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The scientiﬁc synergy between statistics and medical
research often leads to controversy when considering
statistical versus clinical signiﬁcance of ﬁndings from
studies that are neither overwhelmingly practicechanging nor clearly negative. Studies can reach statistical signiﬁcance but provide evidence that is not
clinically meaningful, or results could not be statistically signiﬁcant but very clinically relevant. To fully
appreciate the debate about studies that fall in this
gray area, one must understand how to interpret
several features of statistical design and the interpretation of results.
The conduct of clinical trials dictates that a rigorous
statistical design a priori targets an effect size, which can
be thought of as the true difference in outcome that a
study hopes to detect when comparing two regimens
with one another or when comparing a single regimen to
a reliable historical control. Statistical inference, based
on the distributional assumptions of the design, is used
to formally test the prestated hypothesis about the effect
size resulting in p values, which assist in the determination of a study’s success but do not provide any information regarding the magnitude of the observed
effect size in the trial. The p values indicate statistical but
not clinical signiﬁcance; they are the metric for the
determination of study success or failure after they are
compared with the type I error rate, the probability of
observing a false-positive result, allocated in the study
design. A threshold of 0.05 is thought to be the conventional type I error rate; but in fact, the origin of this
threshold is arbitrary, and in practice designs, often have
lower or higher false-positive thresholds depending on
design features such as adjustments for multiple comparisons or phase of development, respectively. For
example, phase 3 studies often test coprimary end points
resulting in type I error rates of less than 0.05 in the
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design, whereas phase 2 trials often relax type I error
rates to as high as 0.10 or 0.20.1 The p values should be
interpreted as the probability that the study results (as
good as or better than observed) occurred by chance
when the null hypothesis is true.
Clinical signiﬁcance is far more subjective than statistical signiﬁcance. Clinical signiﬁcance is deﬁned by
many parameters, including the observed effect size,
primary end point, safety proﬁle, ﬁnancial toxicity,
quality of life, availability of a companion diagnostic for
identiﬁcation of patients likely to beneﬁt the most,
demographics of the enrolled population, treatment
adherence, crossover, and many others. The past 15
years of oncology drug development have revealed
monumental success in bringing forth incredibly effective targeted therapies and immunotherapy for patients
with lung cancer; therefore, expectations are higher
than novel therapies will result in changes to current
practice and substantial beneﬁts to patient outcomes.
These outcomes could be associated solely with efﬁcacy
assessments but also could be evaluated through relative trade-offs in adverse events, cost-effectiveness,
health care convenience (e.g., oral versus intravenous
administration), quality of life, and others. With the lack
of dramatic treatment effects, incremental advancements use precious resources and time without much
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beneﬁt to patients. Statistics can be used to assist in the
decision-making process to objectively deﬁne clinical
relevance.
As clinicians acknowledge the heterogeneity of patients and their cancers, in the same way statisticians
study the variability that results from that heterogeneity.
There are always patients who respond exceptionally
well and patients who, unfortunately, respond more
poorly than most trial participants; but the most effective therapies will exhibit a treatment effect despite that
variability. Conﬁdence intervals (CIs), when presented in
tandem with p values, can help provide clarity around
the determination of clinical signiﬁcance because they
provide the range of possible values consistent with the
size of the observed effect. The beneﬁt of CIs is that they
provide a clinical context in the measurement of the
direction of a treatment effect, unlike a p value. For
example, the KEYNOTE-010 trial2 studied two doses of
pembrolizumab versus docetaxel in previously treated
patients with NSCLC who were positive for programmed
death-ligand 1 and was designed with coprimary end
points of overall survival (OS) and progression-free
survival (PFS). The results for the latter end point
were not statistically signiﬁcant because the observed p
values for the PFS comparisons were not lower than the
predeﬁned threshold of p value less than 0.001. The
observed hazard ratio (HR) for PFS for pembrolizumab 2
mg/kg versus docetaxel was 0.88 (95% CI: 0.74–1.05,
p ¼ 0.07); for pembrolizumab 10 mg/kg versus docetaxel, HR was 0.79 (95% CI: 0.66–0.94, p ¼ 0.004). We
raise this as an example of a study in which a p value is
less than the conventional p value of 0.05 and is not
statistically signiﬁcant per the statistical design; however, considering the CIs for the PFS HRs, it is clear that
the direction of the beneﬁt is mostly, but not entirely,
below a value of 1 (trending toward clinical beneﬁt). OS
clearly met the predeﬁned criteria for statistical signiﬁcance (one-sided p < 0.00825), and the upper bound of
the CIs are estimated well below the value of one; for
pembrolizumab 2 mg/kg versus docetaxel HR was 0.71
(95% CI: 0.58–0.88, p ¼ 0.0008); for pembrolizumab 10
mg/kg versus docetaxel HR was 0.61 (95% CI: 0.49–
0.75, p < 0.0001). We would typically recommend that
the conﬁdence level of a CI match the design-speciﬁed
signiﬁcance level for the end point, which does not
seem to have been done in the reporting of this trial;
however, the statistical concept about the general direction of the results still applies. For the dose approved
by the Food and Drug Administration (2 mg/kg), the
observed result (HR ¼ 0.71) is statistically consistent
with an HR as promising as 0.58 and not worse than 0.88
based on the corresponding CI, clearly revealing statistical signiﬁcance for efﬁcacy and establishing clinical
signiﬁcance.
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An example of a study with statistically signiﬁcant
but arguably clinically insigniﬁcant results is the REVEL
trial,3 which randomized patients with metastatic NSCLC
to ramucirumab plus docetaxel versus placebo plus
docetaxel as second-line treatment after disease progression on platinum-based therapy. From the time of
initiation, the study was designed to detect a modest
effect size, an OS HR of 0.816, with 85% power while
controlling the two-sided type I error rate at the 0.05
level. The study was, therefore, very large, having randomized 1253 patients and resulting in an estimated OS
HR of 0.86 (95% CI: 0.75–0.98; p ¼ 0.023); this corresponded to a 1.4-month improvement in median OS from
9.1 months to 10.5 months. Even though this study met
its primary end point and was statistically signiﬁcant, the
examination of the CI reveals that ramucirumab confers,
at best, an OS HR of 0.75 when compared with control,
and just barely excludes the value of one at the upper
bound. The study also conveys that statistical signiﬁcance can be achieved by observing a result that is more
modest than the effect size targeted in the statistical
design of the study, which is one of the reasons why
many researchers believe that studies should be more
ambitious in their designs. Nevertheless, the Food and
Drug Administration approved ramucirumab for use in
combination with docetaxel for this patient population4;
but regarding clinical relevance, one questions whether
the additional risk for adverse events and health care
costs outweigh the modest beneﬁt observed for patients
in this study.
Statistical signiﬁcance and clinical signiﬁcance will
usually be in harmony in a well-designed clinical trial
with an appropriately chosen target effect and power
that minimizes the chances of observing a clinically
irrelevant yet statistically signiﬁcant result.5 An exception to this is a post hoc analysis of a subset of patients,
in which the sample size of the subset may be smaller
than that required to detect a clinically meaningful
result. Other exceptions arise when nontraditional statistical methods that have been developed to minimize
the observed p value of the trial data are used. For
example, methods that optimally weight different parts
of the survival experience6,7 may lead to statistically
signiﬁcant results that are not clinically signiﬁcant.8
Another example is given by methods that increase the
sample size of a trial based on interim results,9 which
can also potentially lead to statistical signiﬁcance
without clinical signiﬁcance.10 Although statistically
valid, these methods require an especially careful examination of the clinical signiﬁcance of the results.
Whereas the framework for determination of statistical signiﬁcance is well established, it is not possible to
delineate such a structured framework for the determination of clinical signiﬁcance, which is inherently a
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judgmental call made by clinicians and patients. Opinions about the magnitude of effect size required for
clinical signiﬁcance are subjective and may change over
time. The American Society of Clinical Oncology’s Value
Framework or the European Society for Medical Oncology’s Magnitude of Clinical Beneﬁt Scale are tools that
are updated regularly to help guide the evaluation of the
clinical beneﬁt from new cancer therapies.11,12 Controversy arises when the interpretation of clinical trial results and their impact on patient care is made solely on p
values; as such, we encourage the use of CIs and
consideration of effect sizes, as described above, to
provide more clarity on the precision of estimates from a
study, and at the same time, acknowledging that overpowered studies or studies with large sample sizes are
more easily able to identify trivial but statistically signiﬁcant differences in outcomes. This is similar to the
guidelines put forth by other journals.13 If the CIs
include values that reﬂect effect sizes that are impactful
to patients, then clinical signiﬁcance could be
considered.
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