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ABSTRACT

Introduction: It can be challenging for derma-
tologists to keep abreast of the growing evi-
dence from published indirect comparisons
(ICs) of treatments for psoriasis. The objective of
this analysis was to summarise comparative
clinical efficacy and safety findings from ICs of
systemic biologics for the treatment of moder-
ate-to-severe psoriasis and to identify factors
potentially affecting efficacy outcomes and
their possible implications for clinical decision
making.
Methods: An umbrella review of short- and
long-term efficacy and safety findings from 26

ICs visually compared 90% improvement in
Psoriasis Area Severity Index (PASI90) treatment
rankings and three safety outcome rankings side
by side. Pearson’s correlation coefficients mea-
sured the strength of the association between
each pair of ICs on the basis of identified factors
that could potentially affect efficacy findings.
Results: Some consistency in short-term
PASI90 efficacy rankings was observed for cer-
tain drugs, although rankings for most drugs
varied by IC. Factors potentially affecting effi-
cacy outcomes included the use of different
methodologies for head-to-head comparison
and statistical analyses, and variation in drugs
and classes included treatment dosing and
duration, outcome definitions and effect mea-
sures reported between ICs. Considerable vari-
ation in these factors was found across all 26
ICs. Comparative safety information of value to
physicians was limited.
Conclusions: Substantial differences were
identified between ICs in factors that could
potentially affect efficacy outcomes. Treatment
rankings must be interpreted alongside actual
differences in IC outcomes to allow conclusions
on clinical relevance. Drugs within a class can-
not be considered of equal efficacy: therapies
should be considered individually rather than
by class.
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PLAIN LANGUAGE SUMMARY

Plain language title: Interpreting indirect com-
parison efficacy findings in psoriasis

Psoriasis is a chronic, often life-long, inflam-
matory skin disease with a high disease burden
and considerable quality of life impairment,
particularly in moderate-to-severe psoriasis.

We, an international group of researchers,
aimed to highlight the importance of fully
understanding indirect comparisons (ICs) used
to compare the efficacy and safety of multiple
treatments for moderate-to-severe plaque pso-
riasis outside of head-to-head clinical trials, to
effectively use their findings in clinical
practice.

We visually compared side-by-side efficacy
and safety results and rankings from 26 ICs of
systemic biologics for psoriasis and described
our findings. We also identified factors with the
potential to affect the efficacy outcomes of
these ICs (Fig. 2) and looked for similarities and
differences between the 26 ICs in terms of these
factors. Finally, given what we found, we con-
sidered how the results of these ICs should be
interpreted to support physicians in choosing
the treatments best suited to the needs of their
patients with psoriasis.

Treatment ranking results from ICs (based
on, for example, efficacy or safety outcomes)
need to be interpreted together with informa-
tion on actual numerical differences between
treatment effects to inform the physician’s
decisions. When selecting the most efficacious
treatment, drugs within a class cannot be con-
sidered equal, and therapies should be consid-
ered individually rather than by class.
Substantial differences were identified between
ICs with respect to factors that could potentially
affect efficacy outcomes, highlighting the need
to fully understand each individual analysis
before making decisions based on its findings.
Comparative safety information was limited.

Keywords: Biologics; Psoriasis; Indirect
comparison; Network meta-analysis; Efficacy

Key Summary Points

What’s already known about this topic?

The use of indirect comparison (IC)
methodologies to compare the efficacy
and safety of multiple interventions for
psoriasis is growing, and methods used to
perform these analyses are diversifying,
making it increasingly difficult for
dermatologists to keep abreast of the
available data and to fully understand the
perspective, methods and quality of each
individual analysis.

What does this study add?

This review identified some consistency in
short-term efficacy rankings for certain
systemic biologic drugs for the treatment
of psoriasis, although rankings for most
drugs varied by IC. Factors potentially
affecting efficacy outcomes varied
considerably across all ICs.

In psoriasis, ICs do not yet provide sound
comparative safety or long-term efficacy
information of value to physicians;
however, long-term efficacy data should
be forthcoming from clinical trials in the
near future.

What are the clinical implications of this work?

Considerable variation in factors
potentially affecting efficacy outcomes
across ICs means a detailed understanding
of the scope and conduct of each IC is
crucial prior to using its findings to inform
clinical decisions.

Treatment rankings need to be interpreted
alongside actual differences in outcomes
to allow conclusions on clinical relevance.
Drugs within a class cannot be considered
equal in terms of efficacy and, therefore,
should be considered individually.
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INTRODUCTION

In recent years, there has been a marked
increase in the number of clinical studies and
ensuing publications on biologic therapies for
the treatment of moderate-to-severe psoriasis.
Unsurprisingly, the number of published indi-
rect comparisons [ICs, including network meta-
analyses (NMAs)], has grown in parallel [1]. As a
result, it has become increasingly difficult to
keep an up-to-date overview of the available
evidence on the efficacy and safety of systemic
biologics for psoriasis, as well as understanding
the perspective and quality of that evidence.

ICs include adjusted indirect comparison
(AIC) between two treatments made through a
common comparator [2] and NMAs, which use
a combination of indirect and direct evidence to
compare more than two treatments in a single
analysis [3]. Results of ICs fill an important
evidence gap, as head-to-head comparisons of
all available treatments are not feasible [3, 4].
However, as discussed in a previous paper in
this series [1], the results of some ICs—particu-
larly more complex NMAs—can be misleading if
misinterpreted owing to a limited understand-
ing of the research objectives and/or methods
used. Further shortcomings have been described
in a recent review on formal requirements of
NMA for psoriasis [5]. Nevertheless, the authors
revealed fair consistency of outcomes across the
27 NMAs included.

The aim of this analysis was to summarise
the comparative clinical efficacy and safety
findings, and resulting treatment rankings, of
systemic biologics for the treatment of moder-
ate-to-severe plaque psoriasis, as reported by
identified ICs. We also aimed to identify factors
potentially affecting efficacy outcomes and
their possible implications for clinical decision
making. Our findings should allow dermatolo-
gists to more confidently compare the efficacy
of systemic biologics for psoriasis in the absence
of head-to-head trials for all available treatment
options and to support physicians in choosing
the treatments best suited to the needs of their
patients.

MATERIALS AND METHODS

A systematic literature review, which identified
published ICs (including AICs and NMAs) of
biologics for the treatment of moderate-to-sev-
ere psoriasis in adults (C 18 years) to March
2020, has been described in detail elsewhere
(PROSPERO CRD42020163081) [1, 6]. The 26
analyses identified are listed in Table 1, along
with descriptions of type of IC, assessment
timepoint, efficacy and safety outcome(s), effect
measure(s) reported and method of presenta-
tion of results/treatment ranking.

In this umbrella review of published IC
results in psoriasis, short- and long-term efficacy
and, where available, safety findings were sum-
marised across the four AICs and 22 NMAs [1].
Efficacy endpoints of interest were proportions
of patients achieving 75% or 90% improvement
in Psoriasis Area Severity Index (PASI75 or 90)
versus placebo or active comparator in the short
term (induction phase) or long term
([40 weeks). Safety outcomes of interest were
serious adverse events (SAEs), number of
patients with at least one adverse event (AE) and
treatment discontinuation/study withdrawal
due to AEs. The primary analysis was a com-
parison of short- and long-term PASI90 efficacy
rankings across ICs. Consistencies and incon-
sistencies in reported results across the ICs were
assessed, and factors potentially affecting out-
comes were identified and considered. Safety
rankings were also compared across ICs where
possible.

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.

Short- and Long-Term PASI90 Rankings

Most publications reported short-term PASI90
outcome data and provided treatment rankings
as well as risk differences between therapies to
allow for assessments of relative efficacy. Three
analyses (all NMAs) included long-term PASI90
data. Available PASI90 efficacy treatment rank-
ings for all evaluated drugs were visually com-
pared side by side for each AIC and NMA
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Table 1 Overview of adjusted indirect comparisons and network meta-analyses included in this analysis (N = 26) [4, 7–31]

Publication Type of
indirect
comparison

Short versus
long term

Efficacy and safety
outcome(s)

Effect measure(s) Method of
presentation
of results/
treatment
ranking

Reich et al.

2012 [7]

NMA Short term

(12 weeks)

Efficacy: PASI50, 75 and 90

No safety

Probability of

response and

relative risk (95%

CrI)

League table

Lin et al.

2012 [8]

NMA Short term

(10–16 weeks)

Efficacy: PASI50, 75 and 90

No safety

Odds ratio (95% CrI) League

table and

forest plot

Gupta et al.

2014 [28]

NMA Short term

(10–16 weeks)

Efficacy: PASI75

No safety

Odds ratio (95% CrI) League table

Messori et al.

2015 [31]

NMA Short term

(12–24 weeks)

No efficacy

Safety: any infectious AE,

SAE

Risk difference (95%

CrI)

Forest plot and

ranking

histogram

Signorovitch

et al. 2015

[9]

NMA Short term

(8–16 weeks)

Efficacy: PASI50, 75 and 90

No safety

Posterior mean (95%

CI) and

rate ratio (95% CrI)

League table

Sbidian et al.

2017 [10]

NMA Short term

(12–16 weeks)

Efficacy: PASI75 and 90,

PGA (0,1)

Safety: AE, SAE

Risk ratio and

standardised mean

difference (95%

CIs)

League table,

forest plot

and SUCRA

Jabbar-Lopez

et al. 2017

[29]

NMA Short term

(12–16 weeks)

Efficacy: minimal residual

activity/PASI[ 90/PGA

(0,1) and PASI75

Safety: d/c due to AE

Odds ratio and NNT

(95% CIs)

League

table and

SUCRA

Gómez-

Garcia

et al. 2017

[11]

NMA Short term

(10–16 weeks)

Efficacy: PASI75 and 90,

IGA/PGA/sPGA (0,1)

Safety:[ 1 AE, infectious

AE, SAE,

d/c due to AE

Odds ratio (95% CI) League

table and

SUCRA

Sawyer et al.

2018 [12]

NMA Short term

(10–16 weeks)

Efficacy: PASI50, 75, 90 and

100

No safety

Risk ratio (95% CrI) League

table and

forest plot
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Table 1 continued

Publication Type of
indirect
comparison

Short versus
long term

Efficacy and safety
outcome(s)

Effect measure(s) Method of
presentation
of results/
treatment
ranking

Lv et al. 2018

[13]

NMA Short term

(6–24 weeks)a
Efficacy: PASI50, 75 and 90,

PGA (0,1)

Safety: all AEs,

nasopharyngitis, upper

respiratory tract infection,

infection, headache, d/c due

to AE

Odds ratio and mean

difference (95%

CrI)

League table,

forest plot

and SUCRA

Loos et al.

2018 [14]

NMA Short term

(10–16 weeks)

Efficacy: PASI50, 75 and 90

Safety: any AE,

SAE, C grade 3 AE, specific

AE, serious infection, d/c

due to AE, treatment-related

death

Relative risk ratio

(95% CrI)

League table

Geng et al.

2018 [25]

NMA Long term (up to

18.3-month

follow-up)

Efficacy: PASI50, 75 and 90

No safety

Odds ratio (95% CrI) League

table and

rank analysis

Cameron

et al. 2018

[15]

NMA Short term

(16 weeks)

Efficacy: PASI90

No safety

Risk ratio and risk

difference

(95% CrI)

League table,

forest plot

and SUCRA

Xu et al.

2019 [16]

NMA Short term

(12–16 weeks)

Efficacy: PASI50, 75, 90 and

100, PGA

Safety: headache, infection,

d/c due to AE

Odds ratio (95% CrI) League table,

forest plot

and SUCRA

Sawyer et al.

2019 [17]

NMA Short term

(10–16 weeks)

Efficacy: PASI50, 75, 90 and

100,

NNT for PASI100

No safety

Risk ratio and NNT

(95% CrI)

League table

Sawyer et al.

2019 [26]

NMA Long term (up to

52-week

follow-up)

Efficacy: PASI 75, 90 and

100

No safety

Risk ratio (95% CrI) League table,

SUCRA and

ranking

probability

plots
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Table 1 continued

Publication Type of
indirect
comparison

Short versus
long term

Efficacy and safety
outcome(s)

Effect measure(s) Method of
presentation
of results/
treatment
ranking

Cameron

et al. 2019

[18]

NMA Short term

(10–16 weeks)

Efficacy: PASI50, 75, 90 and

100, PGA/IGA (0,1)

Safety: AE, SAE, d/c due to

AE

Relative risk and risk

difference (95%

CrI)

League table,

forest plot

and SUCRA

Bai et al.

2019 [30]

NMA Short term

(12–16 weeks)

Efficacy: PASI75 and 100,

sPGA/IGA/PGA (0,1)

Safety: AE, SAE, d/c due to

AE

Relative risk (95%

CrI)

League table,

forest plot

and SUCRA

Warren et al.

2020 [4]

NMA Short term

(12 weeks)

Efficacy: PASI75, 90 and 100

No safety

Posterior mean and

treatment effect

relative to

comparator (95%

CrI)

Forest plot

Warren et al.

2020 [19]

NMA Short term

(12–16 weeks)

Efficacy: PASI75, 90 and 100

No safety

Area under the curve

(95% CrI)

Forest plot, bell

curve and

rank analysis

Sbidian et al.

2020 [20]

NMA Short term

(8–24 weeks)

Efficacy: PASI75 and 90,

PGA (0,1)

Safety: AE, SAE

Risk ratio and

standardised mean

difference (95%

CIs)

League table,

forest plot

and SUCRA

Armstrong

et al. 2020

[21]

NMA Short term

(10–16 weeks)

and long term

(44–60 weeks)

Efficacy: PASI75, 90 and

100, and respective NNTs

No safety

Posterior median,

odds ratio and

NNT (95% CrI),

and response rate

(95% CI)

League

table and

forest plot

Galván-

Banqueri

et al. 2013

[22]

AIC Short term

(12–24 weeks)

Efficacy: PASI50, 75 and 90

No safety

Absolute risk

reduction (95% CI)

Descriptive

table

Schmitt et al.

2014 [27]

Random-

effects

meta-

analysisb

Short term

(8–16 weeks)

Efficacy: PASI50, 75 and 90c

No safety

Risk difference (95%

CI)

League

table and

forest plot
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reporting short- or long-term PASI90 response
data (N = 21) [4, 7–26].

Factors Potentially Affecting Efficacy
Outcomes

Factors that could potentially affect the efficacy
findings of ICs were identified by the authors
through review of the literature concerning this
topic. For example, different sources of spon-
sorship, IC methods (e.g. NMA versus AIC) or
statistical approaches (e.g. Bayesian versus fre-
quentist), disparate characteristics of the studies
included, variety of outcomes considered (e.g.
PASI75 versus 90) and/or results presentation
methods used. Each analysis was then assigned
yes/no answers to a series of questions based on
the impact of the identified factors. A dataset
was generated where each column defined one
IC and each row defined an identified factor. For

each IC, a value of 1 was assigned in the
respective row for the presence of a factor that
could have impacted efficacy findings (i.e. a yes
answer), while a value 0 was assigned for the
absence of this factor (i.e. a no answer).

Pearson’s correlation coefficient (r, from -1
to ?1) was used to assess the similarity between
each pair of ICs (both AICs and NMAs) with
respect to the factors included in the analysis.
The magnitude of the correlation coefficient
describes the strength of the similarity or dis-
similarity. A correlation value of 1 refers to
perfect similarity, whereas -1 refers to perfect
dissimilarity. The Pearson’s correlation coeffi-
cient analysis was run in R version 4.0.5
(https://www.rstudio.com).

Table 1 continued

Publication Type of
indirect
comparison

Short versus
long term

Efficacy and safety
outcome(s)

Effect measure(s) Method of
presentation
of results/
treatment
ranking

Warren et al.

2018 [23]

MAIC Short term

(12 weeks)

Efficacy: PASI75, 90 and 100

No safety

Risk difference and

odds ratio (95%

CIs)

Forest plot

Papp et al.

2018 [24]

‘MAIC-like’ Short term

(12 weeks)

Efficacy: PASI75, 90 and

100, symptom resolution,

lesion resolution and CDC

Safety: AE

Outcomes before and

after propensity

score weighting

Histogram and

descriptive

table

AE adverse event, AIC adjusted indirect comparison, CDC complete disease control, CI confidence interval, CrI credibility
interval, d/c discontinuation, IGA Investigator’s Global Assessment, MAIC matching-adjusted indirect comparison, NMA
network meta-analysis, NNT number needed to treat, PASI50, 75, 90 and 100, Psoriasis Area and Severity Index 50%, 75%,
90% and 100% reduction from baseline, PGA Physician’s Global Assessment, SAE serious adverse event, sPGA static
Physician’s Global Assessment, SUCRA surface under the cumulative ranking curve
aNMA also included two long-term ([ 40-week) studies
bThe Schmitt et al. 2014 [27] publication primarily described a meta-analysis; however, it also included an AIC
cAlthough the Schmitt et al. 2014 [27] publication indicated that PASI90 outcomes were considered, no comparative
PASI90 outcome data were reported in the manuscript
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Short- and Long-Term Clinical Efficacy
Outcomes

We graphically presented clinical efficacy
results for currently licensed biologics from
identified ICs alongside each other for compar-
ison wherever possible.

Short-term PASI90 outcomes versus placebo,
reported using comparable effect measures and
organised by treatment class, were compared for
11 NMAs [7, 8, 10–17, 20]. Additional short-
term PASI90 outcomes were available from five
further NMAs; however, diversity in reported
effect measure(s) and/or treatment comparators
(i.e. placebo or actives) between analyses made
side-by-side comparisons of these findings more
challenging [4, 9, 18, 19, 21]. Short-term PASI90
outcomes were available for three AICs,
although once again methodological differ-
ences between analyses hindered side-by-side
comparisons of findings [22–24]. One AIC
reported only short-term PASI75 outcomes [27].
Similarly, three NMAs did not report PASI90
outcomes; therefore, short-term PASI75 out-
comes versus placebo, organised by treatment
class, were presented for these analyses [28–30].

Long-term PASI90 outcomes were compared
from three NMAs, organised by treatment class
[21, 25, 26]. Although assessment timepoints
for these three analyses varied considerably,
treatment comparators and reported effect
measure(s) were consistent enough to allow
side-by-side graphic presentations of long-term
efficacy findings for two of the three NMAs.

One NMA reported safety data only, so was
excluded from the entire clinical efficacy anal-
ysis [31].

Clinical Safety Rankings

Limited safety data were included in the four
AIC and 22 NMA publications identified, with
no long-term safety data reported (Table 1).
Available short-term safety rankings for all
evaluated drugs were visually compared for
each NMA reporting safety outcomes of inter-
est; no AICs reported safety rankings. Rankings
were presented side by side for each of short-
term SAE (five NMAs) [10, 18, 20, 30, 31], the

number of patients with at least one AE (six
NMAs) [10, 11, 13, 18, 20, 30] and treatment
discontinuation/study withdrawal due to AEs
(five NMAs) [13, 16, 18, 29, 30].

RESULTS

Short- and Long-Term PASI90 Rankings

Figure 1 shows the short- or long-term PASI90
treatment rankings reported in each AIC and
NMA included in this umbrella review. This
figure illustrates many of the challenges associ-
ated with comparing efficacy findings for indi-
vidual drugs, or even classes of drugs, across
different ICs: different treatments were inclu-
ded in each analysis (and some ICs included the
same treatments but different trials); dosing
information was reported for some ICs but not
for others (and some ICs pooled doses whereas
others analysed them separately); ranking
methods differed, introducing uncertainty; and
data collection timepoints varied, even when
outcome measures were consistent.

Despite these challenges, some consistency
in short-term PASI90 efficacy rankings was
observed for certain drugs, although rankings
for most drugs varied by AIC or NMA, making a
detailed understanding of the scope and con-
duct of each AIC or NMA crucial. When inclu-
ded in ICs, the newer drug classes, interleukin
(IL)-17 and IL-23 antagonists, with the
notable exception of tildrakizumab, generally
ranked more highly overall than the older
drugs, tumour necrosis factor (TNF) and IL-12/
23 antagonists (as illustrated by green and pur-
ple groupings to the left of Fig. 1). However,
infliximab ranked more highly than some or all
of these newer treatments in several ICs and was
usually the highest-ranking TNF antagonist
across ICs, illustrating the importance of look-
ing at the results for each drug individually, not
grouped together by class. Furthermore, IL-17
antagonists appeared to be ranked consistently
highly with respect to PASI90 outcomes where
they were included in analyses. Of note, bro-
dalumab and ixekizumab usually outranked
secukinumab when all three IL-17 antagonists
were included in a single NMA.
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Factors Potentially Affecting Efficacy
Outcomes

The factors considered by the authors as
potentially affecting the efficacy findings of
AICs and NMAs are described in Fig. 2. These
included not only the use of different method-
ologies for head-to-head comparison and sta-
tistical analyses, but also the variation between
AICs and NMAs with respect to study designs,
drugs and classes included, treatment dosing
and duration, as well as outcome definitions
and effect measures reported.

Figure 3 illustrates the considerable level of
variation in these factors across all 26 ICs.
Minimal associations were found between the
four AICs; Pearson’s correlation coefficients
ranged from -0.2 to 0.3 for all AIC pairwise
comparisons. The range of correlation coeffi-
cients for all NMA pairwise comparisons was
broader (-0.5 to 0.9), suggesting that some
NMAs exhibited striking differences while oth-
ers were very similar, although many showed
no or nominal correlation. Some older NMAs
published in the same year (2012) [7, 8] showed
strong associations (correlation coefficient 0.6),
but those published in 2020 [4, 19–21] did not

Fig. 1 Treatment rankings for adjusted indirect compar-
isons and network meta-analyses reporting PASI90 data
(N = 21) [4, 7–26]. Drug dosages were not always
reported in the publications considered. Doses are in
milligrams, unless indicated otherwise, and as reported in
individual AICs or NMAs. PASI90 data from individual
NMAs are not reported for alefacept, bimekizumab,
briakinumab, efalizumab, itolizumab, ponesimod or tofac-
itinib, as these drugs have either been removed from the
market or have not yet received market approval for this
indication in Europe, the USA or Japan. *NMA also
included two long-term ([ 40-week) studies. �Ranking in
adjusted analyses; top five rankings in unadjusted analyses
IXE 80 Q2W, IFX 5 mg/kg, BROD 210, SEC 300, GUS
100. �Short-term efficacy assessed at 8–24 weeks. §Ranking

based on analyses themselves, no additional ranking
analysis undertaken. }Short-term efficacy assessed at
12–24 weeks. ADA adalimumab, AIC adjusted indirect
comparison, AUC area under curve, BIW twice weekly,
BROD brodalumab, CERT certolizumab, EMA European
Medicines Agency, ETN etanercept, FDA Food and Drug
Administration, GUS guselkumab, IFX infliximab, IL
interleukin, IXE ixekizumab, NMA network meta-analysis,
PASI90, C 90% improvement from baseline in Psoriasis
Area Severity Index, QW once weekly, Q2W/Q4W every
2/4 weeks, RIS risankizumab, SEC secukinumab, SUCRA
surface under the cumulative ranking, TIL tildrakizumab,
TNF tumour necrosis factor, UST ustekinumab
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consistently show the same pattern of similari-
ties (from -0.1 to 0.9). Perhaps unsurprisingly,
NMAs authored by the same teams, but with
slightly different purposes, appeared to be sim-
ilar in terms of the factors considered (correla-
tion coefficients from 0.6 to 0.9).

Short- and Long-Term Clinical Efficacy
Outcomes

The figures presenting short- or long-term effi-
cacy outcomes from multiple ICs side by side, as
described in the Methods section, are included
in Supplementary Material. Overall, the esti-
mated efficacy of individual drugs varied across
AICs and NMAs. Efficacy differences were gen-
erally higher within a drug class than across
classes.

Clinical Safety Rankings

Safety rankings, based on the limited short-term
safety data available across the NMAs, are pre-
sented in Fig. 4.

Little knowledge can be gleaned from these
safety findings owing to the sparse data and
variations in outcomes, endpoint definitions
and collection timepoints within individual
analyses. IL-23 antagonists appeared to be con-
sistently more highly ranked than IL-17 antag-
onists with respect to the short-term number of
patients with at least one AE outcome (Fig. 4b),
although this pattern was not visible in the SAE
or treatment discontinuation/study withdrawal
owing to AE safety rankings (Fig. 4a, c, respec-
tively). However, it is important to note that the
AE outcome definitions varied from NMA to
NMA, with some analyses evaluating ‘at least
one AE’ and others describing ‘incidence of AE’,
or alternative definitions. Also of note, the IL-
12/23 antagonist, ustekinumab, seemed to
retain a steady high-to-mid-ranking position
across all three safety outcome rankings.

DISCUSSION

We aimed to summarise comparative clinical
efficacy and safety findings from ICs of systemic
biologics for the treatment of moderate-to-

Fig. 2 Factors potentially affecting adjusted indirect
comparison and network meta-analysis outcomes identi-
fied through review of the literature. AIC adjusted indirect
comparison, BSA body surface area, DLQI Dermatology
Life Quality Index, IL interleukin, MAIC matching-
adjusted indirect comparison, NMA network meta-

analysis, PASI Psoriasis Area Severity Index, PASI50/75/
90/100 C 50%/ C 75%/ C 90%/100% improvement
from baseline in Psoriasis Area Severity Index, RCT
randomised controlled trial, sPGA static Physicians Global
Assessment, SUCRA Surface Under the Cumulative
Ranking, TNF tumour necrosis factor
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severe psoriasis and identify factors potentially
affecting efficacy outcomes and their possible
implications for clinical decision making. Our
umbrella review of previously identified ICs [1]
found broad patterns across short- and long-
term PASI90 efficacy rankings by drug; however,
the exact rankings of individual drugs were
rarely replicated in the different ICs. Factors
with the potential to affect IC efficacy findings
varied considerably across analyses.

Of note, updates to ICs can show strong
changes in treatment rankings, as newly inclu-
ded trials can reverse a previously determined
order. For example, Sbidian et al. [10, 20] per-
formed an NMA in 2016 and updated it in 2020
using the same ranking method. The 2016 NMA
included no direct comparisons and used only
indirect data, whereas the 2020 NMA was based
on five trials providing data for the target out-
come and time interval. In 2016, infliximab
ranked second-to-last in terms of clinical

Fig. 3 Pearson’s correlation coefficients calculated to
assess the levels of similarity or difference between each
pair of indirect comparisons (adjusted indirect compar-
isons and network meta-analyses) included in this analysis
(N = 26) with respect to factors potentially affecting
outcomes. Factors were identified by the authors and
outlined in Fig. 2. A Pearson’s correlation coefficient value
of 1 refers to perfect similarity (dark red) where -1 refers
to perfect dissimilarity (dark purple). Perfect similarity or

dissimilarity between the ICs indicated the absence or
presence of factors that could affect efficacy outcomes
between each pair of analyses. The magnitude of the
correlation coefficient describes the strength of the
similarity or dissimilarity, with darker colours indicating
values closer to 1 or -1 and lighter colours indicating
values closer to 0. The coefficients do not have any clinical
meaning per se. IC indirect comparison
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efficacy (PASI90) among the ten biologics
compared using the surface under the cumula-
tive ranking (SUCRA) method (low certainty of
evidence) [10]; however, in 2020, infliximab
ranked highest (above newer drugs such as
ixekizumab, risankizumab and guselkumab)
(moderate certainty of evidence), demonstrat-
ing that estimates based on low certainty of
evidence can easily be reversed by new data

[20]. These types of inconsistencies were
observed in a number of cases, highlighting the
importance of considering how or if the
methodology used to undertake an NMA or
AIC, the studies included, the inconsistencies
identified and/or adjusted for, the statistical
analyses undertaken—among other factors—
may have affected the results. These findings
contradict a prior publication, which showed

Fig. 4 Safety rankings: results from nine network meta-
analyses reporting short-term (weeks 8–16) serious adverse
events, number of patients with at least one adverse event,
or treatment discontinuation/study withdrawal due to
adverse event outcomes [10, 11, 13, 16, 18, 20, 29–31].
The highest ranking indicates the best safety profile. Some
treatments were ranked equally, as indicated by ‘or’ in a
coloured box. Doses are in milligrams, unless indicated
otherwise, and as reported in individual NMAs. Not all
NMAs reported drug doses. Safety data from individual
NMAs are not reported for alefacept, bimekizumab,
briakinumab, efalizumab, itolizumab, ponesimod or tofac-
itinib, as these drugs have either been removed from the
market or have not yet received market approval for this
indication in Europe, the USA or Japan. *Short-term safety

assessed at 12–24 weeks. �Short-term safety assessed at
8–24 weeks. �Short-term safety assessed at 6–24 weeks and
NMA included two long-term ([ 40-week) studies. ADA
adalimumab, BIW twice weekly, BROD brodalumab,
CERT certolizumab, ETN etanercept, GUS guselkumab,
IFX infliximab, IL interleukin, IXE ixekizumab, PBO
placebo, Q2W/Q4W every 2/4 weeks, QW once weekly,
RIS risankizumab, SEC secukinumab, SUCRA surface
under the cumulative ranking, TIL tildrakizumab, TNF
tumour necrosis factor, UST ustekinumab. a Serious
adverse events [10, 18, 20, 30, 31]. b Number of patients
with at least one adverse event [10, 11, 13, 18, 20, 30].
c Treatment discontinuation/study withdrawal due to
adverse events [13, 16, 18, 29, 30]
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markedly better concordances between studies
[5].

Two Warren et al. NMA publications [4, 19]
provide an interesting example of how esti-
mates of effect may differ even when there are
only minor differences in aim and design
between two analyses. These papers, both pub-
lished in 2020, reported similar NMAs con-
ducted from different perspectives: one clinical
and one statistical. Although both NMAs asses-
sed three IL-17 antagonists (brodalumab, ixek-
izumab and secukinumab) at a similar point in
time, treatment doses were reported and han-
dled differently, and different effect measures
and ranking methods were used. As a result,
each NMA reported different treatment
rankings.

Our PASI90 efficacy ranking analysis also
illustrated the importance of considering treat-
ments individually, not grouped together by
class. Tildrakizumab consistently ranked lower
in the short term than other IL-23 antagonists,
often even lower than older IL-12/23 and TNF
antagonists, whereas guselkumab and risanki-
zumab generally ranked highly, along with the
IL-17 antagonists. In this case, NMA efficacy
findings may have been affected by the choice
of investigated timepoints included in the
analyses, as tildrakizumab is known to have a
longer time to treatment effect compared with
other IL-23 antagonists [32–35], although til-
drakizumab was not included in any long-term
study. Regardless, were the IL-23 antagonists
considered as a class, not individually, the
results for the class would be skewed by these
rankings [20].

The ranking method used to summarise the
results of an NMA (or AIC) may also have an
impact on the results and the risk of misinter-
pretation could have implications for treatment
decisions that may not be in the best interests of
patients. Ranking approaches should be viewed
with caution because they are often based on a
single outcome measure (e.g. PASI90 in this
analysis), although there are typically several
outcomes measures of interest, and some are
presented without an accompanying measure of
uncertainty [36, 37]. Furthermore, rankings
may not consider the magnitude of differences
in effects between treatments or capture the

possibility that chance may explain differences
between treatments [37]. Moreover, without
understanding the level of certainty of the evi-
dence on which the rankings are based, one
cannot interpret the rankings with much
confidence.

Of the factors identified as potentially
affecting the efficacy outcomes of ICs, some
appeared to be similar across publications, such
as the study designs, the analysis of patient
populations (i.e. adult patients with moderate-
to-severe psoriasis), the efficacy outcome mea-
sures (e.g. PASI75, 90 and 100) and the meta-
analytic methods used. However, other factors
varied considerably; for example, the sponsor-
ship source, the selection of treatments or
treatment classes for inclusion, the reporting
and handling of doses, the effect measure(s) re-
ported and the methods used to present results
and treatment rankings [1]. Our assessment of
the overall similarities and differences with
respect to these factors between the identified
ICs suggested more differences than similarities
between the analyses, with generally low (-0.5
to ?0.5) Pearson’s correlation coefficients.
These findings reflect the results of our PASI90
efficacy ranking analysis, which showed little
consistency in individual treatment rankings
between analyses. Interestingly, even some
NMAs authored by similar teams using similar
designs and methodologies, as reflected by
higher positive Pearson’s correlation coeffi-
cients, reported inconsistent treatment rank-
ings. This emphasises the importance of
understanding all these factors prior to inter-
preting AIC or NMA results.

Few ICs were identified to inform our long-
term PASI90 efficacy treatment ranking analysis
at[ 40 weeks; however, the limited long-term
efficacy rankings broadly mirrored the trends
observed in the short-term treatment rankings
described previously. Historically, crossover or
re-randomisation study designs have made
NMAs of long-term data challenging, and use of
the placebo response-carried-forward approach
is associated with significant uncertainties.
Furthermore, traditional pairwise meta-analysis
can only provide a summary of available direct
evidence without comparisons between treat-
ments for one intervention relative to another,
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making it insufficient to guide practical deci-
sion making. Nonetheless, the long-term effi-
cacy data from head-to-head studies with a
primary endpoint at[40 weeks in moderate-
to-severe psoriasis required to undertake long-
term ICs are now slowly emerging; therefore,
future NMAs should be able to evaluate efficacy
data beyond the induction phase.

Unfortunately, we were unable to learn
much from the identified ICs with regard to the
comparative safety of licensed biologics for the
treatment of moderate-to-severe psoriasis. It
would appear that NMAs in psoriasis to date
have not been successful in providing sound
comparative safety information of value to
physicians to inform clinical decision making.
This is likely due to, at least in part, the high
level of variability we observed in safety
parameters, endpoint definitions and collection
timepoints across clinical trials for different
treatments. It remains to be seen whether
attempts to harmonise safety data capture
across clinical trials and real-world treatment
use can provide sufficiently consistent data to
inform robust NMAs of safety outcomes.

Limitations

This analysis is likely to become outdated
quickly, given the expected publication activity
in this rapidly advancing disease area, particu-
larly with respect to long-term data. With
regard to our methods, the limitations of the
NICE TSD7 (National Institute for Health and
Care Excellence Technical Support Document
7) ‘Evidence synthesis of treatment efficacy in
decision making: a reviewer’s checklist’ [38] and
AMSTAR 2 (A MeaSurement Tool to Assess Sys-
tematic Reviews version 2) [39] used in the
analyses reported in the previous paper in this
series [1] also apply. Furthermore, we believe
this is the first time a Pearson’s correlation
coefficient analysis has been applied to studies
rather than patients; hence, further research on
the pros and cons of this method are required. A
statistical analysis of all identified IC findings is
not yet possible; therefore, we conducted a
simple side-by-side comparison of the IC results,
although a lack of consensus on reported safety

parameters limited our comparison of the safety
results.

CONCLUSIONS

Current ICs, particularly NMAs, provide valu-
able indirect evidence of the short-term efficacy
of available systemic biologic treatment options
for moderate-to-severe psoriasis. However, sub-
stantial differences were identified between
AICs and NMAs with respect to factors that
could potentially affect efficacy outcomes.
Treatment rankings need to be interpreted
alongside actual differences in IC outcomes to
allow conclusions on clinical relevance. When
selecting the most efficacious treatment, drugs
within a class cannot be considered equal, and
therapies should be considered individually
rather than by class. Current ICs provide few
safety analyses, which have to be interpreted
with caution owing to low numbers of patients
and events, different outcome measures and
varying definitions. Furthermore, most ICs to
date have analysed short-term data, underlining
the need for longer-term analyses to understand
the comparative long-term efficacy of available
treatment options.
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