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https://graphicsprinciples.github.io/

STRATOS Visualization panel

“Visualization and the use of graphics can help at every stage of an analysis, from
the planning and design of an experiment, the very first data explorations, through
to the communication of conclusions and recommendations. Visualization is more
than "plotting data"; it can lead to a deeper understanding and inform next steps.

The role of the STRATOS visualization panel is to promote the use of good
graphical principles for effective visual communication, providing guidance and

recommendations covering all aspects from the design, implementation and
review of statistical graphics.”

Chair: Mark Baillie

Members: Tim Morris, Rachel Phillips, Willi Sauerbrei, Svenja Seide, Marc
Vandemeulebroecke

http://www.stratos-initiative.org S T R .I“l. TO S
I NI T I AT I V E



http://www.stratos-initiative.org/

Effective visualisation is important
throughout the workflow

Topic groups

Missing data

Selection of variables
and functional forms in
multivariable analysis

Initial data analysis >

Measurement error and
misclassification

Study design

Evaluating diagnostic
tests and prediction
models

Causal inference

Survival analysis »”

High-dimensional data



BRACE and first-line orals commonly used in early stages
Despite data showing high-efficacy treatments started early result in better outcomes

Use of disease-modifying treatments in MS'

139
us

EU

us EU
1st line 2nd line 3rd line
55% 55% 33% 31% 12% 14%
% patients

. H
us EU

B maAbs High-efficacy orals [l BRACE & First-line orals

Cumulative hazard of CDP in patients with
RRMS treated from disease onset versus late
with high-efficacy treatment?

Treated late with
0121 YR, 0-46 (95% Cl, high-efficacy treatment
0.31 to 0-68)
T c 09 P<.0001
8 S
T3
g ® 0.6 Treated from disease onset
= ? with high-efficacy treatment
L
= 0
Es 03
(&
0 T I I T T

T T T T |

Time (years)

MAbs: Ocrevus®, Lemtrada®, Tysabe® High-efficacy orals: Gilenya®, Mayzent®, Mavenclad®; BRACE & First-line arals: Interferons, Copaxone®, GA Gx; Tecfidera®, Aubagio® *High efficacy DMTs may include orals and MAbs

1. Symphony APLD (Sap 2018-Aug 2018). . EUS IPSOS Monitor 2019,

4 https://www.novartis.com/sites/www.novartis.com/files/meet-novartis-management-2020-presentation.pdf

2. He A et al. Lancat Meural. 2020;19{(4):207-316. Retrospactive analysis, measured from disease onset Bold lines are cumulative hazard estimates and shaded areas
are 85% Cls. CDP, confirmed disability progression; Cl, confidence interval; HR, hazard ratio; RMS, relapsing multiple sclerosis.

d) NOVARTIS | Reimagining Medicine




THE LANCET
Neurology

Volume 19, Issue 4, April 2020, Pages 307-316

Articles
Timing of high-efficacy therapy for multiple
sclerosis: a retrospective observational cohort

study

Anna He MBBS 2, Bernd Merkel PhD 2, James William L Brown PhD * * €, Lana Zhovits Ryersan MD ¥, Ilya Kister
MD 9, Charles B Malpas PhD 2 Sifat Sharmin PhD 2 Dana Horakova MD ® T, Eva Kubala Havrdova PhD = T, Tim
Spelman PhD & Guillermo lzquierdo MD ¥, Sara Eichau MD |, Maria Trojano MDJ, Alessandra Lugaresi MD !
Raymond Hupperts MD ™, Patrizia Sola MD ", Diana Ferraro MD ", Jan Lycke PhD °, Francois Grand'Maison MD P,
Alexandre Prat MD 37, Mare Girard MD %7, Pierre Duguette MD 3 7, Catherine Larochelle MD % 7, Anders
Svenningsson MD F Thor Petersen MD %, Pierre Gramnmond MDY, Franco Granella MD ¥, Vincent Van Pesch MD ¥
“ Roberto Bergamaschi MD *, Christopher McGuigan MD ¥+ %, Alasdair Coles PhD b,Jar" Hillert MD &, Fredrik Piehl
MD &, Helmut Butzkueven PhD ** # Tomas Kalincik PhD ® 3% 2, B on behalf of the MSBase study group T

https://www.sciencedirect.com/science/article/pii
/S1474442220300673?via%3Dihub#fig3
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Cumulative hazard of confirmed

Number at risk
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Early group

disability progression

A Commencement of high-efficacy therapy
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02

01 W

6 7 8 9 10
Time (years)
253(0) 175 (78) 116(137) 63(190) 36(217)
213(0) 148 (65) 98(115) 53(160) 30(183)
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Visualisation Panel Updates

= Biometric Bulletin article 2020
= Support publication panel - provide review and support of STRATOS publications
= Presentation ROeS Sept 2021

= Collaboration with TG2-TG3
— Regression without regrets (cross-sectional)
— Leads: G. Heinze, M. Baillie, M. Huebner, a TG2-TG3 collaboration

» Workshops - M. Baillie and M. Vandemeulebroecke.
— Developed hands on workshop and rolled out to 1,000 statisticians, clinicians and other quantitative scientists at Novartis.
— Active learning — pen, paper and gray matter
— Designed to be face to face, 3 hours, but now redeveloped to run virtually
— Early 2021 invited presentation to ASCPT Pharmacometrics & Pharmacokinetics
— 2022 Will present a version of the workshop at IBC
— https://members.biometricsociety.org/ibc2022/events/showcase

» Related initiatives - R. Phillips & M. Baillie
— Founding members of active PSI special interest group on visualization
— https://www.psiweb.org/sigs-special-interest-groups/visualisation/welcome-to-wonderful-wednesdays

6 U NOVARTIS | Reimagining Medicine
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Principles for EVC

Graphics Principles Cheat Sheet v1.1

Communication
Eflsclive visualizalions comamunicate Gomplex
statistical and quantizive information faciialing
insight, . and

P

ciples of Effective Graphic

gn

Praxiity - group reated slamerts ogetner

Butwhatis an effactiva graph?

on the same vertical or
nmzanm plane are perceived as having siilar
propertie

T points
1o consider.

Gleary derify the pupose o the graph.
to deliver a message.
eploraton?

p . only
luce elements that add value, limit to 2-3

caloes or fonts

White space (emply space) - use white space to

minenize distraction & provide clarity

Legibility - sans senf fonts are sasier 1o read,

use calor for emphasis inmaqmawxypm

Color— Es\amudurslhslpmiuvt

the oraph legible. =L
color schemes to prevent

identify tha quantitative evidence to
support the purpese

B

ety Ihes intenced audien Ge
(specialists, non-specialists, botn) and
focus the design to support thei needs

clashing. Use dark colors and accent coloss 1o
phasize important information

Visual Hierarchy — use color, font, image size,

typetace, alignment & placement to create a

viewing order

Focal Points — primary area of interest that

immediately atiracts the eye, emghaszze the mast

important concept and make it your focal point.

Use contrasting Golors to draw attention

Adapt the design to space or formatiing
Gonstraints (e.g. dinial report, sikde
deck or publication)

Effectiveness R:

Agraphis

Repetitio can be visually
appeal repeated shapes, labels, colors
an.my using familiar style, icons,

ructure makes viewers feel confident
cnm.mmy — be consistant with heading sizes,
fant choices, calor scheme, and spacing. Use
images with similar siyles

of data that visually

vaes
colors. The Cleveland MoGill scale an ba used to select the most effectiva atiribuleds) for your purpose.

symaois and

Slopa or

Angie Lenan

-y busble

volume mulivariate charts,

harts hu!;.qeq ity plots NS MRS o
cha

stacked bar
line graphs,  charts, small
pie charts mrfall

multple plats  coordinats
plots

ol piats, bar
charts, parallel

Cansider if

the right base

aph

oy idenifying

the:
{i) purpose (i.e. message in be conveyed or question I answer) and (i} data (i . variables 1o display).
Example plots categorized by purpose

Piaca labels next
fo data instesd of
using legends

Group togelher

Order values 1o

Judgments ars
easier o make on

common
vertical scale

Plot the final
Cmparione
‘mean difference
nof two means
R

rence
lines and other
visual anchars.
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Line plot.

£

f

Implementation Considerations Legibility and Clarity Good graph checklist

Plat Gause on the x-axis
and effect o the y-axis.
Use this standard
coavention in order 1o
avoid misinterpretstion

Aspact ratio can influence
interpratation. Airm for a 45
degree angle of change io
Bvoid over-intarpretation
of slope.
Use positon for

ipansons rather than
lengih {i.e, dots instead of
bars), especislly for non-
lingar scales (e.9. log
scale or % change),

Do not piat lag-normelly
distributed varables on a
iner scale (e.g. hazand

oL
Calor for emphasis or distinction
When displying data
arganizing
anarrative anumlnmau-ummmma-nums ¢ e
scale for easy

Think carefully before infroducing addional color, comparson.
Do you really need 7

Connacted data inmply
Da not use coler I continuity. Do nol cannect
difforertiate betwean dala soross & disconnected
caiegaries of e same o uneven ime scale.
vanatia

Use colors or shades fo
represent meaningful
diffarences such as
posiive/negative vilues,
uestments or doses.

88 consistent, use the
Same Golor (o mean the:
same thing in a series of
araphs (&.g. retment,
dosa)

Use & boid, saturated or
Gontrasting Galor ta
emghasize important
details

Emphasize he data by

Utz existing resources for ssiection of appropriate
palsites such as

Calor rewer
ar Munsall

) NOvARTIS

Visits displayed close

reaived o
be cioser n ime. Space
the visis proportional 1o
the time between each in
O 10 #void Confusion.

Plot gata and inferences
to suppart stories atiout
medels,

Colars,

ENective graphs Stand alone.

: deliver important information.
: Label axes with clear
measurement units
and provide

Use font size to create
hierarchy (e . sat tiles.
2pt larger than all other
Iabels fo make fem
mara prominent)

Do not type oo small or
100 condensed, Break
long béles into fwo lines.

Iabels that overiap.

Keep the font siyle
simple — sans serifis
Easer 10 read.

Display taxt with enough
contrast o be visbie
Favor me usa of dark on
light instead of ight on
Ak whengver passibie.

T"‘j\*

Bold or italies should only

i : be used for layering o
emphasis. Emghasizing
T%’és\%# - | *n H evarything means nothing
: ' gets emphasized,
Ty ot o settext st an

angle, as ihis decreases
readabisty. Trink of

altamative solutions such
a3 fransgosing the graph.

-

i
|

Itis easier 1o sea Using too many oolors can
. " 4 e

an
borders can be

ramaved ar
gridiines reduced.

©27 Movarts
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difference in length, other met
I.2. a dot over & bar o‘sbr\wmdleml curves
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annolations, labels, shapes, colors,

T

Shift or adjust size of o

They Lse itles,
and textures to
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e
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One salution could be
repeating the data in
alferent paneis,
highlighting individual
curves in a darker color.

Clear Communication Implementation Considerations

O Is the message of the graph as clear as Ne multiple panels piotted an the same

possble? cale?
Q  Is it easy for someane unfamiliar with the QO Are lognormally distributed variables plotted
data to interpret the graph? on a log scal
O Are the patiemsirelationships easily O Are common baselines used wheraver
identified” possibie?
O Is the graph tailored to I8 primary purpose O Does the orientation of the axes aid
and audience? inferpretation?
Q Is the correct graph type used? =] aspect ratio allow the reader to
see variations in the data?
Facili ng Comparisons O Are data across a disconnected ime scale:
kept disconnecied?
QO Are elements to be compared grouped
1ogetner? O Are data spaced proportionally to the actual
time merval {instead of according to visit
O Are labeis placed next to data instead of in number,
legends?
O Are dats and inferences piatted 1o support
O Have categories been ordered for easy stories about models?
comparison?
O Are number of patients by group reported if

5]

Can the plot be read without doing mental this adds cantext?
iations:

O Arethe estimates of interest pictted (.9
mean differences with confidence

Legibility and Clarity

O Can all graphical elements be seen?

intervals)?
O Does the graph have & ciear ftle, axis
Iabeis, annotations and ata units?
Calor for emphasis or distinction
O Can the font be read without eye strain of
O Are graphical slements displayed in a cark affert?
color on a ight background?
§ O Are sans-sei fonts used?
O Are grid lines drawn with a thin ine and a
light color such as grey D Dotex sizes have comect higrarchy big to
small, main text ta subtext)?
O Are colors used sparingly (e.g. max 3)7
Are the elements of the graph clearly
O Doall elements in the graph have a purpose Iabeied (2.9, points, ermor bars, lines,
(2.9, colars, textures, grid ines)? shaded regiona)?
O Are the same colors used to mean the same o

Avre labels oriented horizontally where
thing in a series of graphs? ssbie?
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https://graphicsprinciples.github.io/cheatsheet.html

Resources, where to find out more?

Graphics principles

Additional resources:

Tutorial = Tutorial: https://graphicsprinciples.qithub.io/

Effective Visual Communication is essential in every step of . . .
a quantitative workflow, from scoping to execution and " EXploratO rV q raph ICS . http //q O/XGX
communicating results and conclusions. The goal of the

Lutorial is to convey this competency. = Graph qa”erv: http//QO/qraphqa”erv
» Cheat sheet: GraphicsCheatSheet

In the tutorial we posit three laws of Effective Visual u Pa De r O n eﬁeC“Ve VIS U al CO m m U n ICatI O n
Communication for the quantitative scientist: have a clear purpose,

show the data clearly, and make the message cbvious. The tutorial ™ 1 1 1

provides more granularity on these laws; it covers the Graphics Vld eo O n the th ree p rl n CI p | eS

Principles Cheat Sheet; and it discusses the application of both in

four Case Studlies, = Presentation checklist
http://go/presentationchecklist

Exposure is not a better predictor of response than dose

oose = EVC sharepoint

= \Wonderful Wednesdays

stion from the tutorial

8  https://graphicsprinciples.github.io/ U NOVARTIS | Reimagining Medicine



https://graphicsprinciples.github.io/
http://go/xGx
http://go/graphgallery
https://share.novartis.net/sites/cdssp/Biostats_PMX/AVA/GDP/Graphics%20Resources/Graphic%20Principles%20Cheat%20Sheet%20(11April2018)_2.pdf
https://ascpt.onlinelibrary.wiley.com/doi/full/10.1002/psp4.12455
https://youtu.be/pfxulpF9XOw
http://go/presentationchecklist
https://share.novartis.net/sites/ava/SitePages/Effective-Visual-Communication.aspx
https://www.psiweb.org/sigs-special-interest-groups/visualisation/welcome-to-wonderful-wednesdays
https://graphicsprinciples.github.io/

2™ principle - select the appropriate graph

= Come up with several different

ways to display the same \_’ \
information \_ u P’ \

» Display the key evidence in a way \ wme an
that supports the purpose ‘—L_‘, wed” busej;'\c ?os""é""
Continuing with the LNP example
= What is the key message: e o\r\*f‘ﬂb'?“"“%s"“"e
LNP023 reduces LDH levels to I Sy \ ~
= What is the key evidence to st — shudy2o | — 1
support this: F \ 9
ohorts, LDH a6 & surmogate for ‘ Study2h | -S-
efficacy N ormal ,__\_-—/

Ran 9e Nafw‘a\

9 Business use only | EVC workshop | version for individuals May 2021 U NOVARTIS | Reimagining Medicine



Play the EVC Cartoon

Have a clear purpose

Have a clear
purpose

“: -")
4
Av

Which drug should we
recommend for development?

Make the
ShOW The message
data obvious

clearly

D> @) 149 / 3:54

10 http://go/graphvideo d NOVARTIS | Reimagining Medicine



http://go/graphvideo

Sharepoint: collection of resources

AVA  Advanced Visual Analytics  wzes susiness use Only (interna)

\. Home AVA Qutreach Forum Shiny Developer Working Group (SDWG) Analytics

& Sendto [ Immersive Reader

Have a clear
purpose

Effective Visual Communication (EVC)

Scientists are generating more and more data every day. Our job as quantitative scientists is not only to analyze this data, but also to communicate our
analyses in an efficient, effective, and impactful way. As Chambers et al. so elegantly stated:

“There is no single statistical tool that is as powerful as a well-chosen graph” - Chambers et al 1983

Effective visualizations may appear obvious, but creating them requires skill, patience, trial and error. Whether you are just beginning your career, or
have many years of experience under your belt, the following resources can help you to develop effective data visualizations.

Internal Resources
* Graph Gallery (go/graphgallery) - dynamic resource for graphics and corresponding code,
displayed in a web browser. Users can browse through samples or search for certain tags
(e.g. SAS, R) or keywords (e.g. "Survival®,"Safety”). Registered users can also rate and
comment on individual graphs, participate in discussion forums, upload new graphs (along
with code), and request help from graphical experts.

Graphics Principles Cheat Sheet (go/graphcheatsheet) - reference sheet summarizing
essential graphical principles on a single page, from selecting the right base graph, to
facilitating comparisons (proximity, alignment), effective use of color (minimal, only for

11 d NOVARTIS | Reimagining Medicine




Yammer: community of practice

M Effective Visual Communication
0] n
NEW CONVERSATIONS ~ ALL CONVERSATIONS ~ FILES O SEARCH

9 Magnusson, Baldur Folow — Friday at 12:32 PM

Making better data charts: From communication goals to graphics design

From Andrew Gelman's blog, here is an interesting post on the topic of making better
graphs. Among other things, the article touches on the importance of knowing the
purpose of the graph and having a clear message, and also gives various tips on clarity
(including a handy link to the directlabels package in the comments).

Declines in Prekindergarten Enrollment Adjusted for Prepandemic Trends

® Adjusted Unadjusted

American Indian ®
Two or more races ®
Disability status ®
Hispanic ®

White ®

English language learner o
status
Economically 4.
disadvantaged

Black “®
Asian © ®

Pacific Islander —®

12 L'

PINNED Add
Advanced Visual Analytics (...
Graphics Cheatsheet (go/g...
Graph Gallery (go/graphga...

3 EVCvideo (go/graphvideo)
go/grap

RELATED GROUPS

+ Add a related group
R R User Community

@ Shiny User Community

ﬁ Clinical Development & An...

ACCESS OPTIONS

[J Subscribe to this group by email
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Wonderful Wednesdays 10

08-Dec-2020
E EUROPEAN FEDERATION OF STATISTICIANS IN THE PHARMACEUTICAL INDUSTRY
) Representing Statistical Associations in Europe
L
L

An EFSPI/PSI VIS SIG initiative

U NOVARTIS | Reimagining Medicine



Meta-analysis example data set

e The example simulated data set is based on
seven phase Il studies in Hypertension.

e A wide collection of baseline measurements are
also included which can be explored to understand
the patient populations within each trial, to search
for potential subgroups or differential treatment
effects, or even to develop prognostic or predictive
risk models.

e For a detailed overview of the data set, please
refer to the data dictionary provided:

https://qgithub.com/VIS-SIG/Wonderful-
Wednesdays/tree/master/data/2020/2020-11-11

BasE

Representing Statistical Associations in Europe

EFSPI

Z EUROPEAN FEDERATION OF STATISTICIANS IN THE PHARMACEUTICAL INDUSTRY


https://github.com/VIS-SIG/Wonderful-Wednesdays/tree/master/data/2020/2020-11-11

Intensive antihypertensive therapy versus standard of care

Responder analysis - patients with controlled systolic blood pressure at 1 year

(= 120 mmHg)

Study 1D

Odds ratio [95% Cl]

Fixed

Random

0.10[0.05-0.21]
0.20[0.07-0.52]
0.08[0.04-0.16]
0.30[0.17-0.52]
0.13[0.04-0.45]
0.18[0.11-0.30]

0.22[0.10-0.48]

0.16[0.12 -0.21 ]

0.16[0.11-0.24]

0.1

+« Favors intensive therapy

05 081

s LY\ VININ L LU sennug:Ning Medicine
https://waseem-medhat.shinyapps. |o/forest _plot_with_bands/



-‘ﬁ;ﬁl_g‘hqrnup o

Subscreen Comparer

First Target variable

Di P

Plot Type (Compare Plot: y-axis / Bubble Plot: x-axis)
O linear @ logarithmic

Range (Compare Plot: y-axis / Bubble Plot: x-axis)

25 18.5

e QO e—()

Second Target variable

onder.132

Plot Type (Compare Plot: y-axis / Bubble Plot: y-axis)
O linear @ logarithmic

Y Range (Compare Plot: y-axis /| Bubble Plot: y-axis)

0.05 11.1

Reference variable

o =a

NOVARTIS | Reimagining Medicine

https://cran.r-project.org/web/packages/subscreen/index.html



Meta-analysis Step | - Prognostic model ction between covariates and treatments

Predictors: GOSH plot Forest plot

Mean systolic blood pressure
(mm Hg) measured at baseline”

Prognostic Score:
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Selected Studies: - . . +
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https://figplot.shinyapps.io/WW20201209/
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Meta-analysis example data set

e How data visualisation can be deployed to understand integrated data?

o Key issues where data visualisation can help
are around the investigation of whether
studies can be combined due to study
heterogeneity

e This throws up questions such as:
o What graphical tools can be used to assess heterogeneity?
o What variables are prognostic or predictive of outcome?
o Where can graphical methods provide general recommendations?

U NOVARTIS | Reimagining Medicine



SBP [mmHg] at 1-year

Comparison of pre-post mean systolic blood pressure (SBP) measured at baseline and 1-year

Study 1 and 3 may have data quality issues - further investigation required

Study 1 Study 2

——aeaaa
(an] b N Na)loo]
oOOoOoOoOO

-
2 L

120 130 140 150 160 170 120= 130 140 150 160 170

—_— e
[an] SN Na)loo]
OoOOoOoOoOO

Study 7

o S

120 130 140 150 160 170

—_
OoON OO
oOOoOoOOoOO

SBP [mmHg] at randomisation

Treatment — Intensive treatment == Standard of care

The by-treatment relationship also disaplyed using a cubic splines.
y = x reference line also displayed.
Data: BIG_DATA_PSI_WW_DEC2020.csv



Mean systolic blood pressure [mmHg] at 1-year

170
160
150
140
130
120
110

170
160
150
140
130
120
110

The intensive treatment arm for study 1 and 3 displayed patterns of interest

It is always important to plot data many ways
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Mean systolic blood pressure [mmHg] at randomisation

Standard of care

http://robertgrantstats.co.uk/drawmydata.html
Data: BIG_DATA_PSI_WW_DEC2020.csv
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Mean systolic blood pressure [mmHg] at 1-year
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The intensive treatment arm for study 1 and 3 displayed patterns of interest

It is always important to plot data many ways

Study 1
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INITIATIVE

Initial Data Analysis

Aim
To improve awareness of Initial Data Analysis (IDA) as an
important part of the research process and to provide

guidance on conducting IDA in a systematic and reproducible

manier.

Key principle:
IDA should not touch the research question.
Our group promotes initial data analysis (IDA) as a highly
structured step in the data analysis process. For this purpose,

we developed a framework for IDA and are creating tools to
facilitate the IDA process.



Discussion

= Would like to identify co-chairs, help with activating the panel
» General thoughts or input from the wider group on future direction

= Questions?
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