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Abstract
Background & Aims: Robust evidence for most licensed Crohn’s disease therapies is lacking for perianal fistula outcomes due to a lack of dedi-
cated clinical trials. This study aimed to use a Bayesian framework to determine the efficacy of medical therapies for perianal fistulizing Crohn’s 
disease (PFCD).
Methods: A formal prior elicitation exercise was conducted by a group of 11 gastroenterologists and 5 statisticians. Consensus priors were 
developed leveraging both existing published data and clinical expertise, to determine one-year fistula remission rates for medical treatments with 
5 different mechanisms of action (anti-TNF, anti-integrin, anti-IL-12/23, anti-IL-23, and JAK inhibitor). Consensus priors on efficacy of each treatment 
were determined relative to an elicited consensus prior for placebo control.
Results: Consensus priors were obtained for the likelihood of fistula remission at 1 year. The prior mean, together with a 90% prior credible 
interval, of the one-year fistula remission rate was 0.22 (0.05, 0.46) for placebo, 0.58 (0.09, 0.96) for intravenous infliximab, 0.39 (0.06, 0.82) for 
adalimumab, 0.53 (0.09, 0.93) for subcutaneous infliximab, 0.24 (0.03, 0.60) for intravenous vedolizumab, 0.44 (0.05, 0.90) for upadacitinib, 0.34 
(0.04, 0.77) for ustekinumab, and 0.36 (0.04, 0.82) for anti-IL-23 specific agents. Oral upadacitinib and subcutaneous infliximab demonstrated the 
highest probability for efficacy, alongside intravenous infliximab.
Conclusions: We have conducted the first Bayesian prior elicitation exercise in inflammatory bowel disease. The generated priors could be used 
to enhance the design and analysis of clinical trials in PFCD by improving estimation of treatment efficacy, minimizing sample sizes, and potentially 
reducing the need for placebo control arms.
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1. Introduction
Perianal fistulizing involvement occurs in approximately 25% 
of patients living with Crohn’s disease (CD),1,2 and is consis-
tently rated as one of the most severe and treatment-refractory 

phenotypes, with a major impact on quality of life.3 Often 
resulting in high healthcare costs and healthcare resource uti-
lization.4 Although there has been increasing focus on the biol-
ogy underlying perianal fistulizing Crohn’s disease (PFCD); the 
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etiology has remained poorly understood.5 While in luminal 
CD there have been major strides forward to improve outcomes 
for patients,6 outcomes and management of PFCD have 
remained largely unchanged over the last decade.7 Moreover, 
management of PFCD has been recognized to be sub-optimal, 
even at specialist, referral centres.8 As a result, this phenotype 
has been identified as one of the greatest areas of unmet clinical 
research need in inflammatory bowel disease (IBD), as part of 
a priority setting research partnership exercise conducted 
through the James Lind Alliance.9

A major issue that has hampered progress has been the lack 
of dedicated clinical trials assessing the efficacy of available 
therapies in PFCD.10 Most available data has been derived from 
exploratory post-hoc sub-group analyses of phase 3 or 4 clin-
ical trials for luminal CD,11 resulting in a paucity of robust 
evidence, and high uncertainty around efficacy of treatments.12 
To date, there has only been one adequately powered and ded-
icated randomized controlled trial (RCT) of a medical therapy 
used for registrational purposes in PFCD—that being the use 
of infliximab in the ACCENT II trial.13 However, conduct of 
dedicated clinical trials in PFCD pose additional challenges,10 
including debate on appropriate endpoint selection and lack 
of validated outcome measures. In addition, unlike trials in 
luminal CD, where it may be possible to recruit relatively large 
patient cohorts, in PFCD, there is much greater difficulty with 
recruitment and meeting conventional power requirements. 
Therefore, any statistical approaches able to provide useful 
information from trials of small cohorts have great promise in 
the area of PFCD. Moreover, the potential risk of harm from 
use of placebo-controlled trials may be more acutely felt in this 
phenotype, with greater likelihood of progression to compli-
cations without appropriate disease control.14,15 Accordingly, 
it has become clear that alternative approaches are needed in 
clinical trials for PFCD.16 One potential solution to some of 
these challenges is to use Bayesian statistical approaches, which 
incorporate evidence from historical studies, including data 
synthesized from meta-analyses, together with knowledge from 
clinical experts.17,18

Classically, “frequentist” approaches to clinical trials have 
been used, which are based on the concept of repeated sampling 
and considering the frequency for events of interest (eg, rejec-
tion of the null hypothesis) over a defined period of time.19 
These results have then been used to determine whether a treat-
ment is efficacious or not compared to a control group.20 
However, with the availability of data prior to initiation of a 
clinical trial including: high levels of clinical experience and 
expertise in both luminal and perianal indications, growing 
appreciation of key pathways underlying disease biology, accu-
mulation of data over time (from multiple different sources), 
and uncertainty about interventions between clinicians, there 
has been recognition and appreciation for the potential of 
Bayesian methods to improve design and analysis of clinical 
trials.21 Despite widespread acknowledgement of the potential 
benefits of using Bayesian statistics, such approaches have 
rarely been used in IBD.

The uptake of Bayesian methods across clinical trials has 
been mostly restricted by a lack of expertise in how to utilize 
Bayesian statistics.22,23 A crucial first step to enable Bayesian 
analysis of any clinical trial is to establish a “prior distribu-
tion,” which captures relevant preliminary information about 
the quantity of interest (eg, the magnitude of clinical benefit 

with a treatment). When relevant historical data are not avail-
able or highly heterogeneous, prior distributions can be deter-
mined from a combination of published data and expert 
opinion. A formal process by which “priors” can be estab-
lished is through an exercise that is typically referred to as 
elicitation. There have now been well-established examples 
of elicitation exercises being conducted to construct prior 
distributions that can inform subsequent clinical trials using 
a Bayesian framework, including for other immune- 
mediated-inflammatory diseases (IMIDs).24,25 These priors 
then being able to support the design of dedicated clinical 
trials through better prioritization and selection of treat-
ments, more accurate sample size estimation, and potentially 
avoiding or reducing the need for placebo if an appropriate 
prior can be established for placebo control.

We sought to conduct an elicitation exercise to establish 
priors for the efficacy of licensed medical treatments and pla-
cebo control in PFCD. We report the methodology and the 
results of this exercise, to help stimulate further research and 
support dedicated clinical trials in this area of unmet clini-
cal need.

2. Methods
Pre-workshop meetings
In the months leading up to the elicitation workshop, a series 
of pre-workshop meetings were held by the steering committee 
comprising 5 clinical experts and 2 statisticians. A key goal 
of these meetings was to decide on the appropriate endpoint 
and medical therapies of interest for prior elicitation. After 
consideration of the available data in prior published studies, 
fistula remission at one year was chosen as the most relevant 
endpoint of interest for this elicitation exercise. With a myriad 
of scoring indices published for PFCD,26 the relative merits of 
quality of life, radiological, and clinical criteria to define fis-
tula remission were considered. Clinical criteria to define fis-
tula remission were selected to align with the greatest body 
of published data and recent meta-analysis of clinical out-
comes across advanced therapies using this as the outcome 
measure of choice. Selection of fistula remission based on 
clinical criteria was also considered be consistent with recent 
guidance on important clinical trial outcomes for patients 
with PFCD.27

We sought to conduct prior elicitation for all licensed med-
ical therapies in the context of CD. In the United Kingdom 
(United Kingdom), at the time of this workshop in 2024, 
there were 5 licensed classes of medication defined by mech-
anism of action (anti-tumor necrosis factor [TNF], 
anti-integrin, anti-interleukin [IL] 12/23, anti-IL23, Janus 
kinase [JAK] inhibitor). The following 7 licensed therapeutic 
options were selected for development of priors in this elic-
itation workshop:

•	 IV (Intravenous) infliximab (anti-TNF).
•	 SC (Subcutaneous) infliximab (anti-TNF).
•	 Adalimumab (anti-TNF).
•	 IV vedolizumab (anti-integrin).
•	 Ustekinumab (anti-IL12/23 p40 agent).
•	 Upadacitinib (JAK inhibitor).
•	 Anti-IL-23 specific p19 agents.
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Given the greatest experience and expertise was with IV 
infliximab, it was agreed that this would likely be the interven-
tion with the greatest certainty among individuals for their 
“priors.” Accordingly, the “prior” for IV infliximab was devel-
oped first and then for all the remaining intervention options, 
as well as placebo. At the time of the workshop, there was only 
one anti-IL-23 specific p19 agent licensed for use in Crohn’s 
disease in the United Kingdom (risankizumab). However, the 
consensus group was acutely aware of two further anti-IL-23 
specific p19 agents due to be licensed for CD in the near future 
and where there would potentially be interest in developing a 
“prior” to take forward for potential use in a clinical trial 
setting. Notably, the expert group supported leveraging results 
from published post-hoc analyses and clinical experience from 
some anti-IL-23 agents for which clinicians already had fairly 
substantial experience in CD, to generate useful data for more 
recently available anti-IL-23 agents, for which there might have 
only been more limited experience or data. Therefore, the deci-
sion was taken to establish a prior across anti-IL-23 specific 
p19 agents.

In parallel, the statistical model underlying the prior elicita-
tion was developed, extending the method proposed by 
Hampson (2014) for non-inferiority trials to superiority  
trials,28 modelling details provided (Supplementary Appendix). 
Following this, a structured questionnaire was developed 
(Table S1) for each clinical expert to complete. An R Shiny web 
application was developed to implement the statistical model 
established for deriving prior probability densities of the remis-
sion rates and the treatment effect, which describe the expert 
opinion over a range of plausible values implied by the 
responses to the questionnaire. This web application can fur-
ther visualize those prior distributions, as well as allowing these 
priors to be altered in real time during the course of commu-
nication between a clinical expert and a statistician. As part of 
the development of the questionnaire and R Shiny application, 
a mock prior elicitation was held with 5 of the clinical experts, 
and their feedback incorporated. This focused on greater clarity 
in defining the outcome measure, wording of questions to 
establish certainty of effect for both placebo and active treat-
ments, and plausible values for remission rates for placebo and 
active treatments. Crucially, clinicians were asked to estimate 
priors for maximal efficacy of each medical therapy, on the 
assumption that standard of care treatment was otherwise opti-
mized. In addition to the above, a training video was developed 
by the clinical and statistical leads for this project to be watched 
by all invited experts. After confirmation of completing training 
video, each invited expert was provided a link to the R Shiny 
web app to view the platform that would be used to develop 
priors for the workshop. The final questions and linked script 
are provided (Table S1 and Figure S1, see online supplementary 
material for a color version of this figure).

Based on experience of the statistical team, it was determined 
that the elicitation process would be most optimal to perform 
during a face-to-face workshop. Prior work from the Sheffield 
Elicitation Framework had provided suggestion on the number 
of experts for prior elicitation (approximately 5–8),29,30 and 
this was considered in the context of other similar applications 
in immune-mediated diseases, which had reported group sizes 
of 12–15.24,31 Therefore, initially 12 expert UK clinicians  
were approached regarding their interest in taking part in  
this face-to-face prior elicitation workshop. Eleven of these 

individuals confirmed their availability to attend. These experts 
were chosen based on their experience relating to medical man-
agement of PFCD, including contribution to relevant national 
and international projects and guidelines. All 11 experts were 
sent the structured questionnaire to complete in advance of the 
workshop, along with access to a (simplified version of) the R 
Shiny application and a short training video. The responses to 
the questionnaire were analyzed by a wider team of statisticians 
in advance of the workshop (H.Z., Z.C., G.C., C.V., and 
D.S.R.).

Statistical model
We followed the statistical methodology described in Hampson 
et al.,28 and applied in Hampson et al.31 We focused on the prior 
distributions for the probability of fistula remission at one-year 
on placebo and for each of the 7 therapy options. Full details 
of statistical model are provided (Supplementary Appendix).

Elicitation workshop
The workshop took place as a face-to-face meeting at the 
Wellcome Collection in London, United Kingdom on November 
11, 2024 (Table S2). The first part of the day focused on 
describing the aims of the workshop and reviewing current 
medical treatments and endpoints in PFCD. In addition, further 
training on Bayesian statistics for clinical research was pro-
vided, and the overall approach to prior elicitation was 
discussed.

The second part of the day focused on the formal prior elic-
itation process. The initial opinions of the individual clinical 
experts had already been established via the structured ques-
tionnaire that each had completed in advance of the elicitation 
workshop. At the workshop itself, each expert then had a 
one-to-one meeting with one of the statisticians present, during 
which the answers provided were adjusted as required to ensure 
that the prior distributions adequately reflected the experts’ 
opinions for each therapy, using the R Shiny web application 
for visualization. To reduce the possibility of a systematic learn-
ing effect in the prior elicitation, the discussion with each expert 
started with IV infliximab (as this was thought to be the therapy 
option with the most certainty around treatment effect) and 
then the other 6 therapies were randomized in order. To reduce 
the risk of experts being unduly influenced by others, 
questionnaire-related discussion of priors before the one-to-one 
meetings was not allowed to take place.

After all experts had completed their one-to-one meetings, 
the individual prior distributions for each therapy were pre-
sented to all experts as the basis for a group discussion of the 
opinions. Individuals could adjust their prior based on this 
group discussion before having their individual results 
“locked.” Consensus prior distributions were then developed 
via behavioral aggregation (collective discussion by the expert 
group on a topic rather than trying to establish a single  
unified “correct” answer) following the Sheffield Elicitation 
Framework.29,30 Moreover, there was no weighting of priors in 
this elicitation exercise, and all participating experts were con-
sidered equally “expert” for this process. These discussions 
were facilitated by 2 clinicians (N.M.N. and M.P.) and 2 stat-
isticians (H.Z. and D.S.R.). Discussions included clinical 
aspects such as what control treatment experts had in mind 
when eliciting the relative treatment benefit. Visualizations of 
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the consensus prior were created for each therapy and pre-
sented to the group (along with their interpretation) to aid 
discussion.

Analysis and aggregation of beliefs and 
uncertainties
Opinion on plausible values of p0, as well as the associated level 
of uncertainty about such values, was uniquely defined by two 
parameters of a beta distribution. Two structured questions 
(Table S2; Q1 and Q2) were designed to ascertain those param-
eters. Beta prior density curves for p0 were then visualized col-
lectively and presented to all experts. This was followed by 
reflection on individual density curves and further fine tuning. 
Consensus was reached by vote to a pair of answers to Q1 and 
Q2 that best represent the collective opinion on values of p0. 
Opinion on the relative efficacy of each therapy option against 
placebo control (θj) was modeled as a normal distribution. 
Plausible values of θj and the level of uncertainty were deter-
mined by the normal distribution’s mean and standard devia-
tion, as implied by the experts’ answers to two other questions 
(Table S2; Q3 and Q4).

For individual “prior” elicitation, priors for placebo and IV 
infliximab were developed first and then for all the remaining 
intervention options. Given the greatest experience with IV 
infliximab and placebo, it was agreed that these would likely 
be the interventions with the greatest certainty among individ-
uals for developing their “priors.” To minimize the effect of 
specific sequences, a randomized approach was taken for all 
subsequent interventions. The ordering of elicitation for each 
of the interventions after placebo and IV infliximab was ran-
domized for each individual expert. This simple randomization 
was performed using random permutations of the therapies for 
each clinical expert. After all experts had completed their 
one-to-one meetings, the individual prior distributions at this 
stage were “locked” for each therapy and were presented to 
all experts as the basis for a group discussion to allow an over-
all consensus prior to be established.

The group reconvened to share and discuss their answers 
alongside the visualization of the individual density curves for 
p0 and pj. Experts took this opportunity to communicate the 
scenarios in mind for elicitation and eventually reached a con-
sensus. The elicitation process was iterative. The established 
statistical model and the bespoke R shiny web application 
allowed quick visualization of the prior density curves, which 
facilitated the elicitation of opinion for 7 therapy options on 
the same day. A summary of the entire prior elicitation process 
is shown in Figure S2 (see online supplementary material for a 
color version of this figure).

3. Results
Eleven experts in CD attended the Bayesian prior elicitation 
workshop. Individual answers by clinical experts were com-
piled in response to a structured questionnaire covering efficacy 
of 7 medical therapy options for PFCD, with each treatment 
in comparison to placebo control.

Clinical experts had their priors for each treatment reviewed 
before the workshop and after review of the contemporary 
evidence for each treatment at the workshop. Some experts 
changed their initial answers for reasons including: (1) misin-
terpretation of some questions, (2) a deeper understanding 

developed about probability densities so experts were able to 
fine-tune their opinion expressed for certain quantities, (3) 
greater awareness and alignment of the contemporary 
evidence-based after review of the published data for each med-
ical therapy and after the initial group discussion. Individual 
priors for each medical therapy were established following 
individual one-to-one review, discussion with statisticians and 
then following group discussion an overall consensus prior was 
established for each medical treatment.

Individual prior distributions for the one-year fistula remis-
sion rate on placebo were developed (Figure 1), with a consen-
sus for the contemporary value being most likely lower than 
20%. The resulting consensus prior had a mean of 0.22, with 
probability of 90% that p0 lies between 0.05 and 0.46. This 
consensus prior was then fixed for eliciting the treatment-effect 
for each of the 7 therapeutic options.

Using the example of upadacitinib, individual prior distri-
butions for the one-year fistula remission rate on upadacitinib 
were established in comparison to placebo (Figure 2). These 
sets of opinion were diverse, suggesting various ranges of plau-
sible values among the clinicians. While there was high level 
of certainty for the placebo elicited prior for p0 that fell within 
(0.05, 0.30), there were higher levels of uncertainty for the 
probable values of treatment effect for upadacitinib. This exer-
cise was undertaken for all the remaining 6 therapeutic 
options, demonstrating varying strength of priors for each 
treatment compared to placebo, with a complete visualization 
of individual prior distributions presented (Figures S3-S8, see 
online supplementary material for a color version of these 
figures).

Consensus priors were obtained after the group discussion. 
As shown in Figure 3, the prior mean, together with a 90% 
prior credible interval, of the one-year fistula remission rate 
was 0.22 (0.05, 0.46) for placebo, 0.39 (0.06, 0.82) for adali-
mumab, 0.36 (0.04, 0.82) for anti-IL-23 specific agents, 0.44 
(0.05, 0.90) for upadacitinib, 0.34 (0.04, 0.77) for usteki-
numab, 0.58 (0.09, 0.96) for IV infliximab, 0.53 (0.09, 0.93) 
for SC infliximab, and 0.24 (0.03, 0.60) for IV vedolizumab.

Consensus priors for the log-odds ratio were also obtained 
for each of the 7 medical therapy options, demonstrating a 
potential hierarchy of likely efficacy for each of the licensed 
therapeutics (Figure 4). Priors elicited for the treatment effect 
on both the log-odds ratio scale and for one-year fistula remis-
sion rates, are summarized in Table 1.

Exploring the example of upadacitinib in more detail 
(Figure 2), the elicited prior for the efficacy of upadacitinib was 
N(1.10, 1.70^2). Breaking down this result, on average remis-
sion was expected to be about 3 (explicitly, exp(1.10)≈3) times 
more likely to be achieved for patients receiving upadacitinib 
than placebo. However, the associated uncertainty with this 
remission rate for upadacitinib was high. Specifically, 68% of 
the time, the value of the log-odds ratio fell within 1 (2) stan-
dard deviations of the mean, ie, between −0.6 and 2.8 (−2.3 
and 4.5). Putting this “prior” for upadacitinib into context, 
these figures demonstrate that the odds of remission with upa-
dacitinib could be substantially greater than placebo control 
(explicitly, exp(4.5)≈90), but it is also plausible that the odds 
for remission with upadacitinib could be similar to placebo 
control (explicitly, exp(-2.3)≈0.1).

An important additional factor is how priors can be used 
to support Bayesian sample size calculations. In this regard, 
when using this N(1.10, 1.70^2) “prior” in the design or 
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analysis of a new comparative clinical trial of upadacitinib, 
such information would be equivalent to a prior effective 
sample size (ESS) of (σ/1.70)^2. The prior ESS translates the 
information captured in the “prior” on the scale of a clinical 
trial sample size—therefore giving an indirect measure on the 
strength of the prior distribution. In a potential clinical trial, 
it may be expected that the standard error, σ, would likely 
take a value larger than 1.70, due to either a smaller trial 
sample size or high variability in the response. For illustration 
purposes, assuming σ = 3.5, the prior would have the same 
strength as if 5 patients were treated in a trial comparing 
upadacitinib versus placebo. Assuming a larger σ = 8, this 
prior would be equivalent to the data from 22 patients–helping 
to substantially lower the required sample size for any pro-
posed clinical trial. Using the priors generated from this 
study, effective sample size reduction for any potential trial 

is demonstrated (Figure S9, see online supplementary mate-
rial for a color version of this figure). A formal Bayesian 
sample size estimation using the priors elicited goes beyond 
the scope of this paper, as many additional considerations 
need to be accommodated depending on the clinical and sta-
tistical context. We refer the interested readers to further 
articles encompassing a range of methodology on sample size 
determination, covering both hybrid frequentist-Bayesian 
approaches and fully Bayesian approaches.32–34

As well as helping determine sample size and design potential 
clinical trials as “design priors,” the elicited prior could also be 
used in the analysis of a new trial as “analysis priors.” If a new 
comparative clinical trial were to enroll 80 patients, randomly 
assigned to receive upadacitinib or placebo by a 1:1 ratio, the 
prior would be updated to give a posterior distribution, 
N((0.381 + 20/σ^2*x̄)/(0.346 + 20/σ^2), 1/(0.346 + 20/σ^2)), 

Figure 1.  Individual prior distributions and a consensus prior for 1-year fistula remission rate on placebo.

https://academic.oup.com/ecco-jcc//article-lookup/doi/10.1093/ecco-jcc/jjag061#supplementary-data
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where x̄ denotes the sample mean log-odds ratio and σ the 
known standard deviation.

4. Discussion
Our study is the first Bayesian prior elicitation exercise for 
PFCD. We have established formal priors for likely efficacy 
of placebo and 7 licensed medical therapies (covering 5 dif-
ferent mechanisms of action) in PFCD. These priors were 
leveraged from existing published data and clinical expertise. 
Notably priors are not “new” efficacy data themselves but 
rather estimates which can be used to support more robust 
and accurate trial design and analysis. Clinical criteria to 
define fistula remission were selected to align with the greatest 
body of published data, therefore our findings have high 

external validity and potential utility for conduct of pragmatic 
clinical trials.

The consensus priors, especially those for θj, may be used 
to improve the design and add power to the analyses of future 
PFCD clinical trials. These priors may be particularly useful 
in the context of recent evidence about what might be consid-
ered a small, moderate or large beneficial effect of treatments 
in IBD.35 The prior elicitation exercise itself confirmed confi-
dence in IV infliximab for cases of PFCD, being consistent with 
published clinical trial data,13,36 and global clinical practice.7 
Importantly, despite an absence of clinical trial data, similarly 
high priors for likely efficacy were observed for both SC inflix-
imab and oral upadacitinib, although there was less certainty 
around these priors. These data suggest that subcutaneous 
infliximab and oral upadacitinib should perhaps be prioritized 

Figure 2.  Individual prior distributions and consensus prior for 1-year fistula remission rate on upadacitinib, in contrast to the consensus prior distribution 
on placebo.
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Figure 3.  Consensus prior for the 1-year remission rates on placebo and medical therapies.

Figure 4.  Consensus prior for the log-odds ratio of the 1-year remission rate of 7 medical therapy options compared with placebo.



8� Journal of Crohn’s and Colitis, 2026, Vol. 20, No. 5

for evaluation in clinical trials. Indeed, the high priors for 
upadacitinib would be in keeping with data to support the 
importance of the JAK-signal transducer and activator of tran-
scription (JAK-STAT) pathway in pathophysiology of PFCD.37 
Moreover, these data would also be consistent with emerging 
clinical data to support the promising role of upadacitinib for 
the treatment of PFCD via inhibition of this JAK-STAT 
pathway.11,38

At the time of the workshop, there was only one anti-IL-23 
specific p19 agents licensed for use in Crohn’s disease in the 
UK (risankizumab). However, the consensus group were 
acutely aware of two further anti-IL-23 specific p19 agents due 
to be licensed for CD in the near future (mirikizumab and 
guselkumab). Therefore, a consensus prior was established 
across anti-IL-23 specific p19 agents. This is particularly note-
worthy given that there is a dedicated placebo-controlled PFCD 
trial that has completed recruitment and awaiting reporting for 
use of guselkumab (FUZION trial; NCT05347095). The find-
ings demonstrated from the FUZION trial will be helpful to 
compare with the prior established for anti-IL-23 specific p19 
agents, and the results could help to inform future updates to 
this specific prior result as well.

Putting our results into context of the known literature, there 
have been several attempts to meta-analyze the effects of both 
placebo and medical treatments in PFCD. These have all high-
lighted the high heterogeneity between studies, with the major-
ity of data obtained from exploratory post-hoc analyses of 
clinical trials in luminal CD.12,39,40 Reliance on post-hoc anal-
yses is particularly problematic given that there is; no preser-
vation of randomization between intervention arms, small 
numbers of included patients with PFCD, the trials themselves 
being designed for luminal CD outcomes, resulting in minimal 
and often sparse data collected on perianal outcomes. 
Accordingly, there has remained much uncertainty about the 
efficacy of medical treatments and placebo response/remission 
rates in PFCD.

With regards to application of Bayesian statistics to a clinical 
trial in IBD, this was first performed for the evaluation of 
secukinumab in CD.41 Although, secukinumab was not shown 
to be effective in CD, the use of Bayesian historical controls 
enabled investigators to get to this answer sooner, and with 
fewer patients randomized to placebo control than would oth-
erwise have been the case. More recently, there was a single-arm 
triple combination therapy trial of vedolizumab, adalimumab, 

and methotrexate in luminal CD, the EXPLORER trial.42 In 
EXPLORER, priors were selected for each of the treatments 
as monotherapy and for placebo, based on aggregate-data 
meta-analyses. These priors were developed as part of a 
post-hoc Bayesian analysis and demonstrated that triple com-
bination therapy might be more effective than any of the treat-
ments as monotherapy, with high probability of efficacy over 
placebo. However, once again considering the pitfalls of 
post-hoc analyses, it has been widely accepted that future appli-
cations in CD should formally develop “priors” before any 
clinical trial in order to undertake a priori Bayesian 
analyses–helping to maximize robustness and confidence in 
trial results.43

Our study has several strengths. We have conducted the first 
formal Bayesian prior elicitation exercise for PFCD, and we 
believe that this is also the first such exercise in the field of IBD. 
Additionally, while previous Bayesian prior elicitation exercises 
in other IMIDs have sought to investigate one intervention 
against a control,24,31 we have developed formal consensus pri-
ors for 7 therapeutic interventions and placebo, from one prior 
elicitation workshop. A key strength of the prior elicitation 
process and from combining both published literature and 
expert consensus, was that heterogeneity between studies could 
be accounted for. Notably, standard of care alongside “placebo 
control” was taken into account, as clinicians were asked to 
estimate priors based on maximal likely efficacy of medical 
therapies, including factors such as antibiotic use, dietary opti-
mization, and removal of seton sutures. One of the key 
strengths of these generated priors is that they have been able 
to go beyond post-hoc analyses from RCTs in relatively narrow 
populations, to also consider data from more broad 
“real-world” cohorts as well as leveraging the considerable 
expertise and experience of the prior elicitation group. 
Therefore, these findings should have potentially much greater 
utility for designing and analyzing clinical trials compared to 
other techniques such as using point estimates generated from 
meta-analyses of RCT sub-groups. These results have poten-
tially important implications to inform the design and conduct 
of future clinical trials in PFCD,44 and support implementation 
of a potential Bayesian framework to speed up the efficiency 
of such trials.45 Notably, the prior established for placebo might 
allow reduction or perhaps even negate the need for placebo 
control arms in PFCD clinical trials. This work is especially 
pertinent, given recent guidance from the United States Food 
and Drug Administration encouraging use of Bayesian statistics 
to speed up the rate at which answers can be obtained from 
clinical trials.46

Our study also has limitations. First, given the high level 
of patient heterogeneity it has been difficult for PFCD trials 
to establish a single “standard of care.” For this study “opti-
mal” standard of care was assumed for the generation of each 
medication “prior.” It is likely that other factors such as anti-
biotic use/duration, concomitant immunomodulator use/
duration, dietary optimization, timing of seton removal and 
many other factors may also play a role. However, these addi-
tional factors, typically referred to as “intercurrent events” 
would also be present in any potential clinical trial of PFCD. 
After detailed consideration of different subtypes of disease, 
clinical consensus was reached to focus on developing “pri-
ors” for PFCD overall and not for each of the distinct classi-
fication subtypes of PFCD.47,48 Importantly, it was felt, that 
these findings could potentially be extended or validated in 

Table 1.  Quantitative summary of consensus priors for the 1-year 
remission rates on placebo and medical therapies, including for the 
log-odds ratio.

Prior mean (90% 
credible interval) for p0

Prior distribution

Placebo 0.22 (0.05, 0.46) Beta (2.16, 7.57)

Prior mean (90% 
credible interval) for pj

Prior 
distribution for θj

IV infliximab 0.58 (0.09, 0.96) N (1.90, 2.202)
Adalimumab 0.39 (0.06, 0.82) N (0.83, 0.972)
SC infliximab 0.53 (0.09, 0.93) N (1.60, 1.552)
IV vedolizumab 0.24 (0.03, 0.60) N (0, 0.642)
Upadacitinib 0.44 (0.05, 0.90) N (1.10, 1.702)
Ustekinumab 0.34 (0.04, 0.77) N (0.53, 1.042)
Anti-IL-23 0.36 (0.04, 0.82) N (0.62, 1.412)
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future to distinct fistula classification subtypes. Moreover, 
there has been an appropriate increasing focus in recent years 
on quality-of-life measures,49 and radiological measures of 
outcome in PFCD.50 When selecting the outcome measure for 
this prior elicitation exercise, we opted for the outcome mea-
sure most commonly reported for medical therapies in the 
field, supported by recent meta-analysis data and being con-
sistent with recent guidance for suggested clinical trial out-
comes in patients with PFCD.27 Therefore, it is anticipated 
that the findings from this study would have high external 
validity and applicability to clinical settings around the world. 
Given the relatively intense nature of the elicitation process, 
including workload both prior to and after the face-to-face 
workshop, this was conducted in the United Kingdom but 
with experts from multiple and diverse centers. Future work 
could seek to validate these findings internationally, including 
using composite measures and/or imaging-based evaluation 
using magnetic resonance imaging (MRI). We would encour-
age any potential future studies to report on group size and 
composition to support any future methodological work 
examining impact this may have on prior elicited findings. 
For the methodological process of this elicitation exercise, all 
clinicians established a prior for placebo and IV infliximab 
first, followed by all the remaining options—with random-
ization to different sequences for each individual. However, 
priors could have been established for other newer treatments 
first. It is possible that the ordering or sequence of treatments 
could have impacted on the findings. Although, the potential 
impact of elicitation sequence was mitigated by randomizing 
the ordering of prior elicitations for each individual expert.

It is well-recognized that medical treatment is just one 
aspect of PFCD management. There are many other crucial 
aspects which align with the principles of wound healing, 
including adequacy and timing of surgical management. Just 
as there is an unmet need for research of medical therapies, 
there is similarly a need to establish greater evidence around 
surgical interventions in PFCD. This study provides a tem-
plate for any similar such prior elicitation exercise to be 
conducted to establish priors for “efficacy of surgical inter-
ventions” and to design dedicated surgical PFCD trials. 
Moreover, this exercise underscores the fact that currently 
licensed medical therapies may only offer partial benefit for 
patients, and that there remains a clear need for novel treat-
ments and approaches in PFCD.51 Indeed, with the availabil-
ity of new licensed therapeutics in CD or with novel data 
generated for currently licensed therapeutics, updating and/
or generating new priors could help to maintain the utility 
of these estimates to inform design and analysis for PFCD 
clinical trials.

In summary, despite being a major area of unmet clinical 
need, there is a paucity of evidence for medical therapies in 
PFCD and a lack of dedicated clinical trials. The results from 
this study may better inform the design, conduct, and analysis 
of phenotype-specific PFCD trials. The “priors” we generated 
have multiple potential benefits, including prioritizing inter-
ventions for clinical evaluation, enabling the incorporation of 
relevant information from external sources, supporting sample 
size determination, and potentially reducing the need for pla-
cebo control in future dedicated PFCD clinical trials. These 
findings and the methodology used also have major potential 
to be applied across the field to support greater adoption of 
Bayesian clinical trials in IBD.
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