EDITORIAL

“Needs More Research”dImplications of the
Proteus Effect for Researchers and Evidence
Adopters

A

s a researcher, I try to avoid starting
the concluding paragraph of the
manuscript reporting my study’s
ﬁndings with, “We need more research to
better understand..” Every researcher wants
to perform the deﬁnitive study that provides
the deﬁnitive answer, and funding agencies
prefer not to support researchers to repeat
studies again and again. Yet Alahdab and
colleagues1 show us in this issue of Mayo
Clinic Proceedings that treatment trials
published early in the chain of evidence can
present exaggerated effects. This phenomenon
is termed the Proteus effect.2,3 Because of the
Proteus effect, it means that knowing the
answer to a question involves a body of evidence, not a deﬁnitive trial. Early trials should
be viewed with caution. Trials that yield
inconclusive and negative ﬁndings are important, and even studies that seem to deﬁnitively
answer a question will need to be replicated,
both in a similar manner and with different
populations and variations in the intervention.
To objectively measure the Proteus effect,
Alahdab and colleagues1 identiﬁed randomized controlled trials that evaluated a drug or
device in patients with a chronic condition
and which were included in meta-analyses
published in the top 10 general medical
journals over the past 8 years. They determined the prevalence of having the largest
effect size in the ﬁrst 2 published trials and
assessed for associations of an exaggerated
early effect with several a priori explanatory
variables. A priori explanatory variables
included factors known to inﬂuence study
results beyond being an early study such as
sample size, total number of events, study
length, duration of follow-up, presence of
publication bias, risk of bias, whether trials
were stopped early, funding source, number of
study sites, and study settings.
What they found from 930 trials published
in 70 meta-analyses was that 37% of early

trials had an effect size that was on average
2.67 times larger than the overall pooled effect
size. This ﬁnding was beyond what would be
expected due to random chance (P<.001).
Although it occurred more often for medications than for procedures and for endocrine
than for other chronic conditions, no other
explanatory variables related to study design
were associated with the presence of the Proteus effect. The authors discussed ways that
earlier trials could have greater effects than
later trials, including shifting over time from
efﬁcacy to effectiveness evaluations, expanding
inclusion criteria, reducing intervention
intensity, and reducing intervention ﬁdelity.
The ﬁndings from this study raise important questions about whether the Proteus
effect occurs in other scenarios. Will it occur
for prevention and acute care? Will it occur for
counseling interventions? Will it occur for
diagnostic, prognostic, and observational
studies? Will it be similar for continuous
outcomes? Is there a way to predict when it
will occur or which early studies are at greatest
risk for exhibiting the Proteus effect?
Assuming these ﬁndings apply to other
conditions, interventions, studies, and outcomes, the results reported by Alahdab and
colleagues1 have interesting implications.
For researchers, when designing and
ﬁelding studies for new interventions, extra
caution is needed to limit the risk of bias and
ensure valid results. Adequate randomization,
effective allocation concealment, and not
stopping studies early for beneﬁt can all limit
bias. Designing a study for a new intervention
to ensure the greatest possibility of success
may involve including highest-risk patients
with the greatest potential for beneﬁt, substantial efforts to ensure intervention ﬁdelity,
and ﬁelding a maximally intensive intervention. However, such strategies should be
balanced with a design that can also yield
generalizable ﬁndings that can be both
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TABLE. Frameworks That Could Be Applied to Assessing Early Evidence
Modiﬁed USPSTF questions to assess certainty5
1. Does the study have the appropriate research design
to answer the question?
2. What is the quality/internal validity of the study?
3. To what populations and situations are the results
applicable?
4. Are there other studies that address the question?
How large are the studies?
5. How consistent are results across studies?
6. Are there additional factors that assist us in drawing
conclusions (eg, dose-response effects, ﬁt within a
biological model)?

replicated and put into practice. Early trial
reports need to avoid overstating ﬁndings and
recognize a need to replicate the results.
Publications reporting results in both early
and later stages of evaluating interventions
should systematically report details about the
population studied, intervention resourcing,
and intervention intensity. These critical details are needed to understand the applicability
of ﬁndings. Most importantly, ﬁndings that
represent a substantial change in practice need
to be replicated.
For evidence consumers, these ﬁndings
demonstrate the need for caution when
deciding whether to adopt early evidence. A
body of evidence is needed to guide practice,
and no one study can be taken out of context
with that body of evidence. Although
evidence-based methods can help to assess the
internal validity and risk of bias for a study,
the ﬁrst study demonstrating beneﬁt for a new
intervention should most likely trigger further
research rather than herald a signiﬁcant practice change. An interesting challenge can occur
if an early study is particularly well designed,
has a large sample size, and utilizes an
appropriate and generalizable intervention.
This scenario is exempliﬁed by the evidence
for lung cancer screening with low-dose
computed tomography, in which there are 4
randomized controlled trials with published
evidence for the intervention and control
groups.4 Three studies found no reduction in
274

Mayo Clin Proc.

n

Selected Bradford Hill criteria for causation7
1. Strength (effect size)dthe larger the association, the
more likely that it is causal
2. Consistency (reproducibility)dconsistent ﬁndings in
different populations and settings strengthens the
likelihood of an effect
3. Speciﬁcitydcausation is more likely if there are no other
likely explanations
4. Temporalitydeffects after the cause with the expected
delay are more likely causal
5. Biological gradientdgreater exposure should generally
lead to greater incidence of the effect
6. Plausibilitydplausible mechanism between cause and
effect are helpful
7. Coherencedcoherence between epidemiological,
biological, and intermediate outcome ﬁndings increases
the likelihood of an effect

mortality, but one study did ﬁnd beneﬁtdthe
National Lung Screening Trialdand it is 5
times the size of the others combined, dominates the evidence, and has compelling ﬁndings that should inﬂuence practice. If such a
study were to be published as the sole initial
evidence, it would be difﬁcult to decide
whether to adopt this practice change or wait
for further evidence.
Useful frameworks for considering how
consumers can assess evidence include the
general approach used by the US Preventive
Services Task Force for determining certainty5,6
and the Bradford Hill criteria for causation7
(Table). For interventions with more mature
evidence, the size, quality, and consistency of
ﬁndings from various studies are particularly
important. For interventions that only have early
evidence, consumers will need to rely more on
ruling out other explanations for the observed
ﬁndings, ensuring plausibility, and determining
coherence with epidemiological data, biological
ﬁndings, and studies that measure more intermediate outcomes to evaluate the evidence.
Although these strategies are helpful for assessing causality, they do not replace repeating trials
to replicate ﬁndings, and the reviewer should
have more uncertainty when there are few trials
evaluating an intervention.
In response to the ﬁndings reported by
Alahdab and colleagues, I will use the sentence
I try to avoiddclearly, we need more research
to understand the Proteus effect. We need to

March 2018;93(3):273-275

n

https://doi.org/10.1016/j.mayocp.2018.01.013
www.mayoclinicproceedings.org

EDITORIAL

know how much research is needed before
adopting new ﬁndings into routine practice,
and we need to know how to balance ﬁndings
from early and later trials to understand the
overall and true effect.
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