Renal impairment 504200 (0.2 - =
[ TOO0/E200 [0.17) i ;
00 01 02 03 04 050 062 0k 4 120 1% 180
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Today's program
Science

Exploration through Visualization
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Science
Diagnostic plots

E.g., ANCOVA

Residual

Fesidual

Percent

Fit Diagnostics for AVAL
2
=]
I= =
2 0 2
= =]
2 2 g
-2
a
a -4 - o -4 o
T T T T T T T T T T
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-3 -2 1 0 01 2 3 S0 -5 0 5 10 1% 20 4] 500 1000 1500
Quantile Predicted Yalue Observation
Fitdean Residual
25
[=]
20 10
Observations 200
15 04 Parameters 4
10 - Error DF 196
MSE 20.208
5 | -lo @ o R-Square 02783
Adj B-Square 0.2679
0 - (=]
T T T T T T T T T T
-165 75 15 105 00 04 08 00 04 0B
Residual Proportion Less
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Science
Diagnostic plots

E.g., ANCOVA

Distribution of AVAL

20 -
15
]
10
g
= 3 Lo
T
[+
D_
-5—
[ ]
_‘||:|_
T T
1 2
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Science
Diagnostic plots

E.g., ANCOVA

Distribution of AVAL

20 -
15 -
o]
10 - -
El TRTO1PM = 1
= = L] Data Minirum = -9,042
< Minimum Whisker = -0.048
First Quartile = 0.831% ')
0 Median = 3.1494
Third Quartile = 9.2083
Maximum Whisker = 18,342
Data Maximum = 18,942
= Mean = 4,903
Standard Deviation = 6.0%32 o
Murmber of Obzervations = 100
10 - Sum of Weight = .
T T
1 2
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Science
Visual exploration

Static

* Quick, perhaps using “point and click® software

Interactive

* Provide pre-made “templates”

- Let the user decide what to look at (and how)
* https://loeffjul.shinyapps.io/Histogram

 https://loefflul.shinyapps.io/Boxplot
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Science

Visual data review

Clinical Study

Data Source : LSH post-conformance

Spotfire Instream Release: 2.4

DEMOGRAPHICS
Demography

ADVERSE EVEMNTS

AE Summary

AE Treemap
Linked AE & MH

MEASUREMENTS
Vital Signs (V5] Summary

WS Post baseline vs Baseline

ECG Summary
ECG

Lung Function Test (1)

Lung Function Test (2)

LABS

Lab Summary
Lab Results by Subject

Lab Post Baseline Vs Baseline

Std eDISH Plot
Bivariate Analysis
Lab -> AE Profile
AE -> Lab Profile

MEDICAL HISTORY

Medical History

M5 History

30| Clinical Data Cinema | Juergen Loeffler | 9th October 2015 | PSI

CONCOMITANT MEDICATIONS

Concomitant Medication

CM Subcategories
PATIEMT PROFILE
Patient Profile

Patient Profile {Details)

Patient Profile (Details2)

EFFICACY
PASI| Scores

Tender and swollen Joint Count

as (DLal}
ACO
Assessment of Rebound & I1GA

Instream Clinical Review System

Please visit our Share Poi
Pleaze mail any question

MOTE: Only subjects for
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Science
Visual data review

nmary) AE (Heatmap/Treemap) AE Statistice MH { Summary) Linked AE & MH CM (Treemap) Ligting Builder Subset Comparison V5§ (Summary/Histogram)

MOTE: Sections in the treemap are colored by the worst case, i.e. if one subject experienced a serious AE, the whole rectangle will be marked as serious.
Color by
Did AE Lead to Stud...

mn
"

Size by

Unigue Count of Su...
Hierarchy:

m

S0C ->HLGT>HLT...
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Science
Visual data review

Use the heirarchy slided on the left to adjust the visualization. Rectangles are sized by the # of unique subjects reporting that event.
MOTE: Sections in the treemap are colored by the worst case, i.e. if one subject experienced a serious AE, the whole rectangle will be marked as serious.

Color by:
Did AE Lead to Stud...
WnN
Y
Size by:
Unigue Count of Su...
Higrarchy: NERVOUS SYSTEM DISORDERS

OC =HLGT-=HLT... GASTROINTESTINAL DISORDERS

INFECTIONS AND INFESTATIONS

GENERAL DISORDERS SKIN AND
HEPATOBILIARY DISORDERS ~ AMND ADMINISTRATION — SUBCUTANEQUS TISSUE
SITE CONDITIONS DISORDERS
GARDIAG DISORDERS
RESPIRATORY,
REMAL AND URINARY THORACIC AND
DISORDERS MEDIASTINAL
DISORDERS
PSYCHIATRIG DISORDERS
IMMUME
METABOLISM  paemiit. (Empty)
INJURY, POISONING AND PROCEDURAL COMPLIGATIONS AND NUTRITION
DISORDERS
MUSCULOSKELETAL AND GONNEGTIVE TISSUE BLOOD EARAND PREGNAN
DISORDERS AND  LABYRINT c,
LYMPHATI H FUERPERI
VASCULAR DISORDERS G SYST.. DISORD.. UMAND..
EVE GONGENI ENDOGCRI REPRODU
DISORDERS TAL, NE CTIVE
FAMILIAL DISORDE SYSTEM
AND GE... RS AND ER...
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Science
Visual data review

Use the heirarchy slided on the left to adjust the visualization. Rectangles are sized by the # of unique subjects reporting that event.

NOTE: Sections in the treemap are colored by the worst case, i.e. if one subject experienced a serious AE, the whole rectangle will be njEl]

Caolor by:
Did AE Lead to Stud.._ INFEGTIONS AND INFESTATIONS
mn
|y
Size by:
Unigue Count of Su.... BACTERIAL
Hi by INFECTIOUS
jerare @( DISORDERS
SOC -HLGT-=HLT...
INFECTIONS - PATHOGEN UNSPECIFIED
VIRAL
INFECTIOUS
DISORDERS
FUNGAL
INFECTIOUS
DISORDERS

INJURY, POISOMNING AND PROCEDURAL COMPLICATIONS

INJURIES MEC
BOMNE AND JOINT INJURIES
FPROCEDURAL FRO
RELATED IMJURIES DUCT
AND USE
COMPLICATIONS  IS5U
NEC EZ

or Organ C
AET DRA High Level Gro
Dic

GASTROINTESTIMAL DISORDERS Unique Count of 5

EMDOCRIME REFPRODUC

MOVEMENT

MEOPLASM TIVE DISORDERS
ABDOMINAL
GASTROINTESTIN HERNIAS AND S NEQPLASM (MoL
DIVERTICULAR AL ULCERATION OTHER MALIGNANT 5 MALE NEURCLOGICAL  PARKINSONISM)
DISORDERS AND ABDOMIMNAL AND MALIGHANT DISORDERS NEC
PERFORATION WALL UNSPECIF... AND UNSP.._ CRALMA
CONDITIONS HEPATOB NERY REFR nerve FERDA
Nllzl-cl)iﬂs ouUs oDUC DISCRD
EXOCR GASTR  BREAST SYSTE  TIVE ERS (..
BENIGN INE OINTES MEOPLASMS - M NEOPL SEIZUR  SPINAL
NEOPLASMS  pyicc TivaL  MALIGNANT MISCELL MEO.. ASM.. GCENTRALNERVOUS ~ g5 GoRD
ARG CASTROINIESTI S oo, AND ANEOUS SYSTEMVASCULAR  (NoL  AND
NAL MOTILITY HAL COM .. TION.. UNSPEGIFIED AND SITE SKIN DISORDERS SUBTY NERVE
AND (INCL MIPPLE) UNSPE... NEOPLASMS .. PES) ROOT...
DEFAECATION ~GASTROINTESTI glﬁfT'TE% gﬁﬁ?s PSYCHIATRIC DISORDERS | HEPATOEILIARY DISORD... |GEMERAL DISORDER...
CONDITIONS RIEE TINAL  TINAL PERSON
HAEMORRHAGE
Sies INFLAM VASCU ALITY
DISORDE
MAT.. AR hEPRESSEDMOOD ma AN G SLDER GENERAL SYSTEM
CARDIAC DISORDERS DISORDERS AND DISORDERS MEC
DISTURBANCES  SCHIZOP
HREMIA
AND
OTHER... BILE
HEPATICAND  DUCT —oD7 peyc TS5V
SUICIDAL  HEPATOBILIARY DISO JoMPE
PSYCHIATRIC AND DISORDERS ~ RDER TUR |ssyp DISOR
DISORDERS NEC ~ SELF- 3 DERS
COROMARY ARTERY CARDIAC INJURI Con_ NEG
DISORDERS ARRHYTHMIAS -
VASCULAR DISORDERS | RENAL AND URIN__ | METABOLISM AN __ | EYE DISO...
DECREASE REMAL GLUCOSE ANTERIOR
DAND NEPHRO DISORD  werABOLISM  EYE STRU. .
MONSPE... PATHIES (E)EEE DISORDERS (INCL
VASCULAR  EMBOLISM : DIABETES OCULAR
HYPERTENSIVE ~ AND JURETHRAL MELLITUS) STRUCTU...
MUSGULOSKELETAL AND GONNEGTIVE TISSUE DI DISORDERS  THROME... EE'SSFEEE? UROL [MMUNE S [BLOOD.| | CONG_
HIA
MUES&T_LEF?; B VENOUS  URINARY gga ALLERGIC PLATELE CARDIA
CONNECTIVE HEHESE | TEET conoimo... T Taan
TISSUE SIGNS AN DISOR... WASC..
DEFORMITIES  —KIN AND SUBCUTANEOU... | RespiRATORY, T... OIMUUNE  EAR A ENDO...
{INCL
JOINT DISORDERS INTERVERTEBR RE HEER' N E”Rﬁ’fﬂ
AL DISC DISO... UR B st ISR
BONE MUSc ~ EPIDERMAL AND DERmaL  RESPIRATOR - AL
Rt e CONDITIONS * DISORDERS DIS PREGN_.. REPRO._..
DERS ELETA HEC OR  (Empty)  aBORTI wULVOV
(EXCL L AND = ONS  AGINAL
CON.__ CON_. ANDS_. DISOR...
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Science
Visual data review

5 EILI ¥ i i i
AL
oS Screening “ *
Cpen label treatment o *
VOMOPRAZAN = ™
SODIUM CHLORIDE M MM
SEVOFLURANE » o M
ROSUVASTATING... % > —
REBAMIPIDE .4
POVIDOME-IODINE ’ u
PARACETAMOL ‘
OXIGLUTATIONE [ ] [ ] M
MYDRIN P “ '1 L
MAGNESIUM OXIDE —
c. LIDOCAINE HYDRO... i i ’ {
HYALURONATE SO
GIMERACIL WIOTE... m
FLUOROMETHOLO ... !‘ ’.q
ESOMEPRAZOLE [ H
EPHEDRINE HYDR .. o o Bl
ECOLIGIN /00562601/ I >
GYANOGOBALAMIN MM
CEFAZOLIN SODIUM o\
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Today's program
Science Fiction

Graphics for Clinical Study Reports

and Submission Dossiers

Sequel Il
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Science fiction
The eCSR and eDossier

Recent Novartis submission:

* US - Electronic dossier was about 200 GB of data
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Science fiction
A vision: the CSR of the future

What will the eCSR and eDossier in the (near) future look
like?

Minimum: hyperlinked PDF

Vision: hyperlinked, dynamic web format
 The graphical CSR?

Interactive Report Example
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https://loeffju1.shinyapps.io/InteractiveReport
https://loeffju1.shinyapps.io/InteractiveReport

Today's program
Advertisement

No show today!
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Advertisement
No show today!

But what you might have seen:

Graphics for commercial material, sometimes publications
« Paper (brochure), internet or sceenshow, TV

 Fancy infographics

- Static, animated, interactive

* Video?
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Today's program
The End

The End

(almost)
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Classification

ﬁ

*CSR, submission dossier

Target/ «AdCom slide deck

- +Publication
purpose *Internal presentation
*Exploration

*Static
*In-text
*Post-text
+Slide
*Dynamic
*Web-based, interactive
*Animated

P *Results

«Efficacy

«Safety
Area / - +Demographics

content /IS
Benefit-risk
*Model checks
«Patient profiles
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Classification

Target / purpose Form / type Area / content

CSR, submission
dossier Results

Static
‘( Benefit-risk

AdCom slide deck

Publication

Internal

‘ Model checks
presentation SEE '

Exploration Patient profiles
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Structured approach

How do we best design an individual graph (be it static or
dynamic)?

Follow graphical principles

A structured approach has recently been published:

- Duke SP, Bancken F, Crowe B, Soukup M, Botsis T, Forshee R.
(2015) Seeing is believing: Good graphic design principles for
medical research. Statist. Med., 34: 3040-30509.

 http://www.ctspedia.org/do/view/CTSpedia/SelectRightGraph
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http://www.ctspedia.org/do/view/CTSpedia/SelectRightGraph

Summary

Data visualization is used in many areas of clinical
development

The type of visualization depends on the target and the
content (but also the audience)

Most importantly, visualizations can be static or dynamic
Restrictions and limitations mainly imposed by target
The future will hopefully be more dynamic

By the way:
- All data shown are dummy data (unless noted otherwise)
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