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Executive summary

Background

Pharmacoepidemiological Research on Outcomes of Therapeutics in a European Consortium (PROTECT) is a pr
set up under the Innovative Medicines initiative, with the afrstrengthenng the monitoring of the benefitisk of
medicines in Europe. The duation of the balance between benefits and risks of drugs is fundamental to all
stakeholders involved in the development, registration and use of drugs including patients, health care providers
regulators and pharmaceutical compani@here are many ways which benefits and risks are presented and
communicated.There is an absence @f consensus on which visual representations are most suitable to display
benefitrisk profiles.

The visual representation of benefits and risks review is conducted intages This report forms the first of the
two-part review whichprovides a level of evaluation as tiee suitability of visuals presented in the application of
benefit-risk approaches in PROTECT methodology revibe/second stage walkplorethe use ofmore innovative
benefit-risk visualisation techniquesn particularthe interactive and dynamic visualghich are becomingnuch
easier to produce with the curremomputing technology

Objective
The objectives of this visual representation ammnmunicatiorappraisal are:

1) To present the visual representations that could be associated with the 13 benefit risk methodologies
recommended in thePROTECT benefisk methodology review ! ae&adSYlFGdAO NBOASS
methodologies for benii-risk decisiory F {1 Ay 3 AYy) YSRAOAYy Sa&aé

2) To provide an initial level of appraisal as to their suitability and based on previously published criteria.

3) To make recommendations of potentially suitable visuals for each bemsKit assessment approach
recommerded in PROTECT WP5 methodology report

Methods

We usedthe genericdefinition of graphics to classify the visuapresentations We have further used | NB ¢ S f
taxonomy tofacilitate our evaluation as to thgpes of visualshat are likely to beof greaer usefor the different

tasks required in the decisiemaking.We evaluated the potential of eachvisual) .golige graph, scatter plot etin

the context of2 A O1 Sy aQa LINA y OA LidhiChawe Babe rédafiedlivithereferri®é fo hehaiisk
assessmentt KA a NBadzZ 6§SR Ay SEOftdZRRAY3I LINRYOALX Sa gAGKAY |
(audiovisual) principleFinally weattempted to crossmatch the final benefitisk metrics from the recommended
benefit-risk approaches to the most appropriate taskghmn their scopethat is an attempt to provide a mapping

from benefitrisk approaches to suitable visual representations for the required t&&d@mmendations are then
mRS dzaAy3a /tS@StlyRQa il EigkyaiorgincipleglihighNdi é¥féet favaurs gimple i S
visual representationsshen there is more than one way to represent certain information visually.
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Results

We have classified the visuals into categories accordintype. These arestandardclassifications based on the
definitions of the graph typesand havegrouped the visuals frorthe PROTECT methodology review jritee area
graph, bar graph, contour plodlistribution plot, flow diagramdot/forest plot, grids and tables, line graph, network
graph, scatter plot, surface plot, tornado diagram, and tree diagram

We then assessed the suitability thfesevisual typesusing/ | NB& ¢ St f Qtd cofrhebtanithzeyadd to their
usability in terms of performing four different tasks: point reading, local comparison, global comparison, and
synthesis judgmentThe architectures within the visuals which facilitate the tagkey are associated tavere
highlighted Bar gaph, dot/forest plot, line graph and scatter pletere appraised a$ikely to bethe most useful
visual representations and aralso widely used.However, there are no hard and fastules as tothe most
appropriate visual representations of benefits and riskal the choice of visual alstepend on the data to be
presentedin addition tothe task and desigrFinally, the audience also need to be taken into account and this
includes issues sucls devels of prior experience, time to evaluate the information, culture, physical, mental and
cognitive status.

There are therefore, many aspects to consider when presenting the results of benefits and risks of medicines
including theenvironmentin whic they are presented and the audience they are presented-tomal testing of
these additional considerations are beyond the scope of this revimwever,in genera) given these caveats, we
conclude that thecurrent practice of benefitisk visual repreentationseems appropriateBased on our experience

we also suggest thatktS 2 A 01 Sy aQa LINA y Q askdddided f@ The eohtexiLdif behefirRIS & A -
assessmenimay be useful for future wors guidelines taid thedesignof better visuals.

As inferred above, theommunicability of visual representations are also of great importaRoanal testing of this

is beyond the scope of this reviewbwever, we have aimed to evaluatéhe potential of communicating five
elements of risk communicatiofRisk communication is a vast subjgfdr further information pleaseefer to the US

FDA reporto G/ 2 YYdzy AOF G Ay 3 NR & -0t BB RO Sza SPumlistedandiuRisS 2@t Sy O
coversthe aspects of communicating risk in greater depths.

Recommendations

To facilitate direct application of visual representations of benefits and riskgettmmmendations are categorised
by benefitrisk approaches. These are limited to the list of recommendations from PROTECT methodology review.

The PROTE®@ork stream B recommendations for vislgabphicalrepresentationdor use in the representation of
benefit and risk andb accompany recommeradl benefitrisk approaches are:

1. PrOACTURL
We recommend an effect table for presentationedficacy and safetgata
2. PhRMA BRAT

We recommend tabledot/forest plot, and bar graph for presentation efficacy and safety datd/alue tee
diagram may be used to represeihie model and to develop insight into the decision problem

3. Multi-Criteria Decision AnalyqisICDA)

SN
PROTECT
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We recommend bargraphy R 1 KS WR A Tof Ba¥ddigtiortof erefirickirds@tQ Additionally, table
may be used to display evidence datalue tree diagram may be used to represetite favourable and
unfavourable effects considered jodging the benefitrisk balance. ibe graphfor the sum of utilities versus
total weights on a criteriomay be used for sertsiity analysis to assesge robustness of an assigned weight.

4. Stochastic Multcriteria Acceptability AnalysiSMAA

Our recanmendations are isilar to those for MCDA Additionally, bar graph representing the acceptability
indices could be used to represent the uncertainty in the ranking of the alternatB@mectedine scatter plot
(effectively ine graph) for the central weghting (weights specific to the given results) may also be used to
provide decisiormakers with an overview ofypical criteria weights which contribute to alternative being
ranked the way they were in any given SMAA analysis.

5. BenefitRisk RatioRRR

We recommend bar graplgot/forest plot, and line graph for presentation tife magnitudes of thdenefit-risk
ratios. Additionally, scatter plot and contour plof the measured effects under changing assumptioresy be
used for sensitivity analysigornado diagranby three possible states of a treatment being inferior, finferior
or superior to an alternative for each criteriomay be used t@ncourage absolute judgment.

6. Number Needed to Treat (NNT)

We recommenddot/forest plot, line graph, and sdar plot for presentation ofthe number needed to be
treated (or harmed) to observe one outcome (benefit or riskjlditionally, contour plobf the NNT under
changing rates assumptions may be used for sensitivity analymisado diagram by three possbstates of a
treatment being inferior, nofinferior or superior to an alternative for each criterion may be used to encourage
absolute judgment

7. Impact numbers

Our recommendations for impact numbers as@milar to those for NNT above for the number of péo
affected.

8. QualityAdjusted LifeYears (QALY)

We recommend bar graph andiot/forest plot for presentation ofQALY valuesAdditionally, line graph and
scatter plot may be used for sensitivity analytsigssesshe effectchangingassumptions

9. Quality-adjusted Time Without Symptoms and Toxicity {Q/iST)

Our recommendations are similar to those for QALY above. The visual representations should be done to eve
health state defined in QWIST.

10. Incremental Net Health BenefitNHB

We recommend line grapand scatter plot for presentation dhe incremental net health benefitAdditionally,
contour plot may be used for sensitivity analysisassess the benefiisk balance fodifferent cut-off points

11. Probabilistic Simulation ModelPEM

There isno visud representation to be recommended with this approach since it does not directly represent
benefit-risk profiles. However, network graph may be used to represent the model.
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12. Mixed Treatment Comparison (M)

There isno visual representation to be recommendevith this approach since it does not directly represent
benefitrisk profiles. However, network graph may be used to represent the model.

13. Discrete Choice Experiment@B

We recommend bar graph for presentationadicited utilities through appropriatgrouping of stakeholders and
by criterion Additionally, line graph and scatter plot may be used for sensitivity anédyassess the change in
assumptions or to assess the robustnesthefresults

Conclusion

Our recommendations agree with thasualsthat have been originally propoddn benefitrisk approaches such as
PhRMA BRAT, MCDA and SMAZar the visuals without specific visuapresentation proposas, our
recommendations make the current practice of presenting visuals more exfiligitould beremembered that the
choice of visualypesto represent benefitrisk is only the tip of the iceberg; there are other aspects to consider such
as tasks, audience, and the physical appearance of the visuesa very difficult but interesting field faesearch

due to diverse scientific issues from statistical to cognitie are in agreement with the conclusion of a recent
NEGASs o6& GKS C5! odavdzd yGAGrdA@S adzYYINE 2F GKS 068y
there is no mgle visual representation that consistently emerged as being better than qtteard visual
representationsof benefitrisk need to accounfor the intended audiencedue to differences in their abilgés and

other culturalspecific factors

We hope at this point in time, our contribution to this field megvelop insight into visual repsentations in
benefit-risk assessment, mamphasise the need failearguidelines ovisual communications betvem researchers
and stakeholders, anthay highlight some research questions to be explored further in future visual representation
in benefitrisk assessment research.
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Glossaryand abbreviations

Terms Description

Approach Thesystemof methodsand principlesusedin a particulardiscipline

Aspect ratd The ratio of the lengths of the two axes on a graph. A square graph has an aspect ratio

Cogniton The mental action or process of acquiring knowledge and understanding through thoug
experience, and the senses.

Greyscale The shades in the blaekd white spectrum with no other colours.

Hue The dominant colour. Higher hue of a primary colour githe perception that the object

appears with the shades of that colour.

Line pattern

The look of a line which could be solid, dash, dot, etc.

Percepton

The way in which something is redad, understood or interpreted i.e. the translation of
sense impressions into meaningful experiences of the outside world.

Preference value

The value or utility associated with a score. Preference values or utdigégsidged by
assessors to reflect the clinical relevance of effects or outcomes.

Rates

Therelative frequencyf anevent in a given time period

Reference point

An anchor on the visual usually refers to meaningful values on the scale to aid informat
extraction

Saturation The purity of primary colours in relation to the wavelengths. Narrower wavelengths are
saturated than wider wavelengths.

Score A measure of a real world effect or outcome.

Utility I 4dz02SO0GAQS YSI adaNBYSyid GKIFIG RSaONROGSH

attitude etc.) foran effect oroutcome.

Visual methods/

The principles and procedures to present some numerical features or relations by a gra|

representation

Abbreviations Description

BRAT Benefit Risk Action Team

BRR Benefit Risk Ratio

CPM Confidence Profile Method
CuUl Clinical Utility Index

DAG Directed Acyclic Graphs

DI Desirability Index

DM DecisionMaker

INHB Incremental Net Health Benefit
ITC Indirect Treatment Comparison
MAR Maximum Acceptable Risk
MAUT Multi Attribute Utility Theory
MCDA Multi Criteria Decision Analysis
MTC Mixed Treatment Comparison
NCB Net Clinical Benefit

NEAR Net Efficacy Adjusted for Risk
SBRAM { I NBddalitRisk Assessmaviethod

SN X
PROTECT
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NNH Number Needed to Harm

NNT Number Needed to Treat

PrOACITURL Problem, Objectives, Alternatives, Consequences, Toffde Uncertainty, Risk, and Linkg
decisions framework

PSM Probabilistic Simulation Method

QALY QualityAdjusted Life Years

QTWIST Quiality-adjusted Time Without Symptoms and Toxicity

SMAA Stochastic Multcriteria Acceptability Analysis

TURBO Transparent Uniform Risk Benefit Overview

Abbreviated name

Full name

EMA

European Medicines Agency

FDA Food and Drugs Administration
IMI Innovative Medicines Initiative
PROTECT Pharmacoepidemiological Research on Outcomes of Therapeutics by a European Cong
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1 Introduction

1.1 The PROTECTproject

Pharmacoepidemiological Research on Outcomes of Therapeutics in a European Consortium (PROTECT) is a pr
set up under the Innovative Medicindgitiative (IMI). Its goal is to strengthen the monitoring of the benef#k of
medicines in Europe. Thidllbe achieved by developing a set of innovative tools and methods that will enhance the
early detection and assessment of adverse drug reactions from different data sources, and enable the integratic
and presentation of data on benefits and risks. Thesthods will be tested in redife situations in order to provide

all stakeholders (patients, prescribers, public health authorities, regulators and pharmaceutical companies) witl
accurate and useful information supporting risk management and continbensfitrisk assessment. PROTECT is a
collaboration between 31 private and public sector partners and is coordinated by the European Medicines Agenc
(EMA).This report is thdfirst stageof the secondpart of the work on integration andepresentation ofdata on
benefits and risks

1.2 Visualisation and communication of benefits and ri  sks of medicine

Visualising benefits and risks cannot be separated from their communication. There are currently many initiatives i
the field of risk visualisation buhese ae neither specifically for visualising benefisk balance or tradeff, nor
specifically linked to the benefitsk assessment approach@@ammax Limited, 2011; Gapminder, 2011; IBM, 2011;
Spiegelhalter, 2010)In most cases, modern visualisations ar®ving towards3-D, dynamic/animatedand
interactive imagesThe idea behind these innovative technologies is to add a narrative stryuttutiee much older

and simpler graphigsn order to generate more interestna provice more of the required informationHowever,
dynamic and interactive visuals are not specifically appraised. They are only briefly discussed when their sta
version is appraised in this review.

The issue in communicating benefits and riskstrigngly intertwined withtheir visualisationsTesting lenefit-risk
communicationis a subject which weamot attempt to coverformally in any depthwithin the limited scope of this
review, however, we are able to present and commentsimple aspects ofisud communication are presented.
Thorough discussions on benefisk communicationin generalhave been conducted by the US FBad are
publishedasl dza SN& 3IdzA RS 02 @ $FsdhloH, 20K DRe&lerdNdhy deSmore Hiterésied i t0ea
general communication issusbkould follow the link to the FDA guideline given in the reference.

1.3 Objectives

The objectives athis visual representatiomnd communicatiorappraisal are:

1) To present the visual representations that could be associated with the 13 beis&fitmethodologies
recommended in the PROTECT bergit 41 YS{iK2R2ft 238 NBGASg oa! aeaf
methodologies fobenefitriskdecisionY I {1 Ay 3 Ay YSRAOAYyS&aéo
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2) To provide an initial level of appraisal as to their suitability and basgureviously published criteria

3) To make recommendations of potentially suitable visuals for each bemgit assessment approach
recommended in PROTECT WP5 methodology report

1.4  Structure of the Report

In Sectiork, we introduce the methodw/hichare used in this review. The appraisal criteria for visual representation
and communication are defined. The results Section3, define and classjifthe visuals into physical types and
functional tasks. The suitability of the types of visuals to carry certain tasks is discussed. &eédimrsses this
review according to the objectives, and summarises key recommendations of PROTECT with regard
communicating benefitisk assessment through uial representations for respective benefisk approaches.

Whilst we recommend reading this document in its entirety thare several ways tonanoeuvre throughthis
documentfor different purposesWe provide a few suggestions:

i. Section3.2can be reado learn or confirm the names for types of visuals as used in this document;

ii. For readersvho are clear about the specific tasks (as described bygCafs f Q& G E2y2Yeé& 0 (K
unsure about the most appropriate visuastpresentation of their benefitisk assessmentSection3.3
suggests some visuals according to tasks and also points out the architecture that exist on the visuals whi
facilitates the tasks;

iii. For readers interested in the recommended visuals whiah appropriate for their benefitisk model,
Sectiord.4lists them and Sectiod.5 proposes some issues to consider when designing the visuals;

iv. For readers who are interested in other suitable visuals, Sectichi® 4.4 provide the conceptual maps of
the link between benefitisk approaches to visual representations;

v. For readers who desire further technical issues associated with different types of visudppbedcesare
the main point of referencesvhich we ecourage reading to better understand the justifications of points
made.They also contain some guidelines on design of visuals for beisi&fiissessments.
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2 Methods

2.1 Introduction

This review is the firsstage2 ¥ G KS twh¢9/ ¢ @Aadzat NBLINBaSydlFdAaAz2y
NB @A S g ¢ étape dnly vistiaK repgiesentatiamwhich correspond to the approaches reviewedthe PROTECT
benefit-risk methodology reviewMt-lIsa, 2011)are appraised. This section lays out the methods for conducting
Stagel of the visual review.

2.2 Visual displays available from the methodology review

PROTECT benefisk methodology reviewresents somevisualrepresentatiod 6 2 NJ & A Y bfbehefits &hdl & dzt
risks, individully and integrated. The visualre aimed to communicate the benefits and risks in the most
appropriate way.The visuals are classified into generic graphical types. Distinciienaade when the suggested
visuals have been enhancedraodifiedin some way by the proposed methodology.

2.3 Inclusion of visuals identified from reviews

Initially, this review appraiseall visual representations from the PROTECT methodoleggw. Discussion and
comment are made on visualsvhich are methodologyspecific or thoseoriginating from other methodologies
described in the PROTECT methodology rettiatvare not on the recommnded list.

2.4  Criteria for visual appraisal

The characteristics of eagbeneriQ visual representation type are described. Any enhancements or variations from
the generic types are distinguished and their added values are discUdsedharacteristics are shownTablel.

Subsequently, each visual representation type is appraised using tpari3ple of display desigfwickens, 2004)
These principles are adapted tgrovide some level of assessment of levelsaiftability and concept of visual
representations as decision support tools in bendfk assessment of medicines, and are showhahle2. The 13
principle of display design aims to easognitive workload of the decisianakeis (DM) so that information on a
visualcanideallybe efficiently commnicated to aid decisiomaking by reducing errors, reducing required training
time, increasing efficiency, and increasing user satisfactioaur evaluation, we have excludedA O 1 $whéipea
based onthe use ofmental mode$ which address howiserspicture a presented visuaih their minds,and the
multiple resources principlavhich address the importance of multimodality presentation of visual with audio
because these are out of the scope of this review.

The final stage of appraisalbasedon the potential communication aspects @ach visual representation typ#.is
difficult to appraise the communication potential of graphghout formally evaluating this using an audienbet it
has been suggested that be usefulthey shouldbe able to onvey the five elements shown ifable3 (Lipkus,
1999)
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Tablel Characteristics of visual representation type

Form' Graphical / norgraphical(illustrations, pictures, symbols, etc.) / Static / dynamic /
interactive / 2D / 3D

Endpoint Rank / order / point estimates (absolute, difference, ratio) / region of equivalence

Methodology-specific Yes/ No

Reproduction Specialised software / spedsdd commands / generic

Suitable audience Public /patients /cognitiveimpaired patient/ general regulators / specialist

regulators / pharma

Table2 Wickens' principles of display desidiVickens, 2004)

Definition Description
Perceptual principles
Legibility (or Clarity. It can be seen o Anyvisualshould be visible and legibtge.g. using contrast,
audibility) heard colour, angle, illuminatiorsound etc.This is necessary but not
sufficient.

Absolute judgment Number of levels of Absolute judgment limits should be avoided by preseniimds
AY T2 NXNI (A 2y with discrete BR evidence instead of continuous. For instance
2F 3ANBe& | NF display is less prone to cognitive errors when preésdmwith

bars with different colours than whepeopleare presented with
gradually changing hues.

Top-down processing New experience is Perceived message and thus the interpretation are quickly
dependent orrecent judged byDMSYecentpad experience based on what they
past experience expect to perceive. If the new message is presented contrary

expectations, it may not be interpreted correctly.

Redundancy gain Expressing the A message or information can benefit from mohah one
information more than  representation. In graphs, for example, lines can be cetmged
once. and also have different patterns. Redundancy gain allows the

information to be interpreted correctly when one form of
representation is degraded.

Discriminability Different informaton Similarity causes confusion, thus discriminable elements shol
should be presented be used in a displayn a benefitrisk visualisation, benefits and
differently. risks criteria should be discriminated properly especially in the

case when there are are than one criteria of benefits and risk:
This can be achieved thugh colourcoding, grouping, etc.

! The visuals which are included in this review (stage 1) are of static type as they were presented as printed materalsif Howev
dynamic versions of the graph are available and directly related to the freskefitethodologies, they will be referrealdnd
briefly discussed.

2 Cognitive impairment covers a wide variety of deficits including those that are congenital and acquired, due to ingagear dis
It is not possible to take account of this variation within the scope of this report other thantion this as an area to be aware
of
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Definition

Description

Mental model
principlesa
Pictorial realism

Moving part

Principles based on
attention
Information access
cost

Proximity
compatibility

Multiple resources

Memory principlesa
Use of existing
knowledge of the
world

Predictive aiding

Consistency

A display should look
like the variable it
represents.

The movement of
elements in a dynamic
display

The cost in time or
STF2NI G2 ¢
selective attention from
one display location to
another to access
information.

The closeness of
required related
information

Multimodality in
presenting information.

The use of longerm
memory from5 a &kt
experience.

Any predictive tasks
should be assisted

Consistency when
presenting information
in (@series of) displays

An arrangement or representation of the elements ivisual
should look like how the variable they represent looks like in t
environment.This principle is omitted from the list of evaluatio
criteria.

The moving elements of a dynamic display should move in
spatial and direction that are compatible with how tBd&s

think they actually move in physical systefhis principle is
omitted from the list of evaluation criteria.

The cost should be minimised teduce the time requireénd
cognitive effort.

Information from two or more sources may be required to
complete a task, and should be available nearby. For exampl
any unfamiliar symbols or patterns are given in a legend withi
or close to the graplrea.ln benefitrisk visualisation, it is
important that the information for different options is in close
spatialproximity to allow them to be comparedtf. a visual
requires mental integration, close spatial proximity is good, bt
focussed attentions required, close spatial proximity may be
harmful.

Sometimes it is better to present information as both visually
and auditorily We recognise that auditory/vocal guide from
experts can helpa improve the understanding and
interpretation ofall visuals.This principle is omitted from the lis
of evaluation criteria.

DMsmay recall something similar when presented with a visu:
for benefit and risk. The more agreement there are between
5 a &t experience and the newly seen information, the mc
effective a judgment can be made. However, human memory
much more complex and érefore it is difficult to disentangle
and predict which knowledge to be represented would alread
exist or might be conflicting.

Predictive tasks, where possible, should be presented as
perceptualtasks to reduce information access cost (8).
benefitrisk assessment, predictive aiding has a close analogy
the integration of benefits and risks.

It is important to be consistent when representing information
becauses a an@mory is triggered when seeing something the
is expected to be appropriate. This may cause confusion thus
increasing processing time. The best approach is to use stan
representations (colour, patterns, symbols etc. where possible
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Definition Description

and particularly in a same (lengthy) document. For example,
many people associate colour red with bad and green with gc
In representing benefitisk, when benefit is represented as red
and risk a greenb a anmay get confused and could potentially
lead to making incorrect decisions.

@ Mental model and memory principles can be very culturally specific. Therefore, cultural differences, as well as expdrience a

target audience, should be taken iat@ount when representing benefits and risks visually.

Table3 Elements of visual communicatiofLipkus, 1999; Lipkus, 2007)

Element Description

Risk magnitude How large or how small the magnitude of benefit or risk is. Small probabilities should b
communicated with care as the general public has difficulty understanding them. This ¢
substantiallyaffect how people weigh events with small probabilities.

Relative risk® The comparison of the magnitudes of two or more benefits or risks, or the relative mag
of benefit and risk. Reducing the need to perform complex mental arithmetic can help r
cognitive workload contributing to better decisions.

Cumulative risk The estimate of how benefit or risk trends change over time. Benefit or risk magnitude
be very small at any given time, but would add up over time.

Uncertainty The variability or ranges of the point estimates (magnitude, relative riskpariative risk).
As value of the point estimate increas:

deviation is weighed by reciprocal of the méhathrop, 1967)Different sequences also
affect perceived variability. Increased of variability may lead to inflation of probabilities,
affecting decisias.

Interactions among The synergy effect on the overall magnitude of benefits or risks. Interaction of multiple
risk factors may contribute to greater risk than the sum of individual risks; and people often
underestimate multiplicative risk.

% This is loosely used here and not only referred to the relative risk or incidence rates ratio as used in epidemiology
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2.5 The functional task of visual representation

The functional task of visual representation is an inigat element of visual design since the same visual display
may not be agffective or usefulvhen presented for different purpose$he effectiveness of a visual is affected by

its characteristics, the conditions in which it is presented, the complexity of the data, the task or purpose of
presentation, the characteristics of the audience it is presented to, and the criterion for cgoagarticular visual
(Lipkus, 1999; Meyer, 1997)

It has been suggested thatisual tasks can be assessedy taxonomy of four basic tasks: point reading, local
comparisons, global comparisons, and synthé€iarswell, 1992; Lipkus, 199@8n example of point reading is
judging a magnitude of a single element of the graph. Local comparisons involve comparing theidezsgoiittwo
elements on the graph. In a global comparison, other quantities on the graphs like the magnitudes and time perioc
for different elements are put assessed. Synthesis judgments can be madealltdata points being presented
have been considerk for example when judging whether a diseassk is increasing or decreasing.

2.6  Strategy for preliminary visual recommendation

¢tKS NBO2YYSYyRIFIGA2ya FFNB YIRS o0l asSR 2y |/ tirfk égSofplingipe a |
(Cleveland, 1984; T, 2001) In effect,these wouldfavour simpler visual representations over more complex ones
if the same information can be conveyed with similar degree of accuracy through the simple visuals.
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3 Results

3.1 Introduction

There are two classifications wefsual displays presented in this chapter (and review). Theidirstclassification by
visual type (SectioB.2), and the second is a classificat by visual task (Sectidh3). The purpose of having two
classifications is to help with the structure of the review so that it becomes morestiie. Remarks on the
connection between both classifications are made along the way.

In Sectior3.2, we introduce the different types of visuaBymeof which are more common than others. The same
visual types share similar features which provide certain advantages when used in iskefisessment analysis.
Because of the features they share, they also have similar drawbacks. The appraisals on these features are discus
in full inthe Appendix.

Having introduced the types of visual displays, we then discuss the basic tasks forirtispisyalsaccording to

I+ NR ¢ St t QEarsivéll EL29¢i2 Séétion3.3. The types of visualwhichare suitable for each task are listed
and discussed:uller justifications as to why a visual is suitable follows directly from the appraisal of each visual type
(seethe Appendix).

3.2 Types of visual displays

We classified isual displaysn the PROTECT methodology review into 13 graghicatisualtypesin this appraisal

We then appraisedhe characteristics and capabilitiesf the visuals according to these graphical typ&he

definitions and examples of visual types, as well as the bensiitapproaches they correspond itothe PROECT
methodology revieware given irTable4.

“We have not distinguished graphs fr om dlileaigerdeseigtioniofboth hi s r
visual types.
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Table4 Types of visual representations available from PROTECT methodology réseammended approaches are italicised)

Bar graph 0s =
Definition Information is presented by rectangulbarsfor a number o7 -] s
of categories Theposition (height of bars) along a common sdale s '

Visual type Example

Are_a _g'raph . . . No exposure D Unexposed population

Definition Information is presented by the size of an enclosed sha [ Unexposed cases

against comron aligned or unalignescales. E Expﬂseg population

. . Xposed cases

ApproachesMCDA(frontier graph) NNT, Impact numbers, QWiST Bl Cases attributable to exposure

Exposure
Cases

judgedsupported bythe lengthof the bars. N U — ........................
ApproachesMCDA(also stacked and colowoded and the .
WRA T T SNB)YySMEAMAR bardhriteBng)

0

Venlafaxine Fluoxetine Placebo

Contour plot
Definition Information is presented by usually a number of curved
lines along common aligned scales.

ApproachesCUI/DI

Distribution plot

Definition Information is presented by the curved line representing

the shape of the distributions, and the area under the curves alon¢ v sk
common aligned scale.

ApproachesNCB (with summary table), CPM (overlapping)




Pharmacoepidemiological Research on Outcomes of
Th erapeutics by a European ConsorTium

Visual type Example

Dot/Forestplot

Definition: Information is presented as a number of symbols, usual
representing the mean effect size along common aligned scale. E
symbol sits on a vertical or horizontal line which usually represent:
the 95% confidence intervals of the meaneetf
ApproachesBRATwith summary table)NNT(inc. reversed axis),
Impact numbersNEAR

Flow diagram

Definition Information is presented in a series of ordered tasks. T T T T o Y ©® ——
Define wentty || 1980ty || ougiomice || Assess Difpays > communication

ApproachesBRAT _ s, | WER /|

Grid/Table

Definition Information is presented by thmtersection of rows and
columns. Written texts are common in tables, but grids make use
common aligned scales.

ApproachesPrOACT w[ o a WY STURBOOR icipléidf o f
three, FDA BRF

e

Line graph

Definition Information is presented by thgosition of lines along
common aligned scales.

ApproachesNCB (threshold, with CHJ{CDA(also with area), CUI,
QALYINHB GBR (with CI)

Network graph

Definition Information is presented at the ends and on the
connecting lines.

ApproachesDAGs, CPMTCMTC

_
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Visual type Example

Scatter pIOt Joint Distribution of Benefit-Risk
Definition: Information ispresentedas symbols on common aligned

scales.

ApproachesQALYINHB PSM(with threshold lines)

0.00 -

Incremental Risk (AESD

-0.01

-0.02

-0.10 -0.05 0.00 0.05 0.10 0.15

Incremental Benefit (Cure)

Surface plot

Definition: Information is presented as wireframe or sheet
representing the position gboints in the threedimensional space on
common aligned scales.

ApproachesCUI, DI

Tornado diagram

Definition Information is presented as lengnd position of the
rectangular bars on nealigned scales.
ApproachesSBRAMalso coloucoded)

Treediagram

Definiton Ly F2 NXY I GA2Yy A& LINBaSydaSR
the point where they cross.
ApproachesDecision tree, MDIMICDA BRAT

FATAL

I
ANTICOAG EMBOLUS
' NON-FATAL

NO EVENT
I

#The visuals on this table are meant to givgemeralidea of how eaclvisual representatiortype may look like anthe details
are not intended to be legiblé&seeAppendcesfor full size imageand other examples
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3.3 Classification of visuals by task

/P NEgSttQa GFE2y2Yeé &LISOATASR T2 daddswell, A9820n thisl séclioa, we & &
define these basic tasks with reference to benefigk asessment,and indicatethe suitability of visual types for a
given task.

3.3.1 Point reading

CKS AAYLX Sad dlFai Aa WLRAYG NBIFIRAY3IQ gKAOK Ay @2h @Sa
a benefitrisk visual representation, point reamd often requires judgment of the magnitudend directionof a
benefit or risk criterion independently. Although the task is straightforward and sinipMs also need to
understand the magnitude in the context it is presented including understandingrit@tmeasuremenand how

this relates to theDMs. ! y 2 G KSNJ I aLISOG 2F LIRAYy G NBI RAYidimpedtivaitBat dzy
DMs properly understand whether a greater magnitude is associated with greater preference or with less
preference. In general, the magnitude of a benefit is proportiadadhe direction ofpreference, and the magnitude

of a risk is inversely proportional the direction ofpreference.

Thevisual representationahich promote point readingarelisted inTableb.

Table5 The architecture of visualg/hich permits point reading

Visual type Point reading architecture

Bar graph The height of the bar readorizontallyagainst the vertical axis for vertical bar graphs or the

(AppendixA.2) length of the bar readerticallyagainst the horizontadxis for horizontal bar graph$his
assumes that the widthof the bars bear no additional information.

Dot/Forest plot ~ Theposition of thesymbol in the middle, and the two ends of each vertical/horizontal (iime

(Apperdix A.5 forest plot)readhorizontally/verticallyagainst thevertical/horizontal axis

Grid and table The position of a point on a grid re&drizontally/verticallyagainst verticihorizontal axis; and

(AppendixA.7) the written figures in a column/row on a table.

Scatter plot The position of the symbol redwrizontally/verticallyagainst thevertical/horizontal axs.

(AppendixA.10

3.3.2 Local comparison

¢tKS ySEG GlFal Ay GKS {(lIE2y2Yé Aa epdedtiddhthsk in @ DenefitisNA & 2
assessment for decisiemakingfor the patients and/or carers Local comparison requires DMs to perform point
reading for two alternatives, say treatment optigresnd to compare them to determine a better alternative fronet

5 a apaint of view at a fixed point in timePoint readingdoes notneed to be accurate to perform a local
comparison task since DNMsayonly comparehe relative importance of theriteria. However if the more accurate

point reading is required, cogihie mental processing is increasedl.comparison of a benefit (or risk) criterion
between two alternatives is an example of local comparissk, as is a comparison of the total benef#k balance
between two alternativesvhen the benefitrisk measuresre integrated Comparison of noimtegrated benefit and

risk criteria requires more cognitive effort than it is required for local comparison task (see Se8t®n

The visual representationghich promotelocal comparison arbsted inTable6.
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Table6 The architecture of visualg/hich permits local comparison

Visual type Local comparisomrchitecture

Area graph The size of an area compared to the size of another area folgppoint reading. However, we

(AppendixA.1) acknowlalgethat area judgment and comparison suffer from perceptual distortion bias
(Cleveland, 1984)

Bar graph The heights of two bars are compared following point readiiigs assumes that the widths of

(AppendixA.2) the bars bear no additional information.

Dot/Forest plot  The position of the symbol in the middle.g. mean)or the two ends(of Clin a forest plo} line

(AppendixA.5 from a criteria are compared with those of anotheiteria following point readingThis assume:
that the symbolsizesbear no additional information.

Grid and table The position of a point on a grid aadigurein a tablecell is compared to another point or

(AppendixA.7) figure in another cell following point reading.

Line graph The position of ay point on the line is compared with another point (on the same line or on
(AppendixA.8) another line)following point reading.
Scatter plot The position of a symbol is compared to the position of another symbol on the scatter plot

(AppendixA.10)  following point readingThis assumes thalymbolsizes do not bear additional information.

3.3.3 Global comparison

WDt 20t O2YLI NR&A2YyQ NBIldzZANBAa YSyidlt FINARGKYSGAO G2 o
comparison, DMs perform point reading on several items on a visual, mentally combine them and then make th
comparison.The comparison of notintegrated benefit and risk criteria for different alternatives is an example of
global comparison taskslobal comparisotasksgrow in complexity when there are many criteria involved or when
many time points are involved in the deicis-making process from the visuals. Most importantly, cognitive efforts
are greatly challenged when the criteria to be compared are not presented in the same unit to allow direatfftade
For many people, simple mental arithmeticay bedifficult and mathematical transformation may be beyond what
most peopleare comfortable with in terms of comprehension

The visual representationghich promote global comparison are listed Tiable?.

Table7 The architecture of visualg/hich permits global comparison

Visual type Global comparisorarchitecture

Area graph Please sed@able6 in Sectior3.3.2 Additionally by mentally adding up different areas or by
(AppendixA.1) comparng subsets of defined areas.

Bar graph Please sed@able6 in Sectior3.3.2 Additionally by mentally stacking or atacking bars to make

(AppendixA.2) comparisons.

Dot/Forest plot  Please se&able6in Sectior3.3.2 Additionally bymentally adding several criteria for

(AppendixA.5 comparisons, or by comparing the midpoints (e.g. mean or median) and the lower and upp
ends (e.g. confidence intervals or ranges forest ploj of two or more criteriaAlso to take
into account any information bear by tleymbolsizes.

Line graph Please sedable6 in Sectior3.3.2 Additionally by mentally adding lines for comparisons.
(AppendixA.8)

Scatter plot Please sedable6 in Sectior3.3.2 Additionally by comparing more than two points (symbols)
(AppendixA.10  when taking into account any additional information represented ingimmbolsizes.

Surface plot The position of point in the thredimensional spac#self already provides a global compariso

(AppendixA.17)  for comparing the combined values of any two elements to another.pbiséion of a point can
also becompared to anothengainst any of théhree axes.

Tornado diagram The length and positioaf rectangles on the barfer the discrete benefitrisk balance for one

(AppendixA.12  criterion compared to another.l80, severatriteriacan be combined mentally before making
comparison about the combinel@ngth and position of the rectangles.
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3.3.4 Synthesisjudgment

¢tKS Y2adG RSYFIYRAyYy3 GFal FO0O2NRAYy3I G2 /I NagSttQa GFE
look beyond the graph itselRlthough demanding, it isat necessary to obtain the exact values of the benesik
balance, it is sufficient that the visuals allow DMs to think beyond the presented rdsudtfenefitrisk assessment,

this could beextrapolating the information from a presented visugor example, a DM may want to perceive what

the risks of medication are to him/her in long term but only has visual information on short term $igkthesis
judgment also includes the need fassessingtatistical uncertainties involved in a bendfitk assessmenfrom
visuals like scatter plots arliche graphs.

The visual representationghich promote synthesis judgment are listedTieble 8.

Teble 8 The architecture of visuala/hich permits synthesis judgment

Visual type Synthesis judgmenarchitecture

Contour plot The position of the points on the lines on the plot against both axes which can be extendec

(AppendixA.3) points outside the plot. The curvature and proximity of the contour limesvided that the line
thickness is uniform, otherwise there may be perceptual distortion that may alter judgment

Distribution plot  The area under the curve beyond certain point on the axis, and the sirapthe positiorof the

(AppendixA.4) distributions.

Dot/Forest plot ~ Please se&able7 in SectiorB8.3.3 Additionally the length of the error barepresentsthe

(AppendixA.5 amount of uncertaintywhich may affect judgmentf plotted over time, DMs may judge the
effect size outside the presented time range.

Line graph Please se&able7 in Section3.3.3 Additionally, the positions of the points and direction of line
(AppendixA.8) outside the grahregion
Scatter plot Please se&able7 in Section3.3.3 Additionally the pattern®f how the pointsare positioned

(AppendixA.10  allow judgment of uncertaintyor correlationto be made
Tornado diagram Please se&able7 in Sectior3.3.3 Additionally when having to compare more than two
(AppendixA.12  alternatives.

3.4 Summary appraisal
3.4.1 Evaluations of visuals

We evaluated each visual type in Secti®® using2 A O1 Sy aQa LINA y OA Olie® areirevitabd A & d
additional surrounding issues and possibilities in designing visuals since visuals are highly dependerit on the
desigrersandthe tasks.In this section, we describe and summarise our evaluatdfribe visuals in general, whilst
presenting the details of the appraisal specific to visual types ilpgpendces

Our evaluations suggestat flow diagrams, network graphs, and tree diagrams areliRety to be the best methods

for presenting the results of benefitsk assessmentOther visual typesay bemore appropriaé and effectiveso

long astheir designs addresthe three domains i A O1 Sy a Qa LINA y O A d.de&ptuatl INJAR/ACEA LI |
G LINR y OA LI efténtiog laril @riRmody \principles ¢ to a good extentAnotherdomain thea YSy G £ Y2
LINR y Otias hieéndexcludedsee Sectior2.4). We briefly discuss theisual appraisals in each domain in turn
below.

oPerceptualprinciplea ¢s the first domain.The principlesn this domainensurethat visual representations can be
perceived accurately by the DMs to aveidsunderstanding. Any type of visudisplay runs a risk ofxpressing
information that resultsin biased perception. On the positive side any type of visuals can be customised with
appropriate fonts, symbols, colours, contrasts, patterns etc. to communicate the required information for the
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required task.However, he use of gradually changing hue or greysaan limit judgmenand could bedifficult to
discriminate from each otheri.e. when used, they should be accompanied by clear boundary linegeneral,
perception bias itikely to be less when simpler presentation is ugegl. points or lines in-B visuals compared to
higher dimension e.g. points or lines ifD3visualsBements of visuals presented by area, volume or angdg also
introduce more perception biasin particular, horizontal lines are easier for human brains to process when
comparedto vertical lines(Cleveland, 1994)The five principles addressed in perceptual principles domairch
are legibility, absolute judgment, tegown processing, redundancy gain and discriminabday be used as a
checklistto help clarify what specifics nganinimise any perception bias wh&M extractdbenefit-risk information

Gt NR Yy OA LI Stientiond is Bk secdnd ddmainThe principles in this domaiansure that any related
information required for the task isedr, intuitive and easy to be found relation to the visualThis means that for

any two values to be compared they should be labelled properly, aligned on the same scales, within close proximi
to each other, and accord with perceptual principl¥ésuals communicating too much inforn@t or data points

can be very costly in terms of extracting the correct informatiwhich may affect contour plot, forest plot, scatter
plot and surface plot most. Therefore, depending on the tamkd mediaof presentatiors, the amount of data
points orinformation to be communicatedustbe considered carefully.

28§ 2YAGGSR GKS GKANR R2YlFAY o6F&aSR 2y aYSyidltf Y2RSt
visuals reviewed here and are difficult to evaluate.

éMemory principles is the last domairandaims to take account adzd S NA Q LINB O digeathpor iBditdcly NRA S
related to the visuals being presenteHor these principles, simpler visuals with fewer data points or information
may outdo more complex visual presentatisrit may be thataudience will havehad greaterexposure to simpler
visualsand this may make therable to adapt tahem more easily.A good benefitrisk visual representation should
Ffft2¢6 dzZaASNR G2 aSS GKS Ay T2 N¥peridnceay ex@nipl§ WAl Be the dssf theE LI z
colour greento mean a good outcome, antthe use ofcolour redto indicatea worse outcome. However, cultural
context may mean that these colours are not appropriate and individual differences may mean diffeightings

for such cuedor example a rislaverse usemay place a very high weight fong criterion appeaingin red without
considering its magnitude or the benefitShoosing colours may also depend on the audience characteristics; for
example the ge of redgreen combination is not suitable for regteen colour blindness audiencAssistance on
choosing suitable colour combinations is frealsailable(Brewer, 2006) Any benefit-risk information may require
complex cognitive procesand may benefit from beingided, for example by presenting a composite measure
instead of individual measure. The simplest visual@spntation to communicate composite measures is likely to be
the bar graphln a series of related visuals particularly, consistency plays a big role to avoid confusidnaar the

time required From our experience carrying out this review, we suggbat tonsistency should bemphasised
when there is a need for comparing more than one figure via use of consistent graphics scheme (colour, pattern
symbols, etc.), consistent alignment of the axes and scales, consistent sizes and aspecn@tosonAny sets of
visuals can be madmnsistent.

Where simpler visuals can communicate the same information when compared to complexyenesuld propose
that 1 KS aAYLIX SNJ 2y Sa &K mdzk fdtio 0ad beQuked wiy decidingAfetivéen twpdl bf
visuals with the exception of the bagraph versus scatter plaince ithas been arguegreviouslythat a bar graph
providesa better perception of magnitude thaascatter plot allowing better decision to be made
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3.4.2 Evaluations of communicability
We evaluated each visual type in Sect®oll 3 Ay ad [ AL dzaQa St SySyida 2F @Arad

Almost all visuals reviewed herenaito communicate risk magnitude with the exception of flow diagrams, grids,
network graphs, and tree diagramBot plot in particular has been promoted as a very useful graph type when
conveying risk magnitudg€leveland, 1994; Heiberger, 2004; Robbins, 2005; Tufte, 2R&K) magnitudemay be
more easilycommunicated through simple visuasichas Cartesian graps in an attemptto make information
extraction easierln a static presentation of vigils for example when printed on paper[2visuals ardikely to be
better at communicating magnitudes tharBvisuals.

When extracting benefitisk information from visuals, it is not only the magnitude of benefit or risk that matters but
also themagnitude in comparison to another. The comparator could be a different benefit, a different risk, the same
benefit or risk at different time points, or the same benefit or risk at the same time point in a different scenario, etc.
¢ KS GSNY)Y dibdsédHobsklPHere ddRXiasdrilde the relative magnitudes of any two it€his.is equivalent

G2 aft20Ff O2YLI NRa2YE | teRriskanBhgnBude nhay rMdRnédditoNde deadyaccuratehyS N
Therefore, any visuals that can clearly convey wheteitem is higher or lower than another can communicate
relative risk to a certain extent.

Communication of cumulative risk is usually associated witime element. The most obvious way to convey
cumulative risk over time is to plot them against time which can then be read directly from the visual
representation thus reducing the efforts for information extractiohhis can be done easily as line graph or scatter
plot of cumulative risk Other visuals can alscommunicate cumulative risk but with variable degree of
effectiveness. In general, simpler clean visuais likely tobe better at conveying cumulative riskather than
complicated orevenchaoticvisuals. For example, a typical forest plot communicais magnitudes easily but may
struggle to communicate cumulative risks.

In general, communication of uncertainties requires many data points which could be presented visually withou
overwhelming the userUncertaintymay bebest conveyed together with somary estimateso put things into
context In this case, forest plot may be an obvious choiceianitely to besimple to readA distributionplot may

be the best depiction of uncertaintiesf a variablebut can be difficulto produce because¢he distribution of a
variableis not always Gaussian norm#&ther visuals likéhe contour plot and surface plot can show great details of
uncertainties in avariablebut extraction ofinformation maybecome difficult.

Communication of interactions amongkifactors idelt to be very difficult through conventional visuals and is not
commonly doneUnless the visuals specifically show the effects of interactions, extracting the related information
would likely require greater cognitive effort.Dynamic visua may be the more suitable type of visuals in this case
but are not included in this part of review.
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4 Discussion and recommendations

4.1 Discussion

This reviewappraise the usefulness and usability of visual representations being used in beis&fiassessment
based onthe literature. This review only set out to elicit visual representationkich are suitable forspecific
benefit-risk approachks but in due coursenevitably touched on visual design issuefespite this we have, by
necessitysteered away from specificguidelines for the design of visual representatiombe American Statistician
published a good cynical commentary in 1984 on guidelines of how to didptaybadly which should be taken
seriously(Wainer, 1984)There are alstextsfrom Tufte on how to display visuals prope(lyufte, 2001)

The recommendationmadein this review are typical visuaielated to those thathave already accompanied the
benefit-risk approaches encountered through the review of methodoldgythis time, we are not in the position to
explore further into the potential of more innovative and modern vigliaplays whicimayinterestdecisionmakers
in the decision problerand m&ing the decisions to be made more personal.

4.2  Capacity of visual representations and their relationship to tasks

Following the discussion in Sectid®8.1¢ 3.3.4 we summarisdnow these tasksnay becommunicated visually in
Figurel below. Several types of visual can be used to achieve the same tasks but with variable degree of accura
and complexity in the design and information extractidiisual types which do not map to tasks are outlined in red;
therefore are not suitable to represent benefisk assessment results. However, they may be suitable when
presenting other aspects of benefisk assessment, e.g. to represent the process umlor the relationship of
evidence TheAppendtescontain detailed evaluations of each visual type.
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Area graph
Bar graph

Figurel The relationship between tasks and visugies

— /A
Point Reading \ /,
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Local comparison A"
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% ' Flow diagram
Global comparison ",',
\ A Grid and table
N
/ .
{7 \ \
w A\ \ Line graph
Synthesis judgment
‘ Network graph
Scatter plot
Surface plot
Tornado diagram
Graph types outlined in red may be
better avoided when presenting the
results of benefitrisk assessment due Treediagram
to their limited visual task:
4.3 Relationship of benefit -risk approaches to tasks

In the methodology review, we identified three types of resultant metrics which are associated with the beshkefit
approaches:

i. scores (andveighted scores),

ii. rates (and weighted rates),

iii. utilities (and weighted utilities)

18




Pharmacoepidemiological Research on Outcomes of
Th erapeutics by a European ConsorTium
None of the approaches which are only scebasedwere recommended. Therefore, the visual representations
suitable for these approaches are omitted in this reviéMe specudte that scores may be presented in the same
way as rates.

Additionally, the resultant metrics are presented in four simple forms:
i. ratio,
ii. difference,
iii. rank,
iv. sumb

Simplifying into these recognisable forms, DMs do not need to know the exact type of metrics from a-bskefit
approach to be able to determine suitable visuals, allowing them to work backwards if needed to.

In order to determine suitable visual repragations, benefitrisk assessors have to establish the tasks that are
required of the DMs. Clearly, several tasks may be required or need to be considered in one decision problem for
informed decision to be made. In our opinions, not every type of beniek assessment results is effortlessly
compatible with every task. Ratios and differences are calculated at different stages of ishedissessment, thus

may be compatible with any task. Sums and ranks are positioned at the two extreme endsspettreim of being
derived from very simple calculations to very complex calculations and process. Either way, they may be on
suitable for very elementary tasks such as point reading and local comparison since the complex derivatior
eliminate the need fomore complex tasks. In the situations when the derivations are too simplistic, complex tasks
may be too cognitively challenging and are likely to introduce more biases and errors.

Figure2 shows the compatible pairings as guide to selecting appropriate visuals in the communication of benefit:
and risks; andrigure3 shows the relationships between approaches and the results from their analysis, which
completes the map.

For simplicity, the face value ofBomwe item is also consi
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Figure2 Compatible pairings between resultant metric forms and required visual tasks

Ratio

Difference

Global comparison

Rank

Sum

Figure3 The relationship between approaches and metrics of their resuRSM andMTCare omitted because there are no specific results
whilst PrOACIURL maps directly to presentation of effectable)

B-R approaches Types of metrics Forms
PhRMA BRAT
MCDA
SMAA Rates ratio Ratio
BRR Rates difference
NNT Difference
Impact numbers Utilities difference
QALY Utilities rank Rank
QTWiST Utilities sum Sum
INHB
DCE
o efpia &
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4.4  Benefit -risk approaches and key recommend ations

From previous Sectiord.2 and 4.3, we identified many possibilities of presenting the results from a beimiskt
assessment. The possibilities are overwhelming even for very few beiskfiassessment approaches. To (ever
)simplify recommendations at this stage, we recommend at most three visual representation types for eact
approach to represent the results of benefisk assessments. The top three recommendations are based on
simplicity; taking into consideration CleveR2a (G KS2NE 2F 3INI LKAOFE LISNOS LI
SEGNI OGA2Y I|-igkRatiot (dzF. cdht@ut ploR is dlavoured over surface plot) wherever there are ties
(Cleveland, 1984; Tufte, 2001)

Table9 Preliminary recommendations ofvork stream B for visuals representations of benefisk by recommended approaches

Approach Visual representation of results Other visual representations of special interest

PrOACTURL Effect€lable n/a

PhRMA BRAT Table,dot/forest plot, bar graph Tree diagram to represent model.

MCDA Bargrapf WRA T ¥ S NXB y ( Table for evidence data, tree diagram to represent
model, line graph for sensitivity analysis.

SMAA Bar graphdot/forest plot Table for evidence data, tree diagram and
distribution plot to represent model, line graph and
scatter plot for sensitivity analysis.

BRR Bar graphdot/forest plot, line Scatter plot or contour plot for sensitivity analysis.

graph Tornado diagram may be suitable to simplify furthg
the results.

NNT Dot/Forest plot, line graph, scatter | Contour plot for sensitivity analysis. Tornado

plot diagram may be suitable to simplify further the
results.

Impact Numbers Dot/Forest plot, line graph, scatter| Contour plot for sensitivity analysis. Tornado

plot diagram maybe suitable to simplify further the
results.

QALY Bar graphdot/forest plot Line graph or scatter plot for sensitivity analysis.

QTWIST Bar graphdot/forest plot Line graph or scatter plot for sensitivity analysis.

INHB Line graph, scatter plot Contaur plot for sensitivity analysis.

PSM n/a Network graph to represent model.

MTC n/a Network graph to represent model.

DCE Bar graph Line graph or scatter plot for sensitivity analysis.

The recommendations made herewith are based on the assumptiosis there are resourcesto produce the
recommended visuals. The simple visuals that are favoured in this review are mainly due to the fact that they ar
likely to take less time for a DM to understand, reduce confusion and that they are presented on lgkmser
importantly, all visual representations should follow general graphic design principles, such as labelling of all axe
FyR ALISOAFAOLEf& | RKSNBabld2 2 A018yaQ LINAYOALX $a fA&d

4.5 Test phase of visual representations

We previously discussed that visual representations do not naturally link to the beiskfapproaches in a simple
manner but in combinatiowith the required tasksThe folNdJ 6 aA O Gl ajia 2F /I NARgSE
therefore when designing the visuals, the exact task shoulthbaght about and stated clearly. In addition, the
visuals should also be suitable for the means and conditions of their presentalibasast important aspect to
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O2y&ARSNI Aa (GKS | dZRASYOS F2NJ ¢gK2Y GKS @AradzZta I NB
should be carefully addressetdable 10 presents a brief example of the visual considerations for a hypothetical
benefit-risk assessment of drugwersus drug Yfor which a visual is to be designdd.this hypothetical scenario
where the benefitrisk assessmerdould be via BRR, NNT or impact nump#rs possible visuals are bar graph, line
graph, scatter plot, and tornado diagrafas proposed itsBRANIfor unassisted presentation, or additionally forest
plot and contour plot for assisted presentation.

Tablel10Important aspects to consider when designing visual representations of berggk assessments

Task To judge whichof the two alternatives have smaller threshold for psychia
adverse events (local comparison)

Means ofpresentation Visuals presented on paper

Conditions of presentation Visuals are presented with assistance from a physician with-tiomstraint of
Mp YAydziSa oLKZe2 & builimediine witddutiassistanteS

Audience characteristics Patients with no cognitive impairment

4.6 Conclusion

As previously mentioned, in order to determine the suitable visuals to berigfitassessment approaches, it is
inevitable to put aside the visual design principles. A correct visual type may not be adfubefel are design flaws

such as illegible symbols. We firmly acknowledge that this review is based on theoretical work in the literature an
personal experiences and opinions. Therefoie is only not possible to be certain which types of visual
representations will actually worketter, or if the audience with similar characteristics would gain the same
understanding from the same visuals. The former, although difficult, may be formally testggenments, but the

latter isalmost impossibl¢o test.

In reality, choosing the visual to represent beneisk assessmertias substantial subjective elements similar to
choosingthe correct utility weights in a decision mod¥flisual designers may ity choose to present certain types
of graphs just because they are easy to produce, or appear to be attractive to tNeme of the visual
representationswere found to be superioacross all benefitisk approaches or metrics, and they are likely to be
dependent on the intended audiencand required tasksThese conclusions concur with findings in a recent
literature review commissioned by the FWest, 2011)Nonethelessas in any statistical modelling, the simpler
oneswould be favoured over the more complex ones if there is no clear advantage for a more cownglak
representation.
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4.7 Further work

So far thigeview only appraises the types of visuals which were encountered in the methodology review. There ar
many other innovative visual representations that are rarely seen in the academic literature for example interactive
and dynamic visuals, which are plauhfor the second stage of PROTECT visual review.

We also acknowledge that scores (and other measured metrics) are also used in-tiskedihalyses. Whilst
speculating that their visual representations may be closely similar to those for rates, scoreganae different
representations to be effective and accurately communicafEderefore, further work into this aspect may gain
some insights into the related issues.

In this review, we did not explicitly discuss the capacity of visual representatidren veommunicating
efficacy/safety versus communicatitgnefit/risk This is another crucial aspect that needs todiecussedurther

since efficacy and safety presentation does not directly link to clinical relevance which is required when a decisic
about benefitrisk balance is to be madi.would be most useful to disentangle the strengths and limitations of one
form against anotheas well as their similaritieéis the future.

Presenting the results is only one aspect of visual presentation requir@shy benefitrisk assessment. Walso
identified in the protocol for visual review four other aspects that might require or could benefit from visualisation
but were not explored in this review

a. How to present the relationship of benefits and risks evittensed in the assessment i.e. input data. This is
important to visualise where data are available and of what quality are they. By knowing this, a decision
maker would be able to devise suitable strategy on how to address them.

b. The process of benefiiskassessment analysis. Some decisimakers might want to know in greater details
how the benefitrisk assessment was performed. Suitable visual representations of this process may aid thei
understanding to enable them to make better decisions. Theresis @try limited understanding on what
need to be presented either graphically or numerically at different stages of bersiassessment which
would also benefit from this exercise.

c. The concept and building blocks of the benefik assessment. Someswals may be required to explain
some of the complex mathematical underpinnings of the approaches. We envisage this would involve a serie
of related visuals which eventually build up to acquire the final visual.

d. The subjective evidence. Subjective evidenmay or may not be presented using the same visual
representations as objective evidence because of its nature. It is not only the matter of subjective evidence
used in a benefitisk assessment, but also how could visuals be used to collect/elicit bjecsive evidence
from relevant stakeholders e.g. use of visual anaéograle, effects tables, etc.

The aspects to be presentedry by stakeholders, as well as dependent on their interdsts.difficult to say which
stakeholders should be presentedtwiwhich information, but a survey might be able to give some information on
the average preferencetvestigation into graphics or other visual representations which answer the most common
benefitrisk questions could help focus future research in tiesaa
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Appendi ces

A.1 Area graph

A.1.1 Description of area graph

Tablel1 Characteristics of visual representation tyder area graph

Form 2-D static graphics

Endpoint Sum of probabilities autilities

Methodology-specific No

Reproduction Many software can easily produce area graghsy includeStata, SAS, BndMicrosoft

Excel. Hiview 3 and IDS (MCDA software) produce frontier graph (area with bound
lines) for sensitivity analysis.

Suitable audience Generic area graphs are suitable for the general audience but frontier graphs may
require sometechnicalknowledge to be interpreted correctly.

Figure4 Area graph showing partitioned survival curve for one treatment in al®/iST analysis

1007

Percent
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Figure5 Area graph showing proportions of a particular population from the togabpulation in defining population for impact number
analysis
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Figure6 Frontier area graph to assess sensitivity of weighting on malignancies on the optimal treatment choice from Hiview 3 software
an MCDA analysis
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A.1.2 Visual evaluation of area graph

Table12 Wickens' principles of display desidor area graph

Appraisal

Perceptual principles
Legibility (or audibility)

Absolute judgment

Top-down processing

Redundancy gain

Discriminability

Principles based on attention
Information access cost

Proximity compatibility

Memory principles
Use of existing knowledge of the
world

Predictive aiding

Consistency

Most area graphs are legiblg.isalsoimportant that the boundary of an area
on the graph can be clearly sedfor instance, frontier graph produced in Hivie
3 could benefit from having a different colour area since the green line is no
very legible on @ery similargreenhue background Figure6).

An area is often presented by uniform colour, patterns, or greyscaley are
also enhanced by boundary lines to help with absolute judgnfesdes and
gradually changing hue should not be ugedvoid absolute judgment limits.
The presence of minimum and maximum values of a s€ddeies) also allows
better judgment.

Figureb demonstrate an aspect of tedown processing where, &Ms analyse
the legend, theypecome accustono the fact that darker shades refer toare
undesirable circumstances. A DM may get confused if there were another s
suddenly contradicts this patteritdowever, topdown procesmgis less material
for area graph$n most circumstances

Area graphs bounded by distinct lingsn result in redundancy gaiAnother
form of redundancy gain is also demonstratedrigure6 where lines are both
colourcoded and numbered.

Areas representing different message or information should be discriminabl:
avoid confusion. Different colour, greyscabe patterns should be used to allov
discrimination. This is demonstrated wellRigure5 sincehuman eyes better
distinguish contrasts than colour. &larea showing toxicity and relapseFigure
4 may benefit from different contrastd.he vertical red line ifigure6 should be
presented in a different colour to discriminate from placebo line 1.

All area graphs shown herEigure4 ¢ Figure6) minimise information acess
cost sufficiently by having the required information, e.g. legends and text lal
within the graph areaFigure4 however has missed title for theaxis although
may be obvious from the contextigure6 may benefit from having the droep
down list, which is essentially theaxis title, to be more centred along the axis
and better blended in to be perceived as part of the graph

OnlyFigure6 demonstrates sufficiently close spatial proximity for different
optionsbut the primary emphasis of the graph is on the lines and the frontiel
not on the areas themselves

Knowledge of the world closely related to area graphs is the size of the aree
Larger area is associated with greater magnitude, whether it repreemsfits
or risks. In Figure6, the size of the area refers to hgwobablean option might
be an optimal choice in this case, placebo dominates once weight is greater
than ~37.

Benefitand risk information on an area graph are best presented as integrat
measuredecausepresentingpiecewise information can exhaust cognitive
process. This is especially true when there are many criteria associated witl
benefits and risks.

Consistency in a single area graph is hard to assess. It may be possible tha
confusion may arise if an area graph consists of pictorial representations of
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Appraisal

BFNRAIFOES FYR (GKSe 6SNB O2yFf AOQUAY:
variable. The most imptant form of consistency for area graphs is a
consistency of the area representation in a series of graphs.

A.1.3 Communicability evaluation of area graph

Tablel3 Elements of visual communicatiofor area graph

Element Appraisal

Riskmagnitude Areagraphs convey the magnitude of risks using arealsité is not straightforward
since DMs need to calculate the size of the areas menfidly area has to be on the
correct scale and proportioto avoid perceptiorerrors in interpretatbn. For instance,
Figureb may be confusingr incorrectif the areas are not repres¢stive of the real
percentages.

Relative risk Area graphsre letter at conveying relative risk when the risk magnitude is of
secondryimportancei.e. only need to know whether one is less or greater than
another. However DMsmay haveo perform heavy cognitive tasks in mentally
evaluating the relative risf each area t@ach otherUse of areas in graphs may alsc
bias visual perception leading to ovestimation or undetestimation.

Cumulative risk Cumulative risks on area graphs require mental integration of different areas on a
supposing that théenefits or risks are plotted against timEehis task becomes more
difficult when the shape of an area is irregular and further complicated when the ris
are not linearly additive over time.

Uncertainty Area graphs cannot convey uncertainty well.

Interactions among risk  Area graphs may not bable to communicateffectsof interactionseffectively.

factors
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A.2 Bar graph

A.2.1 Description of bar graph

Tablel4 Characteristics of visual representation type for bar graph

Form 2-D static graphics

Endpoint Sum of probabilities or utilitieor simple probabilities or proportions
Methodology-specific No

Reproduction Many software can easily produce area graphs; they include Stata, SAS, R, and

Microsoft Excel. Hiview 3 and IDS (MGfware) producesum of utilities, and
JSMAA produces probabilities of ranking for alternatives

Suitable audience Generidhargraphs are sitable for the general audience as they convey the
magnitudes in comparison with each oth&ar graphs from Hieiv 3 require users
with some experience to make full use of their potential.

Figure7 Area graph showing the expected utility by state in alQViST analysis

Utility
1.0 -

0.5 TWiST
TOX REL DEATH

0.0

Time

Figure8 Colourcoded bar graphthe green bars represent benefit and the red bars represent safstypwing the aggregated contributions
of benefit and risk criteria after weighting the alternatives in an MCDA analysisliview 3

M FE/UFE Balance Node Data )
FE/UFE Balance Contribution -
FE/UFE Balance Weight 200mg Cumulative
Placebo 400mg Weight
FEs 210 58.5
UFEs 149 415
TOTAL 359 36 51 47 100.0
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Figure9 Colourcoded bar graplo I WR A F T S NsBoyiGgSveighied differenge® fior benefit and risk criteria of two alternatives in an
MCDA analysig Hiview 3

T, Sorts §|

Compare |200rng j minus

Model Order ‘ Gurn Wit ‘ Dift ‘ Wtd Diff Sum

AEs  SAEs 94 72 67 6.7 —
ACR  ACR20 111 47 52 119 —
ACR  ACRTO0 279 16 46 165 —
ACR  ACRAD 111 29 32 187 —
FEs  mTSS 84 24 20 A7 -
AEs  Infections 02 -8 02 215 !
UFEs  Tuberculosis 38 17 06 209 .
UFEs Deaths 188 9 A7 192 -
LUFEs  Malignancies 94 50 A7 45 |—

1000 145

Hiview 3 interface allows the bar graph displayed to be cumulative wéigptesenting the riative clinical relevance of a unit
of each effect) simple differenc€between preference valuespr weighted differencéof the data and its clinical relevancéf)
also allowsanytwo alternatives to be compared directly

Figurel0Bar graph showing probabilities of an alternativéoeing ranked i place (hL’) in an SMAA analysis in JSMAvthout preference
information

#odt

Venlafaxine Fluoxetine Placebo
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FigurellBar and antenna graph showing the relative contribution (proportion) of each criterion by stakeholders in a MAR analysis
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A.2.2 Visual evaluation of bar graph

Tablel5 Wickens' principles of display design for bar graph

Appraisal

Perceptual principles
Legibility (or audibility)

Absolute judgment

Top-down processing

Redundancy gain

Discriminability

Principles based on attention
Information access cost

Proximity compatibility

Memory principles

The legibility of bar graphs is generally very good. However, some bar grap!
variations like stacke(Figure8) and 3D bar graphs may limit legibilitfhe
legibility can also be reduced when the orders of magnitude are not the san
for all bars resulting in some bars with comparatively small magnitudes to b
incomprehensibleFigure9RS Y2y a i Nl 6 Sa Aff SIAO0AT
because of its wghted difference close to zero (the graph can be stretched i
Hiview 3 to lengthen the bars fonore visibilityq alsosee2 below).

Bar graphs do not often face absolute judgment limit problems since the
boundary of each bar can be seen cleavigry infrequently bar graphs have
been used with changing hue or fading greyscale lwhiay limit absolute
judgment. Such applications can be seen when a bar graph is made to
communicate uncertaintyThere may be a slightly different issue with absolut
judgment limit inFigure9 since Hiview 3 allows the graph to be stretched whi
consequently stretches the length of the bafhe relative effectare consistent
but the question remains whether judgmesdre altered when stakeholders ar
presented with the same graphith different aspect ratios

Current practice oproducingbar graph promotes good tegown processing
ability. Bars describing the same variables are designed withahme pattern or
colour Figure8 - Figurell), and also have the same order when variables wr
it is presentedstratified by another variable for example risk at the bottom
and benefit at the top of the stacked bdis each option(Figure8), the order of
ranks from one to three running from left to rigfdr each option(Figurel0),
andrelative contributions of patients on the left and of parents on the right fc
each riskcriterion (Figurell).

Two redundancy gain pes are demonstrated in bar graphs above. One is the
use of boundary line for each bar together with pattern or colour. The secon
GeLIS A& y2i OSNER 200A2dzaX ¢ Kk prikciplk :
suggests that bars are redundant sirthe only the line at the top of the bar is
meaningful, reducing it to scatter ploFufte, 2001)However, the existence of
the barsmay promoteredundancy gain.

As long as the patterns or colours used to represent bars are sufficiently
different from each other, the discriminability of bar graphalso sufficient.
Unfortunately, as far as we know, the extent to how difference they should t
arenot yet tested.But when the number of bars on a bar graph becomes lar¢
the bar graph would have diminished capaafydiscriminability.

Information access cost of bar graphs is minimal sinceynbar graphs tend to
separate different groups by gapgsigurel0andFigurell), tend to presentbars
in the same order for different groupEigure8, FigurelO, andFigurell), and
contain legends to bar patterns (or colours) withiretgraph areaRigurelOand
Figurell)

Proximity compatibility is demonstrated through having the legend within the
graph areaKigurelOandFigurell), and through grouping together bars
belonging to the same groupki@ure9 ¢ Figurell).
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Appraisal

Use of existing knowledge of the The bars are drawn in different directions to depict theedtion of effects for

world

Predictive aiding

Consistency

each criterion, where most people would associate right with positive (value
and left with negative (valuesfrigure9). Figure8 andFigure9 also demonstrate
the use of existing knowledghat DMs would also associate green bars with
good outcomegbenefits)and red bars with bad outcomégsks)

The use of bar graphs for predictive task is cognitively challenging. By defin
bar graphs present information separately by categor@sgnitive workload is
increased irFigure7 because DM has to mentally work out the expected utilit
of an option, and further increased having to compare different optiingure

8 contains an element of predictive aiding by stacking the bars for benefit ar
risk for eachalternativeto aid DMsin comparinghe total weighted scores
contributed by the FE/UFE balance critertordetermine the best alternative
for that criterion.The information gained can then be incorporated into the fii
decision.

The consistency within a bar graph has been discussed previously in the
consistent ordering and patterns or colours of bars across different categori
In a series of bar graphs, consistency is achieved by maintaining the order :
patterns used. The grdéus produced in Hiview 3 for MCDA analyses demonst
great consistency with using consistent red/green colour scheme for the bat
stacking benefits on top of riskBigure8), and showing the direction of risks
bars to the left and benefits bars to the righigure9).

A.2.3 Communicability evaluation of bar graph

Tablel6 Elements of visual communication for bar graph

Element

Appraisal

Risk magnitude

Relative risk

Cumulative risk

Uncertainty

Interactions among risk
factors

Bar graphs can communicate risk magnitudes with ease by measuring the top of the
against the yaxis of the graph as long i thickness of the boundary lines of the bars
acceptable. Thick lines can make reading off the magnitudes difficult.

Relative risks are natswell communicated in bar graphBMsare required to mentally
compare the height of the bate estimate the relative risks. This exercise is cognitivel
challenging especially when there are many mental arithmetic operations to be mad:
example when many bars are involved and in the situations when there are many tw
way comparisondt mayalsobe perceptively difficult to compare risks for itemich

are more distant on the grapkyhen the boundary lines are thicknd when small
numbers are involved.

Cumulative risk can be shown on bar graphs by adding together barstakr@gxis
(Figure7) or by stacking the individual values as showRigure8.

It is uncommon to communicate uncertainty using bar graphs, but one way to do this
through that demonstratedn FigurelO, where the probabilities of an option being
ranked first, second or third are plotted as a bar graph.

The effect of interactions can be communicated on bar graphs as sthekedrigure8 is
an example of stacked bar graph but may not be the appropriate example for
communicating interactionsA stacked bar graph on Hiview 3 showing contributioins o
criteria towards the final weighted utility would be a better example in this situation.
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A.3 Contour plot

A.3.1 Description of contour plot

Tablel7 Characteristics of visual representation type for contour plot

Form 2-D static graphics

Endpoint Any point estimate of tilities or scores

Methodology-specific No

Reproduction Software like Stata (as part of version 12, or ugdtten programme for earlier
versions), SAS, R, and Microsoft Excel can produce contour plots.

Suitable audiee Contour plots are intended for more specialist audience with knowledge of

contour/surface plots as well as the background data underlying them. General pt
may be able to understand contour pidiut only to alimited degree without
assistance.

Figurel2 Contourplots of the effects of varying weights in a desirability index analysis
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