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ABSTRACT

Introduction: Ixekizumab, a high-affinity
monoclonal antibody that selectively targets
interleukin-17A, is an approved treatment for
plaque psoriasis. This study aimed to use ani-
mated visualizations as a tool to simplify com-
plex data from ixekizumab clinical trials.
Methods: Animated visualizations were devel-
oped to show outcomes from ixekizumab clin-
ical trials and a Bayesian network meta-analysis
of 11 approved biologics. The visualizations
simultaneously highlighted both aggregate

scores and the individual progression of
patients over the course of treatment.
Results: The animations provided key messages
and information from the complex data in
efficient and scientific ways that were also
visually pleasing and simple to understand. The
animations highlighted (1) rapid reduction in
disease severity from baseline; (2) sustained
efficacy of ixekizumab in the treatment of skin
and nail psoriasis; (3) side-by-side comparisons
of treatment efficacy and clinical improvement
across trials; (4) simultaneous visual presenta-
tion of individual results with summary
response over time; and (5) indirect comparison
of relative treatment effects with other biologics
based on Bayesian network meta-analysis.
Conclusion: The rapid and sustained efficacy of
ixekizumab in the treatment of psoriasis was
demonstrated using multiple dynamic visual-
izations with different clinical endpoints. Ani-
mated visualizations provided a simpler and
more comprehensive understanding of complex
data than conventional static figures.
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Key Summary Points

Why carry out this study?

Ixekizumab, a high-affinity monoclonal
antibody that selectively targets
interleukin-17A, is an approved treatment
for plaque psoriasis.

This study aimed to use animated
visualizations as a tool to simplify
complex data from ixekizumab clinical
trials.

What was learned from this study?

Dynamic animated visualizations were
developed by applying a combination of
statistical methods, design principles, and
data science.

The animations highlighted both the
aggregate and individual response rates
from treatment with ixekizumab and
other biologics and showed the indirect
comparison of relative treatment effects
based on Bayesian network meta-analysis.

Animated visualizations can be used to
identify meaningful aspects of clinical
trial data, such as individual patient
variability and trends during clinical trial
testing.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide and video anima-
tions to facilitate understanding of the article.
To view digital features for this article go to
https://doi.org/10.6084/m9.figshare.14518881.

INTRODUCTION

Plaque psoriasis is a chronic inflammatory dis-
ease that causes characteristic scaly plaques on
the scalp, buttocks, trunk, and extremities [1]

and may increase the risk of other psoriasis-as-
sociated conditions such as cardiovascular dis-
ease, obesity, diabetes, psoriatic arthritis, and
psychological comorbidities [2, 3]. Patients with
plaque psoriasis may face significant quality-of-
life challenges [4], highlighting the need for
highly effective long-term treatments [1].

Biologics, such as antibodies that inhibit
tumor necrosis factor alpha (TNF-a) and inter-
leukins (IL)-17 and IL-23, have transformed the
treatment landscape of psoriasis compared to
traditional topical therapies or phototherapy,
which may not adequately control moderate-to-
severe disease [5, 6]. The comparative effective-
ness of biologics used to treat psoriasis has been
evaluated in head-to-head studies as well as
indirect comparisons using network meta-anal-
ysis (NMA) [7–11]. Ixekizumab, a high-affinity
monoclonal antibody that selectively targets IL-
17A, is an example of one such biologic; it has
been studied in head-to-head trials versus
etanercept, ustekinumab, adalimumab, and
guselkumab [10, 12–14] and demonstrated rapid
efficacy, followed by long-term durability of
treatment response [7–11]. The efficacy of
ixekizumab and other phase III-approved bio-
logics was highlighted in a Bayesian NMA,
showing the competitive landscape of psoriasis
treatments.

Comparative studies and NMAs generate
large amounts of complex data, and static
graphs and figures are limited in how they
depict changes in data over time, especially as
they relate to individual variability. Animated
visualizations can be used to present key mes-
sages and information from complex data in an
efficient and scientific manner that is also
visually pleasing and simple to understand.
These dynamic animations are more engaging
and may appeal to a broader audience with
heterogeneous learning styles. Here we present
several types of animated visualizations that
highlight data on the efficacy of ixekizumab in
the treatment of moderate-to-severe psoriasis.
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METHODS

Studies on Ixekizumab Efficacy

Clinical efficacy data on ixekizumab and com-
parator drugs were taken from published stud-
ies, including the UNCOVER-2 (NCT01597245),
UNCOVER-3 (NCT01646177), IXORA-R
(NCT03573323), IXORA-S (NCT02561806), and
SPIRIT-H2H (NCT03151551) trials. Details
regarding the study design, patient selection,
treatment arms, and outcome measures were
previously described for all studies [10, 12–14]
and are outlined in Electronic Supplementary
Material (ESM) Table 1.

Assessments
The following parameters were evaluated to
compare onset, durability of response, and
rapidity of skin clearance with biologics.

Mean percentage improvement in Psoriasis
Area and Severity Index (PASI) score was asses-
sed for:

• Ixekizumab versus etanercept (integrated
UNCOVER-2 and UNCOVER-3) from week
0 to week 12.

• Ixekizumab versus adalimumab from week 0
to week 12 (SPIRIT-H2H is a psoriatic arthri-
tis study with the primary endpoint at week
24; however, only data up to week 12 is
presented in this paper for consistency with
the other studies).

• Ixekizumab versus guselkumab from week 0
to week 12 (IXORA-R).

• Ixekizumab versus ustekinumab from week 0
to week 12 (IXORA-S).

Static Physician’s Global Assessment (sPGA)
0 and sPGA (0, 1) response rates were compared
between ixekizumab and ustekinumab from
week 0 to week 52 (IXORA-S). In UNCOVER-3,
percentage improvement in Nail Psoriasis
Severity Index (NAPSI) scores from baseline to
week 264 was evaluated. After 12 weeks of
treatment, patients who received ixekizumab
once every 2 weeks entered the long-term
extension period; ixekizumab was then admin-
istered as open-label treatment once every
4 weeks.

Studies and Procedure for NMA

Bayesian and frequentist NMAs were conducted
to compare the rapidity of response of 11 bio-
logics in the treatment of moderate-to-severe
psoriasis in adults with IL-17, IL-23p19, IL-12/
23p40, and TNF-a (all inhibitors are approved
by the U.S. Food and Drug Administration) [8].
A systematic literature review was conducted to
identify phase 3 randomized studies of biologics
with PASI response rates at weeks 2, 4, 8, and 12
and Dermatology Life Quality Index (DLQI; 0,
1) response rates at week 12. Relative treatment
effects with the biologics studied compared to
placebo were evaluated. Details of the 33 studies
included for this analysis have been previously
described [8]. Data related to DLQI were not
included in this paper.

Data were utilized from an NMA on the
average treatment response with biologics,
based on posterior distribution of the relative
treatment effects compared to placebo over
12 weeks [8].

Statistical Methods and Analysis

The PASI total score and mean percentage
improvement were provided by least square
means from mixed models using repeated
measures (MMRM) for ixekizumab and placebo
in the induction period of UNCOVER-3 (Fig. 1).
For categorical PASI response rates, the number
of patients and percentages were summarized
with non-responder imputation to account for
missing data. The model included the fixed
effects of treatment, study, visit, and the treat-
ment-by-visit interaction, and the fixed covari-
ate of the baseline value. The individual patient
records of percentage improvement in PASI
score from baseline through week 12 by baseline
PASI score are displayed in Video 1 (online
version only). PASI baseline score[40 is pre-
sented in a gray area to capture outliers.

Mean percentage improvements in NAPSI
score was shown from baseline to 5 years in the
UNCOVER-3 study (induction and long-term
extension) using a modified baseline observa-
tion carried forward imputation (Fig. 2). Mean
NAPSI percentage improvement (see Video 2
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[online version only]) at each planned visit was
calculated using MMRM following the models
for each study and then plotted as a smoothed
line. The smoothed line was generated using
Bézier spline to determine mean percentage
improvement in PASI/NAPSI score between
visits to create the effect of line-filling over
time.

For the UNCOVER-2 and UNCOVER-3 trials,
the model included factors related to individual
studies, such as the fixed covariates of baseline
value, treatment, study, visit, and the treat-
ment-by-visit interaction. In the IXORA-R
analysis, the model included treatment, pooled
center, baseline value, visit, treatment-by-visit
interaction, and the baseline value by visit. For
the IXORA-S analysis, the model included
baseline value, treatment, visit, weight group
(B 100 kg,[ 100 kg), region group (Western
European Union [EU], Eastern EU, and North
America), and the treatment-by-weight and
treatment-by-region interaction terms. The
model for the SPIRIT-H2H study included
treatment group, concomitant conventional
synthetic disease-modifying anti-rheumatic
drug use at baseline, moderate-to-severe plaque
psoriasis involvement, visit, baseline value, and
baseline-by-visit and treatment-by-visit interac-
tions terms.

For the head-to-head comparison animation
(see Video 3 [online version only]), mean per-
centage improvement in PASI score at each
planned visit was calculated using MMRM fol-
lowing the models for each study and then
plotted as a smoothed line. Similar to Fig. 2, the
smoothed line for Fig. 3 was also generated
using Bézier spline.

An animation with two separate compo-
nents—patient-level data at each planned visit
on the left and summary sPGA (0) and sPGA (0,
1) response rates for observed records on the
right—is shown in Video 4 (online version
only). The lines connecting response rates were
smoothed using Bézier curves. Solid lines con-
nected sPGA (0, 1) response rates and dashed
lines connected sPGA (0) response rates. The left
side of the figure shows individual patient
records of sPGA at each pre-planned study visit
in the 52-week treatment period. Patient
records were arranged into columns by sPGA

value (0–5) and by treatment arm, which was
also designated by color. Observed records were
denoted by a solid circle in the color of the
respective treatment arm. Patients who discon-
tinued treatment were denoted by a solid black
circle in the column of their respective prior
treatment and their sPGA position was deter-
mined using mBOCF methodology. Patients
who missed a planned visit, but did not dis-
continue from the study, appeared as a hollow
black circle at the missing visit and were posi-
tioned according to their last observed sPGA
value until the next observed visit occurred. The
radius of the patients’ circles were scaled pro-
portionately to the inverse of the sample size by
treatment arm to make the relative heights of
the dot-columns representative of the propor-
tion of patients in the treatment arm achieving
the respective endpoint. Without adjustment,
unequal sample sizes in treatment arms bias the
impact of the stacked circles when presented
side by side. Movement of the patients’ dots
between sPGA columns was controlled by a
Bézier curve drawn between the coordinates of
the proceeding and subsequent positions of the
dots at planned visits.

A representative sample of posterior treat-
ment effects was generated at each time point
and treatment effects from this sample were
interpolated using a Bézier spline function to
create smooth transitions between posterior
distribution curves at each time point (see
Video 5 [online version only]; ESM Fig. 2).
Himalayan and ridgeline curves that were far-
ther along on the x-axis (right-hand side) rep-
resented a greater estimated treatment effect.
Taller and narrow curves represented more
reliable estimates of response rates compared to
shorter and wider curves.

Figures 1, 2, 3, 5 and ESM Fig. 2 were created
using R versions 3.6.0, grid 3.6.0 (R Development
Core Team 98-2013; R Foundation for Statistical
Computing, Vienna, Austria ), gridExtra 2.3 [15],
plyr 1.8.4 [16]. Figure 4 was created using D3.js
(Bostock 2019).

The Bayesian NMA results were obtained
based on Bayesian Tool for Meta-Analysis of
Networks (rjags 4-9 via R) with fixed-treatment
effect and random-baseline effect (ESM Fig. 1).
Deviance is a goodness-of-fit statistic and was
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used as a model for hypothesis testing. Normal
independent models and model fit were asses-
sed using the deviance information criterion
and residual deviance.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

Rapid Onset of Response Compared
to Placebo (UNCOVER-3 Trial)

An animation of patients who received either
placebo or ixekizumab was presented in two
panels, where each dot is an individual patient
(Fig. 1); it showed how PASI response changes
from baseline PASI to week 12 PASI based on the
patients’ baseline scores. At week 0, the dots

reflected the baseline PASI distribution on the
horizontal axis. When running the animation,
the dots moved to PASI improvement levels
(vertical axis) at each time point. PASI
improvement endpoints, including PASI 50, 75,
90, and 100 (improvement of 50, 75, 90, and
100% [complete resolution of disease]) were
depicted in a gradation of green with the dark-
est being 100%. When the animation was
paused at week 1, the mean percentage PASI
improvements and mean total score PASI were
seen at the top; patients who received ixek-
izumab had a rapid improvement in PASI scores
versus those on placebo, including those who
were at the lower end of disease severity in these
trials (7.3 and 19.6% for placebo; 35.1 and
13.6% for ixekizumab). As the animation played
out to week 12, the distribution of dots (pa-
tients) reflected the differences in efficacy
observed in the underlying clinical trial.

Fig. 1 Skyward plot at week 12. PASI response rates
among ixekizumab-treated and placebo-treated patients in
the UNCOVER-3 trial. In the skyward scatter plot
animation, percentage improvement in PASI scores from
baseline through week 12 is highlighted for patients who

received either placebo or ixekizumab once every 2 weeks
in the UNCOVER-3 trial. MMRM Mixed models using
repeated measures, NRI non-responder imputation, PASI
Psoriasis Area and Severity Index, PASI 75 C 75%
reduction in PASI scores from baseline
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Improvement in Nail Psoriasis Compared
to Placebo (UNCOVER-3 Trial)

Improvement in nail psoriasis was highlighted
in the time-course tornado animation, which
included the percentage improvement in NAPSI
score from baseline to 5 years as the outcome
measure (Fig. 2; also see Video 2 [online version
only]). The mean percentage improvements in
NAPSI values were presented next to the line for
the means and 95% confidence interval, while
the individual patient values were simultane-
ously displayed by the moving blue dots up to
week 264. Based on the animated visualization,
patients who received ixekizumab generally
maintained high response rates, although they
fluctuated briefly for some patients. Most
patients consistently achieved complete clear-
ance in the nails, as noted by the cluster of
patients in the NAPSI 100 band (darkest green
region).

Onset of Action Compared to Other
Biologics (Head-to-Head Studies)

Side-by-side time-course tornado animations
(Fig. 3) were used to present data side by side
comparing percentage improvement in PASI
score from baseline to week 12 between ixek-
izumab and etanercept (UNCOVER-2 and
UNCOVER-3 trials), ixekizumab and ustek-
inumab (IXORA-S trial), ixekizumab and adali-
mumab (SPIRIT-H2H trial), and ixekizumab and
guselkumab (IXORA-R trial) (see Video 3 [online
version only]). Patients who received ixek-
izumab had higher average PASI percentage
improvement than patients who received com-
parator drugs at all time points within 12 weeks
in head-to-head studies. The PASI percentage
improvement for individual patients was rep-
resented by the blue and orange dots that move
up or down as they progress from left to right
over time across each figure panel. The

Fig. 2 Time-course tornado plot at week 264. Percentage
improvement in NAPSI score in patients treated with IXE
in the UNCOVER-3 trial. Percentage improvement in
NAPSI score is highlighted in this time-course tornado
plot visual animation from the UNCOVER-3 trial.

Patients received IXE once every 2 weeks for 12 weeks
(Q2W) then IXE once every 4 weeks (Q4W) from week 16
to week 264 (excluding titrated visits). IXE Ixekizumab,
mBOCF modified baseline observation carried forward,
NAPSI Nail Psoriasis Severity Index
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ixekizumab patients (blue dots) were clustered
at generally higher PASI percentage improve-
ment values, which were represented by the
gray gradation bands versus the competitor
patients (orange dots) who showed more vari-
ability in response.

sPGA Response Rates (0, 0/1) for Ixek-
izumab and Ustekinumab (IXORA-S trial)

Stacked circle animations were used to represent
individual sPGA results, alongside the time-
course animation with overall sPGA (0) and
sPGA (0, 1) response rates for ixekizumab and
ustekinumab over 52 weeks (Fig. 4; also see
Video 4 [online version only]). On the left side,
this animation showed individual patient’s
sPGA results across time for each time point,
with the overall response rate for each sPGA
value displayed directly under the stacked cir-
cles; the dots moved between the six bars based
on their sPGA scores (0–5). The time course on

the right side showed the summary response
rates for two key endpoints: those achieving
sPGA (0) and those achieving sPGA (0, 1). This
type of animation allowed individual and
summary data to be displayed simultaneously.
For instance, the figure showed that at week 24,
56.6% of ixekizumab-treated patients achieved
sPGA 0 versus 25.0% of ustekinumab-treated
patients. The response for individual patients
can be viewed simultaneously with the overall
response rate for each treatment group. Scaling
the circles to adjust for unequal sample sizes
allowed for the stacked circles to be interpreted
like a conventional bar chart while still showing
how individual patients move to different sPGA
classifications over time.

Treatment Effects Compared to Other
Biologics (Multiple Studies from the NMA)

Ridgeline plot animations presented relative
treatment effects with biologics compared to

Fig. 3 Side-by-side time-course tornado plot at week 52.
Percentage improvement in PASI score in patients treated
with IXE and other biologics. In the side-by-side time-course
animation, percentage improvement in PASI score is

highlighted in this comparison of treatment response in four
psoriasis trials with IXE vs. comparator drugs from baseline
through week 52. ADAAdalimumab, ETN etanercept,GUS
guselkumab, IXE ixekizumab, UST ustekinumab
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placebo over time (see Video 5 [online version
only]). At week 12, ixekizumab, brodalumab,
guselkumab, and risankizumab demonstrated
the highest treatment effects for PASI 90 with
some overlap as displayed in the animation
(Fig. 5). The Himalayan animation simultane-
ously showed how quickly on average changes
occur for treatments in relation to one another,
as well as the treatment effect on response rates.
This type of animation was useful for making
direct and indirect comparisons across multiple
compounds and studies, which allowed for
comparison without head-to-head data. Ixek-
izumab and brodalumab treatment groups
showed more rapid response rates on PASI 75,
and ixekizumab overlapped with risankizumab
at week 12 (ESM Fig. 2).

DISCUSSION

Static graphs and figures are limited in depicting
how changes in data occur over time. Animated
visualization of complex data from head-to-
head and NMA psoriasis studies can present
more detailed results and may be more engag-
ing for end-users [17]; it also provides an avenue
for healthcare providers to explore data trends
and to gain clinical insights with increased
efficiency.

In our study, we developed dynamic ani-
mated visualizations by applying a combination
of statistical methods, design principles, and
data science. In these novel animations, clinical
improvement was observed from week to week
for each treatment group—the rate of response
was illustrated by the movement of dots

Fig. 4 Simultaneous stacked circle with time-course plot
at week 52. sPGA response rates in patients treated with
either ixekizumab or ustekinumab. In the stacked circle
with time-course plot animation, response rates per the

sPGA are shown for patients treated with either ixek-
izumab or ustekinumab from baseline through week 52.
sPGA Static Physician’s Global Assessment, Obs Observed
and mBOCF Modified Baseline Carried Forward
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representing patients. The scatterplot anima-
tion showed the progress of individual patients,
including gains and losses in improvement that
occurred from 1 week to the next, providing a
more real-world representation of what indi-
viduals experience during their psoriasis treat-
ment course. The dots represented percentage
improvement in PASI scores among individuals,
and the thick clustering of dots indicated that
most patients who received ixekizumab had
complete clearance. However, in the case of
long-term trend analysis, tornado plot anima-
tions would be preferable to using a scatterplot.

A tornado time-course plot was used to show
sustained efficacy and highlight percentage
improvement in NAPSI scores from baseline in
patients treated with ixekizumab. After
264 weeks of treatment, both the aggregate and
individual response rates were evident. The

cluster of patients in the dark-green band along
the top of the animation showed the proportion
of patients who achieved NAPSI 100, which
visually highlighted treatment effectiveness
week by week and over time.

The psoriasis treatment pipeline is robust,
and animations that compare head-to-head
studies are useful to demonstrate the mean
response to treatment and the overall trends
associated with each comparator. In side-by-
side time-course animations, treatment efficacy
at multiple time points can be visually com-
pared across multiple studies. Individual patient
data are synced by study time point so that
variability trends can be compared both within
a study and across studies. The patterns of
variability within ixekizumab treatment was
consistent in all four studies, while competitors
in the same studies had more variable treatment

Fig. 5 Ridgeline ‘‘Racetrack’’ plot at week 12. In the
ridgeline ‘‘racetrack’’ animation, the competitive landscape
of phase 3-approved biologics is shown based on a Bayesian
network meta-analysis, which depicts a ridgeline plot with
PASI 90 scores through weeks 48–52. BRO Brodalumab,
CZP certolizumab pegol GUS guselkumab, IFX infliximab,

IXE ixekizumab, PBO placebo, PASI 90 C 90%
improvement in PASI from baseline, RIS risankizumab,
SEC secukinumab, TIL tildrakizumab, UST ustekinumab,
ETN etanercept, ADA adalimumab
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responses. The relative efficacy of ixekizumab
versus each competitor differed across studies
but was shown to be superior in all, as shown by
the mean lines.

When ordinal data are available, stacked
circle animations can be used to depict overall
data trends and individual progress at each time
point. However, tracking individual patients’
trajectories may be difficult. Therefore, this
animation is best used to highlight gross
impressions of data variability. Himalayan and
ridgeline plots can be used to show the results of
Bayesian meta-analysis. The average response to
each treatment was calculated relative to pla-
cebo and represented as a Himalayan plot or
Ridgeline plot. Ridgeline plots are also useful
when several treatments are compared, and
substantial overlap between treatments is easily
visualized.

The natural disease course in psoriasis is
more clearly represented using animations than
static figures given that dynamic animations
highlight disease variations and treatment
responses over time. This can be illustrated for
specific body sites, such intertriginous skin,
scalp, or nails, to provide important clinical
insights into differential treatment responses to
targeted psoriatic therapies. Many clinical trials
and real-world studies have previously shown
that special sites of skin (e.g., scalp, nails, joints,
palms/soles) do not always respond in line with
the observed skin response [18, 19]. Varied
individual response could be related to treat-
ment compliance, natural fluctuations in a
patient’s immune response, and/or external
triggers of disease, such as trauma, infections,
scratching and stress. Animations can be used as
visual aids to help investigators identify inter-
esting clinical observations and formulate
hypotheses for further investigation.

The participation of healthcare providers in
end-user testing of animated visualizations can
confirm their usability and provide information
on whether healthcare providers benefit from
detailed data displays compared to conven-
tional static presentations [20]. Carefully
designed studies or surveys evaluating the users’
preferences for these types of novel animations
are needed and could directly impact the uptake
of clinical information by healthcare providers.

The comparison of clinical trial data should
be done carefully due to differences in study
design, length of treatment, severity of disease,
and patient characteristics. Since IL-17 inhibi-
tors have a faster onset than IL-23 or TNF
blockade, the rate of treatment response may
appear to be more advantageous at week 12 as
treatment difference may not yet be apparent;
looking at multiple time points would provide a
more comprehensive view of the data. Addi-
tionally, while animated visualizations allow for
improved understanding of complex data, they
are primarily a descriptive instrument of data
and, therefore, provide only nominal insights
into existing information. Animated visualiza-
tions should be used in combination with
results that are provided in tables with respec-
tive p-values to directly compare psoriasis
treatments.

Ixekizumab has demonstrated high efficacy
in the treatment of plaque psoriasis based on
head-to-head clinical trials with comparator
treatments. Data visualization via novel ani-
mations is an engaging way to represent find-
ings from clinical trials; this approach may
increase efficiency and reduce time spent on
data mining. Animated visualizations can be
used to identify meaningful aspects of clinical
trial data, such as individual patient variability
and trends during clinical trial testing. Further
investigation of methods to represent clinical
trial data is an important endeavor to improve
the dissemination and understanding of com-
plex clinical information by healthcare
providers.
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