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See Sparrow MP et al on page 209 and Yacy-
shyn B et al on page 215 in the February 2007
issue of CGH.

ackground & Aims: Knowledge of the placebo
utcomes and understanding specific study features
hat influence these outcomes is important for de-
igning future clinical trials evaluating therapy of
lcerative colitis (UC). The aims of this study were

o estimate the placebo rates of remission and re-
ponse in placebo-controlled, randomized clinical
rials for active UC and to identify factors influenc-
ng these rates. Methods: We performed a systematic
eview and meta-analysis of placebo-controlled, ran-
omized clinical trials evaluating therapies for active
C identified from MEDLINE from 1966 through 2005.
esults: Forty studies met the inclusion criteria. The
ooled estimates of the placebo rates of remission and
esponse were 13% (95% confidence interval, 9%–18%;
ange, 0%–40%; median, 12%) and 28% (95% confidence
nterval, 23%–33%; range, 0%–67%; median, 30%), re-
pectively, both with significant heterogeneity. Studies
hat used more stringent definitions of outcomes had
ower placebo rates of remission and response. Study
uration, number of study visits, disease duration, base-

ine composite and rectal bleeding scores of the disease
ctivity index, and inclusion of endoscopic mucosal
ealing as the remission definition all were associated
ith the placebo remission rate. Conclusions: Rates of

emission in the placebo arm of UC clinical trials ranges
rom 0% to 40%. The placebo remission rates are influ-
nced by the trial length, number of study visits, use of
tricter remission definitions, and design features that
nroll patients with more active disease. These factors
hould be considered when designing future placebo-
ontrolled clinical trials in patients with active UC.

lcerative colitis (UC) is an idiopathic inflammatory
disorder of the colon that is characterized clinically

y intermittent episodes of acute exacerbation alternat-

ng with quiescence. Patients with UC may experience
pontaneous clinical improvement or even remission in
he absence of any medical intervention. Thus, establish-
ng efficacy of medical therapies for UC requires proof of
uperiority to placebo via placebo-controlled, random-
zed clinical trials (PC-RCTs). In this regard, understand-
ng the outcomes of placebo-treated patients and factors
nfluencing these outcomes in clinical trials of active UC
s important for designing and interpreting results of
pen-label and randomized clinical trials. In addition, the
isease course of placebo-treated patients in these studies
ay help clinicians in decision making by predicting the

ikelihood of achieving remission in patients without
hanging existing therapy.

We have shown previously that the study duration, num-
er of study visits, and baseline scores of a standardized
isease activity index all were predictors of attaining placebo
emission in clinical trials of active Crohn’s disease (CD).1 A
rior systematic review of placebo-controlled trails for active
C only included studies before 1995 and reported a pla-

ebo clinical remission rate of 9.1% and a placebo benefit
ate of 26.7%.2 That analysis suggested that studies with 3 or

ore follow-up visits tend to have higher rates of improve-
ent in patients treated with placebo than studies with

ewer than 3 study visits. However, heterogeneity in the
efinitions of outcomes among clinical trials of UC makes

nterpretation of those results difficult. In this study, we
erformed a systematic review and meta-analysis of PC-
CTs for active UC through 2005 to estimate the rates of

emission and response among patients receiving placebo
nd to identify factors that influence these rates, including
ifferent outcome definitions.

Materials and Methods
Study Identification and Inclusion
PC-RCTs for the treatment of active UC were iden-

ified from the MEDLINE electronic database. We searched
his database from January 1966 through May 2005 using

Abbreviations used in this paper: CI, confidence interval; OR, odds
atio; PC-RCT, placebo-controlled, randomized-controlled trials; UCDAI,
lcerative Colitis Disease Activity Index.
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February 2007 PLACEBO OUTCOME IN ACTIVE UC TRIALS 517
he following medical subject headings: “ulcerative colitis”
r “UC” or “colitis” or “inflammatory bowel disease,” AND
placebo” or “double-blind” or “clinical trial.” The search
as limited to “human and English language” studies, and

xcluded “comment or editorial or letter or review.” The
ibliographies of all the review articles were identified and
ll meta-analysis studies were searched manually to identify
ther potential studies

Studies that fulfilled all the following criteria were
ncluded for analysis: (1) the study was a placebo-con-
rolled trial, (2) all patients in the study had active disease
t entry unless the study was designed specifically with an
nduction and a maintenance therapy arm separately, (3)
he study reported the methodology of defining clinical
esponse or remission, and (4) the proportion of patients
chieving response or remission was available. For studies
n which results were reported for multiple time points,
he results of the primary end point defined in the stud-
es were recorded. However, if the primary end point was
ot defined, the results from the final time point were
ecorded. Studies reported solely as abstracts were not
ncluded in the meta-analysis.

Data Abstraction
Data abstraction was conducted by 2 independent

eviewers (C.S. and B.G.). The definition and the propor-
ions of patients achieving the following outcomes were
ecorded: clinical remission, clinical response, endoscopic
emission, and histologic remission. Unless otherwise
pecified, remission and response in the remainder of this
rticle refer to clinical remission and clinical response,
espectively. In addition, data on features of study design,
atient characteristics, and study outcomes were ab-
tracted. These included the publication year, the study
ocation, the sample size, the inclusion criteria, the active
reatment modalities and their route of administration,
he duration of follow-up evaluation, the number and
requency of study visits, the duration and distribution of
isease, prior and concurrent medical therapies, and,
hen applicable, the entry disease activity scores and the

esults on the individual components of the disease ac-
ivity index. Outcomes were dichotomized into remission
s no remission, and response vs no response based on
he outcome definition. In studies in which endoscopic
ata were reported but endoscopic remission was not
efined, an endoscopic score of zero was chosen arbi-
rarily as the definition of remission.

Statistical Analyses
Pooled estimates of the placebo remission and

esponse rates and stratum-specific rates for different
ategories of study designs were calculated using ran-
om-effects logistic regression analysis, after applying
ample weights according to the placebo sample size, as
mplemented using STATA’s (STATA Corp, College Sta-

ion, TX) xtlogit command. Heterogeneity among studies t
as assessed with the Pearson �2 test. In addition, the
edians and ranges of the placebo rates were reported to

omplement interpretation of the pooled estimates. The
ffect of study design on the placebo remission rate was
stimated using univariate logistic regression models
ith a random study effect. Analyses also were performed

o limit studies to those using the same definition of
utcomes. Multivariate models could not be performed
ecause of the limited number of studies using the same
efinitions for remission or response and colinearity of
everal variables.

The most commonly used disease activity indices among
ll the trials in this study were the Mayo Score3 or the
utherland Index4 (Appendix). Both instruments use a 12-
oint scale incorporating 4 components of disease activity:
tool frequency, rectal bleeding, mucosal appearance on
igmoidoscopy, and physician’s global assessment. Al-
hough the precise definitions of these 2 metrics differ
lightly, they are sufficiently similar for the purpose of this
tudy and thus were considered one scale, Ulcerative Colitis
isease Activity Index (UCDAI), in our analyses.
The correlation between placebo rates of outcomes

ased on different definitions was assessed with the
pearman correlation coefficient. For all the analyses, a P
alue of less than .05 was considered statistically signif-
cant. All analyses were completed using STATA version
.0 (STATA Corp) and SAS version 9.1 (SAS Institute,
ary, NC).

Results
Description of the Studies
Our search strategy identified 480 potentially rel-

vant articles. Reviewing their titles and abstracts allowed
s to exclude 377 articles that were not clinical trials of
ctive UC. Of the 102 articles selected for full article
eview, 39 fulfilled the inclusion criteria.3– 41 One study
ncluded 2 independent placebo-controlled trials for the
ame therapy administered via 2 different routes, and
hus was considered 2 separate studies in all our analyses
nd in this report.6 Of the 63 excluded articles, 30 studies
id not clearly define clinical response or remission
nd/or report placebo rates of clinical outcomes, and 21
tudies did not contain a placebo arm. Other reasons for
xclusion included lack of clinical data (6 studies), inclu-
ion of both patients with active and inactive disease (5
tudies), cross-over study design precluding abstraction
f relevant data (2 studies), and duplication of results
eported in another article (2 studies). Some studies ful-
lled multiple exclusion criteria.
Among the 40 studies that fulfilled the inclusion

riteria, 27 studies reported data on placebo remission rates
Table 1).3,9,12–16,18,20–23,26–31,33–41 Six studies3,9,21,26,27,34 de-
ned remission as a UCDAI of 0, and 6 stud-

es22,23,31,35,36,38 defined remission as a UCDAI of less

han 3. Other remission definitions included a score of
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518 SU ET AL GASTROENTEROLOGY Vol. 132, No. 2
on the 6-point Physician’s Global Assessment18 (2
tudies18,29), and Rachmilewitz Index42 of 4 or less (2
tudies,30,37 including 1 study requiring a decrease of the
ndex by �2 points as an additional criterion) (Appen-
ix). Thirty-four studies reported data on placebo re-
ponse rates (Table 1).3–8,10–19,21–25,27–29,31–34,36,37–41 The

ost commonly used definition of response was a decrease
n the UCDAI score by 3 or more points in 5 stud-
es.21,22,27,34,36 Three studies23,31,38 defined response as a de-
rease in the UCDAI score by 2 or more points, and 2
tudies18,29 defined response as a Physician’s Global Assess-

ent score of 2 or less. Endoscopic and histologic placebo
emission rates were reported in 14 and 8 studies, respec-
ively.12–14,18,21,23,26–30,33–35,41 All studies were conducted in
n outpatient setting, except for 2 studies that reported the
lacebo response rates.19,32

Placebo Remission Rates
The pooled estimate of the placebo remission rate

ombining all 27 studies reporting remission data was 13%
95% confidence interval [CI], 9%–18%) (Table 1). There was

able 1. Placebo Rates of Remission and Response Based o

Outcome
No. of
studies

% Pooled est
(95% CI

emission
All definitions 27 13 (9–18
UCDAI � 0 6 5 (2–16
UCDAI � 3 6 17 (10–2
PGA � 1 2 13 (9–19
Rachmilewitz Index � 4 2a 39 (29–5
Endoscopic 14 18 (13–2
Histologic 8 8 (3–19

esponse
All definitions 34 28 (23–3
2UCDAI � 3 5 30 (15–5
2UCDAI � 2 3 52 (40–6
PGA � 2 2 32 (25–3

GA, Physician’s Global Assessment.
One study also included a decrease of the index by � 2 points for d

able 2. Placebo Remission Rates of the 12 Studies Definin

Study
Placebo

sample size
Study duration,

wk

ikolaus et al34 7 N/Aa

andborn et al27 33 4
ernia et al38 27 6
chroeder et al3 38 6
andborn et al21 20 4
illiams et al9 13 6
andborn et al36 28 4
teinhart et al23 19 6
oberts et al26 44 8
cheppach22 16 8
robert35 20 6
ernia31 15 6

/A, not applicable.

Variable.
tatistically significant heterogeneity among studies (range,
%–40%; test of heterogeneity, P � .001). The pooled esti-
ate of the placebo remission rate remained the same with

ignificant heterogeneity when the analysis excluded 1
tudy35 in which steroid refractoriness was among the in-
lusion criteria and all patients received concurrent steroid
herapy during the study (12%; 95% CI, 8%–18%; P for
eterogeneity � .001). The pooled estimates of the placebo
emission rate were 5% (95% CI, 2%–16%) and 17% (95% CI,
0%–28%) among 6 studies3,9,21,26,27,34 that defined remis-
ion as a UCDAI score of 0 and among 6 stud-
es22,23,31,35,36,38 that defined remission as a UCDAI score of
ess than 3, respectively. With the exception of 2 outliers
rom a total of 12 studies using the UCDAI, the different
riteria for remission perfectly discriminated studies with
igher and lower placebo remission rates (Table 2). The
lacebo rates of endoscopic and histologic remission were
stimated to be 18% and 8%, respectively.

Other study design factors that influence the placebo
emission rates were identified using the univariate logis-

rious Definitions of Outcomes

P for
heterogeneity Range, % Median, %

�.001 0–40 12
.025 0–21 5
.08 4–33 21
.70 12–14 13
.67 35–40 38
.001 0–37 19

�.001 0–44 6

�.001 0–67 30
.004 9–56 36
.45 47–67 48
.26 27–36 32

ng remission.

mission as a UCDAI of 0 or a UCDAI of Less Than 3

ry UCDAI
score

Definition of remission,
UCDAI score

Placebo remission
rate, %

8.5 0 0
7.9 0 0
6.1 �3 3.7
7.7 0 5
8 0 5
7.4 0 7.7
7.5 �3 11
7.4 �3 16
6.8 0 20.5
7.6 �3 25
8.5 �3 30
6.1 �3 33.3
n Va

imate
)

)
)
8)
)
0)
4)
)

3)
0)
5)
9)
g Re

Ent
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February 2007 PLACEBO OUTCOME IN ACTIVE UC TRIALS 519
ic regression analysis. The results of these analyses for
tudies with a remission definition of a UCDAI of 0 and

remission definition of a UCDAI of less than 3 are
ummarized in Table 3. In studies using the more strin-
ent definition of remission (UCDAI � 0), factors posi-
ively associated with the placebo remission rate include
he duration of follow-up evaluation, the number of
ollow-up visits, and the duration of disease in the pla-
ebo group. Factors associated negatively with the pla-
ebo remission rate include baseline UCDAI scores in the
lacebo patients for studies reporting UCDAI data and
aseline scores for the rectal bleeding component of the
CDAI in the placebo patients. Permission for concur-

ent oral or intravenous steroid therapy and permission
or concurrent oral mesalamine therapy during the study
ere also negative predictors of the placebo remission

ates, although the association did not reach statistical
ignificance. In the 6 studies defining remission as a
CDAI of less than 3, no predictors were associated
ositively with the placebo remission rate, whereas per-
ission for concurrent topical mesalamine therapy dur-

able 3. Predictors of the Placebo Remission Rates in PC-RC

Study Characteristics

ublication year (per 1-year increment)
tudy location (Europe vs North America)
ample size ratio of active treatment vs placebo group (�1 vs �1)
uration of follow-up period (per 1-week increment)
umber of follow-up visits (per 1-visit increment)
of placebo patients with extensive colitis (per 10% increase)
of placebo patients with distal disease (per 10% increase)
of placebo patients with proctitis (per 10% increase)
ean/median duration of disease in placebo patients (per 1-year
increase)

oncurrent oral/intravenous steroid therapy during the study (yes
vs no)

oncurrent immunomodulators during study (yes vs no)
oncurrent oral mesalamines during study (yes vs no)
oncurrent topical mesalamines during study (yes vs no)
oute of drug administration (topical vs oral)
inimal inclusion criteria of UCDAI (DAI � 6 vs DAI � 3)
ean/median entry UCDAI of placebo group (per 1-point increase)
aseline score in rectal bleeding component of the UCDAI in
placebo group (per 1-unit increase)

ndoscopic mucosal healing used as criterion for remission (yes
vs no)

All studies were conducted in North America, except 1 study that wa
Only 1 study had 4 follow-up visits; all 5 other studies had 3 follow-
All except 1 study had 0% placebo patients with proctitis.
All 6 studies did not allow concurrent immunomodulators.
Only 1 study did not permit concurrent oral mesalamines.
Only 1 study allowed concurrent topical mesalamines.
Only 1 study had an oral administration route.
Only 1 study had DAI � 3 as minimal inclusion criteria, and only 1 s
Only 2 studies had data available for the baseline rectal bleeding sc
All 6 studies used endoscopic mucosal healing as a criterion for rem
ng the study was associated negatively with the placebo P
emission rate. When all 27 studies were included, the
nly statistically significant predictors of placebo remis-
ion rate were the geographic location of the study and
he inclusion of complete endoscopic mucosal healing,
efined as having an endoscopic score of 0, as part of the
efinition for remission. Studies conducted in Europe
ere more likely to have a higher placebo remission rate

han North American studies (odds ratio [OR], 2.9; 95%
I, 1.5–5.4; P � .001). The inclusion of endoscopic mu-

osal healing for defining remission was associated with
lower placebo remission rate (OR, 0.4; 95% CI, 0.2–7;
� .002).
Among studies using a UCDAI score of 0 as the defi-

ition of remission, we also calculated pooled estimates
f the placebo remission rate within each stratum of
hose variables found to be statistically significant pre-
ictors of placebo remission rate in the univariate anal-
sis. Studies that had 4 weeks or fewer of follow-up
valuation also had 2 or fewer follow-up visits. The
ooled estimate of the placebo remission rate for these
tudies was 2% (95% CI, 0.3%–12%; test for heterogeneity,

mong Studies Using the Same Outcome Definition

Remission: UCDAI � 0
(6 studies)

Remission: UCDAI � 3
(6 studies)

OR (95% CI) P value OR (95% CI) P value

1.0 (.8–1.2) .83 .9 (.8–1.1) .45
—a —a 1.8 (.5–6.3) .34

3.9 (.6–24.9) .15 .8 (.2–3.1) .80
2.0 (1.2–3.1) .005 1.3 (.8–2.1) .30
2.2 (1.3–3.7) .003 —b —b

.7 (.3–1.4) .28 1.1 (.9–1.3) 49
1.5 (.7–2.9) .28 .9 (.8–1.1) .49

—c —c 1.4 (.7–2.5) 32
1.4 (1.1–1.7) .007 1.0 (.6–1.6) .93

.2 (.03–1.10) .064 1.4 (.4–5.2) .63

—d —d 1.3 (.3–5.7) .70
.2 (.03–1.10) .064 —e —e

—f —f .2 (.1–.8) .024
.4 (.1–2.5) .34 —g —g

—h —h —h —h

.1 (.04–.49) .002 1.4 (.7–2.7) .35
.004 (�.001–25) .008 —i —i

—j —j 1.1 (.3–4.0) .86

nducted in both North America and Europe.
its.

had DAI � 6 as minimal inclusion criteria.

n.
Ts A

s co
up vis

tudy
ore.
� .20) (Table 4). The pooled estimate of the placebo
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520 SU ET AL GASTROENTEROLOGY Vol. 132, No. 2
emission rate for studies with more than 4 weeks of
ollow-up evaluation and more than 2 follow-up visits
as 11% (95% CI, 5%–24%; test for heterogeneity, P � .10).
he test for heterogeneity was no longer statistically

ignificant in many of the strata after stratifying across
arious categories of study features, suggesting that these
tudy design factors at least partially account for the
eterogeneity among studies. Stratification on entry
CDAI scores in the placebo group did not eliminate the
eterogeneity among studies with baseline mean UCDAI
cores of less than 8. Of the 4 studies with baseline
CDAI scores of less than 8, 3 had remission rates of less

han 8%. In contrast, 1 study26 with a placebo remission
ate of 20.5% had other features of study design associ-
ted with a high placebo remission rate, including a long
ollow-up duration (8 wk), many study visits (5 visits),
nd a long mean disease duration among the placebo
roup (11 y). Multivariate logistic analyses incorporating
ll of these factors may be useful in elucidating the
elative contributions of each variable. However, the
mall number of studies limited our ability to conduct
uch models.

Placebo Response Rates
The pooled estimate of the placebo response rates

n the 34 studies reporting data on this outcome was 28%
95% CI, 23%–33%) (Table 1). The placebo response rates
anged from 0% to 67% (test for heterogeneity, P � .001).
xcluding the 2 inpatient studies for severe, steroid-
efractory UC,19,32 the pooled estimate of the placebo
esponse rates was 29% (95% CI, 24%–34%; test for heter-
geneity, P � .001). The rate was similar among the 5
tudies that defined response as a decrease in the UCDAI
core by 3 points or more (30%; 95% CI, 15%–50%, test for
eterogeneity P � .004).21,22,27,34,36 However, the pooled
stimate of the placebo response rate was 52% (95% CI,
0%– 65%) in the 3 studies that used a less stringent
efinition of a decrease in the UCDAI of 2 or more

able 4. Stratum-Specific Placebo Remission Rates Accordin
of 0

Stratum
No. in

stratum
%

verall 6
tudy duration, wk
�4 2
�4 3

umber of study visits
�2 2
�2 3

uration of disease in the placebo group, y
�7 3
�7 2

ntry UCDAI in the placebo group
�8 4
�8 2
oints,23,31,38 without significant heterogeneity (P � .45). d
Univariate logistic regression analysis was used to ex-
mine the association between study features and the
lacebo response rates (Table 5). In studies reporting
esponse data excluding 2 inpatient studies for severe,
teroid-refractory UC, both the publication years and
uropean studies were associated positively with the pla-
ebo response rate, whereas the baseline UCDAI score in
he placebo group was associated negatively with the
lacebo response rate. When the analysis was limited to
he 5 studies using a decrease in the UCDAI of 3 or more
oints as the definition of response, only the duration of
isease in the placebo group was associated negatively
ith the placebo response rate (Table 5).

Comparison of Placebo Remission and
Response Rates

There was a relatively strong correlation be-
ween placebo remission and placebo response rates
mong the 21 studies that reported both sets of data
r � 57, P � .007) (Table 6). As expected, the placebo
esponse rate was always equal to or higher than the
lacebo remission rate (median difference, 25%; inter-
uartile range, 11%–31.0%). The clinical remission
ates were correlated strongly with the endoscopic re-

ission rates (r � 77, P � .001), but not the histologic
emission rates in the placebo group (r � 36, P � .38)
Table 6). Of the 6 studies that incorporated endo-
copic remission into their definition for clinical re-

ission,26 –28,33–35 4 studies had identical placebo rates
or clinical and endoscopic remission.26,27,34,35 Among
he 8 studies that did not include endoscopic re-

ission as part of the criteria for clinical remis-
ion,12–14,18,23,29,30,41 the placebo clinical remission rate
as greater than the placebo endoscopic remission rate

n 4 studies,13,14,23,30 whereas the reverse was true in 3
tudies.18,29,41 In 1 study, the placebo clinical and en-

Study Features in Studies Defining Remission as a UCDAI

ission rate
5% CI)

P for
heterogeneity Range, % Median, %

2–16) .03 0–21 5

0.3–12) .20 0–5 2.5
5–24) .10 5–21 7.7

0.3–12) .20 0–5 2.5
5–24) .10 5–21 7.7

1–10) .41 0–5 5
9–31) .19 0–21 10.3

2–20) .01 0–21 6.4
0.5–22) .55 0–5 2.5
g to

Rem
(9

5 (

2 (
11 (

2 (
11 (

3 (
18 (

6 (
oscopic remission rates were identical.12
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Discussion
Randomized, controlled trials are the most objec-

ive means of evaluating drug efficacy, and the inclusion
f placebo arms is particularly important in diseases
haracterized by intermittent periods of acute exacerba-
ion alternating with remission such as UC. In this re-
ard, knowledge of the outcomes of patients receiving
lacebo therapy and factors influencing these outcomes

s important for the design and conduct of clinical trials
n UC. In this study, the pooled estimates of the placebo

able 5. Predictors of the Placebo Response Rates in PC-RC
Refractory Disease and in Studies Defining Respons

Study characteristics

ublication year (per 1-year increment)
tudy location (Europe vs North America)
ample size ratio of active treatment vs placebo group (�1 vs �1)
uration of follow-up period (per 1-week increment)
umber of follow-up visits (per 1-visit increment)
of placebo patients with extensive colitis (per 10% increase)
of placebo patients with distal disease (per 10% increase)
of placebo patients with proctitis (per 10% increase)
ean/median duration of disease in placebo patients (per 1-year
increase)

oncurrent oral/intravenous steroid therapy during the study (yes
vs no)

oncurrent immunomodulators during study (yes vs no)
oncurrent oral mesalamines during study (yes vs no)
oncurrent topical mesalamines during study (yes vs no)
oute of drug administration (topical vs oral)
inimal inclusion criteria of UCDAI (DAI � 6 vs DAI � 3)
ean/median entry UCDAI of placebo group (per 1-point increase)
aseline score in rectal bleeding component of the UCDAI in
placebo group (per 1-unit increase)

ndoscopic mucosal healing used as criterion for remission (yes
vs no)

Excluding 2 studies that were conducted in an inpatient setting and
Only 1 study was conducted entirely in Europe.
Only 1 study had an 8-week follow-up period; the remaining studies
All except 1 study had 0% placebo patients with proctitis.
All 5 studies allowed concurrent steroids, and concurrent oral mesa
Only 1 study allowed concurrent immunomodulators.
No studies had an oral administration route.
Only 1 study had a DAI � 6 as minimal inclusion criterion.
Only 2 studies had data available.
Only 1 study had a baseline rectal bleeding score available.
Only 1 study did not use endoscopic mucosal healing as a criterion

able 6. Spearman Correlation Coefficients (r) Between Vario

Placebo outcomes

Remission

r P

emission 1.00 —
esponse .57 .007 1
ndoscopic remission .77 .001

istologic remission .36 .38 �.13
emission and response rates of all prior PC-RCTs for
ctive UC were 13% and 28%, respectively. There was
ignificant heterogeneity among these studies, with the
lacebo rates ranging from 0% to 40% (median, 12%) for
emission, and from 0% to 67% (median, 30%) for re-
ponse.

The overall remission and response rates estimated
rom our meta-analysis were comparable with previous
stimates.2,43,44 However, use of these estimates without
onsideration of other study design features can be mis-

All Studies Except 2 Inpatient Studies for Severe, Steroid-
a Decrease in the UCDAI by at Least 3 Points

All definitionsa

(32 studies)
Response: 2 UCDAI � 3

(5 studies)

OR (95% CI) P value OR (95% CI) P value

1.04 (1.002–1.1) .04 .9 (.7–1.2) .53
2.0 (1.2–3.3) .005 —b —a

.9 (.6–1.5) .69 2.0 (.4–9.3) .38
1.0 (.97–1.1) .31 —c —c

1.0 (.8–1.2) .98 1.5 (.6–3.9) .41
.9 (.8–1.1) .26 .8 (.6–1.2) .29

1.1 (.9–1.2) .26 1.2 (.9–1.6) .29
1.0 (.9–1.3) .61 —d —d

.9 (.8–1.1) .32 .6 (.3–.9) .015

.7 (.4–1.2) .23 —e —e

.9 (.3–2.9) .81 —f —f

1.3 (.6–2.5) .49 —g —g

1.5 (.9–2.4) .14 .4 (.1–1.3) .12
1.2 (.8–2.0) .38 —g —g

—h —h —i —i

.4 (.2–.8) .006 .2 (.01–2.9) .24
5.7 (.3–95.0) .22 —j —j

.8 (.5–1.2) .28 —k —k

severe, steroid resistance as an inclusion criterion.

-week follow-up periods.

e use.

mission.

lacebo Outcomes

sponse
Endoscopic
remission

Histologic
remission

P r P r P

—
.19 1.00 —
Ts in
e as

had

had 4

lamin
us P

Re

r

.00

.43

.76 .68 .09 1.00 —
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eading. In particular, we showed important differences
n remission rates and response rates when different
utcome definitions were used. The pooled estimate of
lacebo remission rates in studies defining remission as
aving a UCDAI score of 0 was 5%, lower than the 17% in
tudies defining remission as having a UCDAI score of
ess than 3. The highest placebo remission rates were
eported in studies using a different instrument, Rach-

ilewitz Index of 4 or less, as the definition of remission
pooled estimate, 39%). Similarly, studies defining re-
ponse as a 3-point or greater decrease in the UCDAI had
ower placebo response rates than studies defining re-
ponse as a 2-point or greater decrease in the UCDAI
core. Thus, studies with the stricter definitions had
ower placebo rates of outcomes. As such, some of the
eterogeneity observed in our pooled analyses may be
xplained by the choice of outcome definitions. There-
ore, we believe that our stratified analyses are more
nformative than the overall pooled analyses.

In this study, we also identified several features of
tudy design that influenced the likelihood of achieving
emission in patients receiving placebo therapy. In con-
rast to the findings of a previous meta-analysis,2 we
bserved that study duration was associated positively
ith the placebo remission rate in both sets of univariate
nalyses limited to studies using the same definition of
emission. This variable is likely an important predictor
f achieving placebo remission, and has been shown to be
uch in clinical trials of active CD.1 This positive corre-
ation between study duration and the placebo remission
ate is intuitively plausible because the probability of
pontaneous remission increases over time. These PC-
CTs of active UC overall had a relatively short study
uration. All of the studies had 8 weeks or fewer of
ollow-up evaluation, except for 3 studies that were 12
eeks in duration.
We also showed that studies with a greater number of

tudy visits were more likely to have higher placebo
emission rates (OR per 1-visit increment, 2.2; 95% CI,
.3–3.7; P � .003). This observation was consistent with
he results reported by Ilnyckyj et al,2 in which placebo-
reated patients with 3 or more study visits had higher
ates of clinical response but not clinical remission. This
ssociation between the number of study visits and pla-
ebo outcomes supports the notion that the act of par-
icipating in a clinical trial, regardless of the treatment
eceived, may impart a certain effect on the outcomes.
his finding has been observed previously in clinical

rials of active CD1 and irritable bowel syndrome,45 sug-
esting that the influence of study visits on the placebo
utcome is not disease-specific.

It generally is accepted that patients with more severe
isease are less likely to experience spontaneous remis-
ion. We indeed showed that studies with higher disease
ctivity scores at study entry for the placebo group had

ower placebo remission rates (OR per 1-point increase, b
1; 95% CI, 0.04 – 0.49; P � .002). Similarly, studies with
igher baseline scores on the rectal bleeding component
f the disease activity index had lower placebo remission
ates (OR per 1-point increase, .004; 95% CI, �.001 to .25;

� .008). It is possible that rectal bleeding is a more
bjective measure of the disease activity than factors such
s abdominal pain and bowel frequency. Thus, the rate of
lacebo remission may be minimized by selecting pa-
ients with more severe disease severity as determined by
he composite score on the DAI and the individual score
or rectal bleeding. Obviously, such an inclusion strategy

ust be balanced against the potential downside of in-
ufficient enrollment caused by overly stringent inclusion
riteria and a lack of generalizability.

It is of interest to note that when all studies were
onsidered, those that included complete endoscopic
ucosal healing as one criterion for the definition of

emission had lower placebo remission rates. This is
ntuitively plausible because the inclusion of endoscopic

ucosal healing most certainly translated to increased
tringency of the definition of remission. Placebo-treated
atients would be less likely to achieve spontaneous re-
ission under these strict definitions.
In examining the placebo remission rates of PC-RCTs

or active UC, we found significant heterogeneity among
hese studies. This observation could be the result of
everal variables, including the outcome definition, the
tudy duration, and baseline disease activity, among
ther characteristics of the study population (eg, con-
omitant use of corticosteroids and aminosalicylates).
he definition of outcome appears to be an important

actor. With the exception of 2 studies, all the studies
efining remission as a UCDAI score of 0 had lower
lacebo remission rates than studies using a UCDAI
core of less than 3 to define remission (Table 2). Of the

outliers, 1 study had a high placebo remission rate of
0.5% despite using a UCDAI of 0 to define remission.26

his study also had many other features of study designs
hat may contribute to a high placebo remission rate,
uch as a long follow-up duration and many study visits.
he other study had a low placebo remission rate of 3.7%,
espite using a UCDAI score of less than 3 to define
emission.38 Although no specific study feature could be
dentified that likely contributed to the low placebo re-

ission rate in this study, it is of interest to note that this
tudy evaluated a topical therapy and that all patients
ere on concurrent topical mesalamines. Certainly,

hance also could contribute to the placebo remission
ates in these 2 outlier studies.

Among studies using a single definition of outcome,
here still may be other factors that influence the placebo
emission rates. This may be more relevant among stud-
es using less stringent definitions of remission because
ith more stringent definitions (eg, UCDAI � 0) the
lacebo remission rates generally are low. Intuitively,

aseline disease severity would be expected to be an
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mportant predictor of placebo remission rates. Unfortu-
ately, the mean baseline disease severity was very similar
cross studies, thereby preventing assessment of this po-
ential association. Ultimately, the evaluation of placebo
esponse rates within subgroups of individual trials or in

meta-analysis incorporating data from individual pa-
ients may help to determine the importance of other
actors such as disease severity and study duration. Given
he study heterogeneity, caution must be exercised when
nterpreting our pooled results. When there is significant
eterogeneity, more meaningful information often is ob-
ained from stratified analyses. As such, we believe that
he results from our stratified analyses (Table 4) and the
eported median values and ranges provide more mean-
ngful information than the overall pooled estimates.

owever, the applicability of these pooled estimates from
ur stratified analyses across studies with similar study
eatures still may be limited by the remaining heteroge-
eity.
We found fewer variables that significantly predicted

he placebo outcomes as defined by response. This is
ost likely owing to the heterogeneity of the response

efinition. The concept that patients with more severe
isease were less likely to spontaneously achieve favorable
utcomes again was shown here. Studies with higher
ean disease activity scores among the placebo patients

t baseline were associated with lower placebo response
ates (OR per 1-point increase, 0.4; 95% CI, 0.2– 0.8;
� .006).
In our study, we showed a relatively strong correlation

etween placebo rates of remission and response. This is
o be expected because all patients with a clinical remis-
ion also would have achieved a clinical response. Al-
hough there was substantial variability in the definitions
or endoscopic and histologic remissions in these PC-
CTs, the placebo remission rates based on endoscopic
nd histologic criteria were relatively comparable with
hose based on clinical definitions. However, although
he placebo rates of clinical remission correlated well
ith the placebo rates of endoscopic remission, the cor-

elation between clinical and histologic remission was
eak. There are several potential explanations for this.
ertainly, greater differences among studies in the defi-
itions for histologic remission than endoscopic remis-
ion may account for this finding. Endoscopic and his-
ologic assessments of disease activity are both subject to
nterobserver variability.46 However, physicians may in-
orporate the endoscopic findings into their overall as-
essment of disease activity, whereas histologic findings
re generally not available at the time of the clinical
ssessment. Finally, it is possible that histologic healing
akes longer to occur than macroscopic mucosal healing.
ecause histologic features may predict future re-

apse,47,48 further research is needed to define which of

hese outcome measures is clinically the most important. c
Some have argued that the use of invasive measures
dds little to the assessment of disease activity in UC.49 If
his is the case, there would be little justification for the
se of sigmoidoscopy, which adds cost, is invasive, and
ay decrease patient recruitment. The counter argument

uggests that it is important to document mucosal heal-
ng because this likely is associated with the subsequent
elapse rate. That we observed poor correlation between
linical remission and histologic remission suggests that
his issue requires further exploration. It is possible that
etter noninvasive clinical measures would correlate bet-
er with mucosal healing.

There were several limitations to our study. First, the
ggregate nature of data collection in this type of meta-
nalysis may not completely reflect the true relationship
etween placebo outcomes and characteristics of individ-
al patients. Thus, our results should be interpreted in
he appropriate context. Similarly, we were not able to
xamine whether certain factors may be associated with
he achievement of placebo remission based on clinical,
ndoscopic, and histologic definitions in the same pa-
ients. In addition, some additional variables that may
nfluence the placebo outcomes, such as prior response to
ertain medical therapies and smoking status, were not
vailable for analysis. Despite these limitations, our find-
ngs that the placebo outcome was influenced by the
uration of follow-up evaluation and design features that

ncluded patients with more active disease are conceptu-
lly plausible and are important considerations when
esigning future trials.
We also cannot exclude the possibility that a publication

ias exists in the reported medical literature. Studies show-
ng a significant benefit to active treatment may be more
ikely to be published than those failing to show a benefit.
tudies showing a positive outcome with treatment in turn
ay be more likely to have lower placebo rates of outcomes,
hereas the reverse may be true for studies with a negative
utcome. Presumably, small studies with low placebo re-
ponse rates and greater drug effect measured by response
ere preferentially published over small studies with high
lacebo response rates and less drug effect based on re-
ponse. It is not possible to know with certainty how this
ias would affect our results, but presumably our estimate
f the pooled placebo response rates may be slightly lower
han that observed if all studies were published. The mag-
itude of this difference likely is small because the large
tudies contribute most of the weight to the pooled esti-

ates. More importantly, the utility and clinical signifi-
ance of using response as an outcome measure remains
ontroversial for clinical trials of UC. Our results on the
lacebo outcomes based on remission likely provide the
ost meaningful data.
In summary, the placebo rates of remission and response

n clinical trials of active UC are influenced by features of
he study design. The variability in the placebo outcomes

annot be explained by any design feature alone, and no
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ingle estimate is precise for all studies of active disease. The
efinition of outcome, duration of the trial, number of
tudy visits, and severity of disease being treated are impor-
ant factors related to outcomes among patients receiving
lacebo. As such, these factors will influence the statistical
ower of the study and should be considered in designing
uture placebo-controlled trials of active UC. Finally, the
arge variability in the selection of outcome measures and
he poor correlation observed between clinical definitions of
emission and the histologic findings highlights the impor-
ant need for further research to define an optimal outcome

easure for UC trials.

Appendix

Mayo Score3

Stool frequency

0 � Normal number of stools for this patient
1 � 1–2 stools more than normal
2 � 3– 4 stools more than normal
3 � 5 or more stools more than normal

Rectal bleeding

0 � No blood seen
1 � Streaks of blood with stool less than half the time
2 � Obvious blood with stool most of the time
3 � Blood alone passed

Findings of flexible proctosigmoidoscopy

0 � Normal or inactive disease
1 � Mild disease (erythema, decreased vascular pattern,

mild friability)
2 � Moderate disease (marked erythema, absent vas-

cular pattern, friability, erosions)
3 � Severe disease (spontaneous bleeding, ulceration)

Physician’s global assessment

0 � Normal
1 � Mild disease
2 � Moderate disease
3 � Severe disease

Sutherland Index4

Stool frequency

0 � Normal
1 � 1–2 stools/day more than normal
2 � 3– 4 stools/day more than normal
3 � More than 4 stools/day more than normal

Rectal bleeding

0 � None
1 � Streaks of blood
2 � Obvious blood

3 � Mostly blood
Mucosal appearance

0 � Normal
1 � Mild friability
2 � Moderate friability
3 � Exudation, spontaneous bleeding

Physician’s rating of disease activity

0 � Normal
1 � Mild
2 � Moderate
3 � Severe

Physician’s Global Assessment Scale18

1 � Complete relief of symptoms
2 � Marked improvement of symptoms
3 � Moderate improvement of symptoms
4 � Slight improvement of symptoms
5 � No change in symptoms
6 � Worsening of symptoms

Rachmilewitz Index42

. Number of stools weekly
0 � �18
1 � 18 –35
2 � 36 – 60
3 � �60

. Blood in stools (based on weekly average)
0 � None
2 � Little
4 � A lot

. Investigator’s global assessment of symptomatic state
0 � Good
1 � Average
2 � Poor
3 � Very poor

. Abdominal pain/cramps
0 � None
1 � Mild
2 � Moderate
3 � Severe

. Temperature owing to colitis
0 � 37°C–38°C
3 � �38°C

. Extraintestinal manifestations
3 � Iritis
3 � Erythema nodosum
3 � Arthritis

. Laboratory findings
1 � Sedimentation rate �50 mm in first hour
2 � Sedimentation rate �100 mm in first hour
4 � Hemoglobin �100 g/L
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