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Figure 111 (Page 1 of 1)
Best percentage change from baseline in sum of lonaest diameters and best overall response
as per investigator by prior treatment
(Full analysis set)
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-* Denotes the percentage change from baseline greater than 100.
Source: Table 114, Listing 14.2-1.2 and Listing 16.2.4-1.5

Lessons from a company wide
data visualization initiative

Mark Baillie, AMDS Novartis
Berlin, 25" November 2025
https://graphicsprinciples.qgithub.io/
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How can we make better graphs?

During 2014, Novartis formed a cross-functional
Graphics Workstream to:

Enhance understanding and use of good
graphical principles

Promote graphical thinking
Facilitate easy access to high quality graphics

Provide state-of-the-art ideas on graphical
presentation of data for exploratory analyses

Outline a view of graphics at Novartis
tomorrow

https://graphicsprinciples.github.io/

Pharmaceutical Statistics = P S
The Joumal of Applied Statistics ﬂ . et

in the Phammaceutical Industry The officel journal ofPS! " \~§
MAIN PAPER (& Full Access

How can we make better graphs? An initiative to increase the
graphical expertise and productivity of quantitative scientists

Marc Vandemeulebroecke i, Mark Baillie, David Carr, Linda Kanitra, Alison Margolskee, Andrew Wright
Baldur Magnusson

https://onlinelibrary.wiley.com/doi/full/10.1002/pst.1912



Vision: Tomorrow's ideal applied statistician

We understand
when to construct
information rich
graphs vs concise
message graphs

We are very
familiar with
principles of good
graphics

We transition
seamlessly from
investigation to
analysis to

We understand
when to use
graphics and

when not

We are skilled
with an advanced
graphics package

3 https://graphicsprinciples.github.io/



Goal: see less of these...

4

https://graphicsprinciples.github.io/
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-.and more of these
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How do we get there?

» How do we tell a good graph from a bad one?

* How do we ensure we design a graph that is fit for
purpose?

» Recall workstream goal: enhance understanding and use
of good graphical principles

6 https://graphicsprinciples.github.io/



Elements of the initiative

Graphical principles and thinking
1. Graphics Principles Cheat Sheet
2. Newsletter

Easing the implementation
3. Graph Gallery
4. Analysis Results Datasets

Pharmaceutical Statistics - p—-—— =
»

The Journal of Applied Statistics
in the Phamaceutical Industry The official journal of PSI-

S

MAIN PAPER = (& Full Access

How can we make better graphs? An initiative to increase the
graphical expertise and productivity of quantitative scientists

Marc Vandemeulebroecke g, Mark Baillie, David Carr, Linda Kanitra, Alison Margolskee, Andrew Wright
Baldur Magnusson

https://onlinelibrary.wiley.com/doi/full/10.1002/pst.1912

5. Standardization of most common/important graphs

Graphics tomorrow ... or today?

6. Question-based visualizations and interactive graphics

...plus overarching stakeholder management and communication
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Graphics Principles Cheat Sheet



Graphics Principles Cheat Sheet

Graphics Principles Cheat Sheet v1.1

Communication Principles of Effective Graphic Design

Effective visualizations communicate comy
statistical and quantitative information Iacmiaﬁng
insight, understanding, and decision making.

Proximity — group related elements together
Alignment — elements on the same vertical or
horizontal plane are perceived as having similar

i ?
Butwhatis an effective graph propertes

This cheat
to consider.

Clearly identify the purpose of the graph,
&.g. to deliver a message or for
exploration?

points cut anything superfluous, only
include elements that add value, it to 2:3
colors or fonts
White space (empty space) - use white space to
‘minimize distraction & provide clarity
Legibility - sans serif fonts are easier to read,
use color for emphasis instead of a new typeface
Collor - select colors that presert enough
contrast to make the graph legible. Choose
color schemes to prevent
clashing. Use dark colors and accent colors to
emphasize important information
Visual Hierarchy - use color, font, image size,
typeface, alignment & placement to create a
viewing order
Focal Points — primary area of interest that
immediately atracts the eye, emphasize the most
ake it your focal point.
Use contrasting oolcrs to draw artention
Repetition — repeating elements can be wsuauy
appealing, repeated shapes, labels, col
Flmnll:my using familiar styles, icons,
iavigation structure makes viewers feel confident
tency — be consistent with heading sizes,
font cholces color scheme, and spacing. Use
images with similar styles

Identify the quantitative evidence to
support the purpose

Identy the nended audience
(specialists, . both) and
foeus the Gbsign t support iheir needs

Adapt the design to space o formatting
constraints (e.g. dlinical report, s
deck or publication)

Effectiveness Ranking

Agapnisa dta at 1 as s, ymools and
colors. The Cleveland-! MCGIH scale can be used to select the most effective attribute(s) for your purpose.
Fostionon
Slope or = Position on
Aea Sige Lenot wnaloned ol e

)} .. :9‘;';
]

o

—
—-—

BIE]

o

o

S ot acourate |

. bubble stackedbar dot plots, bar
volume ﬁg:i 4 muivarate oo charis, line graphs,  char charts, parallel
charts ¢ o nsity plots PS mosaic  pie charts wa(erlall mump\e plols coordinate

eat maps e g

Selecting the right base graph

Consider if a standard graph can be used by identifying suitable designs based on the:
(i) purpose (i.e. message to be conveyed or question to answer) and (ii) data (i.. variables to display).

Example plots categorized by purpose

Evolution Magnitude
Chg. from Horizontal Kapian Stacked Vertcal
baseline  SCOrPIOl o gnart Boxplot Meier bar chart bar chart
)
N H ! 1h
Waterfall  Heatmap Dotplot Histogram  Lineplot  Treemap  Forestplot

= 3
ol

Facilitating Comparisons

Proximity improves association

Place labels next
o data instead of
using legends

Group together
elements to be
compared directly

Ease visual inspection

Order values to

r0ss many.
categories
Judgments are
easier to make on

acommon
vertical scale

Reduce mental arithmetic

Plotthe final
comparison e.g. o e
mean difference o
not two means o —— T
Excopton: f omparator

oot taract n aol

Use reference
lines and other

visual anchors.

9  https://graphicsprinciples.github.io/
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Color for emphasis or distinction

Restrained use of color ly effective in organizing
a narrative and calling attention to certain elements.

‘Think carefuly before introducing additional color.
Do you really need it?

Do not use color to
differentiate between
EEEa D

Use colors or shades to
represent meaningful
differences such as
positive/negative values,
treatments or doses

Be consistent, use the
same color to mean the
same thing in  series of
graphs (e.g. treatment,
dose)

Use a bold, saturated or
contrasting color to
emphasize important
details.

Emphasize the data by
T T
ink, e.g. soften gri
with a light color

Utiize existing resources for selection of appropriate
palettes suchas
Color brewer

or Munsell

U, NOVARTIS

Implementation Considerations

:"“;' :;:if::‘:':y’iﬁ‘: E«ecuve graphs stand alone. They use fitles,
inotations, labes, shapes, colors, and textures to
Use this standard s P e O Is the message of the graph as clear as
convention in order to possible?
avoid misinterpretation.
i Label axes with clear . ; Q Isiteasy forsomeane unfamilar with the

Aspect ratio can influence 5 Moy S £ r""’J |-} })'*—' data to interpret the graph?
interpretation. Aim for & 45 e OV & L
deg;e angle of change to - A annotations that QO Are the pattems/relationships easily
avoid over-interpretation . Stepctihelnessage - o identified?
of slope. :

ee Use fontsizs to rsste e Q' Is the graph talored to its primary purpose
Lo postton for hierarchy (e.g. set ities z and audience?
CE T T 2ptiarger thanall other | -
length (i.e. dots instead of - labels to make them H QO Is the correct graph type used?
bars), especially for non- s o o) i o
linear scales (.g. log ||
scale or % change). D — . Facilitating Comparisons

t00 condensed. Break: v e
Do not plotlog-nomally ? o O Are elements to be compared grouped
distributed variablesona ¥ { long fitles into two lines. 7 = mo together?
linear scale (e.g. hazard  §: ¢ Shift or adjust size of I e 9
ratio, AUC, CL) CERRE! . labels that overlap. Q  Are labels placed next to data instead of in
legends?
. e

Ui dlsdp'awrr“g dat A Keep the font style Pt ;1 Q  Have categories been ordered for easy
EZREE N simple-sansserifis | ¢ Tep i | comparison
scale, also plot them on -»> '\ easier o read. LS
[EsEsncaleli=axY \ - o O Can the plot be read without doing mental
comparison.

Display text with enough
nirast to be visible:

Favor the use of dark on
[\‘J\.. l\ NN

Connected data imply
continuity. Do not connect
data across a disconnected
or uneven time scale.

stead of light on
Gark whenver possible

Visits displayed close Bold or talics should only
togetherare perceivedto . N be used for layering or
be closer in time. Space || ., emphasis. Emphasizing
the visits proportional to % %’% 111 | overything means nothing
b imelbstweenisachinfll 111 M 1| Gememanasked
order to avoid confusion.
Excatonbasaine o r-dte
Try notto settextatan

Plot data and inferences :\:\:z;symm?:kcr:'ases
g altemative solutions such

b as transposing the graph.

Putting it all together — Remove the clutter & empha

Creating a graph is an iterative process: produce, review and refine.

Colors, Itis easier to see Using too many colors can
backgrounds, and differences in be distracting. Use white
borders can be position over a o T
removed and difference in length, other mett

gridiines reduced. i.e. adot over a bar, distinguish F mans,

©2017 Novartis

e the message

calculations?

o

Are the estimates of interest plotted (e.g.
mean differences with confidence
intervals)?

Color for emphasis or distinction

O Are graphical elements displayed in a dark
color on a light background?

Q  Are grid lines drawn with a thin line and a
light color such as grey?

I s>
] ! e QO Are colors used sparingly (.g. max 3)2
Vi e QDo all elements in the graph have a purpose
(e.. colors, textures, grid lines)?
a

Are the same colors used to mean the same
thing in a series of graphs?

o

o

o

=)

Q

o

Legibility and Clarity Good graph checklist
Imemenaton Consieratiors

Are multiple panels plotted on the same.
scale?

Are lognormally distributed variables plotted
ona log scale?

Are common baselines used wherever
possible?

Does the orientation of the axes aid
interpretation?

Does the aspect ratio allow the reader to
see variations in the data’

Are data across a disconnected time scale
kept disconnected?

Are data spaced proportionally to the actual
time interval (instead of according to visit
number)?

Are data and inferences plotted to support
stories about models?

Are number of patients by group reported if
this adds context?

Legibility and Clarity

Can all graphical elements be seen?

Does the graph have a clear title, axis
Iabels, annotations and data units?

Can the font be read without eye strain or
effort?

Are sans-serif fonts used?

Do text sizes have correct hierarchy (big to
small, main text to subtext)?

Are the elements of the graph clearly
Iabeled (e.g. points, error bars, lines,
shaded regions)?

Are labels oriented horizontally where
possible?

Oniine resources:

(s Few)
hitpsJAvin.edwardtufte com/tufe (E. Tuft)
onatalncont M. You)

Doumont)
Hipdancieugsimancary (A Geman)
hitp/wn hefunclonalart.com! (A. Cairo)

7
ERAN
ININ £ Tt o sty o e lomaton,Comacas. S Pres 200
N e 2
LR o ammwwww nenocs ISR Vol 70 o, 357,531 554, 1034
i Nt Ce s an g s Engaan (£
B A s e 1
Onesoluioncouldbe  D-M:Wen, e Vil Svest e Gude o Ifomalon Graphcs:TheDos and D o
SR i b P e s Dt 1203
different panes, N B Roobin, ot Hiors Efcotvs e, Coart Hovme.

highlighting individual
curves in a darker color.

PRINCIPIAE. hit/usw nbr-graphs.cony (N. Robbins)

Mark Bail gnusson, Julle Jones,

U, NOVARTIS

https://graphicsprinciples.github.io/cheatsheet.html



https://graphicsprinciples.github.io/cheatsheet.html
https://github.com/GraphicsPrinciples/IBC2022

Planning questions

Clearly identify the purpose of the
graph, e.g. to deliver a message or
for exploration?

Identify the quantitative evidence to
support the purpose

|dentify the intended audience
(specialists, non-specialists, both)
and focus the design to support their
needs )

\
Adapt the design to space or

formatting constraints (e.g. clinical
report, slide deck or publication)

10 https://graphicsprinciples.qgithub.io/



https://github.com/GraphicsPrinciples/IBC2022
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https://github.com/GraphicsPrinciples/IBC2022

- Good graph checklist
Good graph checklist

Is the message of the graph as clear as Q  Are multiple panels plotted on the same
possible? scale?

Q s it easy for someone unfamiliar with the Q  Are lognormally distributed variables plotted
data to interpret the graph? on a log scale?

QO Are the patterns/relationships easily U Are common baselines used wherever
identified? possible?

O s the graph tailored to its primary purpose QO Does the orientation of the axes aid
and audience? interpretation?

Q s the correct graph type used? Q Does the aspect ratio allow the reader to

see variations in the data?

Facilitating Comparisons Q Are data across a disconnected time scale

kept disconnected?
Q Are elements to be compared grouped

together? Q  Are data spaced proportionally to the actual
time interval (instead of according to visit
O Are labels placed next to data instead of in number)?
legends?
O Are data and inferences plotted to support
O Have categories been ordered for easy stories about models?
comparison?

Q  Are number of patients by group reported if
O Can the plot be read without doing mental this adds context?
calculations?

Q Are the estimates of interest plotted (e.g. Legibility and Clarity

mean differences with confidence Q Can all graphical elements be seen?
intervals)?

QO Does the graph have a clear title, axis

- — labels, annotations and data units?
Color for emphasis or distinction

. . . Q Can the font be read without eye strain or
O Are graphical elements displayed in a dark effort?

color on a light background?

- X L Q  Are sans-serif fonts used?
Q  Are grid lines drawn with a thin line and a

light color such as grey? O Do text sizes have correct hierarchy (big to

. small, main text to subtext)?
O Are colors used sparingly (e.g. max 3)?

Q Are the elements of the graph clearly

Q Do all elements in the graph have a purpose labeled (e.g. points, error bars, lines,
(e.g. colors, textures, grid lines)? shaded regions)?

O Are the same colors used to mean the same Q Are labels oriented horizontally where
thing in a series of graphs? possible?

12 https://graphicsprinciples.qgithub.io/
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Graphics Principles Cheat Sheet

Graphics Principles Cheat Sheet v1.1

Communication Principles of Effective Graphic Design

Effective visualizations communicate comy
statistical and quantitative information Iacmiaﬁng
insight, understanding, and decision making.

Proximity — group related elements together
Alignment — elements on the same vertical or
horizontal plane are perceived as having similar

i ?
Butwhatis an effective graph propertes

This cheat
to consider.

Clearly identify the purpose of the graph,
&.g. to deliver a message or for
exploration?

points cut anything superfluous, only
include elements that add value, it to 2:3
colors or fonts
White space (empty space) - use white space to
‘minimize distraction & provide clarity
Legibility - sans serif fonts are easier to read,
use color for emphasis instead of a new typeface
Collor - select colors that presert enough
contrast to make the graph legible. Choose
color schemes to prevent
clashing. Use dark colors and accent colors to
emphasize important information
Visual Hierarchy - use color, font, image size,
typeface, alignment & placement to create a
viewing order
Focal Points — primary area of interest that
immediately atracts the eye, emphasize the most
ake it your focal point.
Use contrasting oolcrs to draw artention
Repetition — repeating elements can be wsuauy
appealing, repeated shapes, labels, col
Flmnll:my using familiar styles, icons,
iavigation structure makes viewers feel confident
tency — be consistent with heading sizes,
font cholces color scheme, and spacing. Use
images with similar styles

Identify the quantitative evidence to
support the purpose

Identy the nended audience
(specialists, . both) and
foeus the Gbsign t support iheir needs

Adapt the design to space o formatting
constraints (e.g. dlinical report, s
deck or publication)

Effectiveness Ranking

Agapnisa dta at 1 as s, ymools and
colors. The Cleveland-! MCGIH scale can be used to select the most effective attribute(s) for your purpose.
Fostionon
Slope or = Position on
Aea Sige Lenot wnaloned ol e

)} .. :9‘;';
]

o

—
—-—

BIE]

o

o

S ot acourate |

. bubble stackedbar dot plots, bar
volume ﬁg:i 4 muivarate oo charis, line graphs,  char charts, parallel
charts ¢ o nsity plots PS mosaic  pie charts wa(erlall mump\e plols coordinate

eat maps e g

Selecting the right base graph

Consider if a standard graph can be used by identifying suitable designs based on the:
(i) purpose (i.e. message to be conveyed or question to answer) and (ii) data (i.. variables to display).

Example plots categorized by purpose

Evolution Magnitude
Chg. from Horizontal Kapian Stacked Vertcal
baseline  SCOrPIOl o gnart Boxplot Meier bar chart bar chart
)
N H ! 1h
Waterfall  Heatmap Dotplot Histogram  Lineplot  Treemap  Forestplot

= 3
ol

Facilitating Comparisons

Proximity improves association

Place labels next
o data instead of
using legends

Group together
elements to be
compared directly

Ease visual inspection

Order values to

r0ss many.
categories
Judgments are
easier to make on

acommon
vertical scale

Reduce mental arithmetic

Plotthe final
comparison e.g. o e
mean difference o
not two means o —— T
Excopton: f omparator

oot taract n aol

Use reference
lines and other

visual anchors.

13 https://graphicsprinciples.qgithub.io/
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Color for emphasis or distinction

Restrained use of color ly effective in organizing
a narrative and calling attention to certain elements.

‘Think carefuly before introducing additional color.
Do you really need it?

Do not use color to
differentiate between
EEEa D

Use colors or shades to
represent meaningful
differences such as
positive/negative values,
treatments or doses

Be consistent, use the
same color to mean the
same thing in  series of
graphs (e.g. treatment,
dose)

Use a bold, saturated or
contrasting color to
emphasize important
details.

Emphasize the data by
T T
ink, e.g. soften gri
with a light color

Utiize existing resources for selection of appropriate
palettes suchas
Color brewer

or Munsell

U, NOVARTIS

Implementation Considerations

:"“;' :;:if::‘:':y’iﬁ‘: E«ecuve graphs stand alone. They use fitles,
inotations, labes, shapes, colors, and textures to
Use this standard s P e O Is the message of the graph as clear as
convention in order to possible?
avoid misinterpretation.
i Label axes with clear . ; Q Isiteasy forsomeane unfamilar with the

Aspect ratio can influence 5 Moy S £ r""’J |-} })'*—' data to interpret the graph?
interpretation. Aim for & 45 e OV & L
deg;e angle of change to - A annotations that QO Are the pattems/relationships easily
avoid over-interpretation . Stepctihelnessage - o identified?
of slope. :

ee Use fontsizs to rsste e Q' Is the graph talored to its primary purpose
Lo postton for hierarchy (e.g. set ities z and audience?
CE T T 2ptiarger thanall other | -
length (i.e. dots instead of - labels to make them H QO Is the correct graph type used?
bars), especially for non- s o o) i o
linear scales (.g. log ||
scale or % change). D — . Facilitating Comparisons

t00 condensed. Break: v e
Do not plotlog-nomally ? o O Are elements to be compared grouped
distributed variablesona ¥ { long fitles into two lines. 7 = mo together?
linear scale (e.g. hazard  §: ¢ Shift or adjust size of I e 9
ratio, AUC, CL) CERRE! . labels that overlap. Q  Are labels placed next to data instead of in
legends?
. e

Ui dlsdp'awrr“g dat A Keep the font style Pt ;1 Q  Have categories been ordered for easy
EZREE N simple-sansserifis | ¢ Tep i | comparison
scale, also plot them on -»> '\ easier o read. LS
[EsEsncaleli=axY \ - o O Can the plot be read without doing mental
comparison.

Display text with enough
nirast to be visible:

Favor the use of dark on
[\‘J\.. l\ NN

Connected data imply
continuity. Do not connect
data across a disconnected
or uneven time scale.

stead of light on
Gark whenver possible

Visits displayed close Bold or talics should only
togetherare perceivedto . N be used for layering or
be closer in time. Space || ., emphasis. Emphasizing
the visits proportional to % %’% 111 | overything means nothing
b imelbstweenisachinfll 111 M 1| Gememanasked
order to avoid confusion.
Excatonbasaine o r-dte
Try notto settextatan

Plot data and inferences :\:\:z;symm?:kcr:'ases
g altemative solutions such

b as transposing the graph.

Putting it all together — Remove the clutter & empha

Creating a graph is an iterative process: produce, review and refine.

Colors, Itis easier to see Using too many colors can
backgrounds, and differences in be distracting. Use white
borders can be position over a o T
removed and difference in length, other mett

gridiines reduced. i.e. adot over a bar, distinguish F mans,

©2017 Novartis

e the message

calculations?

o

Are the estimates of interest plotted (e.g.
mean differences with confidence
intervals)?

Color for emphasis or distinction

O Are graphical elements displayed in a dark
color on a light background?

Q  Are grid lines drawn with a thin line and a
light color such as grey?

I s>
] ! e QO Are colors used sparingly (.g. max 3)2
Vi e QDo all elements in the graph have a purpose
(e.. colors, textures, grid lines)?
a

Are the same colors used to mean the same
thing in a series of graphs?

o

o

o

=)

Q

o

Legibility and Clarity Good graph checklist
Imemenaton Consieratiors

Are multiple panels plotted on the same.
scale?

Are lognormally distributed variables plotted
ona log scale?

Are common baselines used wherever
possible?

Does the orientation of the axes aid
interpretation?

Does the aspect ratio allow the reader to
see variations in the data’

Are data across a disconnected time scale
kept disconnected?

Are data spaced proportionally to the actual
time interval (instead of according to visit
number)?

Are data and inferences plotted to support
stories about models?

Are number of patients by group reported if
this adds context?

Legibility and Clarity

Can all graphical elements be seen?

Does the graph have a clear title, axis
Iabels, annotations and data units?

Can the font be read without eye strain or
effort?

Are sans-serif fonts used?

Do text sizes have correct hierarchy (big to
small, main text to subtext)?

Are the elements of the graph clearly
Iabeled (e.g. points, error bars, lines,
shaded regions)?

Are labels oriented horizontally where
possible?

Oniine resources:

(s Few)
hitpsJAvin.edwardtufte com/tufe (E. Tuft)
onatalncont M. You)

Doumont)
Hipdancieugsimancary (A Geman)
hitp/wn hefunclonalart.com! (A. Cairo)

7
ERAN
ININ £ Tt o sty o e lomaton,Comacas. S Pres 200
N e 2
LR o ammwwww nenocs ISR Vol 70 o, 357,531 554, 1034
i Nt Ce s an g s Engaan (£
B A s e 1
Onesoluioncouldbe  D-M:Wen, e Vil Svest e Gude o Ifomalon Graphcs:TheDos and D o
SR i b P e s Dt 1203
different panes, N B Roobin, ot Hiors Efcotvs e, Coart Hovme.

highlighting individual
curves in a darker color.

PRINCIPIAE. hit/usw nbr-graphs.cony (N. Robbins)

Mark Bail gnusson, Julle Jones,

U, NOVARTIS

https://graphicsprinciples.github.io/cheatsheet.html
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Principles of effective visual
communication



This is a continual process

Planned Treatment: mg
50 Survival curves
o quartile 1
______ B----- quartile 2
40 | --------- S quartile 3
_——— A ——— quartile 4
30
20

0 12 24 36 48 60 72 84 96 108 120

Study Week
15 https://graphicsprinciples.github.io/



How do we get there?

» How do we tell a good graph from a bad one?

* How do we ensure we design a graph that is fit for
purpose?

» Recall workstream goal: enhance understanding and use
of good graphical principles

16 https://graphicsprinciples.github.io/



Effective Visual Communication (EVC)

Have a clear
purpose

CPT: Pharmacometrics &

Systems Pharmacology Sho e

clearly

Make the
message
obvious

Tutorial & Open Access @ @ @
Effective Visual Communication for the Quantitative Scientist

Marc Vandemeulebroecke §%, Mark Baillie, Alison Margolskee, Baldur Magnusson

First published: 22 July 2019 | https://doi.org/10.1002/psp4.12455 | Citations: 7

17 https://graphicsprinciples.qgithub.io/
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3 principles for better visual communication

1. Have a clear purpose
— Understand the question you are trying to answer
— Identify the quantitative evidence to answer that question
— Know your audience and focus the design to support their needs

2. Show the data clearly
— Choose the appropriate graph type to display your data
— Avoid misrepresentation (use appropriate scales)
— Maximize data to ink ratio (reduce distraction, less is more)

3. Make the message obvious
— Minimize mental arithmetic (e.g. plot the difference)
— Use proximity and alignment to aid in comparisons
— Use colors and annotations to highlight important details

18 https://graphicsprinciples.qgithub.io/ https://youtu.be/pfxulpFOXOw
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Learning outcomes for today's workshop

= Appreciate why Effective Visual Communication (EVC) is a key competency for
the quantitative scientist.

= Explain the three principles of EVC (purpose, clarity and message).
» Design a visualization based on a specific purpose.

= Redesign a visualization to show data clearly.

» Enhance the message of a visualization.

» Recognize where to apply the three EVC principles in your daily work.

19 https://graphicsprinciples.qgithub.io/
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Purpose

What is the purpose of the visualization?

What is the main objective of the visualization?
The visualization is to display supporting evidence that LNP0O23 has demonstrated proof of concept and is
a good candidate to take into phase 3 development.

List the (scientific) question(s) the visualization is trying to answer. Try to be specific.
- Is there a decrease in LDH to “normal levels” post LNP0O23 dose as a mono and combo therapy?
- Does LNP0O23 increase hemoglobin levels?

What is the key evidence that is available to answer the question?
Two studies.

Two different dose cohorts in one study. Mono and combo.
LDH is a surrogate measure of efficacy for PNH.

Consistency across gender for Hermoglobin improvement.

20 https://graphicsprinciples.github.io/
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2" principle - select the appropriate graph

= Brainstorm different ways to
display the data

= The more ideas the better!

= Select the display that supports
the key message

Continuing with LNP example
» What is the key message:

— LNPO23 reduces LDH levels to
normal

» The key evidence to support
this:
— Two studies with different dose
cohorts
— LDH as a surrogate for efficacy

21 https://graphicsprinciples.qgithub.io/
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3. Graph Gallery



3. Graph Gallery: Providing access to
example code and data

Emsi Passward

GRAPH GALLERY ogin

Register, ifyou have not already. Reset password, if you forgot it

Home Samples Gallery Discussion Forum Upload Request RequestforHelp Links FAQ

127 Results

Search
Order by
Search/Filter
! ! !
- \ Creating a graph is an iterative process. produce, review and
i | refine. Filter
= { Logic
R AND OR
Views: 108 Language
R SAS
MATLAB all
Data Types
Continuous
- (\ |\ Model-based
s A\ Time-To-
§ Event
; j\,\ Creating a graph is an iterative process. produce, review and
& ;\ refine. Sample Type
Barchart Boxplot
Time (hours| Distribution Dotplot
. . Forestplot Lineplot
Other Panel
i Patient Scatterplot
Views: 100

profileflisting Spaghett

23 https://graphicsprinciples.github.io/ Survival Time Line



Resources for practice

April 13, 2022
PSI VIS SIG

Feb. 9, 2022
Irene de Ia Torre Arenas

Dec. 8, 2021
Abi Wiliams

Wonderful Wednesdays April 2022

The data reflects a phase |Il study - active vs placebo and the endpoint was Ordinal
Scale for Improvement (OSCI). All patients started at OSCI=4 and daily measures
over 35 days were performed. The challenge was to describe the treatment effect
specifically taking into account the number and timing of patients who died, left the
hospital or fully recovered

Wonderful Wednesdays February 2022

The current example is focusing on uncertainty in study planning. In this Wonderful
Wednesday Webinar, we assume that a phase ||| cardiovascular superiority study is
planned and we will discuss how uncertainty can be displayed with regard to total
study duration if the assumptions are not exactly met

Wonderful Wednesdays December 2021

The challenge was to give a comprehensive visual overview of demographic data and
baseline charactaristics.

Home

B, Age ard Facs avo Wl Baanced Betwoan Tastmand Gruss.
Paicparts Wore Pregurmrary Wit

Blog, code and data @ https://vis-sig.github.io/blog/

24 https://graphicsprinciples.qgithub.io/

Wonderful Wedn up  About

Articles

Adverse events
Alzheimer data example
Baseline characteristics
CGl-l data

GGM

Christmas
Co-occurence
Competing risk
Continuous data
Continuous variable
COVID-19

Data journalism

Data over time
Demographic data
Discrete endpoint

pLal

Event data

Hazard rate
Kaplan-Meier
Longitudinal

Mediation analysis
Meta-analysis

Missing values

Mobile app data

0oscCl

Overview

Patient Reported Outcomes
Prediction

Psoriasis

Rare disease

(5]


https://vis-sig.github.io/blog/
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4. Analysis results data sets



How can we help with implementation across
varying skill levels?

A survey was sent to associates working

with clinical data

The purpose to:

26

evaluate ADaM as a data standard for
graph production

Identify key issues associates currently
experience

Explore issues related to role and
experience level

85 respondents

https://graphicsprinciples.github.io/

Expert in both -

Expert in either -
Average exp. in both -
Average exp. in either -

Minimial -

Graph and ADaM experience

30.00 61.25 92,50
Median (80 and 95% CIl) SUS score



How can we help with implementation across
varying skill levels?

(Negative) qualitative comments

= Complex graphs such as Forest Plots will need a fair amount of
data manipulation to get all needed for input to the graph

= some variables needed for graphs are not in ADaM datasets

= Trying to figure out what the different parameters mean and extracting
the information relevant to my task.

27 https://graphicsprinciples.github.io/



Analysis results data sets

28 https://graphicsprinciples
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ORICINAL ARTICLE

Aliskiren, Enalapril, or Aliskiren and Enalapril in Heart Failure

John J.V. McMurray, M.D., Henry Krum, M.B., B.S., Ph.D., William T. Abraham, M.D., Kenneth Dickstein, M.D., Ph.D., Lars V. Kgber, M.D., D.M.5c., Akshay S. Desai, M.D.,
M.P.H., Scott D. Selomon, M.D., Nicola Greenlaw, M.Sc., M. Atif Ali, B.A., Yanntong Chiang, Ph.D., Qing Shao, Ph.D., Georgia Tarnesby, M.B., B.Chir, et al., for the
ATMOSPHERE Committees InvestigatorsT

Combination Aliskiren Enalapril
A Primary Composite End Paint B Death from Cardiovascular Causes
T 100+ T 100+
£ Combination vs. enalapril £ Combination vs. enalapril
€ %7 Hazard ratio, 0.93 (95% C1, 0.85-1.03) 2 %7 Hazard ratio, 093 (95% C1, 0.82-1.05)
a 304 P=0.17 LE- 80 P=0.23
s 704 Aliskiren vs. enalapril © 5o Aliskiren vs, enalapril
£ Hazard ratio, 0.99 (95% Cl, 0.90-1.10) £ Hazard ratio, 1.06 (95% CI, 0.94-1.19)
o 60 P=0.91 i) 60 P=0.34
&£ 50 & 50
T 40 E a0
s 2
S 304 o 304
2 2
s 204 = 20+
g 1o £ 10
3 E] "
O OH¥rrrrrrrrrereere e e O  Oderrrrrrrrreee e
0 360 720 1080 1440 1800 0 360 720 1080 1440 1800
Days since Randomization Days since Randomization
No. at Risk Mo. at Risk
Combination 2340 2137 1959 1809 1562 1307 1085 895 689 456 273 Combination 2340 2214 2080 1956 1725 1468 1235 1032 805 548 335
Aliskiren 2340 2127 1934 1761 1510 1288 1064 888 681 474 282 Aliskiren 23402214 2073 1918 1690 1454 1211 1015 788 564 338
Enalapril 2336 2128 1947 1766 1513 1268 1044 866 679 452 281 Enalapril 2336 2222 2093 1950 1711 1454 1208 1010 794 539 336
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Table 2. Protocol-Specified Primary and Secondary Outcomes.™
Combination
Therapy Aliskiren Enalapril Combination Therapy vs.
Outcome (N=2340) (N=2340) (N=2336) Enalapril Aliskiren vs. Enalapril
Hazard Ratio or Hazard Ratio or
Difference Difference
(95% ClI) P Value (95% CI) P Value
Primary composite outcome: death from cardiovascular causes or 770 (32.9) 791 (33.8) 808 (34.6) 0.93 0.17 0.99 0.91
first hospitalization for worsening heart failure — no. (%) (0.85 to 1.03) (0.90 to 1.10)
Death from cardiovascular causes 512 (21.9) 562 (24.0) 547 (23.4) 0.93 0.23 1.06 0.34
(0.82 to 1.05) (0.94 to 1.19)
First hospitalization for worsening heart failure 430 (18.4) 442 (18.9) 452 (19.3) 0.93 0.29 0.99 0.91
(0.82 to 1.06) (0.87 to 1.13)
Secondary outcome: change in KCCQ clinical summary score at -5.04+0.56 -6.0320.57 -5.01+0.55 -0.03 0.97 -1.02 0.20
12 mot (-1.56 to 1.50) (-2.56 to 0.52)
Other prespecified exploratory cutcomes — no. (%)%
Death from cardiovascular causes, hospitalization for heart 841 (35.9) 874 (37.4) 877 (37.5) 0.94 0.23 1.01 0.80
failure, nonfatal myocardial infarction, nonfatal stroke, or (0.86 to 1.04) (0.92to 1.11)
resuscitated cardiac arrest
Fatal or nonfatal myocardial infarction 88 (3.8) 84 (3.6) 100 (4.3) 0.87 0.36 0.85 0.28
(0.66 to 1.16) (0.64 to 1.14)
Fatal or nonfatal stroke 87 (3.7) 103 (4.4) 93 (4.0) 0.93 0.65 112 0.42
(0.70 o0 1.25) (0.85 to 1.49)
First resuscitated cardiac arrest 31(1.3) 35(1.5) 32 (1.4) 0.96 0.86 1.10 0.69
(0.58 to 1.57) (0.68 to 1.78)
Death from any cause 595 (25.4) 654 (27.9) 646 (27.7) 0.91 0.12 1.04 0.46
(0.82 to 1.02) (0.93 to 1.16)
Composite renal outcome — no. (%)f 39 (1.7) 26 (1.1) 18 (0.8) 217 0.007 1.50 0.18
(1.24 t0 3.79) (0.82 to 2.74)
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Combination Aliskiren Enalapril Table 2. Protocol-Specified Primary and Secondary Outcomes.
Combination
A Primary Composite End Point B Death from Cardiovascular Causes Suicome (;":;%] (‘b““j:‘!"“[‘) [E‘":';;;g) C"’""‘"‘E"“:'I‘:Pt‘if""y va. Miskiren vs. Enalaprl
Hazard Ratio or Hazard Ratio or
7 100 = 100q : ol
£ 40 Combimation vs, enalspri Z 40 Combination vs. enalapri W pvEe | G e
b ” H“;E"d ratio, 0.93 (85% CI, 0.85-1.03) ] 804 Ha;a'd ratic, 0.93 (5% Cl, 0.82-1.05) Primary composite outcome: death from cardiovascular causes or 770 (32.9) 791 (33.8) 308 (34.6) 093 017 099 091
= 1 P-017 . 3 P=0.23 first f heart fail . (%) (0.85 0 1.03) (0900 1.10)
S gp| Aliskiren vs. enalapril S 4o Aliskiren vs. enalapril Death from cardiovascular causes 512 (21.9) 562 (24.0) 547 (23.4) 093 023 106 034
& Hazard ratio, 0.99 (95% Cl, 0.90-1.10) 3 Hazard ratio, 1.06 (95% Cl, 0.94-1.19) (0.821t0 1.05) (0941t01.19)
g 01 poga g 01 poos First hospitalization for worsening heart falure 430 (18.4) 442 (18.9) 452 (19.3) 093 029 099 091
£ 504 £ 504 (0:82t0 1.06) (08710 1.13)
£ 404 ] 40 Secondary outcome: change in KCCQ clinical summary score at -5.0420.56 -6.03+0.57 -5.0140.55 -0.03 0.97 -1.02 0.20
£ g 0 12 mot (~1.56 to 1.50) (-2.56 10 0.52)
';, 304 ; 30 Other prespecified exploratory outcomes — no. (%)%
S 204 s 204 Death from cardiovascular causes, hospitalization for heart 841 (35.9) 874 (37.4) 877 (37.5) 0.94 0.23 1.01 0.80
Lz" 0 Lz' 0 failure, noniana\dmyocard-al infarction, nonfatal stroke, or (0.86 o 1.04) (0.92t0 1.11)
E 10 g 10 resuscitated cardiac arrest
E S
3 o - . ; , ) 3 o —aniil - , g . Fatal or nonfatal myocardial infarction 83 (3.8) 84 (3.6) 100 (4.3) 0.87 036 0.85 028
0 360 720 1080 1440 1300 0 360 720 1080 1440 1300 LLOSL) L
Fatal or nonfatal stroke. 87(3.7) 103 (4.4) 93 (4.0) 0.93 0.65 112 0.42
Days since Randomization Days since Randomization (0.70t0 1.25) (085 to 1.49)
— —— First resuscitated cardiac arrest 31(13) 35 (L.5) 32 (14) (o.sxoézsz.sn 086 o 681“170l » 0.69
Combination 2340 2137 1959 1809 1562 1307 1085 895 689 456 273 Combination 2340 2214 2080 1956 1725 1468 1235 1032 805 548 335 Death from any cause 595 (25.4) 654 (27.9) 646 (27.7) 0.91 0.12 1.04 0.46
Aliskiren 23402127 1934 1761 1510 1288 1064 888 681 474 282 Aliskiren 2340 2214 2073 1918 1690 1454 1211 1015 788 564 338 (082t01.02) (093t01.16)
Enalapril 2336 2128 1947 1766 1513 1268 1044 866 679 452 281 Enalapril 2336 2222 2093 1950 1711 1454 1208 1010 794 539 336 Composite renal outcome — no. (%)§ 39(1.7) 26(L.1) 18 (0.83) 217 0.007 - 150 0.18
(1.24103.79) (0.82t0 2.74)
UANALID ~ [TRTVAR  ~ | TRTVAL ~ AVISITN  ~ |PARAMCD ~ ROWCAT1 ~ ANLTYP1 ~ |ANLTYP2 - | STAT ~ |STATVAL ~ ANLMETH
<STUDYID>_<RA>_XXX1 TRTO1P Combination PCE Combination vs. Enalapril RESPONSE Experimental  SMALLN 770 Lifetest KM
<STUDYID>_<RA>_XXX1 TRTO1P Combination PCE Combination vs. Enalapril RESPONSE Experimental  BIGN 2340 Lifetest KM
<STUDYID>_<RA>_XXX1 TRTO1P Combination PCE Combination vs. Enalapril RESPONSE Experimental ~ PERCENT 32.9 Lifetest KM
<STUDYID>_<RA>_XXX1 TRTO1P Enalapril PCE Combination vs. Enalapril RESPONSE Enalapril SMALLN 808 Lifetest KM
<STUDYID>_<RA>_XXX1 TRTO1P Enalapril PCE Combination vs. Enalapril RESPONSE Enalapril BIGN 2336 Lifetest KM
<STUDYID>_<RA>_XXX1 TRTO1P Enalapril PCE Combination vs. Enalapril RESPONSE Enalapril PERCENT 34.6 Lifetest KM
<STUDYID>_<RA> XXX1 TRTO1P PCE Combination vs. Enalapril COMPARISON Hazard 0.93 Lifetest KM
<STUDYID> <RA> XXX1 TRTO1P PCE Combination vs. Enalapril COMPARISON 95CILOW 0.846 Lifetest KM
<STUDYID> <RA> XXX1 TRTO1P PCE Combination vs. Enalapril COMPARISON 95CIHIGH 1.03 Lifetest KM
<STUDYID>_<RA> XXX1 TRTO1P PCE Combination vs. Enalapril COMPARISON 1sidedp 0.0862 Lifetest KM
<STUDYID>_<RA> XXX1 TRTO1P PCE Combination vs. Enalapril COMPARISON 2sidedp 0.1724 Lifetest KM
<STUDYID>_<RA> XXX1 TRTO1P PCE Combination vs. Enalapril COMPARISON adj1sidep 0.3448 Lifetest KM
Non Diabetes: Combination vs
<STUDYID>_<RA>_XXX1 TRTO1P Combination PCE Enalapril(1) RESPONSE Experimental  SMALLN Lifetest KM
Non Diabetes: Combination vs
<STUDYID>_<RA> XXX1 TRTO1P Combination PCE Enalapril(1) RESPONSE Experimental  BIGN Lifetest KM
Non Diabetes: Combination vs
<STUDYID>_<RA>_XXX1 TRTO1P Combination PCE Enalapril(1) RESPONSE Experimental ~ PERCENT Lifetest KM
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scientific data

Explore content v About the journal v Publish with us v

;/ Data \\
| 4 )

nature » scientific data » articles » article

Article | Open Access | Published: 10 November 2022

Rethinking clinical study data: why we should respect

analysis results as data

Joana M. Barros &, Lukas A. Widmer, Mark Baillie &= & Simon Wandel

Scientific Data 9, Article number: 686 (2022) | Cite this article
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The anatomy of a KM plot

Additional inferential statistics

Olaparib 91/162

o e Titles, labels and

Hazard ratio for death, 0.69 (95% CI, 0.50-0 an nOtatlo ns
2 sided P=0.02

Data area A Overall Survival in Cohort A

No. of Deaths/ Median Overall Surviy,

Additional
summary
information for
context
0 T T T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 20 22 24 26 28 30 32 34
Months since Randomization
No. at risk
Olaparib 162 155 150 142 136 124 107 101 91 71 56 44 30 18 6 2 1 0
Control 83 79 74 69 64 58 50 43 37 27 18 15 11 9 6 3 1 0
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Activity 1 | Results from Analysis of Primary Endpoint

Treatment Treatment P-value % Patients
Study 2013 difference with rescue
versus placebo* medication
+ Placebo (n = 75) placebo 12% (9/75)
-& Dapaglifiozin 2.5 mg (n = 85)
Dapaglifiozin 5 mg (n = 64)
A 0.2 —e— Dapaglifiozin 10 mg (n = 70)
5 mg -0.54 p < 0.001 2% (1/64)
] Week 24 value (95% CI)
- 10 mg -0.66 p < 0.001 0% (0/70)
@ ~0.23 (-0.43 to -0.02)
3 E * Difference between means in change from baseline HbA1c at Week 24
Eo
£3 ~0.58 (~0.80 to ~0.36)
o c
€ ~0.77 (-0.99 1o -0.55) Remember: HbA1c values collected after
5 -0.89 (-1.1010-0.67) rescue were excluded from the analysis.

Interesting point: % of patients with rescue
were not presented in the primary manuscript!

Diabetes Care 33:2217-2224, 2010
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The obligatory Al part



What about Al?
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Recent request

» "Regarding the visualization request from the [Clinical Lead], we plan to move
forward with the requested Spaghetti Plots for the standard biomarkers. We
have existing code from a previous program that we can adapt quickly.

» However, regarding the [Target Analyte] and [Clinical Milestone] data, we
believe a spaghetti plot will be too crowded to be useful. Instead, we propose
using a Dual Y-Axis plot for individual patients. This allows us to plot the counts
clearly while using symbols to mark the events, ensuring the data remains
readable."”
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Reseting (my) expectations?

Alternative Strategy: Individual Patient Profile (Dual Y-Axis)

100
90
80
70

50
40
30

Target Analyte Count

10

Patient ID-123: Target Analyte & Clinical Milestones

* * Severe
@
Severe 2
2
$  — TargetAnalyte
* Mild E (Left Axis)
- Clinical Milestone
T * Rightaxis)
" £
Mild 5
* * None
10 20 30 40 50 60 70 80 90 100

Study Day

» Reduces visual clutter for specific analyte data.
* Provides clear correlation for safety monitoring.
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R

# --- Filtering and Plotting Parameters ---
INCLUDE_ARMS <- NULL

IGG_LIMITS <- c(8, 45)

IGM_LIMITS <- c(8, 2.5)

# --- Visual Aesthetics ---
ser_levels <= c("Serious”, "Non-serious")
ser_levels_all <- c(ser_levels, "Unknown")

col_inf_base <- "#B3CDE3"
col_inf_serious <- "#E41A1C"

col_igg <~ "$IF77B4"

col_igm <- "#D62728"

# e S Sl n
# Section 2: Data Loading

# e e e e

message(“Loading data from SAS files specified in configuration."

read_ad <- function(path) {
df <- read_sas(path) %>% filter(SAFFL == "Y")
if (!is.null(INCLUDE_ARMS) && "TRT81AS" %in% names(df)) {

o
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Lessons from a company wide
data visualization initiative



Why does it matter?

» Data visualization and more importantly Effective Visual Communication (EVC)
is essential in every step of a quantitative workflow, from scoping to execution
through to communicating results and conclusions

= Within the quantitative sciences, traditional university and professional training
curricula have not focused on EVC

» One hears regularly “I don’t understand this graph”

= Avisual representation can be very powerful if it is clear and aligned with the
intended purpose
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https://github.com/GraphicsPrinciples/IBC2022

Why? - impact and problem formulation

“I have never let my schooling interfere with my education.” Mark Twain

Real Idealized . L
problem ] [ oroblem ] [ Solution ] Appllcatlon]
Real Operational , —

[ oroblem ] oroblem ] [ Solution ] Appllcatlon}

https://rss.onlinelibrary.wiley.com/doi/epdf/10.1111/1467-9884.00130
41



Bike ShEd Effec.t - afk/a Parkinson’'s Law of

Triviality

RGO

Nuclear plant Bike shed
cost: 328,000,000 cost: 31000
discussion: 2,5 minutes discussion: 45 minutes
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This is a continual process

0 of 50 participan

Ln

) shown ((1(

1, Serum

200.00

Alanine A
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TYPICAL APPLE PRODUCT...

R for Pharma

<« C (¥ @ rconsortium.shinyapps.io/submissions-pilot2/
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The analyses performed when utiizing subgroups or other subsets of the source data sets are considered exploratory.

« Treatment information variables from the AD TTE data set are excluded from the variable list. Use the treatment variables present in the ADSL set to perform treatment-related filters.
subes A GOOGLE PRODUCT

- Inrare situations, applying fiters with variables from both ADSL and ADTTE that overlap in content could resultin an invalid data subset. When possible, select variables with distinct content
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Effective visualization is a practice!

= Tufte: “Graphical competence demands three quite different skills: the
substantive, statistical, and artistic.”

» These skills cannot be learned by reading an article

= Adopt visualization in every part of your workflow; make it a habit
= Think graphically

» Use pencil and paper before coding in software

» Calculate and communicate

» Test and repeat

45 https://graphicsprinciples.github.io/
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Resources, where to find out more?

Graphics principles

Additional resources:

Tutorial = Effective Visual Communication Website
https://graphicsprinciples.qithub.io/

Effective Visual Communication is essential in every step of

workflow, from scoping to execution and | P KP D EXp | O rato ry q ra p h |CS (XGX)

communicating results and conclusions. The goal of the https://opensource.nibr.com/qu

= Tutorial on effective visual communication
https://ascpt.onlinelibrary.wiley.com/doi/full/10.1002/psp4.12455

In the tutorial we posit three laws of Effective Visual u Vid eo O n th e th ree p ri n Ci p | eS

Communication for the quantitative scientist: have a clear purpose, httpS://VOUtU.be/prUlpFQXOW
show the data clearly, and make the message obvious. The tutorial
- . .
Principles Cheat Sheet; and it discusses the application of both in P rese ntatl O n Ch eCkl ISt i .
four Case Studies. https://opensource.nibr.com/xgx/Resources/Presentation Checklist v2
.03.pdf

= Wonderful Wednesdays
https://www.psiweb.org/sigs-special-interest-
groups/visualisation/welcome-to-wonderful-wednesdays

a quantitatiy

provides more granularity on these laws; it covers the Graphics

Exposure is not a better predictor of response than dose

Dose (mg)

Figure 1: Example visualistion from the tutoria
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Thank you

Contact:
mark.baillie@novartis.com
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