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Aim: The importance of adjusting for cross-study heterogeneity when conducting network meta-analyses
(NMAs) was demonstrated using a case study of biologic therapies for moderate-to-severe plaque psori-
asis. Methods: Bayesian NMAs were conducted for Psoriasis Area and Severity Index 90 response. Several
covariates were considered to account for cross-trial differences: baseline risk (i.e., placebo response),
prior biologic use, body weight, psoriasis duration, age, race and baseline Psoriasis Area and Severity In-
dex score. Model fit was evaluated. Results: The baseline risk-adjusted NMA, which adjusts for multiple
observed and unobserved effect modifiers, was associated with the best model fit. Lack of adjustment for
cross-trial differences led to different clinical interpretations of findings. Conclusion: Failure to adjust for
cross-trial differences in NMA can have important implications for clinical interpretations when studying
the comparative efficacy of healthcare interventions.
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A network meta-analysis (NMA) can be conducted to compare multiple treatments that may not have been
compared directly in head-to-head clinical trials [1,2]. However, when undertaking an NMA, it is vital to assess
the degree of heterogeneity between trials regarding patient characteristics and study design so as to determine the
suitability of synthesizing the results of multiple trials in a unified analysis [3–5]. The appropriate use of NMAs can
lead to enhanced decision-making in situations where head-to-head clinical trials do not exist; however, decision
makers need to be aware of the potential challenges that can arise if NMAs are conducted that do not adequately
adjust for cross-trial heterogeneity.

The presence of clinical heterogeneity across trials for treatments of interest may undermine the validity of
NMAs [4,6,7]. Failure to account for these differences can lead to misleading comparisons of treatment effect [3,5].
For example, in an NMA where the severity of illness varies across studies and treatments, failure to adjust for
these differences using meta-regression may result in misleading estimates of treatment effect comparisons between
interventions. Past research has demonstrated how adjustments can play an important role in the validity of NMAs.
For example, Salanti et al. [5] previously demonstrated in NMA-based comparisons of interventions to prevent
dental caries that magnitudes of treatment effect, as well as the rank ordering of treatments, were altered when
accounting for differences in clinically relevant covariates, such as baseline mean caries level. In a separate study,
Thorlund et al. [8] reviewed methods and findings from a total of 13 published NMAs comparing biologic therapies
for rheumatoid arthritis to establish the underlying reasons for discrepancies in their findings, and noted that both
failure to analytically adjust for cross-trial differences, as well as inappropriate grouping of different patient sub-
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populations, were the apparent causes. Therefore, it is important to demonstrate the need for assessing systematic
differences in treatment effect modifiers across comparisons when conducting an NMA for healthcare decision
makers and researchers.

In this paper, we consider a case study assessing the comparative efficacy of treatments for moderate-to-severe
psoriasis. Although a considerable number of systematic reviews have been performed in recent years looking at the
effects of interventions for psoriasis, few have considered an NMA approach, and a smaller subset have considered
analytic approaches that account for the presence of heterogeneity between studies [9–11]. Among them, inclusion
of a comprehensive selection of interventions has been lacking. In the current study, we present graphical and
analytic approaches that were used to explore and identify the degree of interstudy clinical heterogeneity present for
a series of key clinical variables. We also present the findings from an unadjusted NMA and compare them with an
NMA model that accounts for the effects of disparities in clinical covariates. Differences in clinical interpretation
of these findings are discussed to highlight the potential implications that may arise when failing to account for
important clinical heterogeneity and systematic differences in treatment effect modifiers between studies. We also
present findings from an NMA on the risk difference scale, representing an alternative approach to dealing with
the presence of variations in baseline risk between studies. In presenting this work, we aim to add to past works
that have discussed the importance of investigating and accounting for cross-trial differences in NMA [5,8].

Methods
In the current study, we first present a clinical background for readers to provide an understanding of some of
the key symptoms and signs experienced by patients diagnosed with plaque psoriasis, as well as to introduce the
currently available biologic therapies for the management of this condition. A brief description of variations in
findings from recent reviews that have assessed the benefits and harms of therapies in this area is also provided.
Next, the reader is introduced to the methods that were employed in conducting our systematic review of induction
therapies, collecting all necessary outcome and study data and pursuing subsequent investigations for cross-study
heterogeneity, as well as implement unadjusted and adjusted NMAs. Next, findings from visual and quantitative
evaluations of interstudy heterogeneity are presented, followed by a detailed comparison of findings from unadjusted
NMA as well as NMAs that account for the presence of heterogeneity. Last, we discuss the importance of adjusting
for cross-study heterogeneity in NMA, both generally and in the context of the network considered in this study.

Targeted therapies for moderate-to-severe plaque psoriasis
Psoriasis is a symptomatic, disfiguring and chronic dermatological condition characterized by autoimmune-
mediated inflammation of the skin [12,13]. The most common form is plaque-type, which affects approximately
80–90% of patients with psoriasis [14]. Several targeted treatments are currently available for moderate-to-severe
plaque psoriasis, with their objective being to achieve a high level of skin clearance. These include biological
therapies such as TNF-α inhibitors (adalimumab 40 mg; infliximab 5 mg/kg; etanercept 50 mg twice weekly
[BIW], 50 mg once weekly [QW] and 25 mg BIW), IL-17 (ixekizumab 80 mg every 2 weeks [Q2W]; secukinumab
150 and 300 mg) and IL-17 receptor (brodalumab 140 and 210 mg) inhibitors, an IL-12/23 inhibitor (ustek-
inumab 45, 45/90 and 90 mg) and an IL-23 inhibitor (guselkumab 100 mg), as well as a small molecule PDE4
inhibitor (apremilast). A considerable number of randomized controlled trials (RCTs) involving these therapies
have been performed previously. Although an increasing number of head-to-head trials have directly compared
active treatments, the majority of studies have involved comparisons against placebo only. The need to employ
NMA methods to derive treatment comparisons between active therapies is apparent based upon the presence of
multiple interventions of relevance to psoriasis and the need to be able to do comparisons among all of the biologics
at the same time.

In recent years, several systematic reviews incorporating NMA methods have been reported [9–11,15–19]. However,
the approaches used to account for clinical heterogeneity were different between the studies. Moderate-to-severe
plaque psoriasis represents an excellent case study for illustrating the importance of systematically evaluating
cross-study differences to identify the need for covariate adjustments in the context of NMA.

Systematic review: NMAs of targeted therapies for moderate-to-severe plaque psoriasis
The case study for this research is based upon a recently conducted systematic review of RCTs that evaluated
induction treatment with targeted therapies for moderate-to-severe plaque psoriasis. Rigorous systematic review
methodology was followed (see protocol registration in the PROSPERO database for details: CRD42017060190)
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Figure 1. Network of available randomized controlled trials in moderate-to-severe plaque psoriasis for Psoriasis Area and Severity
Index 90 response. Treatment nodes and edges are sized to proportionately reflect (A) the respective numbers of patients randomized to
each treatment and (B) the numbers of studies underlying each comparison.
ADA: Adalimumab; APR: Apremilast; BIW: Twice weekly; BRO: Brodalumab; ENT: Etanercept; GUS: Guselkumab; IFX: Infliximab; IXE:
Ixekizumab; PBO: Placebo; QW: Once weekly; Q2W: Every two weeks; SEC: Secukinumab; UST: Ustekinumab.

to identify eligible RCTs, including a rigorous search of Medline, Embase and the Cochrane Register of Controlled
Trials performed in February 2017. All details related to the exploration of clinical heterogeneity and the performance
of NMAs using both unadjusted and adjusted models were prespecified and used established models recommended
by the NICE (additional modeling details are described below) [3,20] . The process of study selection identified a
total of 41 unique RCTs [21–58], some of which also had companion reports. Please see the Supplementary Material
for more information. The current report is focused on the presentation of findings related to Psoriasis Area
and Severity Index (PASI) 90 response, a widely used endpoint across recent RCTs that captures the proportion
of patients who achieved ≥ 90% improvement in disease severity from baseline. Analyses were focused upon the
induction period of treatment, which corresponds to the time frame for which most trials employ placebo treatment
as a control regimen. PASI 90 response has been used as a primary efficacy outcome in recent studies due to its
clinical significance and high level of importance to patients [59]. PASI 90 response data were available from 40 of
the 41 included trials (n = 23,916 patients). The trial [19] comparing etanercept and biosimilar etanercept (Erelzi R©,
Sandoz, Holzkirchen, Germany) lacked PASI 90 data and was excluded from the NMA. The associated network
diagram summarizing the available evidence base is presented in Figure 1. All treatments were assessed in at least
one study that included a placebo group while several head-to-head trials between therapies were also identified.

Methods for unadjusted NMAs
Unadjusted Bayesian random effect (RE) and fixed effect NMAs were first performed using WinBUGS software
(version 1.4.3, MRC Biostatistics Unit, Cambridge, UK) in accordance with recommendations and code made
available by NICE that adjusts for correlation in multiarm trials [20]. Vague prior distributions for treatment effects
(normal with mean 0 and precision 0.0001) in both models were used. Risk ratios (RRs) and corresponding
95% credible intervals (CrIs) were estimated to summarize pairwise comparisons between interventions. Surface
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Figure 2. Placebo response rates for Psoriasis Area and Severity Index 90 response at the end of the induction period.
ADA: Adalimumab; APR: Apremilast; BIW: Biweekly; BRO: Brodalumab; ENT: Etanercept; GUS: Guselkumab; IFX: Infliximab; IXE:
Ixekizumab; NA: Not applicable (no placebo group); NR: Not reported; QW: Once weekly; Q2W: Every two weeks; SEC: Secukinumab; UST:
Ustekinumab.

Under the Cumulative Ranking (SUCRA) curve and the probability of each intervention being the best treatment
(referred to from here onwards as ‘probability best’) were also estimated from the model. The RE model was found
to be adequate and have a much-improved fit relative to the fixed effect model for PASI 90 response (based upon
inspection of posterior residual deviance and DIC values in the Supplementary Material), and is the focus of all
results described in the current report. NMAs were performed using three unique sets of starting values and were
based on burn-in and sampling of 50,000 iterations or more. Model convergence was assessed by inspection of
Gelman-Rubin plots, trace plots and Monte Carlo standard error of parameter estimates from the Markov Chain
Monte Carlo analysis. All NMAs were performed using WinBUGS Software version 1.4.3 (MRC Biostatistics Unit,
Cambridge University, UK) and R Software (version 3.3.4, The R Foundation for Statistical Computing).

Evaluating interstudy heterogeneity: variations in baseline risk
A prespecified selection of patient characteristics was assessed to evaluate the extent of clinical heterogeneity between
study populations. Careful attention was paid to differences in baseline risk (i.e., placebo group response rates) across
studies and interventions, as this measure has been known to reflect potentially important differences in measured
and unmeasured confounders across study populations [3]. The bar plot in Figure 2 presents a visualization of these
rates, with several evident notable differences between studies. It should be noted that even minor differences in
placebo response rates between studies (and treatments in the network) can affect NMA results given that placebo
response is a component of the denominator of relative risks and odds ratios (i.e., dividing by a smaller number
can inflate relative effects). A similar assessment was performed for the following additional covariates: percentage
of patients with prior exposure to biologic therapies, average baseline weight, average age, average duration of
disease, average baseline PASI score, race distribution and study-specific duration of the induction period. The
corresponding bar plots for these covariates are presented in the Supplement, along with scatterplots assessing the
relationship between these covariates. Notably, patients’ prior exposure to biologics, and, to a lesser degree, mean
duration of psoriasis and mean weight, were found to have mild-to-moderate associations with placebo response.
Past guidance regarding the performance of meta-regression analyses has noted the importance of having sufficient
numbers of studies available [60,61]. Given that network meta-regression analyses are limited by the number of
studies in a network (and consideration of multiple covariates simultaneously would be underpowered given the
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evidence structure), a baseline risk (or placebo-adjusted) NMA can serve as a statistically efficient meta-regression
approach to adjust for multiple known and unknown cross-trial differences among RCTs. As baseline risk was also
found to be the most influential adjustment factor (underlying statistical rationale are documented in subsequent
sections below), the remainder of the current report will focus upon findings from this adjusted analysis.

Several observations regarding differences in placebo group PASI 90 response rates among included studies
can be drawn from Figure 2. Relative to the overall average placebo response rate of 1.81%, certain studies of
ixekizumab (UNCOVER 1 [25] and UNCOVER 2 [27]), infliximab (EXPRESS 2 [35]), ustekinumab (PHOENIX
2 [39]) and apremilast (ESTEEM 1 [38]) were found to be associated with lower placebo response rates. Conversely,
certain studies of guselkumab (VOYAGE 1 [44], VOYAGE 2 [23]), adalimumab (CHAMPION [47]; Cai et al. [58]),
etanercept (Strober et al. [48]; van de Kerkhof et al. [54]), ixekizumab (UNCOVER 3 [27]), brodalumab (AMAGINE
2 [32] and AMAGINE 3 [32]), ustekinumab (PHOENIX 1 [33], Igarashi et al. [30], PEARL [52], LOTUS [56]) and
apremilast (LIBERATE [45]) were associated with higher than average rates. Figure 3 presents a scatterplot of each
trial’s estimated PASI 90 treatment effect (on the natural log scale) versus the associated placebo group response
rate. The data pattern demonstrates the presence of a negative linear correlation between higher placebo response
rates and smaller observed treatment effects. The coloring of individual cells in the league table presented in
Figure 4 reflects the extent of statistical heterogeneity present in pairwise meta-analyses (conducted before NMAs,
to assess variability amongst components of the network). High heterogeneity (I2) values (defined as ≥ 75%) were
observed for meta-analyses of trials involving ixekizumab every 2 weeks (75.20%), while low (0–25%) or moderate
(26–75%) I2 values were observed for all other meta-analyses. The I2 values and the related findings from pairwise
meta-analyses are provided in the Supplementary Material.
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Figure 4. League table of unadjusted risk ratios for Psoriasis Area and Severity Index 90 response. Results from the unadjusted random
effects NMA are presented. Treatments are ordered from upper left to lower right in order of decreasing SUCRA value. The text within
each cell presenting a pairwise comparison has been colored so as to reflect the degree of heterogeneity present in a traditional pairwise
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Results
Unadjusted NMA on the risk ratio scale
The league table in Figure 4 summarizes findings from the unadjusted RE NMA. All targeted therapies were
associated with an increased likelihood of PASI 90 response relative to placebo (RR range from 7.18 to 47.12).
Ixekizumab 80 mg Q2W was associated with the most favorable results among treatments. Summary estimates also
indicated the presence of clinically important differences in favour of ixekizumab compared with treatments within
the same drug class, such as brodalumab 200 mg (RR: 1.15; 95% CrI: 1.001–1.34) and secukinumab 300 mg (RR:
1.18; 95% CrI: 1.04–1.36), as well as guselkumab 100 mg (RR: 1.29; 95% CrI: 1.07–1.60). However, as shown in
Figure 4, ixekizumab 80 mg Q2W was also the treatment with the most statistical heterogeneity among pair-wise
meta-analyses.

NMAs adjusting for variation in baseline risk
Box 1 provides context as to the importance of adjusting for differences in placebo rates among clinical trials using
a simple indirect comparison within the NMA. As per Box 1, there appears to be heterogeneity within pair-wise
meta-analysis estimates that can be partially explained by the presence of low placebo response rates in ixekizumab
studies. Based on Box 1, two broader analytic strategies, meta-regression adjustment for placebo response on
the relative scale and implementation of a risk difference on the absolute scale, were undertaken to account for
differences in placebo responses. Meta-regression requires a sufficient number of studies and variation in covariates
across studies.

NMA meta-regression adjustment for placebo response on a relative scale

A meta-regression adjustment was introduced into the RE NMA using an established extension of the unadjusted
model [5] mentioned earlier. In the analysis, a regression coefficient (β) was assigned a vague normal prior distribution
with mean 0 and precision 0.0001, assuming a constant coefficient across interventions. Guidance from the NICE
Decision Support Unit (DSU) Technical Support Documents (TSDs) [3] was followed to judge whether this model
was a better fit than the unadjusted model, and thus more appropriate for establishing clinical interpretations.
Specifically, we explored whether the regression coefficient was associated with a statistically significant difference
in treatment effect (i.e., a 95% CrI which excluded 0) and whether the summary estimate for the between-study
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Box 1. Indirect comparison between guselkumab and ixekizumab.

• Ixekizumab was identified as an intervention with high I2 values. Indeed, the I2 resulting from a meta-anlaysis of
ixekizumab versus placebo was 75%, which represents substantial heterogeneity. It was also identified as an
intervention whose underlying randomized controlled trials RCTs were associated with low placebo response
rates compared with those from other studies, particularly the UNCOVER 1 and UNCOVER 2 trials. Two simple
Bayesian anchored indirect comparisons between guselkumab and ixekizumab were performed using placebo as
the common linking intervention, and using data from the guselkumab RCTs (VOYAGE 1 and VOYAGE 2) and the
ixekizumab RCTs (UNCOVER 1, UNCOVER 2 and UNCOVER 3).

• Forest plots displaying the outcome data from these trials (along with traditional pairwise meta-analyses thereof)
are presented below. League tables summarizing the results of the two indirect comparisons are also presented.
The first Bayesian indirect comparison was based on a random effects NMA model and incorporated data from all
five studies; the analysis produced summary estimates that were comparable to those from the unadjusted NMA.
However, 95% CrIs were wider (risk ratio 1.30; 95% CrI: 0.68–4.16). The second indirect comparison was based
upon afixed effect NMA model (due to the presence of few studies per comparison remaining) and included data
from only the UNCOVER 3 trial for ixekizumab and the VOYAGE 1 and 2 trials for guselkumab. This selection of
studies was based on the identification of notably lower placebo group response rates in the UNCOVER 1 and
UNCOVER 2 trials (0.5% and 0.6%, respectively) compared with those observed in the UNCOVER 3, VOYAGE 1
and VOYAGE 2 trials (3.1, 2.9 and 2.4%, respectively).

• The objective of excluding studies was to improve the homogeneity and increase the validity of the indirect
comparison. The direction of the risk ratio comparing guselkumab and ixekizumab switched, in favor of
guselkumab (risk ratio: 1.10; 95% CrI: 0.80–1.61). The change in the direction of the indirect comparison suggests
there may be differences among the guselkumab and ixekizumab trials. The different results from the two simple
indirect comparisons (including vs excluding the dissimilar UNCOVER trials) provide further support for the
importance of adjusting for placebo response in the NMAs (Figure 5).

• Traditional meta-analyses of ixekizumab versus placebo and guselkumab versus placebo to compare Psoriasis
Area and Severity Index 90 response are shown in forest plots along with supporting trial data. Low placebo
group response rates are visible for the UNCOVER 1 and UNCOVER 2 trials for ixekizumab while response rates in
the treatment groups across trials are similar. A random effect NMA to compare ixekizumab and guselkumab
using all five trials favored ixekizumab. A sensitivity analysis using a fixed effect NMA model (to account for the
low number of studies per connection in the network) and excluding UNCOVER 1 and UNCOVER 2 due to low
placebo-group response rates, favored guselkumab.

CRI: Credible interval; GUS: Guselkumab; IXE: Ixekizumab; NMA: Network meta-analysis ; PBO: Placebo; RCT: Randomized controlled
trial.

standard deviation (SD) parameter (and its 95% CrI) was reduced. We also assessed the deviance information
criterion (DIC) and the posterior residual deviance. However, as noted in NICE DSU TSD 3 [3], the DIC is
not a reliable criterion for deciding whether to include a covariate in RE models. Therefore, in accordance with
best practice, adequacy of model fit was largely based on whether the regression coefficient was associated with a
statistically significant effect on treatment effect (i.e., a 95% CrI which excluded 0), and whether the summary
estimate for the between-study SD parameter (and its 95% CrI) was reduced. The WinBUGS code for the baseline
risk meta-regression analysis is based on NICE TSD 3, where baseline risk meta-regression takes the ‘true’ baseline
(as estimated by the model) as the covariate and takes the uncertainty in each log odds into account.

NMA performed on the risk difference scale

In addition to meta-regression adjustment of effects on the relative scale, use of an NMA on the risk difference scale
represents a viable alternative approach to account for the presence of cross-study differences in placebo response
rate. Rather than calculating relative effects which include division by varying magnitudes of placebo response
rates (which may sometimes inflate relative effects), absolute probabilities of treatment response are subtracted
across interventions. In particular, a risk difference NMA could be used as an alternative method when there are
imbalances in the number of studies with low placebo response rates across pairwise contrasts in the network. The
code for risk differences is also based on code outlined in NICE DSU TSD 2 [20] and Warn et al. [62].

Findings from NMAs adjusting for variation in baseline risk
Figure 6 presents a forest plot diagram of RRs for each treatment versus placebo and the 95% CrI from all three
NMA approaches along with all ‘probability guselkumab is better’ values. A corresponding heat map of SUCRA
values for all treatments is provided in the Supplement.
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Figure 5. Indirect comparison of guselkumab and ixekizumab for Psoriasis Area and Severity Index 90 response.
GUS: Guselkumab; IXE: Ixekizumab; PBO: Placebo.

The baseline risk-adjusted model was associated with improved fit relative to the unadjusted model; the estimated
regression coefficient β was -0.91 (95% CrI: -1.05 to -0.82), and the interstudy SD was reduced in magnitude
from 0.12 (95% CrI: 0.01–0.29) to 0.11 (95% CrI: 0.04–0.20). Results from the baseline risk-adjusted NMA
were associated with certain noteworthy changes in effect estimates and some important modifications in clinical
interpretations. With regard to SUCRA, the ordering of the top five interventions changed compared with the
unadjusted analysis, with guselkumab 100 mg (93%) and ixekizumab 80 mg Q2W (93%) ranking highest, followed
by brodalumab 210 mg (87%), secukinumab 300 mg (80%) and infliximab 5 mg/kg (73%), with percentages
reflecting the probability of being ranked highly (Supplement). Notably, in the baseline risk-adjusted analysis,
guselkumab 100 mg was found to offer equivalent benefits compared with ixekizumab 80 mg Q2W (RR: 1.00;
95% CrI: 0.88–1.14); both interventions were found to offer clinically important increases in the likelihood of
PASI 90 response compared with all other interventions in the network, with the exception of brodalumab 210 mg.
This finding was supported by the ‘probability better’ values for guselkumab 100 mg which were greater than
99% or higher versus all interventions except for ixekizumab 80 mg Q2W (53%) and brodalumab 210 mg (69%)
(Figure 6).

The results from the NMA using risk differences as the summary measure aligned closely with those from the
baseline risk-adjusted NMA (Figure 6), underscoring the importance of adjusting for cross-trial differences and
lending credibility to the approach of selecting the best fitting models when interpreting results on the relative
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Figure 6. Forest plot of comparisons of guselkumab with other biologics across analytic approaches. Risk ratios and risk differences
estimated from the various RE NMAs are presented showing comparisons of guselkumab with other biologics and the probability of
guselkumab being superior to each intervention included in the network. Values are reported with corresponding 95% credible intervals
risk ratios and risk differences >0 favor guselkumab.
BIW: Twice weekly; CrI: Credible interval; NMA: Network meta-analysis; Q2W: Every 2 weeks; QW: Once weekly; RE: Random effect; RR:
Risk ratio.

scale. Lack of adjustment for cross-trial differences led to different clinical interpretations of the NMA results and
tended to bias in favor of treatments that reported lower placebo response rates.

For completeness, all measures of model fit and related statistical details, as well as complete summaries of pairwise
comparisons from all three approaches to analysis, and additional content, are provided in the Supplement.

Discussion
As the annual number of NMAs published continues to rise [63], and the number of systematic reviewers pursuing
this type of analysis expands, it is increasingly important to ensure awareness of appropriate approaches for modeling
in the presence of interstudy variations [3]. Failure to investigate and, when present, to analytically account for
cross-study heterogeneity in patient populations and methods may produce misleading estimates of comparative
efficacy. This report seeks to add to past works that have presented focused efforts to address this issue [3,5,8].

The extent of clinical heterogeneity present within our case study suggested the need for a rigorous approach to
minimize the bias among comparisons of comparative efficacy. An unadjusted NMA comparing targeted therapies
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identified ixekizumab 80 mg Q2W as the most efficacious intervention for the achievement of PASI 90 response. In
the unadjusted analysis that did not account for cross-trial differences, ixekizumab 80 mg Q2W was associated with
a ‘probability best’ value of 100% and corresponding relative risk measures that demonstrated clinically important
advantages over almost all comparators. However, inspection of interstudy I2 values, bar charts and scatterplots of
clinically important covariates identified important differences between studies, particularly concerning baseline
risk (i.e., placebo response). As described earlier, variations in placebo response can serve as a proxy for differences
in known and unknown confounders across trials. Small differences in placebo response can bias findings in favor
of therapies with lower placebo group response rates. Accordingly, we conducted detailed analyses to adjust for
cross-trial differences between studies. Based upon model fit statistics that were established a priori, a baseline
risk-adjusted model accounting for differences in placebo group response was identified as having a better fit
to the data than the model that did not adjust for cross-trial differences (i.e., the unadjusted NMA). Lack of
adjustment for cross-trial differences led to different clinical interpretations of the NMA results and tended to bias
in favor of treatments that reported lower placebo response rates. Indeed, ixekizumab 80 mg Q2W, which had high
heterogeneity (I2 >75%) and lower placebo response rates in two of three evaluated RCTs, was associated with more
favorable results in the unadjusted NMA. By contrast, guselkumab 100 mg, which had higher placebo response rates
in the RCTs, was associated with either similar or more favorable results in the analyses that adjusted for cross-trial
differences. Findings from a risk difference analysis aligned closely with those from the baseline risk-adjusted NMA,
underscoring the importance of adjusting for cross-trial differences in NMAs related to moderate-to-severe plaque
psoriasis.

We identified multiple meta-analyses and NMAs [9,10,15–19,64–69] of treatments for moderate-to-severe plaque
psoriasis published over the past 5 years that have focused on treatment efficacy during induction (i.e., weeks 10–16
of therapy). The majority of NMAs included TNF-α inhibitors (etanercept, infliximab, adalimumab) and the IL-
12/23 inhibitor ustekinumab as relevant comparators; only a small number included the more recently approved
and clinically relevant IL-17 inhibitors (secukinumab, ixekizumab). Four recent NMAs by Sbidian et al. [19], Hartz
et al. [66], Sawyer et al. [10] and Loos et al. [9] considered PASI outcomes; the latter two [9,10] explored adjustments
for variations in baseline risk or placebo response while the former two [19,66] did not. All four reviews [9,10,19,66]

reported that ixekizumab was associated with the most favorable benefits among the therapies compared. However,
findings from the Sawyer et al. [10] and Loos et al. [9] reviews using meta-regression adjustment for baseline risk
indicated ixekizumab’s benefits were reduced relative to the unadjusted NMA analysis. An independent Evidence
Review Group from NICE [70] considered the meta-regression adjustment for baseline risk to be more appropriate
than the unadjusted NMA. The findings from Sawyer et al. [10] and Loos et al. [9] are in line with trends observed
in the current methods paper. Our approach also aligns with that outlined in Signorovitch et al. [11], in which the
authors also highlighted the importance of adjusting for baseline risk.

To minimize the risk of biased estimates of comparative efficacy, we encourage that future efforts to produce
NMAs in psoriasis incorporate thorough assessments for the presence of heterogeneity between studies through
careful inspection of tables and graphical displays [71]. In particular, several systematic reviews assessing the benefits
and risks of targeted therapies for moderate-to-severe plaque psoriasis have been performed in past years [9–11,15–

19,66]; some incorporated NMAs, but to our knowledge only three [9–11] have included any form of secondary
analyses accounting for differences between studies regarding patients’ baseline demographics. As shown in this
report, these represent potentially important effect modifiers which can influence findings generated from NMAs,
and future evidence syntheses in this realm should prospectively plan to account for such differences in their
analysis plans. When cross-trial differences remain unaddressed, the potential for suboptimal decision making is
heightened. In our current study, accounting for cross-study variation of baseline risk was a vital component of
the analysis and more accurately established the similarity of effects of guselkumab 100 mg and ixekizumab 80 mg
Q2W.

This study has certain limitations that should be noted. Although there were several previously noted covariates
of clinical relevance to be considered to be included in the adjusted analysis, implementation of multivariable
adjustments in the NMA was not feasible. There were too few studies within connections in the evidence network
to adjust for multiple covariates simultaneously. Fortunately, the baseline risk covariate is often used in NMAs
because it can operate as a proxy measure, capturing the effects of several relevant known and unknown factors
simultaneously. Thus, the baseline risk measure likely represents an important adjustment factor in cases when
seeking to adjust for various cross-trial differences related to study populations.
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Conclusion
In summary, when comparing results from multiple RCTs that have interstudy heterogeneous patient populations,
unadjusted NMAs should not be conducted, as this may bias comparative efficacy estimates between treatments.
The baseline risk-adjusted NMA, which accounts for multiple observed and unobserved effect modifiers, was
associated with the best model fit among all prespecified analyses. Findings from the risk difference NMA aligned
with the baseline-risk adjusted NMA, lending further credibility to analyses adjusting for heterogeneity. We have
presented approaches to more clearly identify heterogeneity among RCTs and adjust for cross-trial differences using
a case study in moderate-to-severe plaque psoriasis. Collectively, these approaches should result in more transparent
and less biased comparative efficacy estimates when conducting NMAs.

Summary points

• Network meta-analysis has become a commonly used methodology for syntheses having the objective to
compare multiple interventions for decision making.

• When between-study heterogeneity in important characteristics exists, the guidance suggests that researchers
should take careful steps to account for its presence in analyses.

• For moderate-to-severe psoriasis, where multiple treatments exist, past systematic reviews have been varied
regarding the treatments and studies considered, as well as the inclusion of efforts to account for variation in
patient characteristics.

• Meta-regression adjustments for baseline risk in NMA are appealing given their potential to account for
differences in multiple patient characteristics simultaneously.

• In this study, analyses for a comprehensive network of interventions for the Psoriasis Area and Severity Index 90
outcome were performed using unadjusted and adjusted approaches to consider potential implications for
interpretations and decision making.

• Model fit was improved in NMAs adjusting for variations in baseline risk. Clinically important changes in
treatment effect estimates and ordering of treatments were observed. Risk difference NMA produced similar
changes.

• Future NMAs comparing interventions for plaque psoriasis should incorporate considerations for baseline risk in
their analytic plan.

• In general, knowledge synthesis researchers should note that adjustments for cross-trial differences in NMA can
have important implications when studying the comparative efficacy of healthcare interventions.

Supplementary data
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