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Abstract

Clinical trials require participation of numerous patients, enormous research resources and substantial public funding.
Time-consuming trials lead to delayed implementation of beneficial interventions and to reduced benefit to patients. This
manuscript discusses two methods for the allocation of research resources and reviews a framework for prioritisation and
design of clinical trials. The traditional error-driven approach of clinical trial design controls for type I and II errors. How-
ever, controlling for those statistical errors has limited relevance to policy makers. Therefore, this error-driven approach can
be inefficient, waste research resources and lead to research with limited impact on daily practice. The novel value-driven
approach assesses the currently available evidence and focuses on designing clinical trials that directly inform policy and
treatment decisions. Estimating the net value of collecting further information, prior to undertaking a trial, informs a decision
maker whether a clinical or health policy decision can be made with current information or if collection of extra evidence is
justified. Additionally, estimating the net value of new information guides study design, data collection choices, and sample
size estimation. The value-driven approach ensures the efficient use of research resources, reduces unnecessary burden to
trial participants, and accelerates implementation of beneficial healthcare interventions.

Keywords Type I and type II errors - Clinical trial design - Value-driven research - Research resources - Uncertainty - Value
of information analysis

Introduction
Anna Heath, M.G.Myriam Hunink, Eline Krijkamp, Petros

Pechlivanoglou contributed equally to the methodology, drafting, Iv desiened clinical trial h
and revising the paper. Therefore they are named in alphabetic Unnecessary or poorly designed clinical trials waste researc

order. resources [1] and delay implementation of effective inter-
ventions. A well-conducted trial can also waste resources
if the collected information is irrelevant to patients, phy-
sicians, or healthcare policy makers. Importantly, wasted
research resources and implementation delays negatively
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affect patients’ well-being and the efficiency of healthcare
systems [1]. Therefore, before clinical trials are performed,
we should assess and prioritise them based on their potential
value and impact [2, 3].

In healthcare, research priorities can be set using sev-
eral methods, e.g., using burden of disease or a qualitative
assessment of the potential research impact [4]. These meth-
ods can identify some important research areas, but they do
not use formal methodology to assess whether research is
justified and how to design the best clinical trial. Therefore,
they are unlikely to make the most efficient use of available
resources [4—6].

Furthermore, trials are usually designed to control the
type I and type II errors when making conclusions about the
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primary outcome of the trial using a statistical hypothesis
test [7]. These primary outcomes are usually selected using
expert consensus [5], rather than assessing the relevance
of that outcome to clinical and policy decision making.
Furthermore, the trial sample size, a key element of trial
efficiency [8], is computed to control error rates [9]. This
can lead to large sample sizes that cause feasibility issues,
require excessive time and money, put an unnecessary bur-
den on patients, and delay implementation of effective inter-
ventions [10, 11]. This paper defines this approach as the
error-driven approach to clinical trial design.

Critiques of the error-driven approach highlight a risk
of publishing misleading research findings [12] and a pro-
pensity to interpret research findings incorrectly [12, 13].
These errors mean that research efforts and resources are
wasted and clinical and policy decisions are misinformed
[13]. Therefore, to improve research impact and the use of
research resources, we must approach clinical trial prioritisa-
tion and design differently.

Thus, this paper describes an alternative approach to
research prioritisation and trial design that evaluates the
value that research can provide to clinical and policy deci-
sion makers. This approach can help research groups priori-
tise and design future clinical trials that make the best use
of limited research resources and ensure that trial evidence
supports decisions around the use and reimbursement of
interventions.

Iterative research cycles: errors versus value

Healthcare research is an iterative process, where treatment
effect estimates are contested or confirmed in successive
studies. Throughout this process, researchers rarely claim
certainty about a particular result and usually call for more
research. Findings from trials add to the current evidence but
uncertainty around the effectiveness or efficiency of inter-
ventions is rarely eliminated. However, clinicians and policy
makers must make decisions, even in the face of uncertainty.
Thus, we must determine if the remaining uncertainty justi-
fies further research and how to design research that reduces
uncertainty efficiently and effectively. Research should be
an iterative cycle of designing studies, analysing the col-
lected evidence in the context of what is known already,
refining the research questions and designing future stud-
ies until we can make justifiable decisions about improving
clinical practice.

Error-driven approach
Currently, the majority of clinical trials are designed using

the error-driven approach [14]. All research starts with a
research question (Fig. 1a). Using this research question, the
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design process proceeds with a systematic review of existing
evidence from clinical trials, where feasible accompanied by
a meta-analysis. Sometimes the results from the systematic
review are combined with information on risks and benefits,
patient values and costs to support clinical or health policy
decision making [15]. These processes may be sufficient to
guide decision making but lack of statistical significance for
a treatment benefit in the synthesised evidence, coupled with
evidence or an a-priori belief of a true benefit, often leads to
a new clinical trial.

In the error-driven approach, trials are commonly
designed by selecting a key outcome, known as the pri-
mary outcome, and fixing the trial sample size so that a
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Fig. 1 Iterative research cycles. a The current research cycle based on
controlling type I and II errors. This classical method for developing
and designing clinical trials is called the ‘error-driven’ approach. We
consider that this approach has both a long and short iterative design
process. The short route is in the top left-hand portion of the Figure
and only iterates between the Evidence Synthesis and the Clinical tri-
als boxes. The longer process includes all three key boxes while the
dashed line represents the disconnect between how the information
from the trials is used in policy making and the subsequent design of
the next clinical trial. b A novel iterative research cycle that is driven
by determining the value of different research strategies and pursuing
research with the maximum value. This approach is called the ‘value-
driven’ approach. Here the connection between policy making and
the next clinical trial is determined using ‘value of information’ meth-
ods that prioritise and guide the design of future trials
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statistically significant difference can be seen for this out-
come when the trial results are analysed in isolation. Fol-
lowing this isolated analysis, the trial data may be added to
the previous systematic review and meta-analysis and the
research cycle starts anew.

In general, the primary outcome is selected using expert
consensus [5], often considering feasibility, e.g., progression
free survival is used in oncology trials to allow for shorter
follow-up times. The sample size calculation is often based
on currently available evidence about the baseline behavior
of the primary outcome and expert specification of the “min-
imally important clinical difference” [16]. Using these two
values, the sample size is set to control the type I error typi-
cally below a nominal level of 5% and the type II error below
10 or 20% [9]. Thus, the error rates, clinical judgement and
an informal incorporation of existing information of treat-
ment benefit are the key drivers of clinical trial design in the
error-driven approach.

Functions of “net value” used in health decision sciences and
health technology assessment:

Net health benefit(NHB) = HB — ﬁ % C

Net monetary benefit(NMB) = HB « WTP — C

Where:

(1)HB is the health benefit, ideally integrating life expectancy
and quality of life (e.g. QALY’s)

(2)C is the total costs, including healthcare and non-healthcare
costs

(3)WTP: society’s willingness-to-pay in monetary units for one
unit of health

Example: A treatment has an estimated health benefit of
12 QALYs (HB =12), a cost of $200,000 (C=200,000)
and society’s willingness-to-pay is set to $50,000/QALY
(WTP=50,000). Then:

NHB =12 — — % 200,000 = 8QALYs

NMB = 12 % 50,000 — 200, 000 = $400, 000

Box 1.
Value-driven approach

The value-driven approach asserts that research requires
substantial investment of time, resources and money and
should only be undertaken when it generates value. The
value of research can be calculated using two key concepts:
an estimate of the value of healthcare interventions and
a suite of methods known as Value of Information (VOI)
methods [17]. (For an explanation of the abbreviations used
see Table 1).

VOI methods are applicable irrespective of the method
used to value the healthcare intervention. Nonetheless, we
usually take a health policy making perspective and value
interventions using a composite of health benefit and costs
[17]. Health benefit is either measured using “hard” out-
comes, such as the number of life years saved, or, more
commonly, by combining quantity and quality of life into

a measure known as quality-adjusted life years (QALYs)
[18, 19]. Costs can include directly related healthcare costs
alongside wider societal costs, such as productivity or lei-
sure time loss [18]. Health benefits and costs are then com-
bined into one of two composite outcomes: the net monetary
benefit or net health benefit. Net health benefit (NHB) meas-
ures the number of health units saved by the interventions,
while the net monetary benefit (NMB) is evaluated in mon-
etary units, e.g. $ [20]. Both measures require an estimate
of society’s willingness to pay (WTP) for one unit of health
[21], which can be thought of as an “exchange rate” between
health benefits and costs (Box 1).

Once the value of each intervention has been calculated,
we can find the best intervention by considering which has
the highest potential value. However, the available evidence
on benefits and costs is uncertain, resulting in uncertainty
about the intervention that maximizes value. Thus, VOI
methods estimate the value of future research as the chance
of making the wrong decision about the best intervention
with the current level of evidence, multiplied by the ben-
efit of changing the decision in settings where we would be
wrong. Thus, the value-driven approach is based on under-
standing that a decision about the best intervention must be
made following a trial and controlling the consequences and
probability of incorrect decision making.

Figure 1b presents the value-driven approach, starting
with a research question, data collection and evidence syn-
thesis. The value-driven approach then estimates the value
of each intervention using information and data on health
outcomes and costs. This process uses methods from statis-
tics, health economics and decision science to characterise
the impact of uncertainty on the estimates of value. The
current best intervention for use in clinical practice is the
intervention that is expected to have the highest value [22].
VOI methods then formally assess whether the current evi-
dence is sufficient to determine the best intervention [23].

To achieve this, we estimate whether the cost of under-
taking additional research exceeds the value of the research
(bottom Fig. 1b) [3]. We can also compute the value of
alternative trial designs to prioritise the trial protocol with
the greatest net value [24]. The value-driven approach then
assumes that evidence collected in the trial will be analysed
and interpreted alongside the current evidence to improve
decision making following the trial. The value of each inter-
vention can be estimated using the updated evidence and
VOI methods can determine if further research is required.
Thus, the value-driven approach is a full iterative research
process.
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Table 1 Table of abbreviations and definition used throughout the manuscript in alphabetic order and the associated units of measurement com-

monly used

Abbreviation Full name Units of measurement commonly used*
ENBS Expected net benefit of sampling Monetary units

EVPI Expected value of perfect information Monetary units

EVPPIL Population expected value of partial perfect information Monetary units

EVSI Expected value of sample information Monetary units

Forgone benefit
more “optimal” decision had been made

HB Health benefit

NBM Net monetary benefit

NHB Net health benefit

popEVPI Population expected value of perfect information
popEVSI Population Expected value of sample information
PSA Probabilistic sensitivity analysis

QALY Quality adjusted life years

RCT Randomized controlled trial

VOI Value of information

WTP Willingness-to-pay

Foregone benefit, or potential lost value, refers to the benefit that could have been gained if a Monetary units

Health units, e.g. life years or QALYS
Monetary units

Health units, e.g. life years or QALY's
Monetary units

Monetary units

not applicable

Is an unit of measurement that combines quality
and the quantify of life years

not applicable
not applicable

Monetary units per unit of health

*All value of information outcomes can alternatively be expressed in health units but this is less commonly done because it makes comparison

with the costs of research more complicated

Steps of the value-driven approach

The steps of the value-driven approach are summarised in
Fig. 2 and Table 2. While these steps may seem cumber-
some, recent methodological advances and software can
facilitate the process [25-27]. We provide a clarifying exam-
ple of the value-driven approach in Box 2.

Firstly, the value-driven approach determines the clinical
or public health decision making problem that is relevant to
the research question. Next, we summarise the available evi-
dence using systematic reviews and meta-analyses [28], inte-
grate evidence on benefits and costs using a decision model
[15] and calculate the expected value of each intervention.

Following this, we use distributions around the input
parameters to model uncertainty in the current evidence
and propagate this uncertainty through the decision model
using “probabilistic sensitivity analysis” (PSA) [15]. PSA
determines the effect of input parameter uncertainty on the
expected NMB or NHB. Using the PSA results, VOI meth-
ods can determine the chance and the consequences of mak-
ing the wrong decision about the best treatment, i.e., the
value of future research (Fig. 2 and Table 2). Strictly speak-
ing, VOI is the “expected cost of the uncertainty” where
“cost’’ is expressed in foregone health benefit or monetary
units. Foregone benefit, or potential lost value, refers to the
benefit that could have been gained if a more “optimal” deci-
sion had been made.

A VOI analysis begins by calculating the value of elimi-
nating all sources of parameter uncertainty, known as the
expected value of perfect information (EVPI). EVPI is the
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upper limit on the value that can be generated from a future
study collecting evidence about the model parameters. If
the EVPI is low, then no future research should be proposed
[29].

As a clinical trial is unlikely to estimate all parameters
that are relevant to the decision, a VOI analysis proceeds by
considering which outcomes should be included in the future
study by identifying the parameters that would generate the
most value if we were to gather more information about
them. This is assessed by computing the value of eliminat-
ing uncertainty in a smaller group of parameters using the
expected value of partial perfect information (EVPPI) [30].
EVPPI is computed for different groups of parameters and
those with the highest value should be considered as study
outcomes. This information about the study outcomes of
interest, helps to select the most appropriate study design.
For example, a VOI analysis can help us to answer the ques-
tion: “’should we undertake a longitudinal cohort study to
determine incidence or a randomised controlled trial (RCT)
to determine treatment effect?”.

The final VOI design phase uses the expected value of
sample information (EVSI) to determine whether a specific
trial design would give value. To undertake this final analy-
sis, EVSI must be scaled up by the number of patients who
could benefit from the research results to compute the popu-
lation EVSI (popEVSI). If the popEVSI exceeds the cost
of the proposed trial, the trial has value. To facilitate this
analysis, we compute the expected net benefit of sampling
(ENBS), defined as the difference between the popEVSI and
the study cost [3]. If ENBS is less than zero, then this trial
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Fig.2 Details of the ‘value-driven’ approach. Table 2 gives explanations of each of the steps

is not valuable, and the current best intervention should be
used in clinical practice. Finally, ENBS can be computed
for different study protocols by changing the study type,
inclusion/exclusion criteria and sample size, to determine
the most valuable trial [24]. Given that there is a cost associ-
ated with enrolling participants, the value-driven approach
enrols participants until the value of their data is smaller
than the cost of enrolling them in the trial [24].

How the value-driven approach addresses
challenges in trial design

This section outlines how the value-driven approach can
offer solutions to challenges researchers have to deal with
when developing and performing clinical trials.

Efficiency

Clinical trials are expensive and time-consuming, mainly
related to the required number of trial participants. The
value-driven approach assumes that trial data is analysed
within the totality of evidence relevant to the policy deci-
sion. This can reduce the sample size, cost and patient
burden.

The value-driven approach also improves trial design
efficiency when multiple interventions are available. In the
value-driven approach, decisions about which interventions
to include are made by considering which interventions are
key to determining the best intervention upon completion of
the research process. The error-driven approach uses expert
consensus to determine the trial interventions, which may
exclude valuable interventions from the trial.

Finally, the time required for research and reimbursement
decisions delays implementation, which can have health con-
sequences as effective treatments are slow to reach patients
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(see Box 2). The value-driven approach addresses the fore-
gone benefits of delayed implementation explicitly as a cost
of further research. Furthermore, it ensures that information
for decision/policy making is available at the start of the trial
and can be updated following the trial. Finally, clinical trial
design is optimised to support decision making. The down-
side of this approach is that in-depth analysis is required
in the trial planning phase, which requires more time and
resources.

Generalisability

Clinical trials are often criticised for their lack of general-
isability [31] and their use of outcomes with limited rel-
evance to clinicians, patients or policy makers [32]. The
value-driven approach addresses these issues by ensuring
that trial outcomes will support decision-making. The value
of trials collecting evidence on alternative outcomes, i.e.,
short-term surrogate outcomes vs long-term outcomes, can
be compared to their required resources. This would deter-
mine whether the additional information in the long-term
outcomes is worth the increased complexity and cost. The
value of a trial is also proportional to the number of people
affected by the decision (Table 2). Thus, if the trial has lim-
ited generalisability, the value of the trial is limited. This
supports the development of trials with wide inclusion cri-
teria. Moreover, reducing the time between trials and their
implementation ensures that trial information more closely
reflects current practice.

Example of Value-driven approach in trial design

Willan and Kowgier compared value of information methods to tradi-
tional power calculations [33].

Example: A randomized clinical trial (RCT) funded by the Canadian
Institute of Health Research (CIHR) investigating early vs late
external cephalic version (ECV) for pregnant women presenting with
a fetus in breech position.

Error-Driven Approach:

Primary outcome: Non-Caesarean delivery

Sample Size Calculation: The investigators of the trial used evidence
from a pilot study (n=116 in both arms, where the proportion of
non-Caesarean deliveries in the early ECV arm was 35.3% compared
to 28.4% in the late ECV arm) [34]. The minimally clinically impor-
tant difference was determined to be an 8-percentage-point increased
probability of a non-Caesarean delivery in the early ECV arm. The
type-II error rate of the trial was set to 0.20 with a two-sided type-I
error of 0.05. Thus, the trial had an 80% probability of correctly
rejecting the null hypothesis if the treatments differed by eight per-
centage points or more and a 5% probability of incorrectly rejecting
the null hypothesis if there was no difference between treatments.
The sample size was calculated for a two-sample test for proportions,
including a continuity correction to adjust for binary outcomes [35].

Sample Size: 730 patients per arm

This large trial was successfully funded by CIHR and completed in
2008 [36]

Value-Driven Approach:

Estimating Value: The prior distribution of the incremental net benefit
was estimated based on the pilot data (probability difference (41/116
—33/116)) combined with the assumed societal willingness-to-pay
of $1,000 to achieve a non-Caesarean delivery. To estimate the
total number of patients affected by the decision, a time horizon of
20 years and annual North American incidence of 100,000 breech
presentations was assumed

Sample Size Calculation: A decision model was developed to estimate
the effects of both strategies based on the published pilot data. Next
the uncertainty around the decision was simulated and the expected
value that can be gained by reducing uncertainty (EVPPI) was
calculated. This expected value of new evidence minus the cost of
collecting this information yielded the expected net benefit of further
research (ENBS). The sample size that maximizes the ENBS was
selected as the optimal sample size.

Sample Size: 345 patients per arm

The value-based approach would have resulted in a 52.7% reduction in
trial sample size

Efficiency:

The required trial budget would be reduced from $2,836,000 to
$1,604,000 (43.4% reduction)

The expected net monetary benefit of the trial would increase from
$179,000 to $736,383 (around 4 times higher)

Note that the two approaches take different perspectives allowing the
value-based approach to require a lower sample size than the 730
patients required to achieve statistical significance in the error-driven
approach. The value-based approach does not aim to achieve statisti-
cal significance. Instead, it optimizes the trade-off between collecting
more information, which is costly, and making an incorrect decision
about the best treatment. The value-based approach considers that a
decision can be made between two treatments, even if the difference
between them on some clinically-relevant outcome is not statistically
significant [22].This allows the value-driven approach to potentially
increase trial efficiency to such an extent that justifies the added
complexity of designing research with this approach [33].

Note that Willan and Kowgier [33] also consider a two-stage value-
based approach which increases the expected net benefit of the trial
still further to approximately 8 times higher than that of the error-
driven approach.

Box 2.
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Validity

Clinical trials can have issues with validity as patients switch
interventions, are lost to follow-up and do not follow proto-
col [1, 37]. While treatment switching and protocol adher-
ence are issues for the value-driven approach too, we can
assess the impact of losing patients to follow-up and we can
value efforts to reduce loss-to-follow up, i.e., financial incen-
tives for follow-up questionnaires [38]. Furthermore, trial
simulations that consider these issues can define how they
influence the value of the trial.

Feasibility

The value-driven approach directly considers the available
budget, the time-taken to undertake the trial and the delay
in widespread implementation [3]. Thus, the value-driven
approach designs trials that are, by definition, feasible con-
ditional on budgetary and time constraints. Conversely, the
error-driven approach can lead to designs that are infeasible,
i.e., requiring infeasible sample sizes in rare diseases [39].

Personalised and precision medicine

Precision medicine is becoming an important part of health-
care [40, 41] but causes methodological issues in trial design
[42]. However, by focusing on supporting personalised deci-
sion-making, the value-driven method can offer alternative
trial designs that are feasible and generalisable. Further-
more, novel value-driven methods are available to optimise
the design of trials in precision medicine [43].

Emerging technologies

Finally, fast evolving technologies can mean that interven-
tions are outdated before trial completion. The value-driven
approach considers that trial evidence will be added to the
current evidence, facilitating adaptive trials compared to
the error-driven approach. We can assess the value of new
interventions and compute the value of adapting the trial to
include them. Thus, the value-driven approach includes flex-
ibility that ensures evidence is relevant to decision-making,
even in the face of emerging technologies and a changing
research landscape.

Discussion

This paper proposes the value-driven approach as an alter-
native to the current error-driven approach for clinical
research studies, focusing on clinical trial design although
these methods are also applicable to observational studies.
We now discuss project- and system-level barriers to the
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widespread implementation of the value-driven approach
and highlight the potential benefits of the approach.

Time required for Trial Design

Under the value-driven approach, it takes more information
and time to design a trial as the value of each intervention
must be estimated using decision modelling. This requires,
ideally patient-level, evidence on the interventions’ costs
and benefits as well as their effect sizes. In contrast, the
error-driven approach focuses on a key primary outcome
for interventions that have been selected for the trial using
expert consensus. Thus, the value-driven approach requires
a wider literature search and different modelling and data
synthesis methods. However, these analyses are required for
policy making and thus, we can reduce the time for trial
data analysis by including them at the design stage. The
increased time and cost of the research prioritisation and
trial design process will require additional funds. However,
as the value-driven approach optimises the spending of
research resources, the savings from efficient and effective
trials are expected to recoup the cost of this design phase.

Data access

The decision modelling required in the value-driven
approach and the final trial analysis should include all the
currently available data. This includes data in aggregated
form from the literature and patient-level data from previ-
ous trials. Accessing these data to design a new trial may
be challenging and, if these data are not made available,
then the value-driven approach could develop designs that
result in inefficient use of resources. However, wider data
access and the secondary use of trial data are increasingly
used to improve the efficiency of healthcare research [44].
In addition, recent efforts by academic journals on data shar-
ing (e.g. Plos ONE requirements for public data access[45])
can facilitate such data access, and further efforts by other
academic journals would facilitate this. Thus, reusing data
to improve trial design and to ensure that research effec-
tively targets decision uncertainty should be a key part of
this effort.

Expertise required for Trial Design

The value-driven approach requires collaboration with an
interdisciplinary group of researchers, including trialists,
statisticians, health economists, and decision modelers for
the trial design. There is a lack of expertise among trial-
ists and statisticians with VOI methods, in part because the
methods have been challenging to implement [26]. How-
ever, recent research has focused on facilitating VOI analy-
ses [26, 46, 47] reducing the barriers to implementation by
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increasing education and software [25, 48-51]. Including
researchers familiar with cost-effectiveness and VOI meth-
ods in the trial design will increase costs, again, offset by
the more seamless and efficient use of resources in the trial
and its analysis. Specifically, this collaboration ensures that
information required for cost effectiveness analyses can be
collected in the trial outcomes.

Adaptive research questions

If funding is available for the design and conduct of a trial,
challenges may arise if the VOI analysis indicates that the
proposed trial is an inefficient use of research funding, e.g.,
an alternative study or a smaller sample size may be required.
In this case, funding may need to be returned or repurposed.
Flexible funding instruments would allow researchers to
undertake valuable research, even when it was not originally
proposed. To benefit fully from the value-driven approach,
the current method of research funding where deliverables
are pre-specified will require modification.

Status Quo in regulatory processes

Regulatory authorities worldwide have strict guidelines
around the type of evidence that must be submitted to dem-
onstrate treatment efficacy and safety. If a trial is developed
as the basis of a submission to these regulatory bodies, inno-
vative trial designs, such as those developed through the
value-driven approach, may be limited by those guidelines.
However, there is an increasing trend for regulatory authori-
ties to become more flexible and acceptive of innovative and
efficient trial designs (e.g., umbrella/basket trial designs)
given the challenges facing the current regulatory landscape
(e.g., personalized medicine, expedited access). Addition-
ally, value-driven approaches can suggest expanding the
data collection beyond the typical primary efficacy/safety
outcomes (e.g., costs or quality of life), thereby strengthen-
ing the evidence submitted to a regulatory body.

Current research infrastructure

The current research infrastructure and publication culture
support the error-driven approach, e.g., statistically sig-
nificant results increase the chances of publication in high
impact journals [52], and analysing trial results within a
decision model is less well accepted. However, the error-
driven approach has been heavily criticised [13] and jour-
nals are beginning to accept trials analysed using alternative
methods [53].

In conclusion, the value-driven approach has advan-
tages over the error-driven approach as research performed
based on a value-driven trial design will collect data that

are valuable to society and thus reduce research waste [54].
The value-driven approach can also justify a more stream-
lined implementation of interventions, which is particularly
important when facing an urgent situation affecting a large
number of patients. The value-driven approach can guide
the choice of study type, inclusion/exclusion criteria, sample
size, allocation ratio, and criteria for adaptive designs.
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