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N REVIEW

Stopping Randomized Trials Early for Benefit

and Estimation of Treatment Effects
Systematic Review and Meta-regression Analysis

Dirk Bassler, MD, MSc
Matthias Briel, MD, MSc

Victor M. Montori, MD, MSc
Melanie Lane, BA

Paul Glasziou, MBBS, PhD

Qi Zhou, PhD

Diane Heels-Ansdell, MSc
Stephen D. Walter, PhD
Gordon H. Guyatt, MD, MSc
and the STOPIT-2 Study Group

LTHOUGH RANDOMIZED CON-
trolled trials (RCTs) gener-
ally provide credible evi-
dence of treatment effects,
multiple problems may emerge when in-
vestigators terminate a trial earlier than
planned,! especially when the decision
to terminate the trial is based on the find-
ing of an apparently beneficial treat-
ment effect. Bias may arise because large
random fluctuations of the estimated
treatment effect can occur, particularly
early in the progress of a trial.> When in-
vestigators stop a trial based on an ap-
parently beneficial treatment effect, their
results may therefore provide mislead-
ing estimates of the benefit.>* Statistical
modeling suggests that RCTs stopped
early for benefit (truncated RCTs) will
systematically overestimate treatment ef-
fects,” and empirical data demonstrate
that truncated RCTs often show implau-
sibly large treatment effects.®
Empirical evidence addressing the mag-
nitude of bias from stopping early, and fac-
tors that may influence the magnitude of
the bias, remain limited and the appro-
priate interpretation of truncated RCTs

See also Patient Page.
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Context Theory and simulation suggest that randomized controlled trials (RCTs) stopped
early for benefit (truncated RCTs) systematically overestimate treatment effects for
the outcome that precipitated early stopping.

Objective To compare the treatment effect from truncated RCTs with that from meta-
analyses of RCTs addressing the same question but not stopped early (nontruncated
RCTs) and to explore factors associated with overestimates of effect.

Data Sources Search of MEDLINE, EMBASE, Current Contents, and full-text journal
content databases to identify truncated RCTs up to January 2007; search of MEDLINE, Coch-
rane Database of Systematic Reviews, and Database of Abstracts of Reviews of Effects to
identify systematic reviews from which individual RCTs were extracted up to January 2008.

Study Selection Selected studies were RCTs reported as having stopped early for
benefit and matching nontruncated RCTs from systematic reviews. Independent re-
viewers with medical content expertise, working blinded to trial results, judged the
eligibility of the nontruncated RCTs based on their similarity to the truncated RCTs.

Data Extraction Reviewers with methodological expertise conducted data extrac-
tion independently.

Results The analysis included 91 truncated RCTs asking 63 different questions and
424 matching nontruncated RCTs. The pooled ratio of relative risks in truncated RCTs
vs matching nontruncated RCTs was 0.71 (95 % confidence interval, 0.65-0.77). This
difference was independent of the presence of a statistical stopping rule and the meth-
odological quality of the studies as assessed by allocation concealment and blinding.
Large differences in treatment effect size between truncated and nontruncated RCTs
(ratio of relative risks <0.75) occurred with truncated RCTs having fewer than 500
events. In 39 of the 63 questions (62 %), the pooled effects of the nontruncated RCTs
failed to demonstrate significant benefit.

Conclusions Truncated RCTs were associated with greater effect sizes than RCTs
not stopped early. This difference was independent of the presence of statistical stop-
ping rules and was greatest in smaller studies.

JAMA. 2010,;303(12):1180-1187 www.jama.com

amatter of controversy.®!! We therefore
undertook a systematic review to deter-
mine the treatment effect from truncated
RCTs compared with meta-analyses of

cated RCTs) and to explore factors asso-
ciated with overestimates of effect.

METHODS

RCTsaddressing the same research ques-
tion that were not stopped early (nontrun-

A prior report provides a detailed de-
scription of the design and methods of
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this study (Study of Trial Policy of In-
terim Truncation-2 [STOPIT-2])."2 In
summary, we conducted extensive lit-
erature searches to identify truncated
RCTs and systematic reviews address-
ing the same question. We retrieved all
RCTs included in the systematic re-
views, extracted data and conducted
new meta-analyses of the nontrun-
cated RCTs addressing the outcome that
led to the early termination of the trun-
cated RCTs, and compared the rela-
tive risk (RR) generated by the trun-
cated RCTs with the RR from all
matching nontruncated RCTs.

Literature Search

We updated the database from our prior
study following the same search strategy.®
In January 2007 we searched MEDLINE,
EMBASE, Current Contents, and full-text
journal content databases from their in-
ception for truncated RCTs. Inaddition,
we identified truncated RCTs through
hand searching, by personal contact with
trial investigators, and by a citation search
linked to 2 key articles.*"* For systematic
reviews, we searched the Cochrane Da-
tabase of Systematic Reviews, the Data-
base of Abstracts of Reviews of Effects,
and MEDLINE from their inception to
January 2008.

Eligibility Criteria for Truncated RCTs
and Matching Systematic Reviews

Weincluded RCTs of any intervention re-
ported as having stopped earlier than ini-
tially planned owing to interim results in
favor of the intervention.

We excluded matching systematic re-
views that did not have amethods section
and did not describe a literature search
that, at minimum, included MEDLINE.!?

Identification, Retrieval, and
Eligibility of Nontruncated RCTs

We retrieved the full text of all RCTs in-
cluded in each systematic review. If a sys-
tematic review was published prior to the
matching truncated RCT and thus did
not include the truncated RCT, we up-
dated this review.'? Eligible nontrun-
cated RCTs addressed the outcome that
led to the early termination of the trun-
cated RCT and stated clearly that allo-
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cation was randomized. We assessed the
eligibility of nontruncated RCTs based
on the similarity of the question ad-
dressed by the matching truncated RCT
(see Briel et al'? for details).

Teams of 2 reviewers with relevant
clinical expertise made independent eli-
gibility and similarity decisions and re-
solved disagreement by discussion and,
if necessary, by consulting a third party.
Reviewers who judged eligibility were
blinded to the results of the trials through
electronic or manual masking."?

Data Extraction and Analysis

Working in pairs, reviewers with meth-
odological expertise conducted data
extraction independently.'” From each
RCT (truncated or nontruncated), we
collected information about early termi-
nation, the journal of publication (we cat-
egorized Annals of Internal Medicine, BMJ,
JAMA, Lancet, and New England Journal
of Medicine as high-impact journals), the
year of publication, methodological qual-
ity, data monitoring committees, stop-
ping rules at the outset of the trial, interim
analyses, and the measure of treatment
effect for the outcome that terminated the
truncated RCT. The only study charac-
teristic tested for a statistically signifi-
cant difference between truncated and
nontruncated RCTs was publication in
a high-impact journal.

We calculated an RR for each RCT
in our study. For studies that provided
results using continuous data, we esti-
mated an approximate dichotomous
equivalent.'>'* For each question, we
used meta-analysis for the pooled RRand
a 95% confidence interval (CI) for all
nontruncated RCTs. If more than 1 trun-
cated RCT addressed the same question,
we calculated a pooled RR and CI for
those truncated RCTs. Pooled estimates
of RRs were calculated using an inverse-
variance weighted random-effects model.

We performed a z test for each meta-
analysis to assess differences between the
truncated and nontruncated RCTs with
respect to their pooled RRs. Asasummary
measure we calculated aratio of RRs, and
itslogarithm, for each question as follows:

Log[ratio of RRs]=log[RR of trun-
cated RCT(s)/pooled RR of nontruncated

RCTs] =log[RR of truncated RCT(s)]—
log[pooled RR of nontruncated RCTs].

We estimated the pooled log[ratio of
RRs] using a random-effects inverse-
variance meta-analysis and then, for
purposes of presentation, back trans-
formed to the overall ratio of RRs. To
explore factors associated with the mag-
nitude of the ratio of RRs, we per-
formed a meta-regression analysis in
which the dependent variable was the
log[ratio of RRs] and independent vari-
ables were whether the truncated RCTs
used a formal stopping rule and the
number of outcome events in the trun-
cated RCTs. When more than 1 trun-
cated RCT addressed the same ques-
tion, the stopping rule status was
assigned to “hasarule” ifat least 1 trun-
cated RCT had a rule. Similarly, when
there was more than 1 truncated RCT
for the same question, we used the trun-
cated RCT with the largest number of
events as the source for our analyses of
the influence of the number of events.

Toallow consideration of methodologi-
cal quality as a predictor and to test
whether restriction to nontruncated RCTs
that are more similar to the truncated
RCTs would change the results, we con-
structed a second meta-regression de-
scribed fully in a prior report.'? In brief,
this meta-regression used a hierarchical
model with 2 levels: individual RCT
(study) level and meta-analysis (question)
level. The dependent variable in thisanaly-
sis was the logarithm of the RR for each
study. Predictor variables considered
included a combined group variable
(truncated RCT with a rule, truncated
RCT withoutarule, nontruncated RCT),
number of events, concealment of allo-
cation, use of blinding, and the interac-
tion between the group variable and the
other variables. We performed this meta-
regression on different data sets based on
various thresholds for the similarity of the
nontruncated RCTs in each question to
the matching truncated RCTs.

To test for an order effect (the hy-
pothesis being that studies published
earlier will have more responsive popu-
lations), for each review question we es-
tablished where in the sequence of pub-
lished studies (by publication date) the
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truncated RCT stood and referred to
this as the “rank” of the truncated RCT.
We then calculated a “standardized
rank” [100- (rank - 1)/(total number of
studies-1)]. If there was more than 1
truncated RCT in the review question,
we used the median among the trun-
cated RCTs as the standardized rank of
truncated RCTs. We then divided the
review questions into 2 groups (those
with the standardized rank of the trun-
cated RCT equal to or less than 50
[n=27] and those with the standard-
ized rank of the truncated RCT greater
than 50 [n=37]) and repeated the meta-
analysis for each group.

As a secondary analysis, we com-
pared the RR of the truncated RCT(s)
with the pooled estimate for all trials
including the truncated RCTs.

Analyses were performed using SAS
version 9.2 (SAS Institute Inc, Cary,
North Carolina); tests were 2-sided, and
P<.05 was used as the threshold for
statistical significance.

RESULTS
Literature Search

Atotal of 195 truncated RCTs formed the
basis for the search for systematic reviews;
we identified matching systematic reviews
for 79 questions. We extracted 2488 non-
truncated RCTs from 202 matching sys-
tematic reviews (of which 32 were up-
dated). Of these 2488 studies, 22 (0.9%)
proved to be truncated RCTs, which we
added to the truncated RCT database. We
excluded 2012 nontruncated RCTsbased
oninsufficient similarity to the truncated
RCTs or unclear randomization and 30

because the RR could not be calculated.
The remaining 424 nontruncated RCTs
and 91 matching truncated RCTs ad-
dressed 63 questions (FIGURE 1). An
eSupplement reporting the references
of the included studies is available at
http://www .jama.com.

Study Characteristics

TABLE 1 describes the characteristics of
the eligible studies. Compared with
matching nontruncated RCTs, trun-
cated RCTs were more likely to be pub-
lished in high-impact journals (30% vs
68%, P<.001).

Quantification of Differences
in Treatment Effect Size

Of 63 comparisons, the ratio of RRs was
equal to orless than 1.0in 55 (87%); the

Figure 1. Selection Process for Study Inclusion

143 Truncated RCTs identified in prior
systematic review

!

52 Additional truncated RCTs identified

!

195 Truncated RCTs identified as basis

202 Systematic reviews matched

for systematic search for matching
nontruncated RCTs

on 79 research questions

32 Updated to include
truncated RCTs

170 Included identified truncated RCTs

!

2488 Potentially relevant RCTs identified
from systematic reviews and blinded

!

!

217 Truncated RCTs identified !

22 Truncated RCTs identified and
added to truncated RCT database

2466 Potentially eligible nontruncated
RCTs identified

2042 Nontruncated RCTs excluded
2012 Insufficient similarity to
truncated RCT or not
randomized
30 RR not calculable

424 Eligible nontruncated RCTs

126 Truncated RCTs excluded

(unable to identify matching
nontruncated RCTs)

91 Truncated RCTs included in
analysis

424 Nontruncated RCTs included in
analysis

63 Research questions included
in analysis

RCT indicates randomized controlled trial; RR, relative risk.
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weighted average ratio of RRs was 0.71
(95% C1,0.65-0.77;P<.001) (FIGURE 2).
In 39 of 63 comparisons (62%), the
pooled estimates for nontruncated RCTs
were not statistically significant.
Comparison of the truncated RCTs
with all RCTs (including the truncated
RCTs) demonstrated a weighted aver-
age ratio of RRs of 0.85;in 16 of 63 com-
parisons (25%), the pooled estimate
failed to demonstrate a significant effect.

Determinants of Differences
in Treatment Effect Size

TABLE 2 summarizes the findings from
the single-level meta-regression analy-
sis to determine predictors of differ-
ences in the treatment effect size be-
tween truncated and nontruncated
RCTs. In the univariable models, both
the number of events (P <.001) and the
presence of a statistical stopping rule
(P=.02) were significant. When we in-
cluded both variables in the model, only
the number of events remained signifi-
cant (P<.001). The results from the
multilevel meta-regression confirmed
significant interactions between the
combined variable (truncated vs non-
truncated RCT) and the number of
events (P<<.001). Large differences in
treatment effect size between trun-
cated and nontruncated RCTs (ratio of
RRs <0.75) occurred in truncated RCTs
with fewer than 500 events (FIGURE 3).
The multilevel meta-regression
analysis using the entire data set dem-
onstrated that neither concealment of
allocation (P=.96) nor blinding (P=.32)
were significant predictors of the dif-
ferences in treatment effect size.

Different Data Sets and Order

of Publication

The findings were similar, irrespective of
either the closeness of the match be-
tween nontruncated and truncated RCTs
or the order of publication of the trun-
cated RCTs relative to that of matching
nontruncated RCTs. In the multilevel
meta-regression analysis, adjusted ra-
tios of RRs of truncated vs nontrun-
cated RCTs were 0.64 when questions
were very closely matched, 0.70 when
they were moderately close, and 0.69

©2010 American Medical Association. All rights reserved.
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Table 1. Characteristics of Randomized Controlled Trials Stopped Early for Benefit and Those
Not Stopped Early for Benefit Asking the Same Research Question

I
Stopped Early

1
Not Stopped Early

Characteristic (n=91) (n=424)
Year of publication
Before 1975 2(2) 9(2)
1975-1984 1(1) 29 (7)
1985-1994 27 (30) 141 (33)
1995-2004 50 (55) 230 (54)
2005-2008 11(12) 15 (4)
Published in high-impact journal® 62 (68) 128 (30)
Area of study
Cardiology 32 (35) 210 (49)
Hematology-oncology 10 (11) 24 (6)
HIV/AIDS 14 (15) 34 (8)
Critical care 89 38 (9)
Neurology 1(1) 8(2)
Other 26 (29) 110 (26)
Type of comparisons
Active medication vs placebo 56 (62) 277 (65)
Active medication vs active medication 12 (13) 49 (12)
Nonpharmacological therapeutic interventions 15(16) 46 (11)
Drug vs nonpharmacological therapeutic intervention 7(8) 46 (11)
Nontherapeutic interventions 1(1) 6 (1)
Quality of reporting of safeguards against bias
Adequate randomization methods 61 (67) 195 (46)
Adequate allocation concealment 48 (53) 145 (34)
Blinding
Patients 55 (60) 255 (60)
Care providers 40 (44) 225 (53)
Data collectors 25 (27) 146 (34)
Judicial assessors of outcomes 32 (35) 148 (35)
Data analysts 89 49 (12)
Reported planned sample size 71(78) 220 (52)
Reported actual sample size 68 (75) 220 (52)
Funding
For-profit organization 38 (42) 151 (35)
Not-for-profit organization/government funding 33 (36) 92 (22)
Other 1(1) 29 (7)
Not reported 19 (21) 152 (36)
Authors’ conflict of interest
Reported 36 (40) 59 (14)
Conflict of interest 31 (34) 53 (13)
Employment at funding agency 21(23) 42 (10)
Reported “no conflict of interest” 5 (6) 6(1)
Not reported 55 (60) 365 (86)
DMC
Existent 64 (70) 183 (43)
Not existent 5(6) 28 (7)
Not mentioned 22 (24) 213 (50)
Composition of the DMC reported
Yes 40 (62) 111 (61)
Names of members 33 (36) 40 (9)
Member affiliations 5(5) 15 Q)
Member expertise 4(4) 6(1)
Sponsor representative a member
Yes 31 17 (4)
No 21 (39) 38 (21)
Not mentioned 35 34 (18)
(continueqd)
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Table 1. Characteristics of Randomized Controlled Trials Stopped Early for Benefit and Those
Not Stopped Early for Benefit Asking the Same Research Question (continued)

No. (%)

T
Stopped Early Not Stopped Early

Characteristic (n=91) (n =424)
Conflict of interest reported for DMC members
Yes 1(2) 3@
No 0 3(2)
Not mentioned 63 (98) 177 (96)
Blinding of DMC
Yes 6(9) 38 (21)
No 9 (14) 55 (30)
Not mentioned 49 (77) 90 (49
Preplanned stopping rule
Yes 69 (76) 55 (13)
Haybittle-Peto 8(11) 2 (4)
Pocock 6(9) 2 (4)
O’Brien-Fleming 22 (32) 5(9)
Lan-DeMets 4 (6) 9(16)
Other 20 (29) 37 (67)
Not specified 9(13) 0
No 22 (24) 369 (87)
No. of planned interim analyses
1 15 (16) 17 (4)
2 11(12) 7(2)
3 6 (7) 113
>3 12 (13) 10 (2
Not reported 47 (52) 379 (89)
Definition of interim period
By periods 10 (23) 14 (31)
By No. of recruited patients 17 (39) 13 (29)
By No. of events 2 (4) 2 (4)
By other means 10 (23) 7 (16)
Not reported 5(11) 9 (20)

Abbreviations: DMC, data monitoring committee; HIV, human immunodeficiency virus.
8Annals of Internal Medicine, BMJ, JAMA, Lancet, New England Journal of Medicine.

when they were least close. The ratio of
RRs of the group in which the trun-
cated RCTs were published in early years
(standardized rank =50) was 0.74 (95%
CI, 0.66-0.83) and for the later years
(standardized rank >50) was 0.68 (95%
CI, 0.60-0.77). The P value for the dif-
ference between the 2 estimates was 0.33.

COMMENT

Summary of Findings

In this empirical study including 91 trun-
cated RCTs and 424 matching nontrun-
cated RCTs addressing 63 questions, we
found that truncated RCTs provide
biased estimates of effects on the out-
come that precipitated early stopping. On
average, the ratio of RRs in the trun-
cated RCTs and matching nontrun-
cated RCTs was 0.71. This implies that,
forinstance, if the RR from the nontrun-

1184 JAMA, March 24/31, 2010—Vol 303, No. 12 (Reprinted)

cated RCTs was 0.8 (a 20% relative risk
reduction), the RR from the truncated
RCTs would be on average approxi-
mately 0.57 (a 43% relative risk reduc-
tion, more than double the estimate of
benefit). Nontruncated RCTs with no evi-
dence of benefit—ie, withan RR of 1.0—
would on average be associated with a
29% relative risk reduction in truncated
RCTs addressing the same question.

In nearly two-thirds of comparisons,
the pooled estimate for nontruncated
RCTs failed to demonstrate a statisti-
cally significant effect. We found sub-
stantial heterogeneity in our analysis of
the pooled ratio of RRs for truncated vs
nontruncated RCTs, suggesting that dif-
ferences between truncated and non-
truncated RCT effects will differ across
study questions. This heterogeneity could
be partially explained by the total num-

ber of outcome events in the truncated
RCTs, with larger differences between
truncated and nontruncated RCTs in
studies with a smaller number of events.

The methodological quality and the
presence of a statistical stopping rule
failed to predict the observed differ-
ence in the treatment effect.

Strengths and Limitations

We used rigorous search strategies and
undertook an intensive independent eval-
uation of eligibility and similarity of sev-
eral thousand RCTs blinded to the results.
Our analysis had considerable statistical
power to link the estimates of treatment
effect from truncated and nontruncated
RCTs addressing the same question and
demonstrated consistent results across
degrees of similarity of the question ad-
dressed by the truncated RCTs and the
matching nontruncated RCTs.

Our literature search, while exten-
sive, missed some truncated RCTs. As-
sessment of the 2488 RCTs included in
the systematic reviews revealed 22 ad-
ditional truncated RCTs not initially
identified. Whether results would dif-
fer in other unidentified truncated RCTs
remains speculative.

We relied on systematic reviews to
identify nontruncated RCTs butdid not
assess the reviews’ susceptibility to pub-
lication bias. However, we know that trials
with positive findings have nearly 4 times
the odds of being published compared
with those with negative findings.” To
the extent that publication bias is present,
inclusion of unpublished studies would
lead to a diminished pooled effect from
the nontruncated RCTs. This would in
turn likely lead to alarger gradient of effect
between truncated and nontruncated
RCTs. Thus, to the extent that publica-
tion bias exists, our results probably rep-
resenta conservative estimate of the ex-
aggeration in treatment benefitassociated
with stopping early.

Relation to Recent Empirical Studies,
Simulation, and Commentaries

Korn and colleagues recently reviewed
the results of cancer trials stopped early
and that either continued with further
follow-up or released results early.'® They

©2010 American Medical Association. All rights reserved.
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Figure 2. Pooled Ratio of Relative Risks (RRs) and 95% Confidence Intervals (Cls) for Truncated vs Nontruncated Randomized Controlled Trials (RCTs)
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0.65 (0.46-0.94)
0.06 (0.02-0.46)
0.39 (0.34-0.48)
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0.18 (0.06-0.52)
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0.61 (0.46-0.84)
0.47 (0.30-0.76)
0.38 (0.16-0.96)
0.43 (0.30-0.66)

Random effects: P<.001 for heterogeneity; 17=57%
Test for overall effect: z=9.55 (P<.001)
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13617
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13876

16909
4755
83
6242
910
3556
698
244
457
1092
4414
886
486
607
271
14719
2556
232
37
2369
3930

355
882
288
224
1811
1380
1010
3409
2936
5421
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First column indicates number associated with the question addressed by each review that included 1 or more truncated and matching nontruncated RCTs. Results
ordered by P values associated with results of nontruncated RCTSs; size of the data markers indicates weight of review questions in meta-analysis.
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Table 2. Meta-regression Model Investigating the Predictors of the Log[Ratio of Relative Risks]?

Univariable Multivariable
1 1
Independent Variable B (95% CI) P Value R2?P B (95% ClI) P Value R?P
Stopping rule 0.14 (0.02 t0 0.27) .02 0.08  0.07 (-0.05t0 0.19) 24
Additional No. of events in the truncated RCT (unit = 100 events)®© 0.02 (0.01 t0 0.03) <.001 0.23 0.02 (0.01t0 0.02) .001 0.24

Abbreviations: Cl, confidence interval; RCT, randomized controlled trial.
aModel with the log[ratio of relative risks] as dependent variable. The meta-regression analysis was performed using data from 63 research questions.
PReflects the proportion of the variability in the log[ratio of relative risks] explained by the statistical model.
CGiven a mean ratio of 0.71, the addition of each 100, 500, 1000, or 1714 events to the truncated RCT would result in a new ratio of 0.72, 0.78, 0.87, or 1.00, respectively.

Figure 3. Weighted Bubble Plot Showing the Ratio of Relative Risks (RRs) vs the Total
Number of Outcome Events in Truncated Randomized Controlled Trials (RCTs)
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The size of each bubble is proportional to the magnitude of the inverse of the variance of the ratio of RR in the log
scale. The dashed line indicates a ratio of RR of 0.71; the dotted line, a ratio of RR of 1.00. The shaded areas num-
bered 1 through 3 correspond to different degrees of overestimates of effect (ratios of RRs, 0.05-0.5; 0.5-0.75;
0.75-1.00): inarea 1, very large overestimation (ratio of RR, 0.37; 95 % confidence interval [Cl], 0.31-0.44; P<.001)
occurred in truncated trials with fewer than 200 events. In area 2, large overestimation (ratio of RR, 0.65;95% Cl,
0.56-0.77; P<.001) occurred in truncated trials stopped between 200 and 500 events. In area 3, truncated trials
with more than 500 events led to moderate overestimation (ratio of RR, 0.88; 95% Cl, 0.80-0.96; P=.003).

found that substantial differences be-
tween results at the time of early stop-
ping and subsequent follow-up seldom
occurred.'® Freidlin and Korn pub-
lished a related simulation study that sup-
ported these findings, suggesting that if
the true effect is large, differences be-
tween stopped-early results and full fol-
low-up results will differ little.”

These recent studies confirm that even
when the true effect is large, studies
stopped early still overestimate that effect.
More important, the authors do not ad-
dress circumstances in which the true un-
derlying effect is small or absent. Clini-
cians seek the best estimate of an unknown
true underlying effect with appropriate
safeguards against bias. As Goodman'®
points outina commentary on the simu-
lation by Freidlin and Korn, “since we do
not know what the true effectis, we can-

1186 JAMA, March 24/31, 2010—Vol 303, No. 12 (Reprinted)

notknow in any particular case whether
the observed effect is biased or not; the
fact that the trial is stopped early is not
prima facie evidence that the estimate is
wrong.” We support this statement; un-
fortunately, neither do we know that the
stopped-early result s close to the truth.
Our findings suggest that often it is not.

Implications

Consensus exists that rigorous data
monitoring practice requires a pre-
defined statistical stopping rule.’**° Our
findings, however, indicate that even a
formal rule is insufficient to prevent bias
consequent on stopping early and sug-
gest the advisability of rules that re-
quire a large number of outcome events
before early stopping is contemplated.

In this review we have focused only
on RCTs stopped early for benefit. Al-

though ethical concerns make deci-
sions regarding stopping trials early for
safety more complex than those regard-
ing stopping trials early for benefit, in-
ferences regarding harm and those re-
garding benefit are equally susceptible to
the bias associated with stopping early.

Our results have important implica-
tions for systematic reviews and eth-
ics.2M2 If reviewers do not note trunca-
tion and do not consider early stopping
for benefit, meta-analyses will report
overestimates of effects.?! Investigators
and funding bodies—in particular, drug
and device manufacturers—have differ-
ent but convergent interests to stop a
study as soon as an important differ-
ence between experimental and control
groups emerges, and journals have an in-
terest in publishing the apparently ex-
citing findings. Furthermore, data moni-
toring committees are well aware of their
ethical obligation to ensure that pa-
tients are offered effective treatment as
soon as it is clear that effective treat-
ment is indeed available, providing a jus-
tification for stopping early.

However, data monitoring commit-
tees also have an ethical obligation to
future patients who need to know more
than whether data crossed a signifi-
cance threshold; these patients need
precise and accurate data on patient-
important outcomes, of both risk and
benefits, to make treatment choices.??
Such patients will often number in the
tens or hundreds of thousands and
sometimes in the millions. To the ex-
tent that substantial overestimates of
treatment effect are widely dissemi-
nated, patients and clinicians will be
misled when trying to balance ben-
efits, harms, inconvenience, and cost of
a possible health care intervention. If
the true treatment effect is negligible or
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absent—as our results suggest it some-
times might be—acting on the results
of a trial stopped early will be even more
problematic. Thus, for trial investiga-
tors, our results suggest the desirabil-
ity of stopping rules demanding large
numbers of events. For clinicians, they
suggest the necessity of assuming the
likelihood of appreciable overesti-
mates of effect in trials stopped early.
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