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Abstract

Background and Aims: Minimisation of the placebo responses in randomised controlled trials
[RCTs] is essential for efficient evaluation of new interventions. Placebo rates have been high in
ulcerative colitis [UC] clinical trials, and factors influencing this are poorly understood. We quantify
placebo response and remission rates in UC RCTs and identify trial design factors influencing them.
Methods: MEDLINE, EMBASE, and the Cochrane Library were searched from inception through
April 2014 for placebo-controlled trials in adult patients with UC of a biological agent, corticosteroid,
immunosuppressant, or aminosalicylate. Data were independently doubly extracted. Quality was
assessed using the Cochrane risk of bias tool.

Results: In all, 51 trials [48 induction and 10 maintenance phases] were identified. Placebo
response and remission rates were pooled according to random-effects models, and mixed-effects
meta-regression models were used to evaluate effects of study-level characteristics on these rates.
Pooled estimates of placebo remission and response rates for induction trials were 10% (95%
confidence interval [Cl] 7-13%) and 33% [95% CI 29-37%], respectively. Corresponding values for
maintenance trials were 19% [95% Cl 11-30%] and 22% [95% CI 17-28%]. Trials enrolling patients
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with more active disease confirmed by endoscopy [endoscopy subscore > 2] were associated
with lower placebo rates. Conversely, placebo rates increased with increasing trial duration and

number of study visits.

Conclusions: Objective assessment of greater disease activity at trial entry by endoscopy lowered
placebo rates, whereas increasing trial duration and more interactions with healthcare providers
increased placebo rates. These findings have important implications for design and conduct of

clinical trials.

Keywords: RCT, randomised controlled trial; DAI, Disease Activity Index; UC, ulcerative colitis; MCS, Mayo Clinic Score

1. Introduction

Over the past 60 years, the randomised controlled trial [RCT] has
undergone continuous evolution and refinement as a gold standard
for evaluating the efficacy of new treatments. An increased under-
standing of the placebo response has been an integral part of this
process. Determinants of the placebo response include natural vari-
ation in underlying disease, regression towards the mean, and the
‘true’ placebo effect ! which is likely attributable to interrelated
environmental and psychosocial factors.? In clinical trials, these fac-
tors include patient expectations of treatment benefits, the response
to observation and assessment [Hawthorne effect], the response to
administration of a therapeutic ritual, the patient-physician relation-
ship, and intrinsic features of trial design. ** In the context of drug
development, minimising the placebo response optimises the capac-
ity to detect differences between active drug and placebo [assay sen-
sitivity] and allows for the conduct of more efficient trials. Thus,
identification of determinants of the placebo response is critical to
trial design.

Randomised controlled trials in ulcerative colitis [UC] have
shown heterogeneous and often large placebo response rates that
may have prevented identification of effective therapies. A previ-
ous meta-analysis conducted by Su and colleagues identified several
design features that influenced the placebo response.’ However, this
study was conducted over a decade ago, before the modern-day era
of biological therapies for inflammatory bowel disease, and included
many trials that used outcome measures that are no longer considered
appropriate. Identifying trial design criteria capable of consistently
yielding predictable and low placebo rates increases the potential for
more efficient trials. Based on these considerations, we conducted a
meta-analysis to estimate placebo response and remission rates in
both induction and maintenance phases of UC trials that included
endoscopic evaluation of disease activity, using either the Disease
Activity Index ¢ or the nearly identical Mayo Score 7 for enrolment
and outcome assessment. A meta-regression was conducted to iden-
tify trial design features that affected the placebo response.

2. Methods

2.1. Data sources

We searched MEDLINE [1948-April 2014], EMBASE [1947
May 2014], the Cochrane Central Register of Controlled Trials
[2014], and the Cochrane Inflammatory Bowel Disease/Functional
Bowel Disorders review group specialised trials register, without lan-
guage restriction from inception to May 2014. The search strategies
are reported in Table S1, available as Supplementary data at ECCO-
JCC online. Citations and abstracts for potentially relevant studies
were selected and screened, and complete manuscripts were retrieved
for assessment of eligibility. Abstracts from conference proceedings

[Digestive Disease Week and United European Gastroenterology
Week; 2012-2014] and bibliographies of relevant studies, review
articles, and meta-analyses were hand-searched to identify addi-
tional studies.

2.2. Study selection

Eligible studies were RCTs fulfilling the following criteria: [1] a pla-
cebo-controlled trial in adult patients with UC of either a biological
agent, corticosteroid, immunosuppressant, or aminosalicylate; [2]
use of the Disease Activity Index ¢ or the nearly identical Mayo [or
modified Mayo] Clinic Score 7* as enrolment criteria and for the
assessment of clinical response and/or remission; [3] duration of at
least 2 weeks for induction, and 4 months for maintenance of remis-
sion trials. Trials of probiotics, antibiotics, complementary therapies,
or devices were excluded as were trials of hospitalised patients with
severe UC.

7

The Mayo Clinic score 7 and the Disease Activity Index ¢ are
12-point scales incorporating four components of disease activity:
stool frequency, rectal bleeding, mucosal appearance of the sig-
moid colon on sigmoidoscopy, and physician’s global assessment.
Although slight differences exist in the definitions used in these two
instruments, they are sufficiently similar to be considered equivalent.
Trials using modifications of the Mayo score [eg Modified Mayo
Disease Activity Index]| were also eligible for inclusion. We refer to
either score collectively as the Ulcerative Colitis Disease Activity
Index [UCDAI] in this paper.

2.3. Data extraction and quality assessment

Articles were independently assessed by pairs of investigators using
pre-defined eligibility criteria. Disagreement between investigators
was resolved by consensus. All data were extracted independently in
duplicate into a Microsoft Excel spreadsheet [XP professional edi-
tion; Microsoft Corp., Redmond, WA, USA|. Outcomes extracted
included the proportion of patients with clinical response and remis-
sion, corticosteroid- free remission, mucosal healing, and histologi-
cal remission, when available.

Additional features extracted were: [a] trial design and participant
characteristics (number of treatment arms, trial development phase,
year of publication, study location[s], first author nationality, number
of participants, study duration, number of follow-up visits, frequency
of follow-up visits, number of participants analysed, percentage of
post- randomisation drop-outs, age, gender ratio); [b] type of inter-
vention [drug class, concomitant therapy, dose, route of administra-
tion, frequency of administration, ratio of active drug to placebo];
[c] criteria for enrolment and outcome assessment [minimum UCDALI
score for inclusion; UCDAI-based definitions of response and remis-
sion]; [d] disease severity and duration [baseline C-reactive protein
[CRP] and calprotectin, disease distribution, and disease duration].
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The Cochrane Collaboration risk of bias tool was used to assess
the methodological quality of the studies included.'® Two independ-
ent investigators assessed the risk of bias and disagreements were
resolved by discussion.

2.4. Data synthesis and analysis
Placebo response and remission rates were pooled, overall and
separately, for induction and maintenance phases of trials, using a
random-effects model for rates on the logit scale. These were pooled
separately to reflect the two common methods of trial design. A ran-
dom-effects model was chosen to account for both between- and
within-study variability. Point estimates and associated 95% con-
fidence intervals [Cls] were converted back to the original scale.
Mixed-effects meta-regression analyses with logits of event rates as
outcome variables were used to assess the effect of each study-level
characteristic on placebo rates.” Clinical judgement and previously
identified predictors of placebo response were used to establish fac-
tors for inclusion in the meta-regression.!® A multivariable meta-
regression analysis was not performed due to the limited number of
studies and co-linearity between study-level characteristics.
Potential sources of clinical heterogeneity were evaluated by con-
structing stratum-specific rates of placebo response and remission
for various patient and trial-level covariates. Statistical heteroge-
neity within these strata was quantified using I? and Q-test statis-
tics.>!" A value below 50% represents lower levels of heterogeneity.'
Potential publication bias related to placebo rates”!'>!* was exam-
ined using funnel plots constructed by plotting the log odds ratio
against the standard error, to emphasise differences between studies
of smaller size within which biases are most likely to operate.
Cumulative meta-analysis was also conducted by date of publica-
tion in order to provide an assessment of pooled placebo rates over
time."”> Cumulative meta-analysis and its graphical representation
were calculated and interpreted using a Bayesian approach whereby
the next study continually updates the previous distribution, such
that the last posterior distribution becomes the next prior distribu-
tion. All analyses were performed using Metafor package'¢ for R
version 3.1.1.77

3. Results

3.1. Search results

The search yielded 7588 citations of which 3605 were duplicates
and removed [Figure S1, available as Supplementary data at ECCO-
JCC online]. Of the remaining 3983 records screened, 227 full-text
articles were selected and reviewed for eligibility. Of these, 77 articles
reported 51 trials eligible for data extraction, including 48 induction
and 9 maintenance phase studies. For the 48 induction phase®7%19-¢0
trials containing 3043 participants randomised to placebo, response
rates were evaluable in 43 trials and remission rates in 40 trials.
For the 9 maintenance phase trials $20:26:50:55:616263 containing 1019
participants randomised to placebo [range 34-260], response rates
were evaluable in § trials and remission rates in 8 trials. Given the
small number of maintenance trials, meta-regression to identify fac-
tors modulating the placebo response was only feasible for induction
trials.

3.2. Description of included studies

Study characteristics and definitions used for response or remission
are shown in Table S2, available as Supplementary data at ECCO-
JCC online. For induction trials, the mean age of participants

enrolled was 40.8 years [range 30-50 years], mean placebo sample
size was 66 [range 5-331], and the number of centres ranged from 1
to 217. Length of follow-up ranged from 2 to 24 weeks. The major-
ity of induction studies were designed as stand-alone [70%], phase 3
[63%], multicentre/multinational [65%], biological therapy [47%]
trials with a first author from a North American centre [56%].

For maintenance trials, the mean age of participants was
40.6 years [range 37.3-46 years], the mean placebo sample size was
113 [range 34-260], the number of centres ranged from 9 to 251 and
the majority investigated biological therapies [6/10; 60%]. Length of
follow-up ranged from 12 to 96 weeks.

3.3. Pooled placebo remission and response rates

for induction and maintenance trials

For induction trials, the pooled placebo remission rate was 10%
[95% CI 7-13%; range 1-49%] and the pooled placebo response
rate was 33% [95% CI 28-38%; range 6-92%]. Significant het-
erogeneity was observed among trials [I? = 78.3%, p < 0.001]
[Figure 1a, b; Table 1]. For maintenance trials, the pooled placebo
remission rate was 19% [95% CI 11-30%; range 9-58%] and the
pooled placebo response rate was 22% [95% CI 17-28%; range
16-31%] [Figure 1c, d]; some heterogeneity was also demonstrated
amongs these trials [I? = 64.6%, p = 0.02].

3.4. Determinants of the placebo remission rate in
induction trials

3.4.1. Participant- and disease-related characteristics

Studies using an endoscopy subscore > 1 for study entry were asso-
ciated with a higher pooled placebo remission rate compared with
studies using a more stringent criterion of endoscopy subscore > 2
(25% vs 12%; odds ratio [OR] 2.44, 95% CI 1.16-5.15, p = 0.019]
[Tables 1 and 2]. Inclusion of an improvement in the endoscopy
subscore in the definition of remission was associated with a non-
significant reduction in the placebo remission rate [10% vs 14%;
OR 0.65, 95% CI 0.37-1.15; p = 0.133]. No significant differences
were observed for the pooled placebo remission rates according to
the requirement for a minimum rectal bleeding subscore for study
entry [required vs not required], study-defined disease severity [mild-
moderate vs moderate-severe|, composite UCDAI score for trial eli-
gibility [> 6 vs < 6], duration of follow-up [< 8 weeks vs > 8 weeks]
or date of publication [before 2005 vs after 2005].

3.4.2. Trial design

An increasing length of follow-up was associated with a significant
increase in the pooled placebo remission rate in induction trials
[OR 1.05, 95% CI 1.00-1.09, p = 0.039; per 1-week increment].
A greater number of follow-up visits was also associated with an
increase in the placebo remission rate [OR 1.13,95% CI 0.9-1.30,
p = 0.07]. Year of publication had no impact on the placebo remis-
sion rate [before 2005 vs after 2005]. There was no difference in
the placebo remission rate according to continent of origin [OR
1.07,95% CI10.58-1.98, p = 0.83 for trials from Europe; OR 1.90,
95% CI 0.68-5.31, p = 0.22 for trials from other continent; base-
line comparator for both trials originating from North America]

3.4.3. Class of drug

Pooled remission rates according to class of drug class ranged from
5% to 18% [Table 1]. The lowest placebo remission rate [5%; 95%
CI 2-11%; I> = 0.166] was observed for trials of corticosteroids
whereas the highest placebo remission rate [18%; 95% CI 12-24%;


http://ecco-jcc.oxfordjournals.org/lookup/suppl/doi:10.1093/ecco-jcc/jjw004/-/DC1
http://ecco-jcc.oxfordjournals.org/lookup/suppl/doi:10.1093/ecco-jcc/jjw004/-/DC1
http://ecco-jcc.oxfordjournals.org/lookup/suppl/doi:10.1093/ecco-jcc/jjw004/-/DC1
http://ecco-jcc.oxfordjournals.org/lookup/suppl/doi:10.1093/ecco-jcc/jjw004/-/DC1

610

V. Jairath et al.

Study

Remission (95% CI)

Leiper, 2011 I} =
Feagan, 2013 | H—
Feagan, 2005 !
Feagan, 2000 -

Reinisch, 2011 |
van Assche, 2006 !
Probert, 2003 \
Sandborn, 2012 !
Rutgeerts, 2005 :
Rutgeerts, 2005

2,0.54
3,0.10
8,0.25
0,0.50
,0.16

Rutgeerts, 2013

Rutgeerts, 2013
Vermeire, 2014
Mayer, 2014
Sands, 2012 !
Danese, 2014 :|-l—|
Vermeire, 2014
Sandborn, 2014 D -
Kamm, 2007 !
Lichtenstein, 2007 !
Marteau, 2005
Scherl, 2009
Sninsky, 1991
Schroeder, 1987 _—
Watanabe, 2013 P
Williams, 1987 I——
Travis, 2014 —

Feagan, 2013
Sandborn, 2012
Lewis, 2008
Schreiber, 2007 |
Oren, 1996
Sandborn, 1994
Nikolaus, 2003

Ogata, 2006
Ogata, 2012
Sandborn, 2012
Sandborn, 2012
Sandborn, 2003
Steinhart, 1996

PP WRNO AN, RORPOLNWNADRONNNOOWWWORN R nC

MbhuhibhoarrrVowivRrRrLARMWRIVERERI VRO ARN R, WLDE

vvvft\\l&\@é DA AR RAC A :5983:3838:5$$vavv =

=i=lejsjejelejejejejelisliciii=i=i=lelelelelolelelele ool

o
j=2
W

.0
.0
.0
.0
.0
.0
1
.0
1
.0
.0
.0
.0
.0
A1
.0
.0
.0
A1
.0
2
1
.0
.0
1
.0
.0
1
.0
.0
.0
3
.0
.0
.0
.0
A1
.0

4,023
.03,0.28
0.05, 0.39

EEEEEEEEEEEREEEEEEEEEEREEEEREEEEEEEREEEEEEREREREEREE

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

RE Model

0.10 (0.07, 0.13)

[ [
020  0.40

Remission

= 0.005] was observed for trials of aminosalicylates [18%; 95%
CI 12-24%; 1> = 0.005]. Aminosalicylate trials were associated with
an increase in the placebo remission rate [OR 3.83, 95% CI 1.16-
12.62, p = 0.027; baseline comparator corticosteroids] as were
immunosuppressant trials [OR 3.94,95% CI 0.89-17.38,p = 0.071;
baseline comparator corticosteroids]. Randomisation ratio had no
impact on the placebo remission rate.

3.5. Determinants of placebo response rate in
induction trials

3.5.1. Participant and disease-related characteristics

Disease duration > 5 years before enrolment was associated with
a significantly lower placebo response rate compared with disease
duration < 5 years [33% vs 47%, respectively; OR 0.54, 95% CI
0.32-0.92, p = 0.020] [Tables 1 and 2]. Studies using an endoscopy
subscore > 1 for study entry were associated with a higher pla-
cebo response rate compared with studies using a more stringent
entry criterion of endoscopy subscore > 2 [46% vs 34%; OR 1.635,
95% CI 0.93-2.94, p = 0.086]. No differences were observed for
the pooled placebo response rates according to requirement for

[ |
0.60  0.80

a minimum rectal bleeding subscore for study entry [required vs
not required], study-defined clinical disease severity [mild-moder-
ate vs moderate-severe], duration of follow-up [< 8 weeks vs > 8
weeks], date of publication [before 2005 vs after 2005], composite
UCDALI score for trial eligibility [> 6 vs < 6] or the time point for
the outcome measure of response [> 6 weeks vs < 6 weeks| [Tables
1 and 2].

3.5.2. Trial design and setting

A higher pooled placebo response rate was observed in multicentre
multinational induction trials compared with multicentre single-
country induction trials [35% vs 26%, respectively; OR 1.59, 95%
CI 1.01-2.51, p = 0.047] [Tables 1 and 2]. No significant differences
in placebo response rates were observed between integrated induction/
maintenance trials compared with stand-alone induction trials [30%
vs 35%; OR 0.75, 95% CI 0.48-1.16, p = 0.193], induction trials
published before or after 2005 [33% for both time periods; OR 0.99,
95% CI 0.65-1.50, p = 0.947], or according to number of follow-up
visits [OR 1.05,95% CI 0.94-1.17 per visit increment], or duration of
follow-up [OR 1.02,95% CI 0.97-1.06 per 1-week increment].
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3.5.3. Class of drug

Pooled placebo response rates according to class of drug ranged
from 19% to 36% [Table 1]. The lowest placebo response rate
[19%; 95% CI1 7-43%; 1> =
nosuppressants, whereas the highest placebo response rate [36%;
95% CI 31-40%; 1> < 0.001] was observed for trials of biologi-
cal drugs. Trials of orally administered agents had the lowest pla-
cebo response rate [28%; OR 0.66, 95% CI 0.33-1.03] compared
with trials of topically administered agents which had the highest
placebo response rate [39%; 95% CI 27-53%; p = 0.065 for the
comparison]. A randomisation ratio of active drug to placebo of >
1 had no impact on the placebo response rate [OR 1.01, 95% CI
0.68-1.50, p = 0.97] although the limited number of studies using
asymmetrical allocation limited our ability to detect such an effect.

0.037] was observed for trials of immu-

3.6. Time trends in the placebo rates

Cumulative meta-analysis demonstrated a consistent increase in the
placebo remission rate from 1987 to 2007 [from 5% to 14%] and
remained constant [12% to 14%] through 2014 [Supplementary
Figure 2, available as Supplementary data at ECCO-JCC online ].
Placebo response rates increased from 1987 to 2007 [from 13%
to 33%], after which these rates remained constant [32% to 34%
through 2014] [Supplementary Figure 3, available as Supplementary
data at ECCO-JCC online, |.

3.7. Sources of heterogeneity and risk of bias

Heterogeneity among strata of relevant study features was
slightly less evident in studies that were single-centre, used an
integrated induction and maintenance trial design, evaluated
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Figure 1. a. Forest plot of pooled placebo remission rates for induction trials. B. Forest plot of pooled placebo response rates for induction trials. c. Forest plot

of pooled placebo remission rates for maintenance trials. d. Forest plot of pooled placebo response rates for maintenance trials.

an immunosuppressant or subcutaneously administered drug,
enrolled patients with disease duration < 5 years, and followed

patients for > 8 weeks [Table 1]. Risk of bias for induction ECCO-JCC online].

studies was assessed as low or unclear for most parameters stud-
ied [Supplementary Table 3, available as Supplementary data at
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Table 1. Stratum-specific placebo rates in induction trials.

Response Remission

Trials N Pooled rate % [95% CI] I? p-value Trials N Pooled rate [95% CI] I p-value
All trials 43 33 [29-37] <0.001 40 12 [9-15] <0.001
Setting
Multicentre, single country 14 26 [18-35] <0.001 13 11 [6-19] < 0.001
Multicentre, multinational 29 36 [31-41] <0.001 24 12 [9-16] < 0.001
Single-centre 3 22 [8-45] 0.06 3 6 [2-16] 0.7
Design
Stand-alone induction 35 35 [29-40] <0.001 30 11 [8-15] < 0.001
Induction and maintenance 10 30 [26-35] 0.021 10 13 [8-22] <0.001
First author country
North America 25 32 [27-37] <0.001 21 11 [8-15] <0.001
Europe 17 38 [31-46] <0.001 15 12 [7-18] <0.001
Other 2 12 [5-24] 0.67 4 14 [3-45] <0.001
Drug class
Corticosteroid 2 23 [19-29] 1.00 2 5 2-11] 0.166
Aminosalicylate 13 32 [20-47] < 0.001 9 18 [12-24] 0.005
Immunosuppressant 4 19 [7-43] 0.037 4 10 [2-41] < 0.001
Biological 22 36 [31-40] <0.001 22 12 [9-15] < 0.001
Other N 34 [25-44) 0.264 3 7 [3-18] 0.142
Route of administration
Topical 9 39 [27-53] <0.001 5 18 [9-31] 0.044
Oral 17 28 [22-34] < 0.001 15 11 [6-18] < 0.001
Intravenous 13 37 [29-45] <0.001 13 13 [09-18] <0.003
Subcutaneous 7 35 [29-41] 0.032 7 8 [6-10] 0.49
Disease severity on entry
Mild-moderate 21 32 [25-39] <0.001 16 10 [7-17] < 0.001
Moderate-severe 24 34 [29-40] <0.001 24 0.12 [9-17] < 0.001
Disease duration on entry
< 5 years 6 47 [37-57] 0.05 8 20 [16-25] 0.300
> S years 29 33 [28-38] <0.001 28 11 [8-15] <0.001
Inclusion criteria
Minimum total score > 6 17 35 [29-40] < 0.001 18 13 [9-19] < 0.001
Minimum total score < 6 22 35 [29-41] <0.001 18 12 [9-17] < 0.001
Endoscopy subscore for inclusion
>2 21 34 [30-39] <0.001 22 12 [9-16] < 0.001
>1 5 46 [31-61] 0.02 4 25 [11-48] < 0.001
Not stated 17 29 [21-39] <0.001 13 7 [5-10] 0.370
Bleeding subscore for inclusion
Yes 8 38 [30-47] <0.001 8 18 [12-25] 0.002
No/not stated 35 32 [27-36] <0.001 32 10 [8-14] <0.001
Duration of follow-up
< 8 weeks 36 33 [28-39] <0.001 32 11 [9-14] <0.001
> 8weeks 7 33 [27-40] 0.064 8 13 [9-16] <0.001
Number of follow-up visits
<3 17 32 [23-45] < 0.001 12 11 [7-19] <0.001
>3 25 34 [30-38] <0.001 24 12 [9-16] <0.001
Publication date
Before 2005 15 33 [23-44] < 0.001 12 14 [7-23] < 0.001
After 2005 28 33 [29-37] <0.001 28 11 [9-14] <0.001
Time point to measure remission
< 6 weeks 16 31 [22-42] < 0.001 18 11 [7-17] < 0.001
> 6weeks 20 35[30-39] <0.001 20 11 [8-15] <0.001
Improvement in endoscopy subscore required for definition
Yes 19 32 [27-37] <0.001 20 0.10 [7-14] <0.001
No 24 35 [28-43] <0.001 20 0.14 [9-21] < 0.001
Improvement in bleeding subscore required for definition
Yes 9 30 [21-39] <0.001 9 14 [10-20] <0.001
No 34 34 [29-39] <0.001 31 11 [8-15] < 0.001

CI, confidence interval.
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Table 2. Univariable meta-regression analysis of factors contributing to placebo response and remission rates in induction trials.

Study characteristic Response Remission

Odds ratio [95% CI] p-Value Odds ratio [95% CI] p-Value
Trial setting
Multicentre single-country 1.0 - 1.0 -
Multicentre, multinational 1.59 [1.01-2.51] 0.047 1.17 [0.58-2.34] 0.664
Single centre 0.80[0.30-2.12] 0.667 0.57[0.12-2.76] 0.488
Trial design
Stand-alone induction vs induction and maintenance trial 0.75[0.48-1.16] 0.193 1.26 [0.67-2.38] 0.475
First author country
North America 1.0 - 1.0 -
Europe 1.30 [0.89-1.90] 0.165 1.07 [0.58-1.98] 0.83
Other 0.28 [0.09-0.86] 0.026 1.90 [0.68-5.31] 0.22
Class of drug
Corticosteroid 1.0 - 1.0 -
Aminosalicylate 1.57 [0.66-3.70] 0.306 3.83 [1.16-12.62] 0.027
Immunosuppressant 0.84 [0.26-2.70] 0.766 3.9410.89-17.38] 0.071
Biological 1.83 [0.81-4.16] 0.147 2.49[0.80-7.72] 0.115
Other 1.69 [0.64-4.48] 0.292 1.4710.32-6.69] 0.618
Route of administration
Topical 1.0 1.0 -
Oral 0.66 [0.33-1.03] 0.065 0.66 [0.26-1.68] 0.382
Intravenous 0.89 [0.49-1.62] 0.710 0.70 [0.27-1.85] 0.477
Subcutaneous 0.81[0.42-1.59] 0.550 0.39[0.13-1.14] 0.086
Disease severity at inclusion
Moderate-severe vs mild-moderate 1.10 [0.75-1.62] 0.624 1.06 [0.59-1.92] 0.847
Disease duration before enrolment
> 5 years vs < 5 years 0.54 [0.32-0.92] 0.02 0.60 [0.30-1.23] 0.17
Inclusion criteria
Minimum entry score < 6 vs minimum entry score > 6 1.02 [0.71-1.47] 0.888 0.89 [0.49-1.62] 0.712
Endoscopy subscore for entry
>2 1.0 - 1.0 -
>1 1.65 [0.93-2.94] 0.086 2.44 [1.16-5.15] 0.019
Not stated 0.7710.52-1.13] 0.178 0.53[0.29-0.98] 0.042
Bleeding subscore for entry
[No/not stated vs Yes] 0.74 [0.47-1.15] 0.181 0.58 [0.30-1.11] 0.102
Duration of follow-up
> 8 weeks vs <8 weeks 0.93[0.56-1.55] 0.79 1.43 [0.70-2.92] 0.321
Number of follow-up visits
>3vs<3 1.04 [0.69-1.57] 0.8310 1.08 [0.55-2.12] 0.8236
Publication date 0.99 [0.65-1.50] 0.9468 0.72[0.38-1.35] 0.3047
After 2005 vs before 2005
Improvement in endoscopy subscore required for definition
No vs Yes 1.19 [0.80-1.75] 0.3870 1.54 [0.87-2.70] 0.1332
Time point to measure response
> 6 weeks vs < 6 weeks 1.11 [0.72-1.69] 0.6338 - -
Improvement in bleeding subscore required for definition
No vs Yes 1.21[0.76-1.92] 0.4123 0.86 [0.44-1.67] 0.655
Number of follow-up visits
[per 1-visit increment] 1.05[0.94-1.17] 0.412 1.13[0.99-1.30] 0.071
Duration of follow-up
[per 1-week increment] 1.02 [0.97-1.06] 0.528 1.05 [1.00-1.09] 0.039
Screening visits
Yes vs No 1.12 [0.75-0.66] 0.6 0.95[0.53-1.72] 0.9
Number of trial centres
per 1-centre increment 1.00 [1.00-1.03] 0.728 1.00 [0.99-1.00] 0.304
Publication year
per 1=year increment 1.02 [0.99-1.04] 0.172 0.99 [0.95-1.04] 0.778
Extensive disease/pancolitis
>30% vs < 30% 1.01 [0.69-1.47] 0.969 1.23 [0.64-2.36] 0.532
Concurrent steroid
Yes vs No 0.88 [0.59-1.32] 0.539 1.13 [0.63-2.05] 0.683




Placebo Rates in Ulcerative Colitis Trials 615
Table 2. Continued
Study characteristic Response Remission

Odds ratio [95% CI] p-Value Odds ratio [95% CI] p-Value
Concurrent immunomodulator 0.575
Yes vs No 0.79 [0.53-1.16] 0.222 1.18 [0.66-2.10]
Ratio of active drug
Placebo > 1vs <1 1.01 [0.68-1.50] 0.972 0.91 [0.49-1.67] 0.757
Primary time point to measure endpoint
[per 1-week increment] 1.00 [0.91-1.10] 0.955 1.01 [0.89-1.16] 0.844

CI, confidence interval.

3.8 Publication bias

The regression test for funnel plot asymmetry demonstrated that
the risk of publication bias was significant [z = -3.40, p < 0.001]
for induction trials reporting remission [Supplementary Figure 4,
available as Supplementary data at ECCO-JCC online] and low
[z = -0.31, p = 0.76] for those reporting response [Supplementary
Figure 5, available as Supplementary data at ECCO-JCC online].
The asymmetry in the former plot suggests that smaller trials with
no difference in treatment effect between intervention and placebo
for remission may have been unpublished.

4. Discussion

The response to placebo in clinical trials is a complex phenomenon
that is influenced by multiple factors including the type of interven-
tion, the method and frequency of treatment, response expectancy,
patient-provider interactions, behavioural conditioning, and the
clinical context.** Understanding the magnitude and modifiers of the
placebo response in UC trials is important to the design of efficient
clinical trials.

Our most notable finding was that trials which enrolled patients
with more active disease confirmed objectively by endoscopy
were associated with significantly lower placebo remission rates
than trials enrolling patients with less active disease [OR 2.44,
95% CI 1.16-5.15, p = 0.019 for UCDAI endoscopy subscore > 1
vs > 2]. These findings underscore the critical importance of con-
firming that patients enrolled into clinical trials not only have the
required disease, but also objective confirmation of the degree of
disease severity. Whereas clinical trials pay greater attention to the
adjudication of trial endpoints, little attention is paid to adjudicat-
ing patients enrolled into trials to ensure that they not only have
the disease under study, but also the necessary degree of severity.
The importance of this concept for drug development in UC was
highlighted in a post hoc analysis of a placebo-controlled trial of
mesalamine, where restricting the analysis of the primary outcome
to patients deemed to have sufficiently active disease at trial entry by
an independent central reader [Mayo subscore of > 2 at entry] led
to a reduction in placebo remission rates from 20.6% to 13.8%.%
Alternatively, no such relationship was identified for symptom-based
criteria such as rectal bleeding. These findings indicate that endos-
copy at study entry is a more valid tool to ensure active disease and
to improve assay sensitivity in RCTs than symptom-based trial entry
criteria. Surprisingly, we did not find a similar relationship for use of
endoscopy as an outcome measure, suggesting that definition of the
patient population by endoscopy is a dominant factor in influenc-
ing placebo rates. Consistent with these findings, the trial report-
ing a placebo remission rate of zero in this study used centralised
reading of endoscopy to confirm UCDAI endoscopy subscores of >

2 at trial entry, and to assess response to therapy.?® Similarly, two
preliminary trial reports using the same methodology have reported
remarkably low placebo remission rates; 6.2% in a phase II trial of
an oral selective sphingosine 1-phosphate [SIP] 1 and 5 receptor
modulator % and 2.7% in a phase II trial of an anti-MadCam anti-
body [PF-00547659] for moderately-severe UC.% These results have
led to the widespread use of central reading of video endoscopies
to confirm eligibility and to evaluate treatment response in RCTs of
new therapies for UC.

We also found that placebo response and remission rates varied
according to whether trials were designed as induction or mainte-
nance studies. This distinction is important for sample size calcu-
lations, since UC trials are commonly designed as either separate
induction or maintenance studies, or as integrated trials with re-ran-
domisation after an induction period. In the latter design, patients
who respond to placebo usually continue to receive placebo in the
maintenance phase of the trial—‘sham randomisation’—and are
excluded from the intent-to-treat analysis. Trials must be designed
with a sufficient number of patients entering a maintenance phase to
account for this design feature. Longer trial duration may account
for the higher placebo remission rate observed in maintenance studies
[19% vs 12% for induction studies], and be related to an increased
likelihood of spontaneous improvement of underlying disease and
regression towards the mean. When we examined the impact of
increasing trial duration as a continuous variable in the meta-regres-
sion, a 5% increase in remission rate per week of follow-up was
observed [p = 0.04]. Similarly, a 13% increase in the remission rate
was observed per extra follow-up visit [p = 0.07], which may also
be related to the positive effects of increasing patient assessment.
A study in irritable bowel syndrome [IBS] investigated which com-
ponents of the clinical encounter moderated the placebo effect and
found that positive interaction with the practitioner during follow-
up visits was the strongest predictor.’ Standardising trial assessments
is thus an important aspect of managing treatment expectations in
clinical trials and potentially reducing the response to placebo.

The influence of non-specific moderators of the placebo effect®
may be even greater when using subjective endpoints, such as
patient-reported outcomes [PROs] solely, as is the case in IBS trials.
Emerging evidence from other therapeutic areas indicate that pla-
cebo responses are more pronounced in trials in which outcomes are
measured by PROs compared with those in which they are assessed
by physicians.>¢” This is an important observation, as regulatory
agencies are in the process of re-defining endpoints for IBD trials,
and are likely to incorporate subjective PROs. Our data here, dem-
onstrating low placebo rates associated with the use of central read-
ing at trial entry and for the assessment of outcome,**6¢ combined
with evidence from other therapeutic areas such as IBS, suggest that
use of PROs alone may be associated with a risk for high placebo
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responses. It may ultimately be possible to circumvent this risk with
the use of endoscopy as an objective co-primary endpoint.

Our cumulative meta-analyses demonstrate that placebo
response and remission rates have largely remained stable between
2005 and 2014. One potential use of these new data could be to
inform previous probability distributions for placebo treatment
effects in Bayesian approaches to early trial design,®® which has
the potential to increase efficiency by reducing the number of trial
participants required. Further reductions in these rates will likely
require alternative approaches to trial design and endpoint evalua-
tion. Use of an active rather than placebo comparator in later phase
trials is one consideration. However, research in other therapeutic
areas has shown that comparative effectiveness trials paradoxically
increase the placebo effect without being able to control for it. This
phenomenon may be due to increased expectancy responses, since all
patients know they will receive an active treatment.®’

Clinical and methodological differences among studies included
in a meta-analysis contribute to statistical heterogeneity.”’ We
observed a high degree of heterogeneity when trials were pooled
for both response and remission [I* p-value for both outcomes <
0.001]. This heterogeneity remained statistically significant after
stratification across various categories of variables, although it was
less evident in trials that were single-centre, used an integrated trial
design, evaluated an immunosuppressive, evaluated a subcutane-
ously administered drug, enrolled patients with disease duration of
< 5 years, and followed up patients for > 8 weeks. The degree of
heterogeneity is perhaps surprising given that we refined our eligibil-
ity criteria to only include trials that used the UCDAI score, and the
outcome definitions for response and remission were broadly similar
in the majority of studies. This serves to highlight that many other
factors contribute to heterogeneity including demographics, patterns
of disease, timing of outcome evaluation, methods of outcome evalu-
ation, and inter-observer variation in outcome evaluation to which
endoscopic evaluation is particularly prone.*

Our findings can be compared with those of Su and colleagues
who evaluated trials performed before 2005. The current study
included 30 RCTs that were published after 2005 and only evaluated
trials that used the UCDAI as an outcome measure [51 trials vs 12
in Su et al.].> Our rationale for using the latter criterion was to focus
on trials that used an outcome measure relevant to modern drug
development in distinction from those that included indices that
are no longer used. Second, we investigated the pooled remission
and response rates for induction and maintenance trials separately,
which provides new data to inform these separate phases of trial
design. Third, we formally assessed the methodological quality of the
included trials as well as the possibility of publication bias. Despite
this, the findings of the two reviews are broadly similar.

Our review has some limitations. First, there were insufficient
trials available to evaluate the effect of study-level characteristics of
placebo rates for maintenance studies. Second, only one of the trials
included utilised central reading of endoscopy,* so we were unable
to evaluate the independent impact of this methodology on placebo
rates. Third, there was evidence of statistically significant heteroge-
neity when data were pooled. Finally, it is important to recognise
that despite the detailed analyses we performed using pooled data,
the optimum method to investigate the influence of specific patient
characteristics on placebo rates is through use of patient-level data.

In conclusion, objective assessment of greater disease activity at
trial entry by endoscopy lowered placebo rates, whereas increas-
ing trial duration and more interactions with healthcare providers
through study follow-up visits increased placebo rates. These find-
ings have important implications for design and conduct of future

clinical trials in UC, in order to maximise assay sensitivity and
improve trial efficiency.
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