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Abstract

Background: Clinical significance in a randomized controlled trial (RCT) can be determined using the minimal
clinically important difference (MCID), which should inform the delta value used to determine sample size. The
primary objective was to assess clinical significance in the pediatric oncology randomized controlled trial (RCT)
treatment literature by evaluating: (1) the relationship between the treatment effect and the delta value as reported
in the sample size calculation, and (2) the concordance between statistical and clinical significance. The secondary
objective was to evaluate the reporting of methodological attributes related to clinical significance.

Methods: RCTs of pediatric cancer treatments, where a sample size calculation with a delta value was reported or
could be calculated, were systematically reviewed. MEDLINE, EMBASE, and the Cochrane Childhood Cancer Group
Specialized Register through CENTRAL were searched from inception to July 2016.

Results: RCTs (77 overall; 11 and 66), representing 95 (13 and 82) randomized questions were included for non-
inferiority and superiority RCTs (herein, respectively). The minority (22.1% overall; 76.9 and 13.4%) of randomized
questions reported conclusions based on clinical significance, and only 4.2% (15.4 and 2.4%) explicitly based the
delta value on the MCID. Over half (67.4% overall; 92.3 and 63.4%) reported a confidence interval or standard error
for the primary outcome experimental and control values and 12.6% (46.2 and 7.3%) reported the treatment effect,
respectively. Of the 47 randomized questions in superiority trials that reported statistically non-significant findings,
25.5% were possibly clinically significant. Of the 24 randomized questions in superiority trials that were statistically
significant, only 8.3% were definitely clinically significant.

Conclusions: A minority of RCTs in the pediatric oncology literature reported methodological attributes related
to clinical significance and a notable portion of statistically insignificant studies were possibly clinically significance.

Keywords: Clinical significance, Minimally clinically important difference, Randomized controlled trials, Pediatric
oncology

Background
Cancer among children is rare, accounting for less than
1% of all new cases in Canada [1]. Over the past 50 years,
the 5-year relative survival rate for pediatric cancers has
risen dramatically, from 10 to 83% [2, 3], largely because
of treatment advances and high rates of clinical trials
participation, estimated to be upwards of 60% [4].
Pediatric clinical trials are remarkably complex because

of the lower incidence of disease, safety concerns, strin-
gent regulatory requirements and limited commercial
interest [5]. As such, randomized controlled trials (RCTs)
are predominately multi-institutional, resource intensive,
often take years to complete and rarely have pharmaceut-
ical industry support [6]. By and large, national and
international collaborative efforts, such as the Children’s
Oncology Group, coordinate the majority of trials, the
results of which often provide the basis for changes in
treatment regimens and standard of care [7]. Even one
trial can dramatically change standard of care [8, 9].* Correspondence: fuchsia.howard@ubc.ca
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The concept of clinical significance is now considered
crucial in RCT planning and interpretation [10]. The 2010
Consolidated Standards of Reporting Trials (CONSORT)
Statement acknowledged the importance of assessing study
results based on sample size calculations and assumptions
that include clinical significance [11]. Clinical significance
can be determined using the minimal clinically important
difference (MCID); “the smallest treatment effect that would
result in a change in patient management, given its side
effects, costs, and inconveniences” [12, 13]. It is critical that a
study be powered based on a delta value that reflects the
MCID. The delta value component of the sample size
calculation is the difference between the experimental and
the control group that can be detected based on the type 1
(α value) and type 2 (β value) errors. A delta value that re-
flects the MCID ensures that the sample size calculation
allows for an evaluation of clinical significance. In
addition, the appropriate clinical interpretation of results
requires authors to report methodological attributes re-
lated to clinical significance, such as justification of the
MCID [11, 14, 15]. Thus, it is essential for studies to be
designed and interpreted based on an evidence-based
MCID and clinically relevant measures, such as confi-
dence intervals (CIs), which provide information on statis-
tical significance, and the direction and size of the
treatment effect [12, 16–18].
Research suggests that RCT authors rely primarily on

statistical significance, they do not consistently provide
their own interpretation of the clinical importance of re-
sults, and they rarely provide sufficient information to en-
able readers to draw their own conclusions [13, 19, 20].
The degree to which clinical significance has been
assessed in the pediatric oncology literature remains un-
known. The primary study objective was to assess clinical
significance, and reporting of clinical significance, in the
pediatric oncology RCT literature by, first, evaluating the
relationship between the treatment effect (with its associ-
ated CI) and the delta value, as reported in the sample size
calculation and, second, assessing the concordance be-
tween statistical and clinical significance. The secondary
study objective was to assess methodological attributes re-
lated to clinical significance.

Methods
This systematic review was conducted following a
pre-defined protocol, which was informed by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) Statement [21].

Search strategy
The academic literature was systematically searched
using a comprehensive search strategy to identify all
RCTs in pediatric oncology (Additional file 1: Appen-
dix A). We searched MEDLINE, EMBASE, and the

Cochrane Childhood Cancer Group Specialized Regis-
ter through CENTRAL from inception to July 2016.
Our search strategy was developed by initially using
the Canadian Agency for Drugs and Technologies in
Health search filter to identify RCTs [22] and subse-
quently adapted to identify RCTs in pediatric oncol-
ogy using the Cochrane Childhood Cancer Search
Filter, which has been validated by Leclercq et al.
[23]. We also assessed the reference lists of the stud-
ies that fulfilled our inclusion criteria to identify add-
itional studies. Our search was restricted to studies in
English and was inclusive of the published literature.

Eligibility criteria
Studies were deemed eligible if the study adhered to a
RCT study design (i.e., did not included a non-random-
ized component or a historical control), where the study
population consisted of pediatric patients diagnosed with
cancer and the primary outcome of the trial was a rele-
vant cancer treatment outcome (e.g., a treatment regi-
men assessing overall survival, event-free survival, etc.),
and the trial was a phase III trial that did not stop early
due to futility. This did not include studies wherein the
primary outcome was treatment complications or side
effects, pharmacokinetic trials, toxicity trials,
non-clinical interventions, or drug safety profile trials.
Only studies that reported a sample size calculation
where a delta value was reported or could be calculated
for the randomized question were included. Trials that
were long-term follow-up studies were excluded and
only studies that reported the most recent trial results
were reported. Only phase III trials that were not
stopped early due to futility were eligible for inclusion.
RCTs where the study population consisted of both
pediatric and adult patients were deemed eligible if
adults were less than or equal to 25 years of age. We
chose this age range to reflect norms in pediatric oncol-
ogy treatment research wherein trials most often include
participants up to 21 years of age, though many have
also included participants up to age 25 years because of
the potential benefit for these slightly older patients.
Restricting the age limit to 21 years would result in the
exclusion of a number of trials where the majority of
participants were aged less than 21 years.

Study identification
Two investigators (HH and KN, non-independently)
screened the title and abstracts based on the specified
inclusion criteria. The full text was retrieved and
reviewed if the title and abstract was insufficient to de-
termine fulfillment of inclusion criteria. Subsequently,
one investigator (HH) conducted a full-text review to
assess all of the studies that passed through the first
round of title and abstract for inclusion eligibility. The
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principal investigator (AFH) was available to resolve any
discrepancies or disagreements encountered during
study selection.

Data extraction
A standardized data extraction template was developed
to collect attributes relevant to clinical and statistical sig-
nificance in addition to general characteristics. The data
extraction template was initially piloted on a sample of
15 included studies to ensure that pertinent information
was captured and subsequently finalized based on the
results of the pilot. Data was collected by one investiga-
tor (HH) based on each of the randomized questions
within all RCTs, thereby capturing each outcome and
the corresponding reported sample size calculation.

Analysis
Characteristics of included studies
The characteristics of the studies included in our sys-
tematic review included: journal, region, and year of
publication; source of funding; whether the RCT
included exclusively children or adults and children; the
disease site of focus of the RCT (hematological, central
nervous system, non-central nervous system solid
tumor); RCT study design (2 × 2 factorial, greater than
two arms; parallel-group); trial group; primary outcome
defined as time-to-event or dichotomous; primary out-
come intervention (chemotherapy, multimodal therapy,
hematopoietic stem-cell transplant, radiation therapy).
This analysis was based on studies and stratified by RCT
type (non-inferiority or superiority).

Reporting of methodological attributes associated with
clinical significance
The selection of methodological attributes related to clin-
ical significance were informed by evidence from the litera-
ture and the expertise of the research team [11, 13, 24, 25].
These attributes consisted of: explicitly identifying the ex-
pected magnitude of difference as the MCID and providing
justification for why this MCID was selected, whether it be
based on clinical relevance or methodological; reporting the
delta value as an absolute and/or relative difference strati-
fied by primary outcome type (time-to-event or dichotom-
ous); reporting anticipated control and experimental values
for which the delta value was derived from and providing
the rationale for why the assumed control value was
selected; type 1 error (α value) and number of sides
of p value; power (1 − β value); reporting statistical
significance of the primary outcome via a p value;
reporting a confidence interval (CI) or standard error
around the experimental and control estimates for the
primary outcome; reporting treatment effect (i.e.,
experimental value – control value); reporting, within the
discussion, an assessment of the clinical importance of the

results of the primary outcome through an interpretation
of the results based on the delta value specified in the
sample size calculation. As methodological attributes are
relevant to the primary outcome, this analysis was re-
stricted to randomized questions stratified by RCT type
(non-inferiority or superiority). Therefore, studies that in-
volved multiple primary outcomes (e.g., 2 × 2 factorial tri-
als, etc.), would have more than one randomized question.

Clinical significance
Clinical significance was determined based on the guide-
lines proposed by Man-Son-Hing et al. [10] which con-
siders the relationship between the MCID of the treatment
effect and the CI and designated to one of the following
four different levels (Fig. 1): (1) Definite – the MCID is
smaller than the lower limit of the CI of the treatment
effect, (2) Probable – the MCID is greater than the lower
limit of the CI of the treatment effect, but smaller than the
treatment effect, (3) Possible – the MCID is less than the
upper limit of the CI of the treatment effect, but greater
than the treatment effect, and (4) Definitely Not – the
MCID is greater than the upper limit of the CI of the treat-
ment effect. The CI should be based on the α value speci-
fied in the sample size calculation.
We restricted this analysis to randomized questions in

superiority trials because these guidelines are intended
to be applied to superiority trials. For each study, the
delta value was assumed to be the MCID irrespective of
whether explicitly stated by the authors. This assump-
tion was applied in an earlier study by Chan et al. [13],
and is a pragmatic approach in the context of pediatric
oncology. This is based on the premise that the delta
value must be reflective of the MCID to the extent that
it will result in strong evidence to change standard of
care, while also feasible to achieve in a rare disease
population. A traditional approach to surveying clini-
cians and patients to determine a MCID is not realistic
in the scope of rare diseases and thus the delta value
must follow a definition, which is pragmatic yet clinically
relevant and evidence-based. This analysis was restricted
to randomized questions to account for studies with
multiple primary outcomes. Additionally, only random-
ized questions were included where the treatment effect
and its CI were reported or could be calculated.

Statistical analysis
The CI of the treatment effect for each randomized
question was determined with the methodology outlined
by Hackshaw [26] and Altman and Anderson [27] for
dichotomous and time-to-event primary outcomes
respectively when the CI of the treatment effect was not
reported. The CI of the treatment effect for time-to-e-
vent outcomes could be calculated only if the CI
associated with the experimental and control estimates
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were reported or a Kaplan-Meier curve with patients at
risk was reported. The time point specified in the sample
size calculation was used and if it could not be inferred
from a Kaplan-Meier curve, or was not reported, the
time point reported was used. If the aforementioned was
not provided, the CI for the treatment effect could not
be calculated and the randomized question was excluded
from this analysis. The treatment effect CI was calcu-
lated based on the design α value if reported in the sam-
ple size calculation and if not reported an alpha of 0.05
was assumed. In the event the primary outcome of the
sample size calculation included both an absolute and
relative difference, the absolute difference was used. The
level of concordance between statistical and clinical sig-
nificance was assessed through descriptive statistics.
Descriptive statistics were calculated to assess the
reporting of methodological attributes associated with
clinical significance. SAS (Statistical Analysis Software)
version 9.4 (SAS Institute, Cary, NC, USA) was used to
perform all analyses.

Results
Our search identified 3750 unique studies from Medline,
EMBASE, and the Cochrane Childhood Cancer Group
Specialized Register accessed through CENTRAL. Follow-
ing title and abstract screening, 406 studies were evaluated
for eligibility based on full-text review. Of these studies, 329

studies were excluded and 77 studies were included
in the systematic review (Fig. 2) (Additional file 1:
Appendix B). Table 1 summarizes the characteristics
of the included studies.
Table 2 summarizes the methodological attributes rele-

vant to assessing clinical significance for all included
studies by randomized questions stratified by RCT type
(non-inferiority and superiority RCT, herein, respect-
ively). Only 4.2% (15.4 and 2.4%) of randomized ques-
tions explicitly identified that the delta value was based
on the MCID, while 22.1% (76.9 and 13.4%) of random-
ized questions discussed the clinical importance in rela-
tion to the delta value specified in their sample size
calculation. The majority (95.6% overall; 100.0 and
95.1%) of randomized questions reported the delta value
in the sample size calculation as an absolute value and
the minority in relative terms (e.g., relative risk reduc-
tion, relative hazard rate, etc.). Almost three quarters re-
ported (76.8% overall; 76.9 and 76.8%) the estimate
assumed for the control group, of which only 18.9%
(46.2 and 14.6%) reported justification for why the esti-
mate was assumed. The statistical significance of the pri-
mary outcome was reported using a p value in 83.2%
(100.0 and 80.5%) of randomized questions, while over
half (67.4% overall; 92.3 and 63.4%) reported CIs or
standard error bars for the experimental and control
values. The majority of studies reported type 1 and type

Clinical
Significance

1- Definite

2-

3- Possible

4- Definitely Not

Statistical 
Significance

Yes

Yes

No

Yes

No

Yes

No

Minimal clinically important difference

Treatment effect and confidence interval

Harm Benefit

Definite

Probable

Fig. 1 Relationship between clinical significance and statistical significance (adapted from Man-Son-Hing, et al.) [10]
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2 errors in their sample size calculations; however, only
12.6% (46.2 and 7.3%) reported the treatment effect in
the results.
Table 3 and Fig. 3 summarize the level of clinical sig-

nificance in superiority trials, determined when examin-
ing the relationship between the MCID of the treatment
effect and its associated CIs, in relation to the reporting
of statistically significant findings for superiority RCTs
that satisfied the criteria. Of the 71 randomized ques-
tions that reported statistically insignificant findings,
25.5% (n = 12) were found to have possible clinical sig-
nificance. Of the 24 randomized questions that reported
statistically significant findings, 8.3% (n = 2) were found
to have clinical significance categorized as “Definitely
Not,” 83.4% (n = 20) as “Probable or Possible,” and 8.3%
(n = 2) as “Definite.” Of the total 71 randomized ques-
tions, only 2.8% (n = 2) were found to have definite
clinical importance while 45.1% (n = 32) were found to
have “Probable or Possible” clinical significance and the

remaining 52.1% (n = 37) were “Definitely Not” clinically
significant.

Discussion
In this systematic review, we demonstrated that only a
minority of the 77 RCTs (11 non-inferiority and 66 su-
periority RCTs) in the published pediatric oncology
treatment literature reported methodological attributes
related to clinical significance. A notable portion of
RCTs reporting statistically insignificant results was
found to have possible clinical significance and likewise
for those reporting statistically significant results.

Strengths and weaknesses
The strengths of this study stem from the inclusion of
all pediatric oncology RCTs, from database inception to
July 2016, that evaluated a range of cancer treatments
for various cancer types. To our knowledge, this is the
first study to assess clinical significance in the rare

Fig. 2 Selection of randomized controlled trials in the systematic review
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Table 1 Characteristics of 77 included studies, by non-inferiority and superiority trials

Characteristic Non-inferiority trials (N = 11) Superiority trials
(N = 66)

n % n %

Journal of publication

Journal of Clinical Oncology 3 27.3 25 37.9

Blood 2 18.2 10 15.2

Pediatric Blood & Cancer 0 0.0 6 9.1

Leukemia 1 9.1 4 6.1

Lancet 2 18.2 1 1.5

Cancer 0 0.0 4 6.1

Lancet Oncology 1 9.1 3 4.5

New England Journal of Medicine 1 9.1 2 3

Other 1 9.1 11 16.7

Region of publication

Europe 6 54.5 23 34.8

North America 4 36.4 41 62.1

Other 1 9.1 2 3

Year of publication

1976 to 1989 1 9.1 4 6.1

1990 to 2003 4 36.4 28 42.4

2004 to 2016 6 54.5 34 51.5

Source of funding

Non-industry 10 90.9 56 84.8

Industry and non-industry 0 0.0 2 3

Not stated 1 9.1 8 12.1

Study participants

Exclusively children 7 63.6 41 62.1

Adults included 4 36.4 25 37.9

Disease site

Hematological 7 63.6 43 65.2

Central nervous system tumor 1 9.1 11 16.7

Non-central nervous system solid tumor 3 27.3 12 18.2

RCT study design

2 × 2 factorial 0 0.0 4 6.1

Greater than 2 arms 1 9.1 5 7.6

Two-armed 10 90.9 57 86.3

RCT trial group

POG 1 9.1 15 22.7

CCG 1 9.1 12 18.2

COG 0 0.0 8 12.1

BFM 1 9.1 9 13.6

UK MRC 1 9.1 4 6.1

Other 7 63.6 18 27.3
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disease context of pediatric cancer RCTs. A limitation is
that the search was restricted to studies in English and
was inclusive of the published literature, and was thus,
prone to language and publication bias. The assessment
of clinical significance was based on the delta value in
the published report and not the trial protocol and,
therefore, it is possible that information recorded as not
reported was reported in the trial protocol. However, the
parameters used in this review comprise of CONSORT-
mandated items and thus should be reported in the pub-
lished report. A limitation associated with assessing
clinical significance as per Man-Son-Hing et al., [10] is
that the weight for each level of clinical significance will
vary depending on the research question. However, the
definitions applied to classify the level of clinical signifi-
cance are arbitrary and not meant to be adhered to
strictly. For example, in the context of a disease with no
available effective treatments, a treatment found to be
statistically significant but that only shows possible
clinical significance would likely warrant implementation
in the clinical setting. This is of particular relevance to
pediatric cancer, where some cancer subtypes still have
dismal survival and high relapse rates. Conversely, dem-
onstrating superiority to a well-established treatment
would require adherence to a strict definition of clinical
importance because changes to recommended treatment
should not proceed unless definite clinical significance is
demonstrated. In interpreting the study findings, it is
also important to note that only 13 of the 95 ran-
domized questions were from non-inferiority trials,
representing a small minority. Thus, it is critical that
the assessments of these non-inferiority trials in this
research not be over-interpreted or generalized to the
superiority trials.

Comparison with existing literature
Based on our analysis, the majority (77.9%) of random-
ized questions did not describe the clinical importance

of their findings in relation to the delta value of the in-
terventions in question. The minority (4.2%) of random-
ized questions explicitly identified the delta value as the
MCID with justification. These findings are in line with
the limited number of previous studies investigating
clinical significance reporting, wherein under-reporting
was found [13, 19, 20, 28, 29]. Chan et al. [13] found
that, among a random sample of 27 RCTs in major
medical journals, 20 articles included sample size calcu-
lations, 90% of which reported a delta value but only
11% stated that the delta value was chosen to reflect the
MCID of the intervention. Study results were interpreted
from the perspective of clinical importance in 20 of 27
(74%) articles, with only one article discussing clinical
importance in relation to a reported sample size
MCID. In a review of 57 dementia drug RCTs,
Molnar et al. [29] found that 46% discussed the clin-
ical significance of their results, and no studies used
formally derived MCIDs. These results are in line
with our review findings.

Study explanations and implications
In our study, the failure to incorporate a MCID into
study design and/or state whether or not the delta value
in the sample size calculation was based on the MCID
could, in part, be attributed to poor reporting in com-
bination with the difficulty of achieving a reasonable
sample size, even when recruiting patients from multiple
institutions and over a long duration of time [30–32].
The formidable challenges of conducting pediatric on-
cology trials include parent and physician reluctance to
involve children in trials, difficulties obtaining consent,
permission and assent for study participation, and the
dedicated time and attention required to educate chil-
dren and families, not to mention the remarkably com-
plex logistics of involving multiple sites in multiple
countries and the stringent safety monitoring required
[33, 34]. Therefore, sample size calculations are perhaps

Table 1 Characteristics of 77 included studies, by non-inferiority and superiority trials (Continued)

Characteristic Non-inferiority trials (N = 11) Superiority trials
(N = 66)

n % n %

Outcome

Time-to-event 10 90.9 56 84.8

Dichotomous 1 9.1 10 15.2

Intervention in question

Chemotherapy 9 81.8 57 86.4

Multimodal therapy 0 0.0 2 3

Hemopoietic stem-cell transplant 1 9.1 6 9.1

Radiation therapy 1 9.1 1 1.5

RCT randomized control trial, POG Pediatric Oncology Group, CCG Children’s Cancer Group, COG Children’s Oncology Group, BFM Berlin Frankfurt Münster Study
Group; UK MRC United Kingdom Medical Research Council
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Table 2 Methodological attributes relevant to interpretation of study results from a clinical perspective for 95 randomized questions,
by non-inferiority and superiority trials

Characteristic Non-inferiority trials
(N = 13)

Superiority trials (N = 82)

n %b n %b

Methods

Expected magnitude of difference identified explicitly as the MCIDc 2 15.4 2 2.4

Justification for MCIDa

Clinical relevance 1 50.0 1 50.0

Methodological 1 50.0 1 50.0

Delta value

Stated as an absolute difference 13 100.0 78 95.1

Margin (median, IQR) − 0.10 − 0.10,0.10 0.12 0.10, 0.17

Time-to-event 12 92.3 69 88.5

Dichotomous outcome 1 7.7 9 11.5

Stated as relative difference 0 0.0 7 8.5

Margin (median, IQR) N/A 0.63 0.60, 2.50

Time-to-event N/A 6 85.7

Dichotomous outcome N/A 1 14.3

Stated as a percentage and ratio 0 0.0 4 4.9

Anticipated control value stated 10 76.9 63 76.8

Assumptions in the control group 6 46.2 12 14.6

Stated

Results from previous trial or systematic review 5 83.3 11 91.7

Based on clinical expertise 1 16.7 1 8.3

Type 1 error (α value)

Stated 10 76.9 52 63.4

0.20 0 0.0 1 1.9

0.10 2 20.0 2 3.8

0.05 8 80.0 49 94.2

Sides

Stated 12 92.3 40 48.8

One-sided 10 83.3 29 72.5

Two-sided 2 16.7 11 27.5

Type 2 error (1 − β value)

Stated 12 92.3 81 98.8

< 80% 2 16.7 7 8.6

80 to 85% 6 50.0 58 71.6

85 to 90% 1 8.3 7 8.6

≥ 90% 3 25.0 9 11.1

Results

Statistical significance of primary outcome reported via p value 13 100.0 66 80.5

Confidence intervals/standard error for primary outcome reported 12 92.3 52 63.4

Treatment effect stated 6 46.2 6 7.3

Discussion (and/or Results)

Clinical importance of primary outcome discussed 10 76.9 11 13.4
aMCID minimally clinically important difference, IQR interquartile range
bPercentages may not sum to 100% due to rounding
cAssumed to be the delta value from the sample size calculation
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often based on study feasibility and a larger delta value
is chosen to reduce the sample size required for the
study. This has the potential to place patients at risk of
participating in a trial that might lead to erroneous con-
clusions based on flawed study design and risks the mis-
management of precious time and resources [35]. Often
times, studies report that the intervention groups do not
differ, when in actuality they lacked sufficient power to
support this claim as well as detect a clinically meaning-
ful treatment effect [11, 36–39]. This is concerning in
our review wherein about two thirds of the randomized
questions in superiority trials were not statistically
significant, yet 25.5% were found to be have probable or
possible clinical significance. Arguably, it is unreasonable to

Table 3 Relationship between statistical significance and clinical
significance in superiority randomized controlled trials
consisting of 71 randomized questions

Clinical
significance

Statistical significance Total
N = 71No (n = 47) Yes (n = 24)

N % N % N %

Definite 0 0.0 2 8.3 2 2.8

Probable 0 0.0 7 29.2 7 9.9

Possible 12a 25.5 13 54.2 25 35.2

Definitely Not 35 74.5 2b 8.3 37 52.1
aTwo randomized question included where the confidence interval of the
treatment effect was based on an alpha of 0.05 although the sample size
calculation stated an alpha of 0.10. This was due to insufficient information
being reported which precluding calculating the 90% confidence interval
bStatistically significant solely due to the direction of the effect being related
to harm as opposed to benefit

Fig. 3 Relationship between statistical significance and clinical significance in superiority randomized controlled trials (RCTs). aTwo randomized
questions included where the confidence interval of the treatment effect was based on an alpha of 0.05 although the sample size calculation
stated an alpha of 0.10. This was due to insufficient information being reported which precluded calculating the 90% confidence interval.
bStatistically significant solely due to the direction of the direction of the effect being related to harm as opposed to benefit

Table 4 Recommendations for incorporating clinical
significance into randomized controlled trial design and
interpretation

Recommendationsa

1. Conduct a comprehensive review of the literature to identify the
MCID. If the RCT is completely novel, use preliminary pilot data to
inform the MCID

2. Perform a sample size calculation using a delta value that is based
on the MCID. If the sample size is not feasible given resource
constraints, adjust the delta value to increase the sample size to a value
that is still clinically meaningful

3. When reporting the results of an RCT ensure the following are
reported in the sample size calculation:
• Type 1 error (α value)
○ One- or two-sided p value
• Type 2 error (β value)
○ At least 80% is recommended
• Estimated controlled value and justification
• Estimated experimental value and justification
• Delta value in absolute terms and justification of treatment effect
• Explicitly identify primary outcome when multiple outcomes are

being investigated

4. Calculate and report confidence intervals for the experimental and
controlled values as well as the treatment effect

5. Interpret the treatment effect and its confidence interval in relation
to the MCID and place weight on conclusions based on the precision
determined by the confidence interval

6. Ensure conclusions reflect the quality of the trial based on the
recommendations of the CONSORT Statement

MCID minimally clinically important difference, RCT randomized control trial,
CONSORT Consolidated Standards of Reporting Trials
aRecommendations adapted from and informed by Cook et al. [24], Moher et
al. [11], and Koynova et al. [25]
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expect for RCTs to be purely powered based on the MCID
with disregard for feasibility issues; however, trials would be
improved if they were powered with consideration of the
MCID as well as feasibility, as recommended in the
CONSORT Statement [11]. This point is relevant in
rare disease trials where a MCID purely reflective of
clinician and patient preferences is not realistic.
Rather, the MCID in a rare disease context is perhaps
best determined by weighing the evidence in the lit-
erature and/or pilot studies, clinical expertise, and
patient preferences in combination with feasibility.
Careful evaluation of the aforementioned would help
ensure that evidence-based decisions to change
clinical practice are supported.
As Cook et al. [24] state, improved standards in both

RCT sample size calculations and reporting of these cal-
culations could assist health care professionals, patients,
researchers and funders to judge the strength of the
available evidence and ensure responsible use of scarce
resources. Without explicit discussion of the treatment
effect in relation to the MCID, we allow for subjective
interpretation of trial results based solely on whether or
not the results were statistically significant. Statistical
significance determined by a p value only provides infor-
mation on whether a significant difference exists and
does not provide information on the direction and size
of the effect [14]. For instance, if a decision-maker relies
solely on statistical significance, they are only able to
infer that an experimental treatment is significantly dif-
ferent, or not, from the control, based on the power of
the study. However, if a decision-maker relies on clinical
significance, which also provides information on statis-
tical significance, they can infer the direction and size of
this difference in relation to a MCID (by comparing
where the treatment effect and its CI fall in relation to
the MCID). The latter approach provides greater utility
because a decision-maker can ascertain how harmful or
beneficial an experimental treatment is in comparison to
the control and assess the value of a trial with greater con-
fidence, whether deemed statistically significant or not.
A study might be statistically significant based on an

arbitrary delta value and conclusions might be drawn with-
out any consideration for the precision of the treatment
effect and whether it was clinically meaningful. This was
demonstrated in our study where studies found to be statis-
tically significant but definitely not clinically significant
were due to the fact that the direction of the effect size was
related to harm as opposed to benefit, which cannot be
ascertained solely through a p value. Additionally, a notable
portion of studies found to be statistically insignificant were
found to have possible clinical significance, which demon-
strates, as stated in the CONSORT Statement, that statisti-
cally insignificant results do not preclude potential
clinically meaningful findings.

In addition to designing a study based on a delta value
reflective of a MCID, it is necessary to provide justifica-
tion of the MCID, experimental value and control value,
which our study revealed were only reported by a minor-
ity of studies. Reporting of this justification will allow
the reader to apply the appropriate weight to the au-
thors’ conclusions as values based on systematic reviews
or meta-analyses will have a higher weight than values
based on the research team’s expertise. It is also essential
for the treatment effect to be interpreted with the preci-
sion of the CI in mind [10, 14]. For instance, a treatment
effect may be within the MCID, but due to inadequate
power from an inaccurate sample size calculation, the
precision of this estimate may be weak and thus the
findings should be graded as low evidence. CIs should
be reported for the experimental and control values as
well as the treatment effect as recommended by the
CONSORT Statement [11].

Recommendations
Given our study results and the implications discussed,
in Table 4 we propose recommendations, adapted and
informed by Cook et al. [24], Moher et al. [11], and
Koynova et al. [25] to promote the incorporation of
clinical significance into RCT design and interpretation.
Our results also raise the question of whether clinical
significance is under-utilized and poorly reported in
other rare disease contexts wherein obtaining an
adequate study sample challenges feasibility. Moreover,
research and knowledge translation efforts are required
to raise awareness and understanding of the importance
of clinical significance.
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