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Abstract

Adaptive designs have gained increasing importance
in confirmatory clinical trials as a means to enhance
efficiency while maintaining statistical rigor. Among
the various adaptive features, interim decision-
making plays a critical role in determining whether
a study is likely to achieve its predefined objective.
Conditional power, defined as the probability of
achieving statistical significance at the final analysis
given interim data, provides a dynamic framework
to support such decisions and is widely used in
futility assessment.

This article presents a practical overview of adaptive
designs in confirmatory trials, with a specific focus
on the role of conditional power in interim futility
evaluation. The distinction between early stopping
for efficacy and futility is discussed, along with the
implications for control of type I error and the use of
alpha-spending approaches. In particular, it is
highlighted that conditional power—based futility
rules, when specified as non-binding, may not
require adjustment of the overall significance level.
A hypothetical active-controlled, non-inferiority
clinical trial in patients with type 2 diabetes mellitus
is used to illustrate the practical application of these
concepts. Using interim data at approximately 50%
information, multiple scenarios of observed
treatment effects are evaluated to demonstrate how
conditional power varies and how it relates to
projected final confidence intervals and study
conclusions. The results show that decreasing
conditional power is associated with a progressive
shift of the final confidence interval toward and
beyond the non-inferiority margin, indicating a
reduced likelihood of trial success.

Importantly, the analysis demonstrates that
commonly used conditional power thresholds, such
as 20%, should be interpreted as stopping
boundaries rather than guarantees of success.
Conditional power values above this threshold may
still be associated with a substantial risk of failure,
underscoring the need for careful interpretation in
conjunction with projected outcome measures. This
work provides a practical framework for
understanding conditional power and its role in
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improving decision-making in confirmatory clinical
trials.

I.  Introduction

Clinical trials evaluating the efficacy and
safety of therapeutic interventions have traditionally
relied on fixed study designs, in which key elements
such as sample size, treatment allocation, and
statistical analysis plans are specified prior to study
initiation and remain unchanged throughout the
course of the trial. While such designs are well
established and widely accepted by regulatory
authorities, they may be inefficient in situations
where the assumptions made during the design
stage—particularly with respect to treatment effect
size and variability—do not align with the data
observed during trial conduct [1,2]. This
misalignment can lead to underpowered studies,
unnecessary continuation of ineffective
interventions, or inefficient use of resources.

Adaptive designs have been developed to
address these limitations by allowing prospectively
planned modifications to certain aspects of an
ongoing trial based on interim analyses of
accumulating data. These modifications may include
early stopping for efficacy or futility, sample size re-
estimation, treatment arm selection, or population
enrichment, while preserving the statistical validity
and integrity of the study [3,5]. The statistical
foundation for adaptive designs was established
through the work of Peter Bauer and Klaus Kohne,
who introduced methods for combining evidence
across multiple stages of a trial [1]. Subsequent
developments by Michael A. Proschan and Sharon
A. Hunsberger extended these concepts by
incorporating conditional power—based interim
decision-making [2].

Over the past two decades, adaptive
designs have gained increasing acceptance in
clinical development, supported by regulatory
guidance from agencies such as the US Food and
Drug Administration and the European Medicines
Agency. These agencies recognize that adaptive
designs can improve trial efficiency and ethical
conduct, provided that adaptations are prospectively
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specified and appropriate control of type I error is
maintained [3,4]. In particular, confirmatory trials
using adaptive features must ensure that the
probability of false-positive conclusions is not
inflated due to repeated analyses or data-driven
modifications.

Among the various adaptive features,
interim decision-making plays a central role in
confirmatory trials. Interim analyses provide an
opportunity to evaluate emerging evidence and
determine whether continuation of the study is
justified. This is especially relevant in large Phase 3
trials, where continuing a study with a low
probability of success may result in unnecessary
patient exposure, increased development costs, and
delays in decision-making. Conversely, premature
termination of a potentially beneficial treatment
must also be avoided, highlighting the need for
reliable statistical tools to guide such decisions.

One such tool is conditional power, which
provides a quantitative estimate of the probability
that a study will achieve statistical significance at its
planned final analysis, given the data observed at an
interim stage. Unlike traditional power calculations
performed at the design stage, conditional power
incorporates observed treatment effects and
therefore reflects the evolving evidence within the
trial. As such, it serves as a bridge between interim
observations and final outcomes, enabling a more
informed assessment of whether the study is likely
to meet its predefined objective [2,5].

Conditional power is widely used in the
context of futility assessment, where the goal is to
identify studies that are unlikely to succeed even if
completed as planned. In practice, thresholds such
as 20% are often used to indicate low probability of
success and to support consideration of early
termination. However, these thresholds are not
universally defined and should be interpreted with
caution. In particular, a conditional power value
above a given threshold does not necessarily imply
that the study is likely to succeed, and reliance on
such thresholds in isolation may lead to suboptimal
decisions.

The present article aims to provide a
practical understanding of adaptive designs in
confirmatory clinical trials, with a specific focus on
the role of conditional power in interim futility
assessment. Using a hypothetical active-controlled
non-inferiority clinical trial in patients with type 2
diabetes mellitus, we illustrate how different interim
treatment effects influence conditional power and
how these values relate to projected final confidence
intervals and study conclusions. Through this

example, we demonstrate that conditional power
should be interpreted not only as a probability
measure but also as an indicator of the likely
trajectory of the final result relative to the
predefined success criterion. This approach provides
a more intuitive and clinically meaningful
framework for decision-making in adaptive trials.

II.  Adaptive Designs in Confirmatory Trials

Adaptive designs in confirmatory clinical
trials are characterized by the incorporation of
prospectively planned modifications to one or more
aspects of the study based on interim analyses of
accumulating data. These designs aim to address the
inherent uncertainty in design-stage assumptions
while preserving the statistical validity and integrity
of the trial. In contrast to exploratory or early-phase
studies, confirmatory trials are intended to provide
definitive evidence of efficacy or safety, and
therefore require rigorous control of statistical error
rates and adherence to predefined protocols [3,5].

A variety of adaptive features have been
proposed and implemented in clinical trials. These
include early stopping for efficacy or futility, sample
size re-estimation, treatment arm  selection,
population enrichment, and adaptive dose-finding
strategies. Among these, interim analyses for early
decision-making represent the most commonly
applied adaptive feature in confirmatory trials,
primarily because they directly influence whether a
study should continue, be modified, or be
terminated.

Early stopping for efficacy allows a trial to
be concluded ahead of schedule when there is
compelling evidence that the investigational
treatment provides a clinically meaningful benefit.
While this can accelerate patient access to effective
therapies, it also introduces statistical challenges due
to repeated testing of accumulating data.
Consequently, early stopping for efficacy typically
requires formal control of the overall type I error
rate through methods such as alpha-spending
functions or group sequential designs.

In contrast, early stopping for futility is
intended to identify studies that are unlikely to
achieve their predefined objectives, even if they are
completed as planned. This approach is particularly
valuable in confirmatory trials, where continuation
of an ineffective intervention may lead to
unnecessary patient exposure, increased costs, and
delays in decision-making. Futility assessments are
often based on statistical measures such as
conditional power, which provide an estimate of the
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probability of eventual success given the interim
data.

An important distinction in futility assessment is
between binding and non-binding stopping rules.
Binding rules require that the trial be terminated
when predefined futility criteria are met, whereas
non-binding rules allow flexibility in decision-
making based on additional clinical or operational
considerations. In most confirmatory settings,
futility rules are specified as non-binding, as this
approach provides greater flexibility without
adversely affecting the control of type 1 error,
provided that the final analysis is conducted
according to the original design [3,4].

The successful implementation of adaptive
designs requires careful planning and transparency.
Regulatory guidance from the US Food and Drug
Administration and the European Medicines Agency
emphasizes that all adaptive features must be
prospectively specified in the study protocol and
statistical analysis plan. This includes the timing of
interim analyses, the statistical methods used for
adaptation, and the decision criteria for modifying
or terminating the study. Additionally, appropriate
measures must be taken to minimize operational
bias, particularly in situations where interim results
could influence trial conduct [3,4].

Despite their advantages, adaptive designs
also present practical and methodological
challenges. These include increased complexity in
design and analysis, the need for specialized
statistical ~expertise, and potential concerns
regarding interpretability and regulatory acceptance.
However, when properly implemented, adaptive
designs provide a powerful framework for
improving the efficiency, flexibility, and ethical
conduct of confirmatory clinical trials.

Within this framework, conditional power
plays a central role as a quantitative tool for guiding
interim decisions, particularly in the context of
futility assessment. The following section provides a
detailed discussion of the concept of conditional
power and its interpretation in confirmatory trials.

III.  Conditional Power: Concept and
Interpretation

Conditional power is a statistical measure
used in interim analyses to assess the likelihood that
an ongoing clinical trial will achieve its predefined
objective at the final analysis, given the data
observed up to a particular point in time. Formally,
conditional power is defined as the probability that
the null hypothesis will be rejected at the end of

the study, conditional on the interim results and
assumptions regarding future observations [2,5].

In contrast to traditional power calculations
performed at the design stage, which rely entirely on
assumed treatment effects and variability,
conditional power incorporates the observed
interim treatment effect and thus provides a
dynamic, data-driven estimate of trial success. This
makes it particularly useful in adaptive clinical
trials, where decisions regarding continuation or
termination must be informed by accumulating
evidence.

From a statistical perspective, conditional
power can be computed under different assumptions
regarding the future trajectory of the treatment
effect. Common approaches include assuming that
the remaining data will follow (i) the originally
hypothesized treatment effect, (ii) the observed
interim effect, or (iii) a weighted combination of
both. Among these, the use of the observed interim
effect is most intuitive in the context of futility
assessment, as it reflects the actual trend emerging
in the study [5].

In practical applications, conditional power
is often interpreted using approximate ranges rather
than strict thresholds. Values above approximately
60-80% are generally considered indicative of a
favorable likelihood of achieving the study
objective, whereas values between 40% and 60%
suggest uncertainty. Conditional power values
below approximately 20% are commonly interpreted
as indicating a low probability of success and may
support consideration of early termination for
futility. However, it is important to emphasize that
these thresholds are not universally defined and
should not be interpreted as rigid decision rules.

A critical limitation of relying solely on
conditional power is that it provides a probabilistic
summary without directly indicating how the final
estimate and its associated confidence interval will
behave relative to the predefined success criterion.
For example, in non-inferiority trials, the ultimate
conclusion depends on whether the upper bound of
the confidence interval lies below the non-inferiority
margin. Conditional power, when considered in
isolation, does not explicitly convey this
information.

Therefore, a more informative
interpretation of conditional power can be obtained
by linking it to the projected final treatment effect
and confidence interval. In this framework,
conditional power serves not only as a measure of
probability but also as an indicator of the likely
trajectory of the final estimate. As the observed
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interim treatment difference deviates from the
expected value, conditional power changes
accordingly, reflecting how the final confidence
interval may shift relative to the predefined margin.

This relationship is particularly relevant in
futility assessment. A low conditional power
typically corresponds to scenarios in which the
projected final confidence interval is likely to cross
the non-inferiority or superiority boundary,
indicating that the study is unlikely to achieve its
objective. Conversely, higher conditional power
values are generally associated with confidence
intervals that remain within acceptable limits,
supporting continuation of the study.

However, it is essential to recognize that
conditional power does not provide a definitive
prediction of the final outcome. Rather, it offers a
conditional and model-based estimate that
depends on the assumptions made regarding future
data. Variability in treatment response, deviations
from model assumptions, and random fluctuations in
the data may all influence the final result.
Consequently, conditional power should be
interpreted in conjunction with other statistical and
clinical considerations.

In summary, conditional power provides a
valuable framework for interim decision-making in
confirmatory clinical trials. Its interpretation is most
meaningful when considered alongside the projected
behavior of the final confidence interval and the
study-specific success criteria. The following
sections illustrate this concept using a hypothetical
non-inferiority diabetes trial, where conditional
power 1is explicitly linked to projected final
outcomes.

IV.  Early Stopping Rules and Control of
Type I Error

Early stopping rules are a fundamental
component of adaptive and group sequential clinical
trial designs. These rules allow a study to be
terminated prior to its planned completion based on
interim evidence, with the objective of improving
efficiency, reducing patient exposure, and enabling
timely decision-making. In confirmatory trials, early
stopping is typically considered for efficacy,
futility, or safety, each serving a distinct purpose in
trial conduct.

Stopping for efficacy occurs when interim
results provide sufficiently strong evidence that the
investigational treatment is superior to the
comparator. Because interim analyses involve
repeated evaluation of accumulating data, they
increase the risk of inflating the overall type I error

rate. Consequently, early stopping for efficacy
requires appropriate statistical adjustment to
preserve the nominal significance level. This is
commonly achieved through group sequential
methods, which use alpha-spending functions to
allocate portions of the total type I error across
interim and final analyses. Approaches such as the
O’Brien—Fleming and Pocock boundaries provide
well-established frameworks for controlling type I
error in this setting [5].

In contrast, stopping for futility is intended
to identify studies that are unlikely to achieve their
predefined objectives, even if completed as planned.
Futility assessments are particularly valuable in
confirmatory trials, where continuation of an
ineffective intervention may lead to unnecessary
patient exposure, increased costs, and delays in
development timelines. Statistical measures such as
conditional power are commonly used to support
futility decisions by quantifying the probability of
eventual success given the interim data.

A key distinction in futility assessment is
between binding and non-binding stopping rules.
Binding rules require termination of the study once
predefined futility criteria are met, whereas non-
binding rules allow the decision to continue or stop
the study to be made based on additional
considerations, including clinical relevance and
external evidence. In most confirmatory clinical
trials, futility rules are specified as non-binding, as
this provides flexibility while maintaining statistical
rigor.

From the perspective of type 1 error
control, this distinction has important implications.
When interim analyses are used for early efficacy
testing, formal adjustment of the type I error is
required to account for multiplicity arising from
repeated looks at the data. However, for futility
assessments based on non-binding stopping rules,
adjustment of the type I error is generally not
required, provided that no early claim of treatment
benefit is made and the final analysis is conducted
according to the original design. This principle is
recognized in regulatory guidance from the US Food
and Drug Administration and the European
Medicines Agency, which emphasize the importance
of preserving the overall type I error rate in
confirmatory trials while allowing flexibility for
non-binding futility decisions [3,4].

It is important to note that futility
thresholds, such as conditional power values below
approximately 20%, are often used in practice to
guide interim decision-making. However, these
thresholds should be interpreted as stopping
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boundaries rather than indicators of likely
success. A conditional power above such a threshold
may justify continuation of the study under certain
adaptive frameworks, but it does not guarantee that
the study will ultimately achieve its objective.

In summary, early stopping rules provide a
structured framework for interim decision-making in
adaptive clinical trials. While alpha adjustment is
essential for controlling type I error in the context of
early efficacy testing, futility-based decisions—
particularly when non-binding—can often be
implemented without such adjustments. The
following section illustrates how conditional power
can be used in practice to support futility assessment
in a non-inferiority clinical trial.

V.  Hypothetical Example: Non-Inferiority
Diabetes Trial

To illustrate the practical application of
conditional power in interim decision-making, a
hypothetical active-controlled, parallel-group, non-
inferiority clinical trial in patients with type 2
diabetes mellitus was considered. The example is
designed to reflect a typical confirmatory setting in
antidiabetic drug development, where the objective
is to demonstrate that the efficacy of a test treatment
is not meaningfully worse than that of an established
active comparator.

5.1 Study Design and Endpoint

The primary efficacy endpoint of the study was
defined as the change from baseline in glycated
hemoglobin (HbAlc) at Week 24. This endpoint is
widely accepted in regulatory and clinical settings as
a measure of long-term glycemic control.

The treatment difference was defined as Test minus
Active Control, such that lower or more negative
values favored the test treatment. The study
objective was to demonstrate non-inferiority of the
test treatment relative to the active comparator.

A non-inferiority margin of 0.40% HbAlc was
specified, consistent with commonly used margins
in diabetes clinical trials. Non-inferiority was to be
concluded if the upper bound of the two-sided
95% confidence interval for the treatment
difference was less than 0.40%.

5.2 Sample Size Determination
At the design stage, the following assumptions were
made:

e Expected treatment difference: 0.00%

e Common standard deviation: 1.0%

e Type I error rate: 5% (two-sided)

e Target power: approximately 90%

Based on these assumptions, the required sample
size was estimated using a two-sample t-test
framework. A total of 108 evaluable subjects per
group was determined to provide approximately
90% power to demonstrate non-inferiority.

To account for an anticipated dropout rate of
approximately 20%, the total planned enrollment
was increased to 135 subjects per group.

5.3 Interim Analysis Plan

An interim  analysis was planned after
approximately 50% of the evaluable sample size
had been accrued, corresponding to 60 subjects per
group. At this stage, the observed treatment
difference and variability were assessed to evaluate
emerging trends in the data.

The interim analysis was conducted for the purpose
of futility assessment only, without any formal
testing for early efficacy. Accordingly, no alpha-
spending adjustment was applied at the interim
stage, and the final analysis was planned to be
conducted at the nominal significance level.

5.4 Conditional Power Assessment Framework
At the interim analysis, conditional power was
evaluated under a range of hypothetical scenarios
reflecting different observed treatment differences.
For the purpose of this illustration, it was assumed
that:

e The standard deviation remains
consistent with the design assumption (SD
=1.0%)

e The study continues with the originally
planned sample size
e The observed interim treatment effect
persists in the remaining portion of the
trial
Under these assumptions, conditional power was
calculated for each scenario as the probability that
the final analysis would demonstrate non-inferiority.
To explore the impact of varying interim results, the
observed treatment difference at interim was
allowed to range from —0.10% (favoring the test
treatment) to 0.25% (favoring the active control).
These scenarios were selected to represent a
spectrum of possible outcomes, from favorable to
unfavorable relative to the non-inferiority margin.

5.5 Objective of the Illustration
The primary objective of this illustrative example
was to examine how changes in the observed
interim treatment effect influence:
1. Conditional power at the interim
analysis, and
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2. The projected final treatment effect and
confidence interval, assuming
continuation of the study as planned.

In particular, the analysis aimed to address the
following practical question:

Given the observed interim results, is continuation
of the study likely to vresult in successful
demonstration of non-inferiority at the final
analysis?

By linking conditional power to the projected final
confidence interval and its relationship to the non-
inferiority margin, this framework provides a more
intuitive and clinically meaningful interpretation of
interim results.

The results of these scenarios are presented in the
subsequent section, where conditional power values
are directly associated with projected final outcomes
and study conclusions.

5.6 Simulation Study
To further evaluate the practical utility of
conditional power in interim futility assessment, a
simulation study was conducted using the same non-
inferiority trial framework described above. The
objective of this simulation was to examine how
conditional power observed at interim analysis
relates to the probability of achieving non-inferiority
at the final analysis across repeated trial scenarios.
The simulation assumed a parallel-group, active-
controlled non-inferiority study with change from
baseline in HbAlc at Week 24 as the primary
efficacy endpoint. The treatment difference was
defined as Test minus Active Control, with lower
values favoring the test treatment. The non-
inferiority margin was fixed at 0.40% HbAlc, and
non-inferiority was concluded if the upper bound of
the two-sided 95% confidence interval for the
treatment difference was below this margin.
The total planned evaluable sample size was 108
subjects per treatment group, consistent with the
design assumptions described earlier. An interim
analysis was assumed after approximately 50%
information, corresponding to 60 subjects per
group. A common standard deviation of 1.0%
HbA1c was assumed throughout the study.
A total of 10,000 simulated trials were generated
for each treatment effect scenario. Individual patient
responses were simulated from a normal distribution
under equal variance assumptions. Six true
treatment difference scenarios were evaluated to
represent a range of favorable, neutral, and
unfavorable outcomes for the test treatment:

o —0.10% (test slightly superior to control)

e 0.00% (equal efficacy)

e 0.10% (small loss of efficacy)
e 0.15% (borderline non-inferiority risk)
e 0.20% (increased risk of failure)
e 0.25% (high risk of failure)
For each simulated trial, the treatment difference at
interim analysis was estimated using the first 60
subjects per group. Conditional power was then
calculated under the observed trend assumption,
whereby the interim treatment effect was assumed to
persist in the remaining subjects. The final analysis
was subsequently performed using the full sample of
108 subjects per group, and the upper bound of the
two-sided 95% confidence interval was compared
against the non-inferiority margin.
For each scenario, the following operating
characteristics were summarized:
1. Mean conditional power at interim analysis
2. Proportion of trials with conditional power
below 20%
3. Proportion of trials with conditional power
between 20% and 40%
4. Proportion of trials with conditional power
above 40%
5. Final probability of demonstrating non-
inferiority
The simulation framework was designed to evaluate
the extent to which commonly used conditional
power thresholds correspond to actual trial success
and to identify intermediate ranges of conditional
power associated with uncertainty in final outcomes.
All simulations were performed using SAS®
software version 9.4 (SAS Institute Inc., Cary, NC,
USA). Random numbers were generated using the
RAND function with a normal distribution under a
fixed random seed to ensure reproducibility.
Summary statistics, conditional power estimates,
and final non-inferiority success rates were derived
using standard DATA step programming, PROC
MEANS, and PROC SQL. The simulation
framework was based on a normal approximation
assuming equal variance between treatment groups
and a fixed common standard deviation.

VI.  Conditional Power Scenarios, Projected

Outcomes, and Interpretation

To evaluate the practical implications of
conditional power in interim decision-making, a
series of hypothetical scenarios were constructed
based on varying observed treatment differences at
the interim analysis. These scenarios were designed
to reflect a range of possible outcomes, from those
favoring test treatment to those favoring the active
control.
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For each scenario, conditional power was

estimated using the interim sample size of 60
subjects per group, assuming that the study would
continue with the originally planned total sample
size and that the observed treatment effect and
variability would remain consistent in the remaining
portion of the trial. In addition, the projected final

treatment difference and corresponding two-
sided 95% confidence interval were derived under
these assumptions, using the planned evaluable
sample size of 108 subjects per group.

The results of these analyses are summarized in
Table 1.

Table 1. Relationship Between Interim Treatment Effect, Conditional Power, and Projected Final

QOutcomes

Interim Difference (Test | Conditional Projected Final | Projected Final | Non-inferiority
— Control) Power (%) Difference 95% CI Achieved
—0.10% 85.9% —0.10% (=0.37%, 0.17%) Yes
—0.05% 79.0% —0.05% (=0.32%, 0.22%) Yes
0.00% 70.3% 0.00% (=0.27%, 0.27%) Yes
0.05% 60.3% 0.05% (=0.22%, 0.32%) Yes
0.10% 49.6% 0.10% (=0.17%, 0.37%) Yes
0.15% 38.8% 0.15% (=0.12%, 0.42%) No
0.20% 28.9% 0.20% (=0.07%, 0.47%) No
0.25% 20.4% 0.25% (=0.02%, 0.52%) No

Projected final confidence intervals are calculated
assuming continuation of the study with the
originally planned evaluable sample size (108
subjects per group), a common standard deviation of
1.0%, and persistence of the observed interim
treatment effect. These projections are illustrative
and do not represent exact predictions of final
outcomes.

6.1 Relationship Between Interim Effect and
Conditional Power

As shown in Table 1, conditional power decreased
progressively as the observed interim treatment
difference shifted from favoring the test treatment
toward favoring the active control. When the interim
treatment difference was negative or close to zero
(—0.10% to 0.00%), conditional power remained
relatively high, ranging from approximately 70% to
86%, indicating a favorable likelihood of achieving
the study objective.

As the observed treatment difference increased
toward positive values, conditional power declined
steadily. At an interim difference of 0.10%,
conditional power decreased to approximately
49.6%, reflecting increasing uncertainty regarding
the final outcome. Further increases in the observed
difference resulted in substantial reductions in
conditional power, reaching approximately 20.4% at
an interim difference of 0.25%.

6.2 Link Between Conditional
Projected Final Confidence Interval

Power and

A key observation from Table 1 is the relationship
between conditional power and the projected final
confidence interval relative to the non-inferiority
margin of 0.40%.

In scenarios where conditional power remained
relatively high (>49.6%), the projected upper bound
of the 95% confidence interval remained below the
non-inferiority margin. These scenarios were
therefore associated with successful demonstration
of non-inferiority, assuming continuation of the
study as planned.

However, when the interim treatment difference
increased to 0.15% or higher, the projected upper
bound of the confidence interval exceeded the non-
inferiority margin. This occurred despite conditional
power values remaining above 20% in some cases
(e.g., 28.9% and 38.8%). In these scenarios, the
study was not expected to demonstrate non-
inferiority at the final analysis.

These findings demonstrate that conditional power
is closely linked to the trajectory of the final
confidence interval, rather than serving solely as a
probability measure.

6.3 Interpretation of Conditional Power
Thresholds

The results presented in Table 1 provide important
insights into the interpretation of conditional power
thresholds in clinical trials.

Conditional power values below approximately 20%
are commonly considered indicative of futility and
may support early termination of a study. However,
the present analysis shows that even conditional
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power values above this threshold do not necessarily
imply a favorable outcome. In particular, scenarios
with conditional power values of 28.9% and 38.8%
were associated with projected confidence intervals
that crossed the non-inferiority margin, indicating
failure to meet the study objective.

These observations highlight a critical distinction:
conditional power thresholds should be
interpreted as stopping boundaries rather than
guarantees of success. A conditional power value
above a given threshold may justify continuation of
the study, but it does not ensure that the study will
ultimately achieve its objective.

6.4 Implications for Interim Decision-Making

From a practical perspective, these findings
underscore  the importance of interpreting
conditional power in conjunction with the projected
final outcome. Reliance on conditional power alone
may lead to continuation of studies that are unlikely

to succeed, particularly in the intermediate range of
values (e.g., 20-40%).

A more informative approach involves evaluating
both the conditional power and the projected
position of the confidence interval relative to the
non-inferiority margin. In this framework,
conditional power serves as an indicator of the
likelihood of success, while the projected
confidence interval provides insight into the
expected magnitude and uncertainty of the treatment
effect.

This combined interpretation allows for more
informed and clinically meaningful decision-making
at interim analyses, particularly in confirmatory
trials where the consequences of continuation or
termination are substantial.

VIIL. Simulation Results
A total of 10,000 simulated trials were performed
for each treatment effect scenario. The simulation
results are summarized in Table 2.

Table 2. Simulation Results: Relationship Between Conditional Power and Final Non-Inferiority Success

True Treatment | Mean Conditional | CP <20% | CP 20— | CP >40% | Final Non-Inferiority
Difference (Test — | Power (%) (%) 40% (%) (%) Success (%)

Control)

—0.10% 88.4 1.9 2.8 95.3 95.0

0.00% 78.3 5.6 6.3 88.0 83.8

0.10% 64.0 14.2 12.0 73.9 60.7

0.15% 54.7 21.7 15.0 63.3 45.8

0.20% 45.6 313 16.5 52.2 314

0.25% 37.7 413 16.9 41.8 194

7.1 Relationship Between Conditional Power and
Final Trial Success

The simulation results demonstrated a clear
monotonic relationship between conditional power
at interim analysis and the probability of final non-
inferiority success. When the true treatment
difference favored the test treatment (—0.10%), the
mean conditional power remained high at 88.4%,
and the probability of final non-inferiority success
was 95.0%. Similarly, under the null scenario
(0.00%), mean conditional power was 78.3%, with
a corresponding final success probability of 83.8%.
As the true treatment difference shifted
progressively toward the active control, conditional
power declined steadily, accompanied by a
corresponding reduction in final non-inferiority
success. At a treatment difference of 0.10%, the
mean conditional power remained moderately high
at 64.0%, while the final probability of success
declined to 60.7%.

7.2 Identification of an Intermediate Conditional
Power “Gray Zone”

An important observation from the simulation was
the emergence of an intermediate range of
conditional power values associated with substantial
uncertainty regarding final trial outcome. At true
treatment differences of 0.15% and 0.20%, the
mean conditional power remained within the range
of 45.6% to 54.7%, yet the probability of final non-
inferiority success declined markedly to 31.4% to
45.8%.

These findings suggest the presence of a
conditional power gray zome, in which values
remain above conventional futility thresholds but
still correspond to a considerable probability of
ultimate trial failure. This intermediate region
highlights the limitations of relying solely on
conditional power as a binary continue-or-stop
decision tool.

7.3 Limitations of the Conventional 20% Futility
Threshold
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The simulation also demonstrated important
limitations of the commonly used 20% conditional
power threshold for futility assessment. In the most
unfavorable scenario (true treatment difference =
0.25%), the final probability of non-inferiority
success was only 19.4%, indicating a high
likelihood of ultimate trial failure. However, only
41.3% of simulated trials had conditional power
below 20%, meaning that a substantial proportion of
unsuccessful trials would have continued if the
conventional threshold had been used in isolation.
This finding suggests that a futility boundary based
solely on conditional power below 20% may not be
sufficiently sensitive to identify all trials at high risk
of failure.

7.4 Practical Interpretation

Overall, the simulation findings reinforce the
concept that conditional power should be interpreted
as a continuum rather than a strict threshold-based
criterion. While higher conditional power values
were generally associated with increased probability
of final success, the relationship was not absolute. In
particular, intermediate conditional power values
between approximately 40% and 60% were
associated with considerable uncertainty and should
be interpreted cautiously.

These results support the use of conditional power
in conjunction with projected final treatment effects
and confidence intervals to improve interim futility
decision-making in confirmatory clinical trials.

VIII.  Discussion

The present study provides a practical
illustration of the role of conditional power in
interim  decision-making  within  confirmatory
clinical trials, using a hypothetical non-inferiority
diabetes study as an example. By explicitly linking
conditional power values to projected final
treatment effects and confidence intervals, the
analysis offers a more intuitive and clinically
meaningful framework for interpreting interim
results.

A key finding of this work is the
demonstration that conditional power is not merely a
probabilistic measure of success, but also reflects
the trajectory of the final confidence interval
relative to the predefined non-inferiority margin.
As the observed interim treatment difference shifted
toward the active control, conditional power
decreased in a predictable manner, accompanied by
a corresponding shift of the projected confidence
interval toward and beyond the non-inferiority
margin. This relationship provides a valuable

conceptual bridge between statistical probability and
clinical interpretation.

Importantly, the analysis highlights a
critical limitation of commonly used conditional
power thresholds. In practice, values below
approximately 20% are often considered indicative
of futility, and may be used to support early
termination decisions. However, the present findings
demonstrate that conditional power values above
this threshold do not necessarily imply a
favorable outcome. In the illustrative example,
conditional power values of approximately 28.9%
and 38.8% were associated with projected
confidence intervals that crossed the non-inferiority
margin, indicating failure to achieve the study
objective. This observation underscores that
conditional power thresholds should be interpreted
as stopping boundaries rather than guarantees of
success, and that reliance on a single cutoff value
may be insufficient for informed decision-making.

These findings are consistent with the
broader understanding that conditional power
depends on both the observed treatment effect and
the assumptions regarding future data. As such, it
should be interpreted in conjunction with other
statistical measures, particularly the projected
confidence interval and its relationship to the
success criterion. In non-inferiority trials, where
conclusions are based on the position of the
confidence interval relative to a predefined margin,
this combined interpretation is especially relevant.

From a methodological perspective, the use
of conditional power for futility assessment aligns
with current regulatory expectations for adaptive
trial designs. Guidance from the US Food and Drug
Administration and the European Medicines Agency
emphasizes the importance of maintaining overall
type I error control while allowing flexibility for
interim decision-making. In this context, futility
rules are typically specified as non-binding,
enabling investigators to consider conditional power
alongside clinical and operational factors without
compromising the integrity of the study [3,4].

The practical implications of these findings
are significant. In confirmatory trials, continuation
decisions are often made under uncertainty, and
inappropriate reliance on simplified thresholds may
lead to suboptimal outcomes. For example,
continuing a study with intermediate conditional
power values (e.g., 20-40%) without considering
the projected final confidence interval may result in
completion of a trial that ultimately fails to meet its
objective. Conversely, a more nuanced interpretation
that integrates conditional power with projected
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outcomes can support more efficient and evidence-
based decision-making.

Despite its strengths, the present analysis
has certain limitations. The illustrative example is
based on simplifying assumptions, including a
constant standard deviation and persistence of the
observed interim treatment effect in the remaining
portion of the trial. In practice, variability in
treatment response, deviations from model
assumptions, and random fluctuations in the data
may influence the final outcome. Additionally, the
conditional power values presented in this work are
derived under specific assumptions and should not
be interpreted as universally applicable thresholds.

Future work may extend this framework by
incorporating more complex adaptive design
features, such as sample size re-estimation or
Bayesian predictive probabilities, and by evaluating
the performance of conditional power under
different clinical scenarios. Furthermore, empirical
validation using real-world clinical trial data may
provide additional insights into the practical utility
of this approach.

In conclusion, this study demonstrates that
conditional power, when interpreted in conjunction
with projected final outcomes, provides a robust and
intuitive framework for interim decision-making in
confirmatory clinical trials. By emphasizing the
distinction between stopping boundaries and success
guarantees, the findings contribute to a more
nuanced understanding of futility assessment and
support the development of more efficient and
informative adaptive trial designs.

IX.  Conclusion

Adaptive designs provide a valuable
framework for improving the efficiency and ethical
conduct of confirmatory clinical trials by enabling
informed interim decision-making. Within this
framework, conditional power serves as a practical
tool for assessing the likelihood of achieving study
objectives based on accumulating data.

The present work demonstrates that
conditional power should not be interpreted in
isolation, but rather in conjunction with the
projected final treatment effect and its associated
confidence interval. In the context of non-inferiority
trials, where conclusions depend on the position of
the confidence interval relative to a predefined
margin, this combined interpretation is particularly
important.

Importantly, the findings highlight that
commonly used conditional power thresholds, such
as values around 20%, should be viewed as

stopping boundaries rather than guarantees of
success. Conditional power values above such
thresholds may still be associated with a substantial
risk of failing to meet the study objective,
emphasizing the need for careful and context-
specific interpretation.

Overall, integrating conditional power with
projected outcome measures provides a more
intuitive and clinically meaningful approach to
interim decision-making. This approach can support
more efficient trial conduct, reduce unnecessary
patient exposure, and enhance the quality of
evidence generated in confirmatory clinical
research.
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