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Introduction
Pharmaceutical innovation is increasingly risky, costly and, at times, inefficient.
This has led to a decline in industry productivity. Estimates for the average cost
of bringing a new drug to market today range between $800 million and
$2 billion, in which late-stage failures and the rising costs of Phase II and III
trials represent key components. [1]
Despite growing investments in R&D, the number of new molecular entities
achieving marketing authorization is not increasing. However, novel approaches
to clinical development and trial design could play a significant role in overcoming
some of these challenges by improving efficiency and reducing attrition rates.
Clinical development can be made more efficient and effective by adopting an
integrated research model that increases flexibility and maximizes the use of
accumulated knowledge. Central to this approach to drug development are novel
tools, including modeling and simulation, Bayesian methodologies and adaptive
trial designs, such as seamless adaptive design and sample-size re-estimation.
Clinical trials of new chemical entities (NCEs) are typically designed to provide
evidence of a therapeutic benefit of a particular magnitude over and above that
of some reference therapy. However, superior efficacy is not the only possible
benefit, and trials may also be designed to show equivalent efficacy but with
other advantages, such as improved tolerability or a more favorable dosing
regimen. This statistical method, known as “frequentist inference,” works well in
situations where there is good reason to believe that the assumptions made
about the magnitude of difference at the start are, in fact, correct. In the
paragraphs below, we will consider alternatives, Bayesian statistics and adaptive
designs, for oncology trials.

Bayesian Statistical Methods
Bayesian statistical methods have several attractive features that make them
ideal for use in clinical trial design and analysis. [2-5] The Bayesian approach
allows for: 1) continuous learning as data accumulates; 2) the synthesis of
information from sources within and outside of the trial; 3) hierarchical modeling
to “borrow” information across therapies or disease subtypes, depending on
the homogeneity of the data; 4) calculating probabilities of future outcomes
and making inferences using the trial’s currently available data; and 5) direct
estimation of evidence for the effect of interest using posterior probability
rather than indirect calculation of the probability of observed data.
Bayesian statistical methods, combined with adaptive trial designs, offer
the means to make clinical trials dramatically more informative and efficient.
The benefits of adaptive trial designs for pharmaceutical development have
been gaining interest over the past decade, but scientific and regulatory
questions have slowed their adoption by pharmaceutical sponsors despite their
widespread use in many other scientific fields. There are three possible reasons
for the hesitation: 1) confusion with respect to the definition of an “adaptive
design”; 2) controversy regarding the use of sample size re-estimation methods;
and 3) logistical barriers that must be overcome in order to use adaptive
designs within existing trial frameworks.
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According to a recent study conducted by the Tufts Center for the Study of
Drug Development (Tufts CSDD), 20 percent of clinical trials employ some
form of adaptive design at this time, and the adoption of adaptive trial designs
in exploratory phase clinical trials is expected to increase significantly over the
next few years. The FDA’s 2010 draft guidance, Adaptive Design Clinical Trials
for Drugs and Biologics, [6] encourages drug developers to expand their use
of adaptive designs. An ongoing collaboration among the U.S. Food and
Drug Administration (FDA), academia and the industry is applying adaptive
design techniques in the I-SPY 2 breast cancer screening trial to streamline the
identification of active drugs and predictive biomarkers. [7]
Another FDA initiative, [8] the 2004 Critical Path Initiative report, notes that
“the medical product development process is no longer able to keep pace
with scientific innovation. Only a concerted effort to apply the new biomedical
science to medical product development will succeed in modernizing the critical
path.” The report calls for innovative clinical trial designs incorporating the
application of Bayesian methodology and adaptive designs. Also, the European
Medicines Agency (EMEA) issued a draft paper in 2006 concerning flexible or
adaptive design clinical trials in new drug development. [9]

Adaptive Trial Design
The purpose of adaptation in clinical trials is to give the investigator flexibility
to identify the optimal clinical benefit of the test treatment under study without
subverting the validity of the original protocol and study.
Adaptive trials allow researchers to redesign trial procedures at interim stages.
This flexibility can enable greater efficiency within the drug development process
by reducing the numbers of patients required, allowing earlier decisions to
be made to eliminate treatments showing little promise and moving effective
treatments to market faster. Adaptive trials are designed to use accumulating
information to determine how to modify the trial as it progresses. In order to
maintain study validity (providing correct inferences) and integrity (providing
convincing evidence), however, it is important to note that the adaptive aspects
of the trial are determined before the trial begins, and that they are part of the
planned design of the overall study.
In 2005, a Pharmaceutical Research and Manufacturers of America (PhRMA)
working group was established to investigate and facilitate the acceptance
and usage of adaptive designs in clinical drug development. The group’s
findings have been reflected in three successive publications between 2006
and 2010, including an entire issue of the Journal of Pharmaceutical Statistics
devoted to this topic. [10-12] The group defined an adaptive design as “… a
clinical study that uses accumulating data to decide how to modify aspects of
a study as it continues, without undermining the validity and integrity of the
trial.” It was stressed that the changes should be made “by design” and not
on an ad hoc basis. The definition makes it clear that adaptive designs are
“… not a remedy for inadequate planning,” but are meant to enhance the
efficiency of studies and utilization of resources. The definition suggests the
term “adaptive design” refers to a general set of methods, including adaptive
dose-finding studies, seamless Phase II/III designs, adaptive randomization and
sample size re-estimation.
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The use of adaptive trial designs allows for more efficient collection of
knowledge about dose response and enables better decision making regarding
moving drugs into later stage development. These designs address numerous
trial goals, allowing patients to be treated in accordance with the best available
information and allowing early termination of a study, either from futility of
further pursuit or early success. A Tufts CSDD study in early 2013 looked
at current adaptive trial design practices and their impact on early study
terminations. Applied across a sponsor’s portfolio, the study suggests annual
savings of between $100 million and $200 million in direct and indirect costs,
depending on portfolio size and development cycle time savings.

Oncology and Adaptive Design
Adaptive trial designs can be used across the entire spectrum of oncology trials,
from early learning phases of the drug development process to pivotal Phase
III trials. Companies employing a comprehensive adaptive design strategy in
the earlier stage trials will make better development decisions and increase the
probability of success in later trials. For example, in an adaptive dose-finding
study, the dose assignment(s) to the next subject or cohort of patients, is
based on responses of previous subjects, and the dose assignment is chosen to
maximize the information about the dose-response curve. As will be discussed
later, this methodology takes on more importance with some of the newer
oncologic agents, such as targeted therapeutics.
Adaptive designs use frequent interim analyses of all of the accumulated data,
both from within the trial itself as well as any data from external sources, to
make decisions as to whether prespecified protocol design changes will be
implemented. Interim analyses partition the trial into multiple stages, with
subsequent stages being influenced by the data previously generated. Possible
adaptations include adjustments to sample size; allocation of treatments; the
addition or deletion of treatment arms; inclusion and exclusion criteria for the
study population; adjusting statistical hypotheses (such as non-inferiority or
superiority) and combining trials or treatment phases. At least five methods
exist for implementation of the adaptive design during early stages of drug
development. They are:
1.

Continuous Reassessment Method (CRM)
This model-based Bayesian method was introduced by J. O’Quigley [13] in
1990. A working model is specified for the dose-outcome relationship and
the study begins by dosing the first patient at the “best” dose. The analysis
is updated as additional data is obtained. The next patient is then
treated at the next estimate of the “best” dose. The sample size for the
study (usually 20 to 30 patients) is determined at the outset.

2.

Dose-Finding Based on Efficacy (Eff-TOX)
This is a Bayesian procedure described by P.F. Thall [14] that finds a best
dose when efficacy must be traded off against toxicity, with the assumption
that both are increasing with the dose.

www.Chiltern.com

At least five methods exist for
implementation of the adaptive
design during early stages of
drug development. They are:
1. Continuous Reassessment
2. Dose-Finding Based on
Efficacy (Eff-TOX)
3. Parallel Design for
Combination Therapies
(PDCT)
4. Predictive Probability
Design (PPD)
5. Adaptive Randomization for
Targeted Therapy (ADDT)

2

4

3.

Parallel Design for Combination Therapies (PDCT)
This technique, as described by X. Huang, [15] allows for the use of multiple
drugs in a single clinical trial. In place of separate Phase I and II trials, PDCT
uses a parallel Phase I/II clinical trial to simultaneously evaluate the safety
and efficacy of combination dose levels in order to select the optimal
combination dose.

4.

 redictive Probability Design (PPD)
P
This method is based on Bayesian adaptive randomization and predictive
probability monitoring. As described by G. Yin, [16] adaptive randomization
assigns more patients to a more efficacious treatment arm by comparing
the posterior probabilities of efficacy between different arms. Patients
are continuously monitored using the predictive probability. The trial is
terminated early when it is shown that one treatment is overwhelmingly
superior to others or that all the treatments are equivalent.

5.

 daptive Randomization for Targeted Therapy (ADDT)
A
In contrast to the frequentist designs that have equal randomization,
this Bayesian adaptive randomization as described by X. Zhou, [17]
allows for evaluation treatments and biomarkers simultaneously,
providing more patients with effective treatments according to the
patients’ marker profiles. Early stopping rules can be implemented to
increase the efficiency of the designs.

In later stage trials, it may be
possible to combine a Phase II
and Phase III trial into a single
confirmatory study to shorten
the development time. These
seamless Phase II/III trials involve
complex interim adaptations,
including treatment selection,
sample size reassessment and
ending a trial for futility.

Adaptive approaches can produce a better understanding of the dose-response
relationship without increasing the sample size. Ineffective or unsafe dosage
levels can be discontinued early, allowing for more patients to be treated at
doses more likely to be effective. Because adaptive designs require data to
modify trials in progress, early findings of efficacy can have extreme importance.
Traditional oncology outcomes, such as long-term survival and progressionfree survival, are of less benefit in allowing for interim changes. Therefore,
the use of biomarkers has become an increasingly important tool for adaptive
strategies to become more useful. In this context, biomarkers might range
from early responses seen on tumor imaging, to changes in serum markers
or molecular markers from tumors measured via biopsy or on circulating
cells. Although biomarkers are of considerable interest in oncology studies,
they may present significant challenges in their incorporation, measurement
and interpretation. Especially in early-stage studies, markers are often not
clinically validated as a predictive marker of efficacy. For that reason, it has
been recommendedxviii that these markers be incorporated into early clinical
studies cautiously and used prospectively to determine usefulness rather than
to prematurely exclude patient subsets from being studied.
Close collaboration between the preclinical scientists, regulatory affairs
specialists, statisticians and clinicians is essential to choose the most
appropriate trial design to ensure success.
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Bayesian Statistics in Clinical Trials
The Bayesian approach to statistics increases the precision of the information
from a current trial by incorporating prior information. When the prior information
is based on empirical evidence, such as data from clinical studies, rather than
from personal opinion, Bayesian methods are considerably less controversial.
www.Chiltern.com
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For oncology studies, it is easier to implement adaptive trial designs using
Bayesian methods rather than frequentist methods. [19] [20] The CRM
Phase I design mentioned earlier was one of the first clinical applications of
Bayesian methodology to determine the maximum tolerated dose (MTD) of a
drug. Using CRM, doses are determined by historical data, then data obtained
from previously dosed subjects is used to determine the range to be explored
in subsequent doses. A probability of toxicity is assigned to each dose
based on historical data or investigator input; these probabilities represent
prior information and are the starting point in the search for the MTD. A model
representing the expected dose-response relationship is defined and subjects are
treated at the starting dose. Then the dose is increased steadily, dose-limiting
toxicities are observed and the next best estimate of the MTD is calculated.
With this approach, subjects are treated up to the dose that currently available
evidence indicates to be the best estimate of the MTD. CRM is flexible and allows
different numbers of subjects to be treated per dose and accommodates specific
dose-limiting toxicity rates.
Bayesian methodology can also be profitably applied to Phase II proof-of-concept
studies that are carried out to obtain early evidence of clinical efficacy using
a small, targeted number of subjects. Traditional designs might unnecessarily
expose an excessive number of subjects to an ineffective arm before deciding the
dose was suboptimal or the drug was ineffective, and such conclusions can only
be drawn once the study is completed. With Bayesian statistics, two-stage Simon
designs, three-stage designs, optimal flexible two-stage designs or adaptive twostage designs can address these limitations. As suggested by their names, these
studies are implemented in stages, with data analyzed at each stage. Depending
on the results, a decision is made to stop the study early or to enroll additional
subjects into the next stage.
In later stage trials, it may be possible to combine a Phase II and Phase III trial
into a single confirmatory study to shorten the development time. These
seamless Phase II/III trials involve complex interim adaptations, including
treatment selection, sample size reassessment and ending a trial for futility.
Here, it is important to determine whether frequentist or Bayesian methodologies
should be preferred in interim assessments to make the decision-making
process more efficient.

Specific Advantages to Oncology
Although many of these trial design methods are applicable to many therapeutic
areas, there are several advantages pertinent to oncology drug development.
First, oncology candidate treatments considered for clinical trials have outpaced
the number of eligible patients, demanding a focus on greater efficiency in
trial design. Second, many of the agents now being developed are targeted
therapies, which might only be useful in small groups of patients with a specific
cancer subtype, particular genetic mutation or protein overexpression.
Another advantage to Bayesian-based adaptive trial design is that unlike
cytotoxic agents for which efficacy and toxicity monotonically increase with dose,
biological agents may exhibit non-monotonic patterns in their dose-response
relationships. Novel designs that account for both the toxicity and efficacy

www.Chiltern.com

2

6

of these unique agents are mandatory. A proposed Bayesian dose-finding
algorithm was recently published by C. Cai and colleagues [21] with the goal
of establishing a set of guidelines for trials of combination biologic agents.
Lastly, patient advocacy groups are extremely valuable in representing the
patient perspective in trial design, and such groups have been vocal in their
preferences for adaptive designs in oncology studies. [22]
For any number of reasons, the traditional clinical trial process has become
cumbersome and inefficient. Novel trial designs, including adaptive design
and a Bayesian approach to statistical data, hold the promise of more efficient
and effective studies that improve patient care, reduce development costs and
timelines and bring beneficial products to market sooner.
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