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Editorial

Statistics and the Relationship of
Clinical Research to Clinical
Practice

Clinicians will offer better care to their patients if they are
able to critically appraise original literature and apply evi-
dence based therapy to their daily practice1. Still, determin-
ing success or failure of a treatment or preventive agent
depends on a number of considerations, including whether an
established effective treatment already exists; whether the
disease for which the new treatment is sought is severe or
life-threatening; the probability and magnitude of harmful
effect; and the probability and magnitude of likely benefit.
When clinical trials of a new treatment are conducted, it

is assumed there is a true, underlying effect of the treatment
that clinical trial can estimate. Investigators use statistical
methods to help understand the true effect from the results
of the trial. For some time the paradigm for statistical infer-
ence has been hypothesis testing. The investigator starts
from what is labeled a “null hypothesis”: the hypothesis that
the statistical procedure is designed to test and, possibly,
disprove. Typically, the null hypothesis is that there is no
difference between outcomes as a result of the treatments
being compared. In a randomized controlled trial to compare
an experimental treatment with a placebo, the null hypothe-
sis can be stated: “The true difference in the effects of the
experimental and control treatments on the outcome of
interest is zero.” A challenging issue arises when statistical-
ly non-significant results are large enough to be clinically
relevant. Methotrexate (MTX) use in treatment of scleroder-
ma (systemic sclerosis, SSc) is a good example of this chal-
lenge. SSc is a chronic autoimmune disorder with a highly
variable course and an average prevalence of 1-2 cases per
100,000 people worldwide2,3; the rarity of the disease, the
clinical heterogeneity, and the lack of effective agents to
date render therapy a major challenge. Currently, no guide-
lines for the treatment of SSc are available, and no proven
overall disease-modifying therapies have been identified.
Three studies of the antimetabolite MTX in SSc patients
showed little efficacy in improving clinical variables such as
total skin score, carbon monoxide diffusing capacity, forced
vital capacity, erythrocyte sedimentation rate, and general
health as measured by visual analog scale4-6. The largest

study5 is a randomized controlled trial in which 35 patients
with diffuse SSc were treated with MTX and 36 patients
with placebo. After 12 months, patients in the MTX group
had a tendency for better skin scores, better diffusion capac-
ities, and favorable physician global assessments, but these
variables and the patient’s global assessments were not sig-
nificantly different from placebo-treated patients. Thus, it is
concluded that the findings do not provide evidence that
MTX is significantly effective in the treatment of early dif-
fuse SSc.
In this issue of The Journal, Johnson, et al7 demonstrate

how Bayesian analysis conveys more relevant information
to clinicians, using the example of MTX in SSc. When
comparing 2 hypotheses using the same information, tra-
ditional statistical method would typically result in the
rejection or non-rejection of the original hypothesis with
a particular degree of confidence, while Bayesian meth-
ods would yield statements that one hypothesis was more
probable than the other. The Bayesian paradigm states
that probability is the only measure of one’s uncertainty
about an unknown quantity. In a Bayesian clinical trial,
uncertainty about an endpoint is quantified according to
probabilities. Statistical significance (as defined by p ≤
0.05) may bear little relation to clinical significance, and
the traditional analysis using p values may be misleading.
This includes situations in which an important clinical
decision must be based upon a study that has low statisti-
cal power. Incorrect interpretation of the p value and 95%
confidence interval may lead to misguided clinical inter-
pretation of the study results. In cases of small sample
size, labeling a treatment ineffective by relying solely on
the p value may not be appropriate, and the Bayesian
analysis would be more attractive “primarily” because it
uses available data from other studies to potentially
reduce study sample size8. Bayesian computations have
been successfully used in many clinical studies including
the assessment of relative cost-effectiveness of treatments
in health economics and effect of therapy9,10.
As stated by the authors7 “this analysis allows for more
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flexible and clinically relevant interpretations of the data.”
One advantage of the Bayesian approach is that experimen-
tal data may be directly interpreted; the 95% CI of the pos-
terior probability distribution corresponds to the set in
which 95% of experimental data may be expected based
upon the particular experiment that has been performed.
Another advantage is that it enables the researcher to inter-
pret more freely the multiple test outcomes (in this case skin
score, etc.) without testing for alpha inflation. We agree that
Bayesian analysis can convey a more clinically relevant
interpretation of the trial data. However, it is not clear if this
analysis can be extended to other situations. Thus, no data
are available on the applicability of this approach in reverse
situations. As an example, consider a situation where an
investigator finds significant results using the traditional
approach, but when the a priori knowledge is examined, the
posterior probability of effect may become much lower than
the anticipated 95% using the Bayesian approach. In addi-
tion, the potential misuse of this approach is possible, as
when findings do not achieve the 5% level of significance,
tempting researchers to present their data in the Bayesian
format. Moreover, substantial a priori knowledge may intro-
duce potential ethical concerns in the conduct of trials when
transitioning from Phase II to Phase III, whereas in studies
using Bayesian approaches that is avoided by the independ-
ent replication of the frequentist approach.
The Bayesian approach should not be viewed as a statis-

tical alternative for investigators trying to demonstrate a
“treatment effect.” Essentially the frequentist and Bayesian
approaches to the design and analysis of clinical trials pro-
vide complementary information regarding the strength of
statistical evidence regarding particular conclusions.
Because they address different perspectives, there is much to
be gained by considering both analytic approaches. It is gen-
erally true that in the absence of prior information, classical
and Bayesian approaches should yield equivalent statistics.
For certain priors the Bayesian posterior odds test is equiv-
alent in large samples to the classical likelihood ratio test for
some significance level and vice versa. The Bayesian para-
digm does not create positive results from a negative trial.
As the authors stated, “If a treatment has no effect, then on
average the posterior probability of treatment being better
than placebo in a Bayesian analysis will be 50%.” What the
authors are proposing here does not therefore entail a radi-
cal change in the way clinicians judge the effectiveness of a
treatment. Nevertheless, it might help to encourage a wider
recognition that the interpretation of confidence intervals is
only valid if you work within a Bayesian framework using a

uniform prior distribution. If there is important preexisting
information that needs to be taken into account, it must be
incorporated formally in the analysis or informally in the
qualitative process of drawing conclusions. In the case of
clinical significance of MTX for SSc, the fairly low proba-
bility of harm may justify its use.
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