ANALYSIS

The need to consider the
wider agenda in systematic
reviews and meta-analyses
As well as focusing on a precise question, systematic reviewers also
need to consider the whole research programme for the interventions
under study, argue John Ioannidis and Fotini Karassa

The problem: a wide research programme
A powerful company develops a promising new
blockbuster. The more diseases and conditions
the drug can get approved for, the greater the
sales. Therefore the company launches trials for
many different indications, as its clinical research
programme unfolds. Independent committees
set interim analysis and appropriate stopping
rules for these trials, to avoid harming people on
placebo for too long if the drug proves effective.
Then, some trials start showing statistically sig‑
nificant benefits, so they are stopped early and
the drug gets approved for those indications. Sup‑
pose all findings and all results are reported—that
is, no reporting bias1 operates. This sounds like
the ideal success of honest drug development and
clinical investigation. However, it can be shown
that the drug is less effective than these trials sug‑
gest—and sometimes not effective at all. Why?
Explanations for the problem
Two reasons explain this paradox. Firstly, the
drug is tested for many indications and secondly,
the first trials have been stopped early. The first
reason refers to the breadth of the evidence.
The second refers to the timing and depth of the
evidence.
Firstly, multiplicity of analyses2: if we test a
totally ineffective drug for 20 indications, by
chance it is likely to show a significant effect
(P<0.05) for one of them. If we test 10 different
independent outcomes in each indication, then
we expect at least one outcome to be statistically
significant for almost half of the indications even
without any reporting bias.3
Secondly, early stopping: trials stopped early
because of perceived effectiveness give inflated
estimates of the treatment effect.4‑6 An empirical
investigation of 91 early stopped trials showed
that on average the true effect was only 70% of
what these trials suggested and less than half
when trials stopped with fewer than 200 or so
events.4 This inflation of the effect is an exam‑
ple of regression to the mean6: when we select
results because they cross a statistical signifi‑
cance threshold, the effect sizes are expected to
be inflated. If we test the drug again it will not
be as effective as in the first, early stopped trials.
For the same reason, if several trials are launched
on the same, similar, or different indications, the
ones that stop early and get published first may
overestimate the treatment effect. Trials that don’t
see such a large effect don’t hit stopping rules.
They continue follow-up and thus completion
and publication are delayed.7
That does not mean that when a drug is proved
effective in an early stopped trial it is completely
ineffective. However, if it is only half as effective
as we thought its benefit-risk ratio and cost-effec‑
tiveness may not justify its use or they may justify
it in far fewer patients than we thought.
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The solution: examining the whole
programme
The solution to this problem is to examine the
whole clinical research programme for any
new intervention. Systematic reviews and
meta-analyses have traditionally focused on
one intervention at a time. Moreover, they
depend on published data, or, at the most,
they try to unearth data from completed but
unpublished trials.
Systematic reviewers should be aware of the
breadth, timing, and depth of all the evidence
on the drug they are reviewing. They should
take into account the extent of diversity in the
research programme, use caution with early
stopped trials, and consider the depth of the
total evidence for each indication. The total
evidence includes published trials; completed
(and analysed) but unpublished trials; and
continuing trials. Obviously, analysed outcome
data can be obtained only for completed ana‑
lysed trials. But it is important to know whether
the data in the meta-analysis calculations rep‑
resent all, most, or only a small portion of the
full programme and whether the available data
suffer from early stopping.
We show here two examples to illustrate our
points. The first example shows the importance
of considering the breadth and depth of the evi‑
dence for anti-tumor necrosis factor (anti-TNF)
agents, a class of expensive drugs tested for a
large number of indications. The second exam‑
ple shows the importance of considering also
the timing of the evidence for one of the most
expensive cancer drugs, bevacizumab.
Anti-TNF agents
Anti-TNF agents have been tested for seven
different indications in immune-mediated
inflammatory diseases (see appendix 1 on
bmj.com) since 1998, and until April 2009
about 1 100 000 patients have been treated with
these agents for approved indications.8 TNF
blockers cost about $20 000 (£13 000, €15 500)
per patient year.9 Annual sales exceed $10bn.10
We searched MEDLINE and ClinicalTrials.
gov (April 2010, search details available from

authors) for randomised trials evaluating Bevacizumab
any selective anti-TNF agent against placebo Bevacizumab is the first extensively studied
or another active treatment in patients with anti-angiogenesis monoclonal antibody. It is
immune mediated inflammatory diseases. expensive, with annual sales of $2.7bn (£1.8bn,
In ClinicalTrials.gov (see appendix 2 on bmj. €2bn).11 A search in ClinicalTrials.gov returns
com) we identified 54 completed published an amazing number of 1093 registered studies,
trials (20 942 patients), 41 (9984 patients) the vast majority (922) in cancer. Bevacizumab
completed unpublished trials, 32 (11 465 is being tested in nearly all types of malignancy.
patients) ongoing closed trials (9 of these have
Bevacizumab was first approved for use in
already published some results), and 43 open metastatic colorectal cancer (Food and Drug
recruiting trials (expected enrollment 10 809 Administration 2004, European Medicines
patients). There are also 6 registered not yet Agency 2005) based on the results of the E3200
open trials (expected enrollment 794 patients), trial, which was stopped very early because of a
10 terminated trials (847 patient; 1 trial has major survival benefit (hazard ratio 0.66, 95%
been published),
confidence interval,
and 2 suspended tri‑ Trials stopped early because of perceived 0.54 to 0.81). In 2006
als (1078 patients). effectiveness give inflated estimates of
it was approved for
Among the 188 trials, the treatment effect
lung cancer, based on
only 5 compared head
another early stopped
to head different anti-TNF agents (none pub‑ trial with significant survival benefit (HR 0.79,
lished yet), and another 32 trials compared an 0.67 to 0.92). In 2007 it was approved by the
anti-TNF agent with one or more active com‑ EMA for metastatic renal cancer, based on the
parators (only 4 published to-date). All other results of another trial also stopped early because
trials have been comparisons against placebo of benefit in disease progression (prolonged dis‑
or no treatment.
ease remission). Other approvals followed for
Overall, the published trials represent only breast cancer in 2007-8 and glioblastoma in
34% of the total evidence (46% if we exclude 2009. The FDA approval for breast cancer was
the open trials). The percentage of published given against the recommendations of outside
trials varies for each drug-intervention pair (see experts, who cautioned that no survival benefit
appendix 3 on bmj.com). With six agents and had been documented. The approval for glio
seven indications there are 42 drug-indication blastoma was given without data from phase III
pairs; trials are available for 28 of them and randomised trials.
licensing approval has been granted for 22
Then, in mid-2009, results from the largest
drug-indication pairs. For six of these 22 less trial of bevacizumab were presented at the Ameri‑
than half of the registered trials’ evidence is can Society of Clinical Oncology meeting. Among
published and for several others the data are 2710 randomised patients with colorectal can‑
also limited (table). Inferences about the exact cer, bevacizumab improved neither survival nor
treatment effects of these agents require extra disease free survival. Actually, a benefit was seen
caution.
in the first year with a hazard ratio of 0.60 (as
We found 34 systematic reviews and meta- in the early stopped trial that had led to the ini‑
analyses of trials evaluating the effectiveness of tial enthusiasm), but it was transient and totally
anti-TNF agents in immune mediated diseases reversed with longer follow up.
(see appendix 4 on bmj.com; PubMed, April
In Clinicaltrials.gov (March 2010) there are 26
2010). Of those, 12 deal with a single agent and closed phase III cancer trials of bevacizumab v
single indication; 22 deal with several agents placebo (see appendix 5 on bmj.com). Of those,
for a single indication. None considered several 9 trials (7234 patients) have been completed and
indications.
published, 3 trials (4669 patients) have had sur‑

Sample size of published randomised clinical trials/sample size of all randomised clinical trials (percentage) for each anti-TNF agent for each immune-mediated
inflammatory disease indication. Data relate only to trials registered in ClinicalTrials.gov
Autoimmune disease indication
Rheumatoid arthritis
Plaque psoriasis
Psoriatic arthritis
Ankylosing spondylitis
Juvenile idiopathic arthritis
Crohn’s disease
Ulcerative colitis

Infliximab
3823/4960 (77.1)*
1462/2796 (52.3)*
200/355 (56.3)*
526/640 (82.2)*
122/182 (67)
1411/1514 (93.2)*
728/1438 (50.6)*

Etanercept
1763/9127 (19.3)*
1874/2841 (65.9)*
205/245 (83.6)*
124/896 (13.8)*
12/173 (6.9)*
NTR
NTR

Adalimumab
2093/9265 (22.5)*
1630/2147 (75.9)*
415/415 (100)*
397/397 (100)*
171/171 (100)*
1478/2062 (71.7)*
0/1349 (0)

Certolizumab pegol
1821/4199 (43.4)*
0/251 (0)
0/390 (0)
0/315 (0)
NTR
1090/1779 (61.3)*
NTR

Golimumab
1720/3729 (46.1)*
NTR
405/405 (100)*
356/356 (100)*
NTR
NTR
0/2,702 (0)

Onercept
NTR
0/NP (0)
NTR
NTR
NTR
NTR
NTR

Some anti-TNF agents have been tested also for other, non-autoimmune disease indications, but these are not included here.
NTR: no trials registered; NP: not provided
*Approved indications in the USA (FDA) and Europe (EMA)
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Hazard ratio (95% CI)
Hurwitz 2004 (colorectal)
Miller 2005 (breast)
Sandler 2006 (lung)
Escudier 2007 (renal)
Giantonio 2007 (colorectal)
Miller 2007 (breast)
Saltz 2008 (colorectal)
van Cutsem 2009 (pancreatic)
Reck (A) 2010 (lung)

Meta-analysis forest plot for survival
with bevacizumab v control in trials
of patients with cancer. Each trial
is shown by its year of publication,
name of first author, and type of
malignancy as well as the hazard
ratio for survival and 95% confidence
interval. Also shown are summary
estimates including all trials and
excluding the three trials stopped
early, which showed large treatment
benefits (Hurwitz 2004, Sandler
2006, Escudier 2007)

Reck (B) 2010 (lung)
RIBBON1 (A) not published (breast)
RIBBON1 (B) not published (breast)
Rini not published (renal)
Wolmark not published (colorectal)
Summary excluding early stopped trials
Summary of all studies
0.4 0.6 0.8 1.0 1.2 1.4

vival results reported at meetings, and 14 trials
(10 724 patients) have not reported survival
results yet. Based on closed phase III trials, the
published evidence plus that reported at meet‑
ings represents 83%, 57%, 74%, and 62% of
the data for renal, breast, lung, and colorectal
cancer data respectively, while survival data on
ovarian, prostate, gastric, and gastrointestinal
stromal tumours are still pending (March 2010).
The figure shows a forest plot of the 12 studies
with available data on survival (14 comparisons).
The summary hazard ratio is 0.87 with 95%
confidence interval of 0.82 to 0.91. Testing
for between-study heterogeneity gives P=0.14
(Q=18.95, 13 df and I2=31%), suggesting mod‑
est heterogeneity. However, it is obvious that
the three first trials that were stopped early had
larger effect sizes. The summary hazard ratio for
the other 9 trials (11 comparisons) is only 0.90
(95% confidence interval 0.85 to 0.95), and
results are very consistent across these trials
(Q=8.63, 10 df, p=0.6, I2=0%). When the early
stopped trials are excluded, the summary effects
for survival for each type of cancer are also con‑
sistent between themselves (Q=3.84, 4 df, p=0.3,
I2=0%).
Even though no heterogeneity is detected
when the trials that were stopped early are
excluded, some modest heterogeneity may be
missed because of the limited power of hetero‑
geneity tests.12 Even with this caveat, the emerg‑
ing evidence suggests that bevacizumab confers
a survival benefit in patients with cancer that is
small on average (10% relative risk reduction)
and is unlikely to be large for any specific tumour
type. Guideline developers, drug approval agen‑
cies, and insurance companies may debate on
whether this evidence is sufficient for endorsing
this drug.
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Such a debate should consider also cost, and
other outcomes, both of effectiveness, such as
disease free progression, and harms, such as
hypertension, perforation, haemorrhage, pro‑
teinuria, and wound complications, all of which
are increased with bevacizumab. Even if the large
benefits from early stopped trials are assumed to
be realistic, bevacizumab was barely cost effec‑
tive in cost utility analyses.13 With much smaller
benefits and better documented harms,14‑16 its
prospects are more bleak.
Between June 2009 and March 2010 six metaanalyses of bevacizumab effectiveness for can‑
cer have been published (PubMed search, March
2010; see appendix 6 on bmj.com). All of those
deal with a single type of cancer and each consid‑
ered only one to three phase III trials (up to five
trials maximum when they include also smaller
phase I/II trials). None of these meta-analyses
took into consideration the whole range of beva‑
cizumab trials in cancer or even a modest fraction
of it.

Conclusions
In appraising the evidence for new interven‑
tions, systematic reviewers should be aware of
the breadth, timing, and depth of the wider pro‑
gramme of clinical trials. This includes the diver‑
sity of different tested indications, early stopping
of trials, and the amount of data in unpublished
and ongoing trials. Meta-analyses that ignore this
wider agenda could reach narrow, misleading
interpretations.
When an intervention shows effectiveness
for only a tiny fraction of the tested indications,
seemingly promising results may be false posi‑
tives. Reviewers could consider an overarching
meta-analysis unifying data from all indications
with similar outcomes, testing whether an over‑

all effect is seen and whether there is compelling
evidence for heterogeneity between the trials on
different indications, as we have done here for
bevacizumab. Such overarching meta-analyses
would justify whether evidence should be seen
separately for each indication or not.17
Evaluation of the wider agenda requires com‑
prehensive trial registries.18 19 In specialties
where trial registration is still rudimentary or nonexistent, systematic reviews should be extremely
cautious. Sponsors may launch a vast but only
partly registered programme of trials. Registration
may be eclectic depending on whether national or
international agencies require registration. Some
drugs may get approved in some countries but
not others. For example, antidepressants such
as mianserin, milnacipam, and fluoxamine are
not approved in the US, but they are approved
in other countries where their trials did better.20
Fragmentation of the programme increases the
multiplicity problem. Superimposed selective
reporting of analyses and outcomes1‑3 can make
anything seem effective.
When a trial is stopped early for effectiveness,
this simply means that the treatment effect is not
null. However, the effect may be small, much
smaller than initially observed. With a small
treatment effect the intervention may not have a
favourable risk-benefit or cost-utility ratio. Early
stopping should be performed sparingly and
judiciously, and results from single, early stopped
trials are unreliable.4‑6 Furthermore, even when
several trials have published their results, it is
useful to know how many more have not. Formal
approaches can investigate how a meta-analysis
of published results would be affected from simu‑
lated results of additional trials.21 Knowing that
much of the evidence is still missing should lead
to caution.
Finally, most of the clinical research pro‑
grammes for new interventions rely heavily on
placebo controlled comparisons. Ideally, head
to head comparisons against other effective
agents should also be performed to combine
in network meta-analyses.22‑24 However, head
to head comparisons are often systematically
avoided; companies avoid comparators from
other companies.25
In summary therefore, although systematic
reviewers should ask precise questions, they also
need to have a clear view of where each question
sits in relation to other questions being asked.
A narrow meta-analysis of a single type of com‑
parison for a single indication may miss most of
the interesting story about an intervention and its
agenda. Decision making can seldom be based
on a single systematic review. These issues may
have also implications for drug licensing. The
licensing process should consider the status of
the wider agenda in making appropriate deci‑
sions about new agents.
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ANSWERS TO ENDGAMES, p 785. For long answers go to the Education channel on bmj.com

PICTURE QUIZ
A baby with noisy breathing
1 The radiological investigation is a tube oesophagogram, which showed a dilated
oesophagus with contrast spilling into the trachea. The diagnosis is an H-type tracheooesophageal fistula with, in this case, a background intercurrent bronchiolitis caused
by respiratory syncytial virus and possibly an aspiration pneumonia. In this situation,
a thorough respiratory history is important to ensure that such cases are not missed.
2 H-type tracheo-oesophageal fistulas typically present with coughing and choking
after feeds, abdominal distension as a result of aerophagia, and recurrent aspiration
pneumonia. Because symptoms overlap with those of other respiratory conditions,
careful history taking is important when making this diagnosis. When carrying out
investigations for a suspected H-type tracheo-oesophageal fistula, no radiological
investigation is completely reliable. These abnormalities need to be looked for
carefully and specifically.

ENDGAMES ANSWERS
Tube oesophagogram showing an H-type tracheo-oesophageal
fistula. A: contrast spilling into the respiratory tract; B:
H-type tracheo-oesophageal fistula; C: catheter inserted into
oesophagus; D: oesophagus filled with contrast

ON EXAMINATION QUIZ
Sepsis
Answer D is correct.
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3 Tracheo-oesophageal fistulas are associated with other abnormalities and may occur
as part of the VACTERL association (vertebral anomalies, anal atresia, cardiovascular
anomalies, tracheo-oesophageal fistula, oesophageal atresia, renal anomalies, and
limb anomalies). Perform a careful examination; chromosomal analysis; cranial,
vertebral, and renal ultrasound; and echocardiography to rule out any associations.
4 To avoid further aspiration of feeds into the respiratory tract, the patient should not be
fed orally. Feeding can be maintained via a naso-jejunal tube. Perform surgery as soon
as possible to close the connection between the trachea and oesophagus.

STATISTICAL QUESTION
Confounding in randomised controlled trials
Answers a, c, and d are all true, whereas b is false.
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