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Careless statistics does cost lives
Altman (1982): 50% of published medical statistics 1s wrong.
Today: about 15%

This talk:

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

® Practice: the probiotica trial
(infectious complication 1n acute pancreatitis)



Besselink et al, BMC Surgery, 2004

e use of probiotics during admission

Randomisation criteria

After inclusion in the study, patients with predicted severe
acute pancreatitis, represented by at least one of the fol-
lowing scores: 3 Imrie criteria, CRP 150 mg/L, APACHE Il
score 8, are randomised within the first 72 hours after the
onset of abdominal pain. Patients with a predicted mild
attack of acute pancreatitis do not receive the study prod-
uct. They do give informed consent and are monitored.

Ethics, informed consent

This study is conducted in accordance with the principles
of the Declaration of Helsinki and 'good clinical practice'
guidelines. The independent ethics committee of all 15
participating hospitals approved the final protocol. Oral
and written informed consent in form is obtained from
the patient before inclusion in the trial.

Safety

All the probiotics used in this study have a long history of
use in the food industry. Probiotics have been studied in
many critical ill and immunocompromised patients with-
out any serious adverse events being noted. There is one
trial that studied probiotics in acute pancreatitis patients
and no serious advents were noted. If an infection with

one of the administered probiotics might occur, this could
he treated with antihiotices Durine administration of the

Interim-analysis

For ethical reasons it is desirable to end a therapeutic
experiment once a statistical significant difference in treat-
ment results has been reached. This study uses the stop-
ping-rules according to Snapinn [32]. An interim-analysis
will be performed after the data of the first 100 patients
(50% fraction) is obtained. According to Snappin, the
trial will be ended at this interim-analysis at p < 0,0081.
The study will also be ended in case of adverse events
without possibility of positive outcome, p > 0,382. The
monitoring committee will discuss the results of the
interim-analysis and advice the steering committee. The
steering committee decides on the continuation of the
trial.

Sample size

It is anticipated that probiotics will lead to a reduction of
infectious complications from 50% (% of patients) to
30%. The sample size calculation is based on a = 0.05,
and a power of 80% This leads to a required sample size
of 188 patients. Taking into account a 5% loss-to-follow
up, a total of 2 x 100 patients will be randomised. Based
on hospital data of 2002 about 500 patients have to be
included in order to randomise 200 patients with pre-
dicted severe acute pancreatitis. There is one post-dis-
charge follow-up after three months. The expected study
end is in 2006 (2 years inclusion period).




Snapinn stopping boundaries for one—sided interim p—value
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Theory: a protoypical testing problem

H()I,LLI
le,u > 0



Data 1s obtained sequentially; time = n

n=1,...,N
Sn = Z?:lXi
X, = +S,

Pn = 1 — Cb_l(Tn)

Interim sum, average, t-statistic, p-value



Fixed sample size design parameters:

level a for testing null ©u =0
power 1 — B against alternative u© = 4, given fixed § > 0

standard normal quantiles: Pr(NV (0, 1) < z,) = ®(zp) =p

Ty ~ NNu, 1)

rejection region: Ty > 71—, equivalently py < o

Ll—a — \/NS

{l—a — KB

<p

VNS

a=0.0258=02; 714 ~196,z5 = —0.84



Interim analysis at time 7

Interim fraction n/N = f

Given T, = t,

%tn | \/INN((N —n)u, N — n)

Vit + N (VN =, 1~ )

I'n



Snapinn lower boundary: stopping for significance:
early rejection

Reject early 1t given T, probability of ultimate rejection 1s
larger than some critical (large) pre; (€.g., =0.90).

Pr, (ultimately reject|T,, = 1,) =

1 — CD(\/ll_f(m—a — Jft. — v/N(1 —f)M))

Choice for u: compromise between neutral best guess, and least
favourable scenario for early rejection

ﬁ:f°xn‘|‘(1 —f)-0



Pr(ultimately reject | T, =1,
= 1T VI tn > ld_ﬁ;l —f>ftn/ﬁ)
= 1 — @(Zl—“ — ijjlz_(]lf —f)«/ftn)
_ 1 cp(zl—a _\/I/Ji(f —f)tn)

We reject early 1t this probability 1s larger than pye;



Reject early 1f

P < l_q)(Zl—oz _\/I/]i(jzc —f)tn)
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Snapinn upper boundary: stopping for futility:
early acceptance

Accept early 1t given T,, probability of ultimate rejection 1s
smaller than some critical (small) pyc (e.g.,=0.20).

Pr, (ultimately reject|T,, = t,) =

1 — qD(\/ll_f(Zl—oc — Jftn — VN(1 —f)M)>

Choice for u: compromise between neutral best guess, and least
favourable scenario for early acceptance




f’\r(ultimately reject | T,, = tn)
B l_cD(Zl—oz_\/]?tn — VN —f)f tn)/n — /N (1 —f)zc?)
B JIT=F
1 CD(ZI—O{ - \/ftn —( _f)\/ftn —( _f)z(Zl—oz _Z,B))
B JT=F

Zca — FQ=Pta— (1 =)2(21-0 — 2p)
= 1= CD( JI—F )

We accept early 1t this probability 1s smaller than p,.c



Accept early 1f
SEPEE VFQ =t — (1 = )2 (21— —zﬁ))

Pacc
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Putting 1t all together
Treat p,cc and pyej as arbitrary tuning parameters
Demand actual significance level = nominal level

equivalently: under null
probability accept early but ultimately reject (function of pacc) =
probability reject early but ultimately accept (function of pre;)

determines pacc as function of pre;

final tuning of pre;:
maintain power, versus increased early stopping



Snapinn, empirical findings:
1) For given a and f, given prej, pace 1S almost constant in f
2) Si1g. level 1s maintained under multiple interim analyses

3) Method works also for comparing binary fractions ...

o Prob. of False Early Conclusion (x 1E4)
20—

= Re} — Aoo —~ ST ~
_ - N
. O PR R
4 \
S //m\ .....
/ =
. . 7 -~ P,y - 0-06 ~
1) Similar shape of curves: match for one £, B R
matches all (illustration, next slide) ~— - -
%.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Fraction of total sample (f)

2) Probability of crossing both boundaries once 1s already small,
probability of multiple crossings 1s negligeable; most action at = 0.7 (illustration)

3) Universality/invariance: n times estimated treatment effect
asymptotically a random walk (under the alternative, a random walk with drift)



o Prob. of False Early Conclusion (x 1E4)
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Figure 1. Probabilities of false early rejection and false early acceptance, with a = 0-025 and § = 0-05

Snapinn, 1992: tuning pacc to prej sStmultaneously for all f



p—value

1.0

0.8

0.6

0.4

0.2

0.0

Stopping boundaries
(Probiotica parameters)

continue the trial

stop for futility: early accept
Pr(ultim. rej.|7%) < pacc

stop for significance: early reject

0.0

0.2

| Pr(ultim. rej.IT n) > Drej

0.4

sample fraction

0.6

0.8




p—value (logarithmic scale)
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The probiotica trial

test use of probiotics against infectious complication 1n acute pancreatitis

Compare two Bernoulli probabilities
Hy:py=p2, Hi:p1 #p2

Design:
Hy:pr=p»=0.3, H;:py =0.3,p,=0.16
a = 0.05 two-sided , B =0.20, N = 300

Snapinn according to Schouten (19935, Klinische Statistiek):
f =10.50, prej = 0.90, pacc = 0.20

Schouten: table for one-sided level 5% testing, table for
two-sided level 3% testing

Snapinn: table for one-sided level 2.5% testing only



Schouten: “a two sided test can be thought of as
a combination of two one-sided tests”™

But: early stopping 1s not symmetric
when we compare a new treatment to a standard

G1ving an experimental treatment
which you can t prove is beneficial
to the still-to-be-treated “treatment group”™ patients

1s not the same
as giving a standard treatment

which you believe can be improved
to the still-to-be-treated “control group” patients



Interim analysis n = 184, f ~ 0.60, 1, ~ *1
If A=placebo, B=probiotica p»=0.16

Snapinn one-sided o = 0.025: continue

if A=probiotica, B=placebo p, =0.84

Snapinn one-sided o = 0.025: stop and accept



Snapinn stopping boundaries for one—sided interim p—value
Schouten two-sided continuation region = union of two one-sided continuation regions
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Digression: Schouten recommends smaller prej than Snapinn — consequences?

Pr( early acc late rej | null ) and vice—versa
(Probiotica parameters)
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Data distributed at press conference, 13 February 2008

Groep A Groep B
n=94 n=90 p

Man 58 48 0.297
Binnen 3 dagen naar IC 23 14 0.145
Meer dan 30% necrose 15 13 0.837
Alle infecties 29 22 0.323
geinf pancreasnecrose 12 3 0.478
luchtweginfectie 11 S 0.189
urineweginfectie 9 4 0.248
positieve bloedkweek 13 16 0.545
Pos bloedkweek en IPN 20 17 0.714
Operatie 14 8 0.256
Mortaliteit 14 6 0.097

Thanks to Hester van Santen, NRC



What went wrong? Possibly, both of:

® The monitoring committee was blinded and
optimistic about the treatment, saw the p-value
of the one-sided test as 1f A=placebo

® The monitoring committee saw the p-value
of the two-sided test and used Schouten’s table
for two-sided testing



® The DMC should have considered both scenarios A, B = ...

with corresponding one-sided p-values 0.16, 0.84

® A=placebo: p, = 0.16; continue the trial since there 1s
a good chance of getting a significant positive result

® A=probiotica: p, = 0.84; stop the trial since there 1s
almost no chance of getting a significant positive result

® The DMC should have de-blinded the data
to determine which action to take

® Instead, the trial was in effect continued because
there was a good chance of proving probiotica bad
almost no chance of proving 1t good



Conclusions, recommendations

® “Early stopping” of RCTs raises complex 1ssues
and requires professional statistical expertise

® Data monitoring, safety and ethics committees
should include an independent statistician who 1s
not blind to the actual treatment assignments

® Primary endpoint should include all “serious adverse events” so
that early stopping rule can incorporate safety concerns

® Snapinn parameters pacc, Prej N€€d to be tuned to actual trial
parameters a, 3

® Reporting of “serious adverse events” should not be left to the
discretion of the doctors at local centres, in a multi-centre trial
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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 Il 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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Articles

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 Neuwenhuijs,
Thomas L Bollen, Bert van Ramshorst, Ben | M Witteman, Camiel Rosman, Rutger | Ploeg, Menno A Brink, Alexander F M Schaapherdey

Cornelis H C Dejong, Peter | Wahab, Cees ] H M van Laarhoven, Erwin van der Harst, Casper H ] van Eijck, Miguel A Cuesta, LouisM 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 effects 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.® About a fifth 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! These
infections are thought to be the sequelae of a cascade of
events starting with small-bowel bacterial overgrowth,
mucosal barrier failure, and a proinflammatory response
leading to bacterial translocation of intestinal bacteria.**
Systemic antibiotic prophylaxis has long been studied as
a measure to prevent secondary infection in acute
pancreatitis.! However, two double-blind, placebo-
controlled trials’® and two meta-analyses®” have failed to
show a beneficial effect, 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.”®
Consequently, 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 effects."*
Certain strains of probiotic bacteria might prevent
infectious complications by reducing small-bowel bacterial
overgrowth, restoring gastrointestinal barrier function,
and modulating the immune system."* A reduction of
infectious complications has been reported in several
clinical studies with probiotics in patients undergoing
elective abdominal operations™* and in patients with acute
pancreatitis.” 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 TRIAI
(PROPATRIA)—to assess the effects of probiotic prophyl-
axis in patients with predicted severe acute pancreatitis.

Methods

Patients

The design and rationale of the study have been described
in detail elsewhere.® Adult patients admitted with a first
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Statistics, ethics, and probiotica
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DISCUSSION PAPER — COMMENTS WELCOME

April 28, 2008

Abstract

A randomized clinical trial comparing an experimental new treatment
to a standard therapy for a life-threatening medical condition should
be stopped early on ethical grounds, in either of the following scenar-
ios: (1) it has become overwhelmingly clear that the new treatment is
better than the standard; (2) it has become overwhelmingly clear that
the trial is not going to show that the new treatment is any better than
the standard. The trial is continued in the third scenario: (3) there is
a reasonable chance that the new treatment will finally turn out to be
better than the standard, but we arent sure yet.

However, the (blinded) data monitoring committee in the “PROPA-
TRIA” trial of an experimental probiotica treatment for patients with
acute pancreatitis allowed the trial to continue at the half way in-
terim analysis, in effect because there was still a good chance of prov-
ing that the probiotica treatment was very harmful to their patients.
The committee did not know whether treatment A was the probiot-
ica treatment or the placebo. In itself this should not have caused a
problem, since it could easily have determined the appropriate decision
under both scenarios. Were the decisions in the two scenarios differ-
ent, then the data would have to be de-blinded, in order to determine
the appropriate decision. And the decisions in this trial were indeed
different: were A the probiotica treatment, the monitoring committee
would have found themselves in scenario (2) and would have stopped
the trial; were A the placebo, the monitoring committee would have
found themselves in scenario (3) and would have let the trial continue.



