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OST EFFECTIVE INTERVEN-

tions in health care con-

fer modest, incremental

benefits.!? Randomized
trials, the gold standard to evaluate
medical interventions, are ideally con-
ducted under the principle of equi-
poise®: the compared groups are not
perceived to have a clear advantage;
thus, very large treatment effects are
usually not anticipated. However, very
large treatment effects are observed oc-
casionally in some trials. These effects
may include both anticipated and un-
expected treatment benefits, or they
may involve harms.

Large effects are important to docu-
ment reliably because in a relative scale
they represent potentially the cases in
which interventions can have the most
impressive effect on health outcomes
and because they are more likely to be
adopted rapidly and with less evi-
dence. Consequently, it is important to
know whether, when observed, very
large effects are reliable and in what sort
of experimental outcomes they are com-
monly observed. The importance of
very large effects has drawn attention
mostly in observational studies*’ but
has not been well studied in random-
ized evidence. It is unknown how of-
ten very large effects are replicated in
subsequent trials of the same compari-
son, disease and outcome. If data ob-
served in 1 experiment happen to be at
the extreme of a distribution, subse-
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Context Most medical interventions have modest effects, but occasionally some clini-
cal trials may find very large effects for benefits or harms.

Objective To evaluate the frequency and features of very large effects in medicine.
Data Sources Cochrane Database of Systematic Reviews (CDSR, 2010, issue 7).

Study Selection We separated all binary-outcome CDSR forest plots with com-
parisons of interventions according to whether the first published trial, a subsequent
trial (not the first), or no trial had a nominally statistically significant (P <.05) very large
effect (odds ratio [OR], =5). We also sampled randomly 250 topics from each group
for further in-depth evaluation.

Data Extraction We assessed the types of treatments and outcomes in trials with
very large effects, examined how often large-effect trials were followed up by other
trials on the same topic, and how these effects compared against the effects of the
respective meta-analyses.

Results Among 85002 forest plots (from 3082 reviews), 8239 (9.7%) had a sig-
nificant very large effect in the first published trial, 5158 (6.1%) only after the first
published trial, and 71605 (84.2%) had no trials with significant very large effects.
Nominally significant very large effects typically appeared in small trials with median
number of events: 18 in first trials and 15 in subsequent trials. Topics with very
large effects were less likely than other topics to address mortality (3.6% in first
trials, 3.2% in subsequent trials, and 11.6% in no trials with significant very large
effects) and were more likely to address laboratory-defined efficacy (10% in first
trials,10.8% in subsequent, and 3.2% in no trials with significant very large
effects). First trials with very large effects were as likely as trials with no very large
effects to have subsequent published trials. Ninety percent and 98% of the very
large effects observed in first and subsequently published trials, respectively,
became smaller in meta-analyses that included other trials; the median odds ratio
decreased from 11.88 to 4.20 for first trials, and from 10.02 to 2.60 for subsequent
trials. For 46 of the 500 selected topics (9.2%; first and subsequent trials) with a
very large-effect trial, the meta-analysis maintained very large effects with P<.001
when additional trials were included, but none pertained to mortality-related out-
comes. Across the whole CDSR, there was only 1 intervention with large beneficial
effects on mortality, P<<.001, and no major concerns about the quality of the evi-
dence (for a trial on extracorporeal oxygenation for severe respiratory failure in
newborns).

Conclusions Most large treatment effects emerge from small studies, and when ad-
ditional trials are performed, the effect sizes become typically much smaller. Well-
validated large effects are uncommon and pertain to nonfatal outcomes.
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quent observations will be smaller and
closer to the mean value because of re-
gression-to-the-mean effect. Some large
treatment effects may represent en-
tirely spurious observations. It is un-
known how often studies with seem-
ingly very large effects are repeated.

To our knowledge, there has been no
previous empirical evaluation of how
often very large effects occur in ran-
domized evidence, what outcomes they
pertain to, whether they remain con-
stant or decrease over time, and whether
any of them pertain to the most seri-
ous of outcomes, death. Answering
these questions is important for appre-
ciating whether observed very large ef-
fects are common, real, clinically im-
portant, or not. Thus, the objective of
this study is to describe the features and
investigate the evolution and valida-
tion of nominally statistically signifi-
cant (P<.05) very large treatment ef-
fects of medical interventions when
such effects are first recorded in a clini-
cal trial.

METHODS

Empirical Data

We used the Cochrane Database of
Systematic Reviews (CDSR), 2010,
issue 7. The CDSR organizes quantita-
tive data on treatment comparisons
and outcomes in forest plots. We con-
sidered forest plots regardless of the
number of included studies (eg, some
forest plots encompass only a single
trial) and regardless of whether the
Cochrane authors had performed
quantitative synthesis (meta-analysis)
of the data.”

Definition of a Very Large Effect

We focused for consistency on binary
outcomes only and used the odds ra-
tio (OR) metric. There is no widely ac-
cepted definition for very large treat-
ment effects in randomized evidence.
The Grading of Recommendations As-
sessment, Development, and Evalua-
tion (GRADE) uses a scale for relative
risks for nonrandomized data, separat-
ing relative risks of 2 to 5 as large and
those greater than 5 as very large and
preferring the risk ratio over the OR be-
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cause the OR may be larger when out-
comes are common.® We used the OR
metric in the main analyses, and we also
report some key RR data for compari-
son. Moreover, point estimates of ef-
fects alone may not offer sufficient in-
formation, if the confidence intervals
are wide and the effect is not even nomi-
nally significant. Therefore, our a priori
operational definition of very large ef-
fect trials was defined to include those
with an OR of 5.0 or more (or an
OR=0.20) that had a nominally statis-
tically significant effect based on a
Fisher exact test (P<.05). When nec-
essary, a continuity correction (ie, ad-
dition of 0.5 to all cells) was used in
studies with sparse data for an OR es-
timation.

Categorization of Forest Plots

and Definition of Index Trial

Forest plots were categorized into 3
groups: those for which a nominally sig-
nificant very large effect was found in
the first published trial (group A); those
for which a nominally significant very
large effect was observed in a subse-
quent trial, but not the first one (group
B); and those for which no trial had a
nominally significant very large effect
(group C).

When 2 or more trials had the ear-
liest publication year and it was impos-
sible to identify which was published
first, we randomly selected 1 trial as the
tirst published study.

The index trial is the first published
trial with a nominally significant very
large effect for group A; the earliest such
trial for group B; and the first pub-
lished trial for group C.

Eligible Topics

We accepted very large effects regard-
less of either the treatment compari-
son or choice of intervention. We ex-
cluded forest plots using outcomes
measured on continuous scales and
those not including the year of publi-
cation of each trial (thus it would be im-
possible to identify the first published
trial). We also excluded reviews with
problems in their structure (ie, infor-
mation that could not be parsed or with
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inconsistent data hierarchy), proto-
cols, and methodological reviews.

Data Extraction

We used an automated data extrac-
tion approach to gather information of
all eligible forest plots from the CDSR.
Briefly, raw data from each of the 3545
available reviews (stored under a hier-
archical structure; CDSR, 2010, issue
7) were systematically and automati-
cally extracted. Specifically, computer
scripts written in Python, a general-
purpose dynamic programming lan-
guage, were developed to load raw
structured extensible markup lan-
guage files. This format encodes all of
the quantitative information from a re-
view into a single file. Next, loaded files
for each review were parsed consider-
ing the fixed structure of the CDSR. For
the latter step, data for each forest plot
were extracted using a combination of
a Linux C shell-processing language
(AWK), a stream editor (SED), the gen-
eral-purpose programming language
from the statistical package Stata 11.0
as well as Python. Validation of the au-
tomated approach was performed with
the manual extraction of 200 ran-
domly chosen forest plots (100% of
agreement).

For each eligible forest plot, we ex-
tracted the title, comparison, out-
come, total number of trials, year of
publication of each study, years elapsed
between the index trial and the next
trial, total number of participants and
events across all trials, OR, relative risk
(RR), risk difference (RD), and P value
of the index trial and we extracted the
OR, RR, RD, and P value of the meta-
analysis using a random-effects model’
whenever additional trials were avail-
able beyond the index trial.

Categorization of Types
of Outcomes and Interventions

Detailed categorization of outcomes and
types of interventions for 10s of thou-
sands forest plots was impractical. Thus,
we randomly selected (using a ran-
dom number generator) for further in-
depth evaluation 250 forest plots from
each group. We estimated that in-
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depth evaluation of 750 forest plots
could be done with approximately 1
person-year of effort. For this sample,
we further extracted detailed informa-
tion on type of outcome, involvement
of drug(s) in the comparison (yes/
no), or type of study (randomized or
nonrandomized). Outcomes were clas-
sified!® as death, composites includ-
ing death, clinically defined benefit,
laboratory-defined benefit, pain re-
sponse, withdrawals, and harms. With-
drawals due to specific reasons (eg, lack
of clinical benefit or harms) were
counted under withdrawals. Drugs in-
cluded biologics, but excluded supple-
ments, minerals, vitamins, vaccines, and
immunoglobulins.

Statistical Analysis

Descriptive statistics are expressed as
median with interquartile range (IQR)
or absolute counts and percentages.
Comparisons between independent
groups were performed with Fisher ex-
act, Mann-Whitney U, and Kruskal-
Wallis tests, as appropriate. Kaplan-
Meier plots with the log-rank test were
used to compare groups in terms of the
probability and time to publication of
the next trial after the index trial. Fol-
low-up was censored in 2010. Index
trials were compared with the corre-
sponding meta-analyses on the same
topic for effect sizes and P values using
the Wilcoxon signed-rank test. For
meta-analyses, we present the results
from a random-effects model (DerSi-
monian-Laird method) to account for
any potential between-study heteroge-
neity across trials.” For all analyses, OR
estimates from index trials are pre-
sented as 1.0 or higher (ie, when the
ORwas < 1.0, we took the opposite
comparison [A vs B was switched to B
vs A] and then the meta-analysis esti-
mate on the same topic was computed
using the respective comparison). We
also performed sensitivity analyses lim-
ited to forest plots with index trials pub-
lished after the year 2000 to see whether
regression-to-the-mean continued to be
an issue in more recent trials.

We calculated how many of the 500
selected topics of groups A and B main-
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tained very large effects with a 2-tailed
P <.001 including all the available evi-
dence."! Witha P<.001 (2-tailed), the
treatment effect estimate is more than
2.58-times larger than the standard de-
viation of the estimate and some non-
null effect is likely to be present
(>99.5% likely to be present unless the
total sample size is still very small or
the prior probability of an effect being
present was <10%).'"'* These topics
can be considered to have effects that
have been very well-validated.!! We
then recorded what these topics were
and what kind of outcomes and inter-
ventions they pertained to overall. We
also did the same focusing on those top-
ics for which 2 or more trials had been
performed.

Finally, we also surveyed all the
Cochrane forest plots to identify
whether there are any with P<<.001 and
with a very large effect pertaining
strictly to death as an outcome (not a
mortality-related composite) that the
systematic reviewers also considered to
represent reliable evidence for which
they had no major concerns about bi-
ases that may decrease the credibility
of the very large effect.

Given that some mortality esti-
mates may have been presented as log-
relative risks (eg, log-hazard ratio) and
standard error, we also performed au-
tomatic searches across the CDSR using
specifically terms mortal®, fatal, sur-
vival, and death to see whether any such
forest plots may have been missed by
focusing on forest plots with binary out-
come data, but none were found.

All data analyses were performed
using Stata (version 11.0, Stata Corp).
All P values are 2-tailed with nominal
statistical significance claimed for
P<.05.

RESULTS
Prevalence of Very Large Effects

Among 3545 available reviews, 3082
contributed usable information on
85 002 forest plots (eFigure 1, available
at http://www.jama.com). These 85 002
forest plots included a total of 228220
trial entries. Of those, 20573 (9%) had
a very large effect. The median number

of comparisons per review was 2 with an
(IQR, 1-4). A total of 103 666 0f 228 220
trial entries (45.4%) were identified as
having an OR estimate of 2 or higher or
0.5 or less. Among 85 002 eligible for-
est plots, 52088 (61.3%) had at least 1
trial with an OR estimate 2 or higher or
0.5 or less.

Overall, 8239 forest plots (9.7%) had
anominally statistically significant very
large effect in the first published trial,
group A; 5158 (6.1%) had a nomi-
nally statistically significant very large
effect found only after the first pub-
lished trial, group B; and 71605
(84.2%) had no trials with significant
very large effects, group C.

Nominally significant very large ef-
fects arose mostly from small trials with
few events (TABLE 1). For the index
trials, the median number of events was
only 18 in group A and 15 in the group
B. Nevertheless, the median number of
events was even smaller with a me-
dian of 14 in the group C index trials.
Index trials tended to have more ex-
treme effect sizes and P values in group
A than in group B, but the differences
were not substantial in absolute
magnitude.

FIGURE 1 shows the scatterplot of
ORs against risk differences for index
trials in groups A and B. Extreme very
large effects were more common in
group A. Risk differences with an ab-
solute value of more than 0.5 ap-
peared in 21.6% of group A trials vs
12.4% of group B trials (P<.001); ORs
that were greater than 40 appeared in
12.5% of group A trials vs 5.8% of group
B trials (P<.001).

Probability of and
Time-to-Next-Published Trial

Forest plots with a very large effect had
a higher likelihood of having subse-
quent trials published than forest plots
that did not show a very large effect
(eFigure 2, available at http://www.jama
.com). Forest plots with first trials with
large effects had a statistically signifi-
cant, but very small, higher risk of hav-
ing subsequent trials published than
forest plots of trials not showing a large
effect. Significant differences for the
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Table 1. Amount of Evidence and Effect Sizes Observed in Index Trials?

Median (Interquartile Range)

Group A Group B Group C Group C
(n = 8239) (n =5158) (n = 71605)° (n =65492)°
Participants 78 (43-161) 93 (48-183) 102 (50-253) 110 (54-270)
Events 8 (10-36) 5 (9-30) 4 (3-41) 6 (5-45)
Odds ratio 12.03 (7.363-21.48) 10.02 (6.285-17.12) 1.562 (1.075-2.804) 1.688 (1.173-2.983)
Relative risk 5.737 (3.25-11.37) 5.656 (3.400-11.00) 1.400 (1.092-2.223) 1.489 (1.148-2.406)
—-Logy (P value) 2.720 (1.881-4.878) 2.412 (1.748-3.888) 0.252 (0.000-0.676) 0.305 (0.000-0.736)
Absolute risk difference 0.355 (0.200-0.479) 0.279 (0.146-0.410) 0.035 (0.005-0.098) 0.042 (0.011-0.104)

aAll values are medians (interquartile range). For consistency, all odds ratio and relative risk values are presented as 1.0 or higher, ie, values less than 1.0 have been inverted (eg,
0.1 has become 10). By Kruskal-Wallis test for the comparison across groups followed by a Bonferroni-corrected Mann-Whitney U test for the comparison between groups.
Except for relative risk estimates between group A and group B (P=.591), all multiple comparisons yielded nominally significant results with a Bonferroni-corrected P<.01. P
values of 1, .10, .05, and .001, for example, equal O, 1, 1.30, and 3 on the —log,, scale, respectively.
PFor group C 6113 forest plots did not contribute with effect sizes (ie, indefinite estimates) and a P value because the index trials had either O events in both groups or all partici-
pants presented with the event. Estimates based on all forest plots replaced indefinite values of OR and P values with 1 and indefinite risk difference values with 0.

CSensitivity analyses excluding all forest plots with indefinite estimates.

time-to-next-published trial existed for
group A vs B (log-rank test, P<<.001),
group A vs C (log-rank test, P=.0084)
and group B vs C (log-rank test,
P<.001). The 5-year cumulative prob-
ability of not having a new trial pub-
lished was 64.8% in group A, 35.9% in
group B, and 65.6% in Group C. Over-
all, at least 1 trial was published sub-
sequent to the index trial in 45.1%
(3718 of 8239) for group A, 70.5% (3
638 of 5158) for group B, and 42.7%
(30579 of 71 of 605) for group 3.

Comparison of Index Trials vs
Respective Meta-analyses

When additional trials were pub-
lished in the group A topics, the cu-
mulative evidence encompassed a me-
dian of 412 (IQR, 196-948) participants
and 91 (IQR, 40-224) events. As shown
in FIGURE 2 (“Group A” panel), the
summary effects of the resulting meta-
analyses were more conservative than
index trials in 3341 of 3718 topics
(90%). The median random-effects OR
for the cumulative evidence was 4.20
(IQR, 2.56-7.81), significantly smaller
than the first reported estimates
(OR,11.88; IQR, 7.24-21.15). Of the
3718 topics, the summary effect still ex-
ceeded 5 in 1570 (42.2%), it was be-
tween 2 and 5 in another 1591 (42.8%).
A second trial claiming a very large ef-
fect was seen in 1806 topics (56.8%).
For group A, nominal statistical sig-
nificance was lost at the meta-analysis
level in 1277 of 3718 cases (34.3%).

For the 5158 forest plots included in
group B, the cumulative evidence en-
compassed a median 732 (IQR, 313-
1767) participants with a median of
123.5 (IQR, 48-318) events. The sum-
mary effects of the meta-analyses had
a median random-effects OR of 2.60
(IQR, 1.72-4.11), significantly smaller
than the index trials’ effects (OR,10.02;
IQR, 6.28-17.12; Figure 2, “Group B”
panel). A reduction in effect size was
observed in 5050 (98%) forest plots, in
which nominal statistical significance
was lost in 2159 cases (41.8%). For
group B, the summary effect still ex-
ceeded 5 in 909 forest plots (17.6%),
it was between 2 and 5 in another 2503
forest plots (48.5%). A second trial
claiming a very large effect was only
seen in 1386 topics (26.9%).

Sensitivity Analysis

We also performed sensitivity analy-
ses limited to index trials published
more recently (after 2000). For group
A, when limited to 1973 index trials that
were published after 2000, the me-
dian effect was 11.70 (IQR, 7.33-
19.55). For 441 of them, at least 1 sub-
sequent trial was performed. The
summary effect of their correspond-
ing meta-analyses yielded a median OR
of 5.2 (IQR, 3.04-8.37), remaining 5 or
higher in 229 trials (52%) and 2 or
higher in 389 trials (88.2%). For that
group of 441 forest plots with 2 or more
trials, the summary effect was smaller
in the meta-analysis than in the index
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trial in 374 (85%) instances. For group
B, when limited to 1434 index trials that
were published after 2000, the me-
dian effect was 9.00 (IQR, 6.17-
15.35). For 746 of them, at least 1 sub-
sequent trial was performed. The
summary effect of their correspond-
ing meta-analyses was found to have a
median of 2.40 (IQR, 1.57-3.54), it re-
mained greater than 5 in 101 trials
(13.5%) and greater than 2 in 442 trials
(59.2%). For that group of 746 forest
plots with 2 or more trials, the sum-
mary effect was smaller in the meta-
analysis than in the index trial in 737
(98.8%) instances.

Outcomes and Type
of Intervention

As shown in TABLE 2, based on a ran-
domly chosen sample of 250 forest plots
from each group, the 3 groups dif-
fered significantly in the type of out-
comes, but not in the involvement of
drugs in the comparison or type of
study (randomized vs nonrandom-
ized). Overall, forest plots including
nonrandomized data represented less
than 1% of the forest plots evaluated.
This random sample of 750 forest plots
corresponded to 673 unique compari-
sons from 536 independent reviews.
Sixty-six comparisons were repre-
sented by at least 2 more forest plots
in different outcomes.

Death as an outcome was less com-
mon in the groups of very large effects
(3.6% in group A and 3.2% in group B)

JAMA, October 24/31, 2012—Vol 308, No. 16 1679
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Figure 1. Scatterplots for Index Trials With Very Large Effect
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Group A includes 8012 index trials; group B, 5116. For consistency, all odds ratio (OR) values are presented as 5.0 or higher, ie, values of 0.20 or less have been
inverted (eg, 0.1 has become 10). Points are not shown for 227 forests plots (2.7 %) from group A and 42 (0.8%) from group B because the index trial ORs were

greater than 160.

Figure 2. Treatment Effects in Index Trials vs the Meta-analysis of All Trials on the Same Topic (Under a Random-Effects Model).

Group A Group B
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The group A panel depicts estimates for forest plots from trials that had at least 1 additional study published (n = 3617). The group B panel shows estimates for 5115
forest plots from group B. For group A, results are not shown for 101 of 3718 index trials (2.7 %) because the estimated odds ratios (ORs) exceeded 160. For group B,
results are not shown for 43 of 5158 forest plots (0.8%) because the estimated OR either in index trials or in the meta-analysis exceeded 160. The blue dashed lines
correspond to the situation for which the OR in the index trial is the same as the OR in the meta-analysis.
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than in group C (11.6%). Conversely,
outcomes related to laboratory-
defined benefits were significantly more
common in the groups with very large
effects (10% in group A and 10.8% in
groups B) than in group C (3.2%).

The magnitude of the effect size of
index trials did not vary according to
the type of outcome in any of the 3
groups (eTable 1, available at http:
//www.jama.com). Nevertheless, the
summary effect size of the meta-
analysis including all evidence did vary
according to the type of outcome in
both groups A and B. For these groups,
mortality-related outcomes yielded the
smallest magnitude of effect sizes,
whereas clinical-benefit and laboratory-
defined benefit rendered the largest ef-
fects (eTable 2).

Fifteen of the 19 trials with nomi-
nally significant very large effects for
mortality-related outcomes had at least
1 subsequent trial published. In the re-
spective meta-analyses, only 6 (40%)
maintained nominal statistical signifi-
cance, only 1 (6.6%) with a very large
effect.

Well-Validated, Statistically
Significant, Very Large Effects

In 93 of the 500 topics in groups A and
B (18.6%), the overall evidence main-
tained a very large effect and it was also
statistically significant with P<<.001.
Outcomes for these topics were re-
lated to clinically defined benefitin 41,
laboratory-defined benefit in 8, harms
in 33, pain in 6, withdrawals in 2, and
mortality in 1 topic. The only mortal-
ity topic referred to the 10-fold reduc-
tion in the odds of Haemophilus influ-
enzae type b-related deaths with the
respective vaccine in high-income
countries." None of the other 92 out-
comes would be considered life-
threatening.

In 47 of the 93 topics, the index trial
included all the available evidence (ie,
a forest plot with a single trial), while
in the other 46 topics there was evi-
dence from at least 1 additional trial.
Among these 46 topics, the outcomes
included clinically defined benefits in
21, laboratory-defined benefits in 6,

©2012 American Medical Association. All rights reserved.
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Table 2. Characteristics of a Random Sample of 750 Forest Plots by Group From the
Cochrane Database of Systematic Reviews, 2010, Issue 7

No. (%) of Forest Plots?

Group A Group B Group C P
(n = 250) (n = 250) (n = 250) Value®
Type of outcome
Clinically defined benefit 114 (45.6) 125 (50) 116 (46.4) 7]
Harms 84 (33.6) 71(28.4) 77 (30.8)
Laboratory-defined benefit 25 (10) 27 (10.8) 8(3.2)
Mortality 9 (3.6) 8(3.2) 29 (11.6) <.001
Mortality-composite 1(0.4) 1(0.4) 2(0.8)
Pain response 10 (4) 4(1.6) 5(2)
Withdrawals 7(2.8) 14 (5.6) 13(6.2) _
Type of interventions
DrugP 155 (62) 149 (59.6) 140 (56) ] 40
No drugs involved 95 (38) 101 (40.4) 110 (44)
Type of studies included
Randomized only 247 (99) 248 (99.2) 248 (99.2) ] ~ 99
Nonrandomized included 3(1) 2(0.8) 2(0.8)
No. of different reviews 219 (87.6) 201 (80.4) 214 (85.6) .08

2Results are shown as absolute numbers (percentage). Detailed information on each forest plot are available in a supple-

mental material available at http://www.jama.com.

Dincludes biologics and monoclonal antibodies; does not include vaccines or supplements.

CBased on Fisher exact test.

harmsin 12, and pain in 7. No mortal-
ity or withdrawals outcomes were in-
cluded in this set. Some representa-
tive examples of well-validated very
large effects are shown in the upper
part of TABLE 3. These include clinical
benefits such as control of nocturnal en-
uresis with alarms in children, or symp-
tomatic improvement with 5-amino-
salicylic acid in ulcerative colitis; mostly
mild or modest harms such as burn-
ing with capsaicin or local tenderness
with the influenza vaccine; laboratory-
determined response such as induc-
tion of hepatitis B surface antigen with
hepatitis B vaccination; and control of
acute pain with analgesics such as etori-
coxib or diclofenac. As shown, all of
these effects corresponded to very large
absolute risk differences.

Well-Validated Very Large Effects
for Mortality

Across all eligible forest plots with suf-
ficient information to reconstruct 2 X 2
contingent tables (n=85002), there
were 2791 (3.2%) with a very large ef-
fect and P value of <.001. Upon a
closer examination of these 2791 for-
est plots, we found that only 13 con-
cerned mortality. Furthermore, only 3

of those 13 effects were considered re-
liable by the systematic reviewers
(shown in the lower part of Table 3).
Two effects actually pertained to in-
creased risk of death (fatal hemor-
rhagic stroke with thrombolysis in is-
chemic stroke'*; and 90-day mortality
with lung reduction surgery in emphy-
sema’®), whereas the third pertained to
decreased risk of death for extracorpo-
real oxygenation for severe respira-
tory failure in newborns.'°

The other 10 large and highly sig-
nificant effects seen in mortality-
related outcomes were considered po-
tentially spurious. For example, the
reviews CD004403 and CD005096,
which described large survival ben-
efits of antibiotics in chronic obstruc-
tive pulmonary disease exacerba-
tions'” and Chinese herbs in gastric
cancer,'® respectively, were later (CDSR
2011, issue 1 and 2, respectively) with-
drawn for lack of supportive data. The
H influenzae type b vaccine review has
also been withdrawn." It had showed
a large beneficial effect in mortality seen
only for H influenzae type b-specific
deaths and limited to a single trial in
high-income countries.” Two other sys-
tematic reviews of the influence of the
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azathioprine”® and methotrexate?' on
mortality in primary biliary cirrhosis
suggested no significant effect in the
main analyses, but the reviewers had
also performed sensitivity analyses with
extreme scenarios about missing data
that reached the range of implausible
very large effects.

Finally, the reviewers also ques-
tioned the validity of very large sur-

vival benefits with B-agonists in threat-
ened miscarriage,” different types of
brachytherapies for stage I cervical can-
cer,” chaunxiong preparations to pre-
vent stroke,?* continuous vs intermit-
tent infusion of loop diuretics in
congestive heart failure,” and vitamin
Cin children with tetanus,?® since their
corresponding cumulative evidence was
based on single small trials that were

of very poor quality or (in the case of
tetanus) apparently were not even a ran-
domized controlled trial.

COMMENT

Trials with nominally significant very
large effects appeared in 16% of the
85000 forest plots with binary out-
comes in the CDSR. Often these trials
are the first published or even the only

- ____________________________________________________________________________________________]
Table 3. Examples of Well-Validated Very Large Effects in Medical Interventions?

Studies, No. Summary, OR P Summary, RD

CDSR No. Topic Outcome of Patients Events (95% Cl) (95% Cl) (95% Cl)

CD004115 Rectal 5-aminosalicylic Clinically defined benefit: 8(811) 478 8.9 42 0.52
acid vs placebo for symptomatic (5.3t014.8) (Oto74) (0.41t0 0.62)
induction of remission improvement
in ulcerative colitis

CD002911 Alarm interventions vs Clinically defined benefit: 14 (576) 357 0.03 0 -0.59
control for nocturnal not achieving 14 (0.02 to 0.06) (Oto 55) (-0.71 to -0.47)
enuresis in children consecutive dry

nights

CD006481 Hepatitis B immunization Laboratory-defined 4 (1230)° 364 0.005 73 -0.34

vs control benefit: HBsAg (0.004 to 0.06) (810 92) (-0.78 t0 0.11)¢
(best-case scenario)

CD003407 Erythropoietin or Laboratory-defined 20 (3562) 1344 7.27 42 0.35
darbepoetin for benefit: hematologic (5.61t09.4) (1to 66) (0.28100.42)
patients with cancer response (increase

in hemoglobin =2
g/dL or increase in
hematocrit =6%)

CD004309 Single-dose oral etoricoxib Pain: at least 50% relief 5 (655) 285 17.3 78 0.54
120 mg vs placebo for over 6 h (6.7t051.9) (48 t0 91) (0.36t00.72)
acute postoperative
pain in adults

CD004768 Single-dose oral Pain: at least 50% relief 11 (1119) 460 6.4 46 0.39
diclofenac 50 mg vs over 4-6 h (4.01t09.91) Oto73) (0.29t0 0.49)
placebo for acute pain
after dental surgery in
adults

CD001269 Inactivated parenteral Harm: local 14 (6833) 2363 5.1 92 0.29
influenza vaccine vs tenderness/soreness (3.21t08.3) (89 to 95) (0.21t0 0.67)
placebo/do-nothing in
healthy adults

CD007393 Topical 0.075% capsaicin Harm: burning, stinging, 5 (557) 245 5.4 60 0.42
vs placebo for chronic erythema (2.7t011.2) (Oto 85) (0.24t0 0.61)
neuropathic pain in
adults

CD000213 Thrombolysis for acute Mortality: fatal 4 (983) 54 10.65 0 0.09
ischemic stroke intracranial (4.17 t0 27.18) (O to 85) (0.04 t0 0.14)

hemorrhage
(in7-10d)

CD001340 Extracorporeal membrane Mortality: death before 4 (244) 94 0.19 15 -0.40
oxygenation for severe discharge home (0.08 to 0.50) (0to 87) (-0.59 to -0.21)
respiratory failure in
newborns

CD001001 Lung volume reduction Mortality: 90-d mortality 4 (1415) 69 6.45 0 0.07
surgery for diffuse (3.27 t0 12.73) (Oto 85) (0.05t0 0.09)

emphysema: surgery
vs control

Abbreviations: OR, odds ratio. RD, risk difference. HbsAg, hepatitis B surface antigen.
aAll examples are derived from the 500 randomly selected topics of groups A and B, except for the meta-analyses on death outcomes in which none were included in that random
sample. Examples of very large effects on mortality were obtained by automatic searches in the 3082 forest plots with sufficient information to reconstruct 2 X 2 contingency tables.
Summary estimates are based on random-effects calculations. /2 is given as percentage.

Pincludes a trial with 0 events in both study groups.

€Summary results under random-effects calculations presented extreme statistical heterogeneity (eg, /2=99.5%). The same data under a fixed-effects model (inverse variance) yielded an
RD summary estimate of —-0.59 (95% Cl, —0.62 to —0.57, P<10).
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ones available on the treatment com-
parison and outcome of interest. Typi-
cally trials with very large effects have
limited evidence. First trials with very
large effects were not less likely to have
subsequent trials than other topics. Very
large effects seen in nonfirst trials were
more likely than others to be fol-
lowed-up with additional studies. When
additional evidence is obtained, most
of the very large treatment effects be-
come much smaller and many lose their
nominal significance. Very large ef-
fects with strong statistical support (as
denoted by P<<.001) account for ap-
proximately 3% of the forest plots in the
CDSR. These very large effects pertain
practically exclusively to nonfatal out-
comes. Across the 85 000 topics of the
CDSR, there was only 1 example in
which a large beneficial effect on mor-
tality with high levels of statistical sig-
nificance and no major validity con-
cerns has been documented.

Based on this picture, most large
treatment effect estimates should be
considered with caution: many are spu-
rious findings, while the vast majority
may represent substantial overestima-
tions. The overestimation is commen-
surate with the winner’s curse phenom-
enon (regression-to-the-mean for
inflated treatment effects).®'?” Clini-
cal researchers do not seem reluctant
to conduct further studies when a prior
trial had identified a very large effect.
This is not surprising since typically
there are many other outcomes on the
same comparison. Moreover, some of
the subsequently published trials may
have been already launched, if not com-
pleted, well before a trial with a very
large effect is published.

Trials with very large effects are more
likely than other trials to pertain to labo-
ratory-defined efficacy. Laboratory mea-
surements have made randomized trials
more efficient and very large effects may
be easier to obtain. However, the rel-
evance of laboratory end points as sur-
rogates of hard clinical outcomes has
long been contested.?®!

On the other hand, trials with very
large effects are less likely than other
trials to pertain to death. Even in these

©2012 American Medical Association. All rights reserved.
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cases, investigators frequently per-
form additional trials, and, then these
large mortality-related effects mostly
shrink or disappear. Well-validated very
large effects for mortality or even life-
threatening clinical outcomes are ex-
ceedingly rare.

Limitations of this study must be ac-
knowledged. First, despite the very large
amount of data that it has amassed, the
CDSR does not cover the entire ran-
domized evidence for all medical in-
terventions. There is no strong reason
to believe that topics for which there
have not been any Cochrane reviews yet
are likely to be different in terms of their
representation of very large effects and
types of outcomes, but some very large
effects for mortality may not have been
captured by the CDSR. Second, it is pos-
sible that for some extremely effective
interventions, there may be reluc-
tance to perform randomized trials. This
may lead to an under-representation of
very large effects in CDSR. However,
such uncontestable life-saving inter-
ventions are probably uncommon.
Some examples may include insulin for
diabetes, blood transfusion for severe
hemorrhagic shock, neostigmine for
myasthenia gravis, tracheostomy for tra-
cheal obstruction, suturing for large
wounds, and ether for anesthesia.??
Glasziou and colleagues® suggest that
randomized trials would be unneces-
sary if there is certainty that the rela-
tive risk exceeds 10, but the exact
threshold and certainty required to
make such a decision is not totally clear.
Empirical evidence suggests that when
time-honored standards of care are
tested in randomized trials, half of the
time they are proven ineffective.”>*

Third, we did not try to assess the rel-
evance of each outcome in the context
of all other outcomes on the same com-
parison of interventions for the same
disease. This would have been subjec-
tive and extremely difficult to perform
on a large-scale. Fourth, very large ef-
fects do not always guarantee that an
intervention is useful. For example,
there is wide variability of the cost-
effectiveness across otherwise seem-
ingly life-saving interventions.* Fifth,

we used a quantitative rule with
P<.001 for well-validated effects, as
previously proposed,'! although for
each topic the exact credibility of the
effect may depend on a multitude of
other factors reflecting the quality of the
evidence and diverse biases that need
to be scrutinized on a case-by-case ba-
sis. If anything, this means that the well-
validated effects are likely to be even
fewer than what we estimate. Sixth, we
used a random-effects model in our
analysis and this gives more weight to
small trials in meta-analyses. When
small trials have inflated effects, the
choice of model may actually overes-
timate the summary treatment effect;
thus, it may underestimate the extent
to which the index trials had spuri-
ously large effects.

Acknowledging these caveats, this
empirical evaluation suggests that very
large effect estimates are encountered
commonly in single trials. Con-
versely, genuine very large effects with
extensive support from substantial evi-
dence appear to be rare in medicine and
large benefits for mortality are almost
entirely nonexistent. As additional evi-
dence accumulates, caution may still be
needed, especially if there is repetitive
testing of accumulating trials.’® Pa-
tients, clinicians, investigators, regula-
tors, and the industry should consider
this in evaluating very large treatment
effects when the evidence is still early
and weak.
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