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The primary objective of a Phase I study is 
to determine the recommended Phase II dose 
(RP2D) of a new drug or combination of 
agents. Increasingly, these studies are enrolling 
additional patients once the RP2D has been 
determined to further characterize the toxic-
ity and efficacy profile, as well as the pharma-
cokinetic (PK) and pharmacodynamic (PD) 
properties of the studied agent/combination. 
Typically referred to as an expansion cohort, 
this design is often employed in specific 
patient populations with either a particular 
histology or molecular aberration.
The advent of expansion cohorts has been 
driven by the need to collect additional 
information on certain properties of the 
investigational agent. The shift away from 
traditional chemotherapeutics to molecu-
larly targeted agents (MTAs) has presented 
new challenges in Phase I trials. As MTAs 
may not have dose-dependent toxicities, early 
phase studies may not have the optimal oper-
ating characteristics to accurately identify 
important toxicities or the RP2D in some 
instances. To mitigate these limitations, vari-
ous design adaptations have been employed, 
such as model-based dose-escalation meth-
ods, incorporating chronic or delayed tox-
icities when determining the RP2D, more 
comprehensive PK/PD assessments and the 
inclusion of expansion cohorts [1–3]. Further-
more, the decision to continue development 
of a drug into later phase studies may be 
based on safety, efficacy or PK/PD measures; 
and all of these parameters are perhaps bet-
ter interrogated by the inclusion of an expan-
sion cohort. These go/no-go evaluations aim 
to prevent nonefficacious therapies from 

consuming precious development resources, 
while permitting potentially active drugs to 
be tested in Phase II or III studies.

Beyond these general considerations, more 
specific aspects of expansion cohorts have 
been evaluated in a recent systematic review. 
This study analyzed Phase I single-agent tri-
als from 2006 to 2011 and reported several 
observations [4]. Approximately a quarter of 
Phase I trials observed in this review included 
at least an expansion cohort, and the rate of 
expansion cohort utilization increased from 
12 to 38% over this time period. The main 
objectives for including an expansion cohort 
were commonly for safety/toxicity (80%) 
and efficacy (45%), although 25% of stud-
ies did not explicitly declare the objectives 
of the expansion cohort in their final publi-
cation [4]. The use of expansion cohort was 
meaningful with regards to safety/toxicity as 
in 13% of the studies observed, the RP2D 
was revised due to the occurrence of previ-
ously undetected serious adverse events [4]. 
Expansion cohort utilization may be useful 
to strengthen preliminary findings on effi-
cacy but it is worth noting in this particu-
lar review that if antitumor activity was not 
observed in the dose-escalation phase, it was 
unlikely that it would then occur on expan-
sion phase of the study. This review also 
recommended that expansion cohorts must 
address a specific question with a statistically 
justified sample size and predefined criteria 
if being used to inform go/no-go decisions 
about the development of a drug. Appropri-
ate design and implementation of expan-
sion cohorts will ensure that the maximum 
benefit is garnered from such strategies.
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A statistical simulation has demonstrated that the 
use of expansion cohorts improved the accuracy of the 
RP2D when compared with the maximum tolerated 
dose (MTD) defined after the dose-escalation phase 
[5]. In approximately 50% of trials, the MTD was 
revised following observations from the expansion 
cohort; and of these revisions 30% were changed to 
the true MTD and 50% were altered to within one 
dose level of the true MTD [5]. While these estimates 
are not based on actual clinical trial outcomes, they do 
suggest that re-evaluation of the MTD with informa-
tion gathered from the expansion cohort is warranted. 
Currently, there is no accepted methodology to re-
assess the MTD in the context of an expansion phase 
of a study, although several approaches have been 
proposed. These revision methods include: retrospec-
tively combining the safety data from both phases; 
prospectively utilizing safety and or efficacy data col-
lected in the expansion cohort with a dose-seeking 
algorithm to adjust the dose level based on observed 
toxicities or antitumor activity; testing multiple dose 
levels at the expansion wherein patients are random-
ized to different dosage arms; and testing different 
doses in different patient populations to determine if 
different groups have separate MTDs [5].

In addition to enhanced recommended dose accu-
racy, the increased sample size from expansion cohorts 
increases the probability of observing a rare adverse 
event. By including a further 37 patients in a study 
with 45 enrolled, the likelihood of detecting a tox-
icity that occurs with a 5% frequency will increase 
from 90 to 99% [6]. Whereas we acknowledge that 
the inclusion of an expansion cohort of a considerable 
size would consume additional resources, when bal-

anced to the fact that it may prevent failed studies in 
later stages, these investments are deemed potentially 
useful and effective.

In this context, expansion cohorts should be pur-
posefully integrated into Phase I studies and not 
routinely. These additional patients should only be 
included if a specific question supported by a robust 
scientific rationale is being addressed. Furthermore, 
the size of the cohort must be statistically justified to 
provide some level of confidence for data interpreta-
tion. For example, a study drug that displays no clini-
cal activity with no PK or PD marker would probably 
not warrant an expansion cohort.

Despite these scenarios, the majority of trials could 
appropriately utilize an expansion cohort to refine 
both RP2D and adverse event detection. The clinical 
and design benefits of expansion cohorts are emerg-
ing as more trials adopt this methodology. Expansion 
cohorts should not be used to usurp a properly con-
ducted Phase II trial, however, they can be influential 
in making go/no-go decisions for drug development. 
In order to capitalize on the impact of expansion 
cohorts they must be correctly applied to Phase I 
trials.
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