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1 Neem ingang 3 (zie plattegrond), met de trap naar de eerste verdieping, en volg de routeaanduiding. 
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openbaar vervoer. 

Bijdrage van de statistiek: 
Vroeg stoppen voor futiliteit
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Apologia

• Ik ben (engels) wiskundige – statisticus – wetenschapper

• Statistiek: koningin, dienstmeisje of  femme fatale ?

• Bemoeienis in affaires zoals: Lucia de B, Claudia Pechstein,  
PROPATRIA  ... uit nieuwsgierigheid en uit overtuiging                
dat licht wordt geworpen door wetenschappelijk instelling

• Een professioneel statisticus met ervaring op relevante 
toepassingsgebied is bij uitstek gekwalificeerd !

• [Proof of my pudding will be in your eating !]



This talk:

Inleiding
Altman (1981): 50% of published medical statistics is wrong               
Today: about 15%

80% of doctors ignore evidence based medicine

90% of all statistics are just made up

• Theory: Snapinn (1992) Statistics in Medicine 
early stopping rule for randomized clinical trials

• Illustration: the Propatria trial                          
(infectious complication in acute pancreatitis)



Take home messages

Special thanks to: Hein Gooszen & his team, the CCMO, certain 
journalists of NRC and NOVA, Maxim Kuil (Univ.Leiden), 
J.E.R.F., and many more colleagues, both at home and abroad

Steve Snapinn, 
Stephen Senn 

open deur...

Dr. Steven M. Snapinn 
Vice President, Global Biostatistics & Epidemiology at Amgen

• Early stopping for futility is a valuable               
statistical safety measure

• Statistical issues in RCT’s are complex; 
planning and implementation requires 
professional interdisciplinary collaboration



!From: ! Stephen Senn <stephen@stats.gla.ac.uk>
!Subject: Re: [Evidence] disastrous clinical trial
Date: February 24, 2008 11:36:52 CET
To: !Richard Gill <gill@math.leidenuniv.nl>
Cc: !evidence@casa.ucl.ac.uk

I have acted on a number of data safety monitoring committees 
and have the following points of view:

1) It is usually appropriate to have asymmetric stopping rules 
whereby one would stop a trial much earlier in favour of the 
standard than the new treatment. This is because if the 
standard is better, on stopping the trial all the patients in the 
world get the better treatment whereas if the new treatment is 
better most (and possibly even all patients in the short run) will 
continue to get the worse treatment.

2) Hence stopping for futility is the most important reason to 
stop. In the case of this trial had that philosophy applied it 
would have been stopped earlier.

3) Asymmetric stopping rules make triple blind inappropriate.

4) The important decision to make in stopping a trial is not "is 
A better than B" but "are patients being harmed by continuing 
the trial".

5) Equipoise is irrelevant to the ethics of clinical trials, instead, 
a Rawlsian perspective is needed:
S. Senn (2002), Ethical considerations concerning treatment 
allocation in drug development trials, Statistical Methods in 
Medical Research 11 (5) 403–411
http://smm.sagepub.com/cgi/content/abstract/11/5/403

Stephen Senn

I agree with Niels. Clinical trials are not nice, but necessary. Today's 
extensive medical knowledge about which treatments actually work 
(in spite of limitations) would not at all be possible without clinical 
trials. Furthermore, it is very hard work to carry out a good clinical 
trial! Also, it has increasingly struck me how difficult it is to draw any 
certain conclusions about the value of treatments from basic medical 
(lab) research. Sure the ideas for new treatments usually come from 
the labs, but the sorting out of what really works (instead of say killing 
patients) is up to statistics.
This does not mean that Richard may not be right about his criticism.
Regards from Odd [Aalen - Univ Oslo]

Niels Keiding [Univ Copenhagen] wrote:
Native British speakers do not always recognize that their subtle 
ironies may get lost in the noise when aliens like me try to receive the 
message.  So let me try to decode what I think Jane means, at the 
risk of sounding far from elegant. In my unironic view clinical trial 
methodology is at a very low end as regards entertainment value. 
And we have all heard about incompetence and outright fraud. BUT 
There Is No Alternative (TINA, as they said in the Thatcher days). 
Anything else is worse, and the majority of trials that I have met are 
run by conscientious and competent scientists & statisticians. Of 
course they should be criticized when relevant, but we need to stand 
guard around this tool, which is at least far better than subjective 
judgment.
Regards to all, Niels

Jane Hutton [Univ Warwick] skrev:
Dear Richard, and colleagues
It is interesting, and disappointing to see there can still be a summary 
of a trial, with _primary_ endpoints reported as showing no 
difference, and death ignored as an outcome. Yes, we can learn from 
this. The public and legislaturers might learn to avoid clinical trials...
Regards, Jane

mailto:stephen@stats.gla.ac.uk
mailto:stephen@stats.gla.ac.uk
mailto:gill@math.leidenuniv.nl
mailto:gill@math.leidenuniv.nl
mailto:evidence@casa.ucl.ac.uk
mailto:evidence@casa.ucl.ac.uk
http://smm.sagepub.com/cgi/content/abstract/11/5/403
http://smm.sagepub.com/cgi/content/abstract/11/5/403


Statistical Tests

• Null hypothesis: no effect

• Alternative: there is an effect

• Errors of two kinds, error probabilities

•α, deciding there is an effect, when in fact there’s none 

•β, not deciding there’s an effect, when in fact there is

α  a.k.a. significance level 
β  often used for complementary chance 1 – β  a.k.a. power



• Limit risk of Type I error to 5%

• Maximize power subject to significance level; i.e.,

• Minimize Type II error probability β for given Type I 
error probability α

Statistical Tests
• Null hypothesis: no difference

• Alternative: there is a difference

• Errors of two kinds, error probabilities

• α, deciding there is an effect, when in fact there’s none 

• β, not deciding there’s an effect, when in fact there is



More realistically

• Null hypothesis: no difference                              
alternative: desired:  +ve difference                      
alternative: disaster:  –ve difference

• Errors of six kinds

• deciding there is an +/– effect, when there is none

• not deciding there is an effect, when there is one (+/–)

• deciding there is a +/– effect when it is the other way 
round (–/+)

2+2+2=6



We want interim analyses!
We want to have our cake and eat it!

• Stop early in case of –ve effect (safety!)

• Stop early in case of +ve effect (ethics!)

• Stop early if no effect (money!)

• Conserve nominal significance level α

• Usual evaluation when the trial doesn’t stop early

• Conserve power, i.e., same as power 1 – β  without 
interim analysis 



We want interim analyses!

• Stop early in case of –ve effect (safety!)

• Stop early in case of +ve effect (ethics!)

• Stop early if no effect (money!)

• Conserve nominal significance level α

• Don’t alter evaluation when the trial doesn’t stop early

• Conserve power, i.e., same as power 1 – β  without 
interim analysis 

NO  FREE  LUNCHES



We want interim analyses!
Snapinn: voor een dubbeltje op eerste rang

• Stop early in case of –ve effect (safety!)

• Stop early in case of +ve effect (ethics!)

• Stop early if no effect (money!)

• Conserve nominal significance level α

• Don’t alter evaluation when the trial doesn’t stop early

• Small power loss relative to power 1 – β  without 
interim analysis 



Snapinn does exactly that:
let me explain ...

• Some technicalities for connoisseurs                             
[if time allows] 

•Monte Carlo experiment:                                          
100000 Probiotica trials under 3 scenarios, 
w. & w.out Snapinn)                                       
[if computer+beamer works]
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R-script: http://www.math.leidenuniv.nl/~gill/ccmo-1.R

Insignif.
(H0: 95%)

Sig. +ve
(HA: 80%)

Sig. –ve

http://www.math.leidenuniv.nl/~gill/ccmo-1.R
http://www.math.leidenuniv.nl/~gill/ccmo-1.R


R-script: http://www.math.leidenuniv.nl/~gill/ccmo-2.R

The Mother of all Trials
10000 Probiotica trials, three scenarios, with and 

without Snapinn early stopping rules

http://www.math.leidenuniv.nl/~gill/ccmo-2.R
http://www.math.leidenuniv.nl/~gill/ccmo-2.R


The Mother of all Trials
10000 Probiotica trials, three scenarios, with and 

without Snapinn early stopping rules

• Null hypothesis true: one-sided Type 1 error = 2.48%, 
stopped for futilty = 66.82%,  stopped for significance = 
0.48%.

• Alternative hypothesis true: Type 2 error = 21.25%,  
stopped for futilty = 6.45%,  stopped for significance = 
23.59%.

• Disaster hypothesis true: Disaster = 0%,  stopped for 
futilty = 99.32 %,  stopped for significance = 0 %.

• No Snapinn: one-sided Type 1 error = 2.4%,  Type II 
error = 20.02%,  Type 1 error in disaster scenario = 0%.

R-script: http://www.math.leidenuniv.nl/~gill/ccmo-2.R

http://www.math.leidenuniv.nl/~gill/ccmo-2.R
http://www.math.leidenuniv.nl/~gill/ccmo-2.R


• Besselink et al. (2004) BMC Surgery

• Besselink et al. (2008) Lancet

• Gill (2008) Statistica Neerlandica

• Snapinn (1992) Statistics in Medicine

• Schouten (1995) Klinische Statistiek
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STATISTICS IN MEDICINE, VOL. 11,  659-672 (1992) 

MONITORING CLINICAL TRIALS WITH A CONDITIONAL 
PROBABILITY STOPPING RULE 

STEVEN M. SNAPINN 
Merck Sharp & Dohme Research Laboratories, BL3-2, West Point. Pennsylvania 19486. U.S.A 

SUMMARY 
Conditional probability procedures offer a flexible means of performing sequential analysis of clinical trials. 
Since these procedures are not based on repeated significance tests, the number and schedule of the interim 
analyses is less important than with group sequential procedures. Their main disadvantage is that the 
magnitude of their effect on the significance level is difficult to assess. This paper describes a conditional 
probability procedure which attempts to maintain the overall significance level by balancing the probabil- 
ities of false early rejection and false early acceptance. Monte Carlo sampling results suggest that this 
procedure can achieve a large reduction in expected sample size without greatly affecting either the 
significance level or power of the trial. 

1. INTRODUCTION 

Sequential analysis of clinical trials is usually performed for two reasons: to reduce the expected 
sample size and thus spare study resources, and for ethical reasons. Typically, some type of group 
sequential procedure' - 3  is used. Using one of these procedures, a prespecified number of interim 
analyses are performed at preplanned times. The procedures offer greatly reduced expected 
sample size relative to a fixed-sample design. 

Often it is inconvenient or impossible to specify accurately the number or the schedule of the 
interim analyses. For example, scheduling conflicts can cause planned interim analyses to be 
postponed or cancelled, or a particular safety concern may prompt additional unplanned 
analyses. In these circumstances, the flexibility of the procedure can be more important than its 
expected sample size. The recent development of group sequential methods based on the spending 
function offers greater flexibility in scheduling interim analyses than did previous group sequen- 
tial  procedure^.^, 

Conditional probability procedures, including stochastic curtailment, are another class of 
sequential analysis methods which offer flexibility.6 The basic idea behind these procedures is to 
stop the trial if the data collected at an interim analysis determine the outcome at the planned 
conclusion of the trial with high probability. This class of procedures is distinguished by the 
assumptions made about the future, unobserved data. In stochastic curtailment the future data 
are assumed to be determined by the null hypothesis. With this assumption the overall 
significance level has a known upper bound of alprej, where prej is the smallest predicted 
probability of eventual rejection which will result in stopping the trial early. A disadvantage, 
however, is that this rule is so conservative that the expected sample size is reduced only slightly 
below that of a fixed-sample design. 

0277-67 15/92/050659-14$07.OO 
0 1992 by John Wiley & Sons, Ltd. 
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CLINICAL TRIALS WITH CONDITIONAL PROBABILITY STOPPING RULE 665 

Table 11. Critical P-values required for early rejection 
and early acceptance, based on CI = 0025, B = 0.05, 

prej = 0.95 and pa,, = 0.10 

Critical value for early 
f Rejection Acceptance 

0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1 .00 

< O~Ooo1 
< o.oO01 

0.0002 
0.0007 
OT!016 
00028 
0.0043 
0.0060 
0.0087 
0.0250 

> 0.999 
0.968 
0.826 
0.629 
0.444 
0.298 
0.195 
0.123 
0.072 
0.025 

testing is done after 60 per cent of the patients have completed the trial, then an attained p-value 
of 0.0028 or less is required to reject the null hypothesis, and an attained p-value of 0.298 or more 
is required to accept the null hypothesis. If the attained p-value is between these limits, then the 
trial continues. 

3. DESCRIPTION OF THE PROCEDURE: TWO BINOMIAL POPULATIONS 

Consider a clinical trial comparing two treatment groups with respect to a binary outcome. The 
null hypothesis is that the event rates in the two groups are equal, while the one-sided alternative 
of interest is that the event rate in group A is greater than that in group B. 

Denote by S the difference between group A and group B with respect to the total number of 
events; that is, S is the number of excess events in group A. Similarly, denote by T the total 
number of events in the two groups combined. Using a normal approximation, significance can 
be assessed as follows: 

reject H ,  if S/var'/'(S) > z1 - a ,  

where var(S) = T(n - T)/n.  
Now suppose that the total sample has been split at random into subsamples of sizes n, and n,, 

and again assume that the group sizes are equal within each of the subsamples. Similarly, let 
S,, S,, T,, and T2 be the observed differences and sums of the event counts in the two 
subsamples. Since the two subsamples are independent, we can assess significance as follows: 

reject H,ifS, > z,-,[var(S,) + var(S,)]'/' - S , ,  

where var(S,) = T,(n, - T,) /n ,  and var(S,) = T,(n, - T,)/n,. 
Consider an interim analysis performed on the first n, subjects, with the remaining n, yet to be 

observed. If S, is assumed to be normal with mean E ( S , )  and variance var(S,), we predict the 
probability of future rejection of the null hypothesis to be: 

S ,  + E ( S , )  - z,-,[var(S,) + ~ar (S , ) ] ' /~  
var ' / ' (S,)  Pr{reject H , I S , ;  T , }  = @ (7) 
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S. M. SNAPINN 

Table I. Appropriate values of pa,, corresponding to various values of a, and prej 

Prej 
~ 

a B 0.80 0.85 0.90 0.95 

0-005 020 0.459 0.325 0-200 0089 
010 0.489 0.350 0.2 18 0.098 
005 0517 0.375 0.237 0.108 

001 020 0.430 0306 0.190 DM6 
0.10 0.462 0.333 0.209 0.095 
005 0.493 0.360 0.229 0.106 

0.025 020 0.394 0.283 0-177 0.08 1 
0.10 0.429 0.3 12 0.199 0.092 
0.05 0.465 0.345 0.224 0.106 

005 0.20 0.367 0.266 0.168 0.078 
0 10 0408 0.300 0.194 0.092 
0.05 0.453 0.341 0.226 0.1 11 

The critical p-values are 

and 

Table I1 gives an example of these boundaries as a function ofA using o! = 0.025, B = 005, 
prej = 0.95, and pace = 0.10. So, for example, if an analysis without any adjustment for multiple 
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Table I. Appropriate values of pa,, corresponding to various values of a, and prej 

Prej 
~ 

a B 0.80 0.85 0.90 0.95 

0-005 020 0.459 0.325 0-200 0089 
010 0.489 0.350 0.2 18 0.098 
005 0517 0.375 0.237 0.108 

001 020 0.430 0306 0.190 DM6 
0.10 0.462 0.333 0.209 0.095 
005 0.493 0.360 0.229 0.106 

0.025 020 0.394 0.283 0-177 0.08 1 
0.10 0.429 0.3 12 0.199 0.092 
0.05 0.465 0.345 0.224 0.106 

005 0.20 0.367 0.266 0.168 0.078 
0 10 0408 0.300 0.194 0.092 
0.05 0.453 0.341 0.226 0.1 11 

The critical p-values are 

and 

Table I1 gives an example of these boundaries as a function ofA using o! = 0.025, B = 005, 
prej = 0.95, and pace = 0.10. So, for example, if an analysis without any adjustment for multiple 
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Assessment of futility in clinical trials

Steven Snapinn*,y, Mon-Gy Chen, Qi Jiang and Tony Koutsoukos
Amgen Inc., One Amgen Center Drive, 24-2-C, Thousand Oaks, CA 91320, USA

The term ‘futility’ is used to refer to the inability of a clinical trial to achieve its objectives. In

particular, stopping a clinical trial when the interim results suggest that it is unlikely to achieve

statistical significance can save resources that could be used on more promising research. There are

various approaches that have been proposed to assess futility, including stochastic curtailment,

predictive power, predictive probability, and group sequential methods. In this paper, we describe and

contrast these approaches, and discuss several issues associated with futility analyses, such as ethical

considerations, whether or not type I error can or should be reclaimed, one-sided vs two-sided futility

rules, and the impact of futility analyses on power. Copyright # 2006 John Wiley & Sons, Ltd.

Keywords: conditional power; predictive power; predictive probability; sequential analysis;

stochastic curtailment

1. INTRODUCTION

The accumulating results of clinical trials can be
monitored for a variety of reasons. The primary
reason typically is to help protect patient safety: If
the interim results show that patients are being
subjected to unnecessary risk, the protocol can be
modified to mitigate that risk, or it can be
terminated. There is also often a strong ethical
imperative or economic incentive to stop a trial as
soon as efficacy has been established. One addi-
tional reason for stopping a clinical trial prema-
turely, which is somewhat more controversial than

safety or efficacy [1], is futility; that is, the inability
of the trial to achieve its objectives. The main goals
of stopping for futility are to preserve resources
(time and money) that could be spent on more
promising research, and to prevent patients
from being exposed to ineffective experimental
treatments unnecessarily [2–4].

It is important to distinguish between opera-
tional and statistical aspects of futility. Opera-
tional aspects that might cause a clinical trial to be
futile include slow recruitment or slow accumula-
tion of primary endpoints. However, this paper
will focus on statistical futility, which refers to the
situation in which the interim results make it clear
that the final results are unlikely to be statistically
significant. In this sense, therefore, stopping for
futility is closely related to stopping for earlyyE-mail: ssnapinn@amgen.com

*Correspondence to: Steven Snapinn, Amgen Inc., One
Amgen Center Drive, 24-2-C, Thousand Oaks, CA 91320,
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Statistics, ethics and probiotica
Richard D. Gill*

Mathematical Institute, Leiden University, P. O. Box 9512, 2300 RA
Leiden, The Netherlands

Ethical issues involved in the design of the ‘PROPATRIA’ probiotica
trial are discussed. This randomized clinical trial appeared to be well
conducted according to accepted good practices. The finding that the
treatment was actually rather harmful, and that despite this, and de-
spite a built-in interim analysis, the trial was not stopped earlier, led to
strongcriticism in themedia.I argue that‘acceptedgoodpractices’need
to be reconsidered in the light of this experience. First, a much stron-
ger distinction needs to be recognized between the immediate interests
of the patients being treated in the trial and the interests of future
patients of future doctors elsewhere. Secondly, it is in the interests of
future patients that well-conducted clinical trials are accepted by soci-
ety. As it is unavoidable that an occasional trial will result in an unpre-
dicted severely negative outcome, ethical screening committees must
ensure that those performing a trial can never be accused of putting
the interest of ‘science’ above the interest of their own patients when
such ‘accidents’happen.There are two consequences of this.First, the
design of a trial should also explicitly lead to minimizing the number
of patients who are treated by the researchers with a potentially seri-
ously harmful medicine. Secondly, the disadvantages of triple-blinding
far outweigh the advantages. Although it might at best only have saved
a few lives if the PROPATRIA trial been re-designed with these issues
in mind, I argue that the scientific value of the trial would not have been
significantly reduced; the damage to medical research, and hence to
future patients, would have been substantially less.Closer inspection of
the data from the PROPATRIA trial brings a new and quite unexpected
failing to light. The decision for stopping the trial early was acciden-
tally based on the one-sided test looking in the wrong direction, partly
through the inadequacy of the output of the statistical package, SPSS
and partly through lack of statistical expertise on the part of the users. If
the envisaged one-sided stopping rule had been used correctly, the trial
would in fact have been terminated at the time of the interim analysis‘for
futility’; it was at this moment highly unlikely that a significant end-result
in favour of probiotica was going to be attained.The decision to continue
the trial was a result of looking at the test statistic ‘in the wrong direc-
tion’. In effect, the trial was continued because there was still a good
chance to show that probiotica is actually very harmful. I recommend
that data-monitoring committees should always be advised by a pro-
fessional statistician, who is not blinded to the treatment allocation.

*http://www.math.leidenuniv.nl/∼gill; gill@math.leidenuniv.nl
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Abstract
Background: Infectious complications are the major cause of death in acute pancreatitis. Small
bowel bacterial overgrowth and subsequent bacterial translocation are held responsible for the
vast majority of these infections. Goal of this study is to determine whether selected probiotics are
capable of preventing infectious complications without the disadvantages of antibiotic prophylaxis;
antibiotic resistance and fungal overgrowth.

Methods/design: PROPATRIA is a double-blind, placebo-controlled randomised multicenter trial
in which 200 patients will be randomly allocated to a multispecies probiotic preparation (Ecologic
641) or placebo. The study is performed in all 8 Dutch University Hospitals and 7 non-University
hospitals. The study-product is administered twice daily through a nasojejunal tube for 28 days or
until discharge. Patients eligible for randomisation are adult patients with a first onset of predicted
severe acute pancreatitis: Imrie criteria 3 or more, CRP 150 mg/L or more, APACHE II score 8 or
more. Exclusion criteria are post-ERCP pancreatitis, malignancy, infection/sepsis caused by a
second disease, intra-operative diagnosis of pancreatitis and use of probiotics during the study.
Administration of the study product is started within 72 hours after onset of abdominal pain. The
primary endpoint is the total number of infectious complications. Secondary endpoints are
mortality, necrosectomy, antibiotic resistance, hospital stay and adverse events. To demonstrate
that probiotic prophylaxis reduces the proportion of patients with infectious complications from
50% to 30%, with alpha 0,05 and power 80%, a total sample size of 200 patients was calculated.

Conclusion: The PROPATRIA study is aimed to show a reduction in infectious complications due
to early enteral use of multispecies probiotics in severe acute pancreatitis.
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Probiotic prophylaxis in predicted severe acute pancreatitis: 
a randomised, double-blind, placebo-controlled trial
Marc G H Besselink, Hjalmar C van Santvoort, Erik Buskens, Marja A Boermeester, Harry van Goor, Harro M Timmerman, Vincent B Nieuwenhuijs, 
Thomas L Bollen, Bert van Ramshorst, Ben J M Witteman, Camiel Rosman, Rutger J Ploeg, Menno A Brink, Alexander F M Schaapherder, 
Cornelis H C Dejong, Peter J Wahab, Cees J H M van Laarhoven, Erwin van der Harst, Casper H J van Eijck, Miguel A Cuesta, Louis M A Akkermans, 
Hein G Gooszen, for the Dutch Acute Pancreatitis Study Group

Summary
Background Infectious complications and associated mortality are a major concern in acute pancreatitis. Enteral 
administration of probiotics could prevent infectious complications, but convincing evidence is scarce. Our aim was 
to assess the eff ects of probiotic prophylaxis in patients with predicted severe acute pancreatitis.

Methods In this multicentre randomised, double-blind, placebo-controlled trial, 298 patients with predicted severe 
acute pancreatitis (Acute Physiology and Chronic Health Evaluation [APACHE II] score ≥8, Imrie score ≥3, or 
C-reactive protein >150 mg/L) were randomly assigned within 72 h of onset of symptoms to receive a multispecies 
probiotic preparation (n=153) or placebo (n=145), administered enterally twice daily for 28 days. The primary endpoint 
was the composite of infectious complications—ie, infected pancreatic necrosis, bacteraemia, pneumonia, urosepsis, 
or infected ascites—during admission and 90-day follow-up. Analyses were by intention to treat. This study is 
registered, number ISRCTN38327949.

Findings One person in each group was excluded from analyses because of incorrect diagnoses of pancreatitis; thus, 
152 individuals in the probiotics group and 144 in the placebo group were analysed. Groups were much the same at 
baseline in terms of patients’ characteristics and disease severity. Infectious complications occurred in 46 (30%) patients 
in the probiotics group and 41 (28%) of those in the placebo group (relative risk 1·06, 95% CI 0·75–1·51). 24 (16%) 
patients in the probiotics group died, compared with nine (6%) in the placebo group (relative risk 2·53, 95% CI 
1·22–5·25). Nine patients in the probiotics group developed bowel ischaemia (eight with fatal outcome), compared 
with none in the placebo group (p=0·004).

Interpretation In patients with predicted severe acute pancreatitis, probiotic prophylaxis with this combination of 
probiotic strains did not reduce the risk of infectious complications and was associated with an increased risk of 
mortality. Probiotic prophylaxis should therefore not be administered in this category of patients.

Introduction
The incidence of acute pancreatitis in Europe and the 
USA is increasing by about 5% per year, mainly owing to 
an increase in biliary pancreatitis.1–3 About a fi fth of 
patients will develop necrotising pancreatitis, which is 
associated with a 10–30% mortality rate, mostly attributed 
to infectious complications and infection of 
(peri)pancreatic necrotic tissue in particular.1 These 
infections are thought to be the sequelae of a cascade of 
events starting with small-bowel bacterial overgrowth, 
mucosal barrier failure, and a pro infl ammatory response 
leading to bacterial translocation of intestinal bacteria.4–6 
Systemic antibiotic prophylaxis has long been studied as 
a measure to prevent secondary infection in acute 
pancreatitis.1 However, two double-blind, placebo-
controlled trials7,8 and two meta-analyses9,10 have failed to 
show a benefi cial eff ect, and many clinicians have 
abandoned this strategy. In the two antibiotic trials, the 
incidence of extrapancreatic infections (eg, bacteraemia, 
pneumonia) and pancreatic infection remained high.7,8 
Con sequently, there is a clear need for other strategies to 
prevent infectious complications in patients with acute 
pancreatitis.

Probiotics, as an adjunct to enteral nutrition, have raised 
high expectations and are currently gaining worldwide 
popularity for their presumed health-promoting eff ects.11,12 
Certain strains of probiotic bacteria might prevent 
infectious complications by reducing small-bowel bacterial 
overgrowth, restoring gastro intestinal barrier function, 
and modulating the immune system.11,12 A reduction of 
infectious compli cations has been reported in several 
clinical studies with probiotics in patients undergoing 
elective abdominal operations13,14 and in patients with acute 
pancreatitis.15 However, because of their small size and 
methodological quality, these studies do not justify global 
implementation of probiotics as a preventive measure in 
acute pancreatitis. Accordingly, we embarked on a nation-
wide multicentre randomised, double-blind, placebo-
controlled trial—the PRObiotics in PAncreatitis TRIAl 
(PROPATRIA)—to assess the eff ects of probiotic pro phyl-
axis in patients with predicted severe acute pancreatitis.

Methods
Patients
The design and rationale of the study have been described 
in detail elsewhere.16 Adult patients admitted with a fi rst 
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