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Abstract

A relatively recent development in the design of Phase | dose finding studies is the inclusion of
expansion cohort(s), that is the inclusion of several more patients at a level considered to be the
maximum tolerated dose (MTD) established at the conclusion of the “pure” Phase | part. Little
attention has been given to the additional statistical analysis, including design considerations, that
we might wish to consider for this more involved design. For instance how can we best make use
of new information that may confirm or may tend to contradict the estimate of the MTD based on
the dose-escalation phase. Those patients included during the dose expansion phase may possess
different eligibility criteria. During the expansion phase we will also wish to have an eye on any
evidence of efficacy, an aspect that clearly distinguishes such studies from the classical Phase |
study. Here we present methodology that enables us to continue the monitoring of safety in the
DEC while simultaneously trying to assess efficacy and, in particular, which disease types may be
the most promising to take forward for further study. The most elementary problem is where we
only wish to take account of further toxicity information obtained during the DEC, and where the
initial design was model based or the standard 3+3. More complex set-ups also involve efficacy
and the presence of subgroups.
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1 Background and motivation

Phase | protocols with dose expansions can be viewed as having two phases: a dose
escalation phase that aims to estimate the maximum tolerated dose (MTD) and then, a dose
expansion phase that has several objectives. The inclusion of a dose expansion cohort (DEC)
in a Phase | dose finding study introduces features that have an impact on both the design
and the analysis. In the model based setting, where a model was used to guide the dose
escalation, it can be argued that there is no real problem to address; we simply continue to
recruit patients allocating the additional patients of the DEC to the current estimate of the
MTD. However, such a view completely misses the objective of DEC and the clinical
implications that make DEC unique. Although we continue to recruit patients in the DEC
allocating the additional patients of the DEC to the current estimate of the MTD, we are now
focused in a much narrower therapeutic window as we do experiment with fewer levels than
what we started with. In other words, the dose escalation phase eliminates levels and
provides an initial estimate of the MTD, while the DEC refines that initial estimate of the
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MTD. Patients accrued during the DEC will often come from a different population having
more narrowly defined characteristics, for example disease specific or histology specific
cohorts. Furthermore, DEC are not looking at the outcomes in the same way and, in most
cases, investigators wish to monitor the DEC not only for evidence of tolerability to the dose
level but also for evidence of clinical or biological response. It is important then to recognize
that Phase I trials with dose expansion cohorts are neither Phase | trials nor Phase 1/11 trials.
[1, 2] Indeed, Phase I trials with DEC raise several questions relating to both the trial design
and statistical analysis. In this paper, we consider methods that enable us to take into account
of the information provided by the DEC.

The information obtained by the DEC may lead us to re-evaluate the recommended Phase 11
dose (RP2D) based on all of the information provided by the patients whether recruited
during the DEC or during the first phase. We would like for designs to enable the estimation
of efficacy in different settings in order to best guide our choice of which doses to take
forward and for which groups into the Phase Il context. Recent work on the methodology of
Phase I designs has included techniques for dealing simultaneously with efficacy and
toxicity [3, 4, 5]. It is of course much easier to adapt a model-based design for the Phase |
part alone to a model based design for both the Phase | part together with the DEC. This is
no doubt the best approach if, in advance, we are able to convince our clinical colleagues to
relinquish the standard 3+3 for the first part. However, the clinicians often prefer to make
use of the 3+3 design for the early part of the study, and yet are not opposed to a more
sophisticated analysis for the DEC component. Previous reports have shown that Phase |
trials use the 3+3 design approximately 90-95% of the time ([6]). Manji and colleagues
showed that 68% of trials are multicenter and 75% of the trials in their review were industry
sponsored among Phase | single agent trials examined in a 5 year period between
2006-2011. A dose escalation guided by the 3+3, followed by a DEC, does not mean
however that a DEC, following a 3+3 design, cannot be analyzed. Although certainly less
effective than working with a model based design from the outset, valuable inferences
following the DEC, and during the DEC, can be made. lasonos and O'Quigley (2013) [1]
illustrated how a retrospective analysis of DEC data can be carried out and how the estimate
of the MTD can be refined given the updated information.

The first phase of a Phase | trial with DEC has the goal of establishing the MTD. Once we
have a sufficiently reliable estimate of the MTD we then embark on the expansion phase and
this will involve an additional six to, sometimes more than, 50 patients [7]. The first phase
typically defines the estimate of the MTD but the RP2D will be decided on the basis of the
observed rates of toxicities, both before and following the DEC. The toxicity rates that are
observed from the DEC will be taken into account by the clinical investigators and are not
viewed as those that were used to drive estimation of the MTD. As a result the RP2D can be
lower or higher than the MTD [8, 9] given all the information on safety together with the
additional information on efficacy, pharmacokinetic studies or other factors. Whereas, for
initial estimation of the MTD, only the rates of dose limiting toxicities at the different dose
levels were taken into account, many other measurements, mostly concerned with efficacy,
can be used for the expansion cohort that will help identify the most promising candidate for
the RP2D. In many studies specific inclusion criteria such as the amount of disease or
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information from biopsies can help focus the effort to identify areas of efficacy in subgroups
of patients with specific biomarker status.

In attempting to articulate the precise aims of a Phase I trials with DEC we can see two
broad areas; the first is whether or not to select an MTD based on the safety data alone, and
the second is to carry out more studies for evidence of efficacy in particular patient
subgroups while nonetheless controlling the rate of toxicity. Statistical designs for Phase I/11
trials where we combine safety and efficacy information have been investigated ([3, 4]).
Phase | trials that include a DEC have a more exploratory flavor to them than Phase 1/11
designs, which from the outset, balance the two outcomes simultaneously in order to locate
the most successful dose. Mostly, before the DEC kicks in, no study of efficacy is made.
Those dose finding protocols that involve dose expansion cohorts are still focused on
maintaining a safe dose but, simultaneously, keeping a watch over accumulating evidence on
efficacy in particular groups. The requirement of the standard Phase | design to treat at the
best estimate of the MTD can be relaxed to some degree during the expansion cohort, since
there is no longer just one outcome that drives the study.

Our goal for studies that involve a DEC is no longer the same as before where safety alone
was evaluated. The current aim of DEC to obtain preliminary efficacy data in a more
homogenous patient subgroup(s) (cohorts) is an important distinction. If evidence of
efficacy, overall or for some specific groups, is lower than deemed of interest then we may
accept an increase in the rate of toxicity in the hope of improving that. Including additional
patients during the expansion phase enables us to better estimate the rate of toxicity and the
rate of efficacy and provides an indication as to whether we may wish to increase or
decrease a dose suggested as the RP2D.

2 Dose allocation during the expansion cohort

We suggest that a model based design be used to guide dose allocation during the DEC
whether or not the first part of the study used a model based design. The Continual
Reassessment Method (CRM) [10] is a natural candidate, although other model based
designs such as escalation with overdose control are good alternatives. The trial consists of &
ordered dose levels, @i, @, . . ., dj, and a total of A/patients. The dose level for patient jis
denoted as Xj, and the binary outcome DLT yes or no, is denoted as Y}, where a 1 indicates a
DLT. At dose X;= x;the probability that ¥;= 1 is given by:

R([L‘j):PT' (}/j:l|Xj=:L'j)7 Tj € {dl,dg,...,dk}.

The estimated MTD is defined to be the dose d,, € {d, . . ., di}, 1 < m< ksuch that, dj, =
arg ming; A(R(d), 6), i=1, ..., k. where A(R(d)), 6) indicates the distance from the target
acceptable rate 6. The working model is chosen as, v (d;, a) =a¢, where a € (0, <o) is the
unknown parameter, and a;are the standardized units, or skeleton, representing a
transformation of the doses at the discrete dose levels @} The parameter estimate 4 can be
obtained through a Bayesian framework or maximum likelihood estimation (MLE)[11]. The
score equation obtained by calculating the slope of the log-likelihood, after the inclusion of
the first / patients, can be written:
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and where n{j), t{)) denotes the number of patients treated and the number of DLTs
observed at level /respectively. This equation can then be solved to obtain the running
estimate 4 which is then plugged in to /?(a’,) = ¢(d; ).

Further to monitoring the rates of toxicity on the patients of the DEC we can also collect
information on other indicators of efficacy, or other endpoints such as pharmacokinetic/
pharmacodynamic endpoints [13, 12]. We denote the probability of efficacy response at Xj=
Xjby: Qx) = Pr (V;=1|.X;= x)), where V}is a random variable taking the value 1 in the
presence of a positive outcome, and is zero otherwise. A working model can be used to
characterize this, i.e., ¢ (d;, b) :55.’ for @(x)) [3], where B;is some chosen skeleton of initial
probabilities of efficacy. Assuming conditional independence between safety and efficacy
given the dose, the respective contributions to the likelihood are orthogonal. Letting 77, ()
be the number of patients treated at dose /who are also evaluable for efficacy response and
r{J) the number of responders observed at dose /then the estimating equations are then:

/

dlog L (a,b|.F) |Da= zk: [ (N ) v (diya)+ (n; (N) —t; (N)) :}w (di,a)}

1=

dlog L (a,bl.7) |db= i {n (J) % (di, b) + (neyi (J) — 73 (J)) 1%% (di,b)}

=1 (2
where .Z;= {(z1,y1,v1), ..., (zj,y;,v;)} All Npatients provide information on safety
measurements, in addition to which the J, J< Nincluded in the DEC also have information

on efficacy.

3 Selection of the recommended Phase Il dose

Our purpose is to identify a dose that we would like to take forward into Phase |1 testing and
for this we need to see evidence of efficacy in a disease-specific or histology-specific
cohorts. This can be made more formal in a testing framework. Suppose that we have in
mind some low rate of efficacy, say g, and some higher, more effective rate, 1, 0< g < 1
< 1. The hypotheses: Hp : Q(d)) < g can then be tested against H; : Q(d) = g1, where Q(d)
denotes the true, unknown, efficacy rate at level d;. The safety criterion , i.e. the definition of
dny, determines the dose allocation and ensures we are experimenting at the level that is
closest to the target toxicity rate. Given the level is safe, the RP2D at the end of the study is
the dose that is determined to be efficacious by one of the test statistics that we present
below (73, 75, 7T3). The choice of which statistic to use depends on the clinical setting. The
test statistics can be based on model based rates ( 77) or on the empirical efficacy rates (73)
or on the combination of both efficacy and safety data ( 75).
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Specifically, at level dj, the hypotheses of non efficacious versus efficacious drug above
correspond to Hy : b= by against H; : b< by where bis the parameter that models the dose -
efficacy relationship. A smaller b corresponds to a higher response rate. These are interval
rather than point hypotheses and so we need to consider the regions corresponding to either
hypothesis. Under A, we define the region By as (&, ©0) and similarly under #; the region
By is (0, by). For given data .7, letting j*indicate the number of patients treated at level dj,
and the prior for 6 denoted by g(6), the test statistic can be expressed as:

71,311_[{;15?7” (1 - 55) (170,)9 (b) db
fBO sz;ﬁ?vl (1- ﬂf)(kmg (b) db 3

11 (d;)

When T1(d) > (1 — &)/e1, the test provides support in favor of Ay and the boundaries can be
obtained as a result of fixing the error rates, 1, and &, [14, 15]. In common to many
sequential procedures, we can fail to make a conclusive decision either way in which case
we can view the conclusion to be that for further experimentation. If the test provides
enough evidence in favor of Hp, then there would be little enthusiasm for taking the drug or
combination at this level forward for further testing. We can test Hp : Q(d) < qp against Hy :
Q(d) = g1 while controlling for the rate of toxicity via; Hy : R(d)) > s against H; : R(d) <
51, 0 < 51 < 5 < 1. We can denote the restricted spaces A; and Ag for the parameter a under
Hy, Hy, and By, By denote the space for & under Hy, Hy. Then, given the observations and
the prior distributions, g1(a4) and go(5), we define:

e

LA, (GRS A (1
iy =J S 1B (1= 8Y) " TLad" (1= af) g1 (a) g2 (b) dadb "
=1 =1

We construct a test on the basis of the ratio of .7# integrated over the respective regions

under Ay and Hp. This gives us as a test, T (d:) :‘%ﬁAlﬁBl}/Z%‘%{A%,B%} where Z

indicates the relevant regions of interest for the two parameters. Under the null, these can be
made to correspond to different hypotheses. If we wish to test for evidence of efficacious
and non toxic dose against non-efficacious and toxic dose, then we make use of; Hy: 6= &
and a< g against Hy : b< by and a= a; and the test statistic equals to

-1
[%ﬂ{AO}BO}] H 4, 5,y 1T we are at level dj, Ag: (0, &), Ay : (a1, ) and By : (b, ©0) and

B; : (0, by) are the corresponding regions for the hypothesis given above then:

- v (I-v) =, o (1—
7, @y~ WA (1= 80) T 0 (1= af) ) gy (a) g5 (b) da db
2(ai) = % ) - a _
S oo Lo THZ B0 (1= 80T 0 (1 = ag) g1 (a) g2 (b) da db

A very useful approximation to composite tests based on interval hypotheses is to find two
simple point hypotheses that lead to comparable operating characteristics. [3]
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Suppose that patient jis being treated at dose d;and we wish to test the hypotheses: Hj :
Q(d) = qp against Hy : ((d) = 1, where g indicates too low a rate and ¢; a satisfactory
rate. When r{) is the sum of responders treated at d;who also have efficacy response
measured, we have;

q (1 — %)) tilo (1—-q1)

T (@) =ri ) tog (=) Hiloo =g o

The idea here is to guide decision making in formal terms for choosing a level to be taken
forward into Phase Il studies.

4 Simulation study

4.1 Operating Characteristics

In the simulation study we evaluated two dose escalation approaches: 1) investigators follow
the 3+3 design [16] during the dose escalation phase, as this is typical in Phase I trials in
oncology, followed by a DEC of additional Jpatients which is guided by a model (CRM
model);(scheme A); 2) both the dose escalation and dose expansion phases are guided by the
model following the completion of a smaller Phase | trial (scheme B). We assume that the
trial established an initial estimate of the MTD using the dose-escalation design, denoted as
3+3 MTD or dj, depending on the scheme above. Additional data, such as efficacy or PK
response are obtained during the expansion phase. During the dose expansion, dose
allocation is guided by safety, i.e. efficacy is not taken into account in terms of allocating
patients to dose levels. In addition allocation during the DEC does not have to be at a single
level. For scheme A), patients in DEC are randomized to two levels: dj,; and the level just
above a, if /?(dm) < @or the level just below d), if R(d),;) > 6. The distance that either level
is away from the &is used as a basis for a biased randomization scheme. Scheme B is
allocating patients at the current estimate d/;, without randomization. We calculated the
sequential tests after each patient, using different forms of hypothesis testing as shown in
Section 3, in trials obtained under scheme B. The parameters used in the simulation study
are as follows:

1. The true toxicity and efficacy rates at each dose level are denoted as R;
and Q;respectively and are shown in Table 1. The efficacy rates that are
considered too low and desirable are gg = 10% and g; = 30% respectively.
The acceptable threshold for toxicity was set at 51 = s = 8= 30%.
Scenario 1 denotes a case where there exists a safe dose which is not
efficacious and the efficacious level is not safe; in Scenario 2, d is the
dose which is safe and simultaneously efficacious. Scenario 3 has two
levels that are safe but only one is efficacious. Scenario 4 is used as a
theoretical bound for the method since the model here was generated by
the true rates.

2. The sample size during the 3+3 stage varies since the trial stops at any
time after observing 2 or more DLTs/6 patients and after 6 patients have
been treated at the level below and with at most 1/6 DLTs at the MTD.
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4.2 Results

The sample size for the DEC, J, varied from 12, 25, 50 when evaluating
accuracy of dose recommendation and percent of patients treated.

3. There is an MTD defined by the 3+3 during the dose escalation and this is
denoted as 3+3 MTD or pre-expansion MTD. Using the dose expansion
data, there is also a model-based MTD, 4@, defined based on the predicted
toxicity rates and the distance to the target rate, 6. When both the dose
escalation and dose expansion phases are guided by the model, then the
MTD is defined as dj,

4. The skeleton values for toxicity and efficacy for the parameters a;, B;are
given as 0.1, 0.2, 0.3, 0.4, 0.5, 0.6 for the 6 levels respectively.

5. For sequential probability ratio tests (SPRT), Type | and Type Il errors, &1,
&, are set at 10%. The uniform distribution was used for the distribution of
91(a) and g»(b) in the test statistics 77, 7.

Table 2 provides a summary of the dose recommendation across many simulated trials at the
end of a 3+3 design and at the end of the dose expansion phase. We see that following a
model based approach during the expansion phase increases the accuracy of finding the true
MTD. The increase is on average 40% in absolute percentage points and all scenarios
showed improvement compared to the MTD found during the dose escalation phase alone.
The increase in accuracy is apparent across many scenarios regardless of the location of the
MTD. As pointed out by a reviewer, the amount of improvement also depends on the target
rate 6we use during the model based/expansion phase (Table 3). Since the 3+3
underestimates the MTD compared to model-based designs and it often selects levels with
rates around 0.15-0.25 [16] then a lower &will be more ‘in agreement’ with the levels
selected pre-expansion. The results indicate that by taking into account the toxicity
responses from the additional patients accrued during the expansion phase, we can improve
upon our estimated MTD which agrees with previous reports [1]. The efficacy responses are
considered secondary in terms of the DEC aims thus are not being used in deciding the dose
allocation. The improvements in accuracy are even greater if we use a model- based design
from the beginning of the trial and of course greater improvements come with larger sample
size (Tables 4, 5). The choice of @does not affect improvement in this setting, as much as
the steepness of the dose-toxicity curve and how separated the levels are in terms of DLT
rates.

The use of randomization in the DEC and the use of a model following a 3+3 design helps to
move experimentation closer to the true MTD. There are many ways that we can experiment
at more than just a single level, for example here we randomized patients to levels, dj,; and
the level just above d), if R(d),;) < Bor the level just below d), if R(d);) > 6. The distance
that either level is away from 6, the target rate, was used as a basis for a biased
randomization scheme or we could use no more than the fact that one level is believed to be
below the MTD and the other above.[17]. We may decide to randomize, on average, twice as
many patients below as above, or, more likely, a simple coin toss providing on average the
same number of patients allocated above as below.
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In order to assess the performance of the SPRT we calculated the proportion of trials
reaching a decision in favor of each hypothesis at the MTD and nearby levels, and the
average sample number. Table 6 shows the results from carrying out sequential probability
ratio tests (SPRT) when the number of patients at the DEC is fixed at /=12, 25, 50. For
each one of the three tests we report the percent of trials that reached a decision in favor of
each hypothesis at the MTD after a fixed number of patients Jhas been accrued. The first
scenario is a case where there exists a safe dose which is not efficacious, and the dose above
this level is unsafe and efficacious. All tests correctly accept MTD+1 as an efficacious level,
but fail to support MTD as efficacious level, given the fact that the majority of the trials
decided in favor of Hp. Note that 73 supports more frequently continuation of the trial given
the small sample size and lack of efficacy responses in the empirical rates. However, 7, tests
simultaneously for a safe and efficacious level, and is model-based tests thus they reach a
conclusion in favor of Hy or Hy more often compared to 73. In Scenario 2, the tests correctly
identify the MTD as efficacious and safe dose which is supported by the true rates. In
scenario 3, the MTD falls between dose level 4 or 5 based on safety alone, whereas dose
level 5 is more efficacious. Thus the tests are deciding in favor of A, for the MTD. The last
scenario represents a case where the working models follow the true rates and the MTD is
efficacious. In this scenario, 65%-83% of trials reached a decision in favor of H; or Hy after
25 patients. Note that the number of trials in favor of /4 in Scenario 1 is an estimate of the
Type | error since the MTD is not efficacious (response rate at MTD is 10%), and the
estimated Type | error is less than the set value of 10% (Table 6). In Scenario 2 the MTD has
an efficacy rate of 30%, thus the number of trials in favor of Hp is an estimate of the Type Il
error and again it is close to the set value of 10% in almost all cases.

In practice, it is useful to know how many patients are required to make a decision. The
value of average sample number (ASN) indicates when the test statistic crosses one of the
two boundaries and the sequential procedure terminates. For these calculations we truncated
the SPRT calculations at a maximum sample of 200 patients. Figure 1 shows the ASN for
each test statistic. The median sample size is smaller with 7, compared to the test based on
the empirical rates( 73). This indicates that we can obtain increase in efficiency by using the
modeled complete data on toxicity and efficacy rather than the simple empirical rates. Using
a model based test, we need on average 10-20 patients to reach a decision which is
consistent with current, clinical practice.

4.3 Sensitivity analysis

In the above simulations a Uniform distribution was used for the parameters &, b, according
to previous findings that supported the use of a non informative distribution such as
Uniform. A sensitivity analysis for the choice of distribution g(6) was carried out and
reported in a previous report [15]. In the sensitivity analysis for the distributions used in

71, T, we assumed Gamma distribution with various shape and scale parameters that result in
various mean and variance values. The results showed that that in certain cases, a Gamma
distribution with small variance can be more informative than a Uniform distribution as the
sequential test was reaching a decision early on and a higher number of trials were reaching
a decision in favor of Ay [15]. The relative importance of the prior depends on the sample
size and the influence of the prior matters early on in the trial. Here we are using sequential
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tests to guide a decision process of whether to terminate or continue the trial based on the
number of efficacy responses and simultaneously we are estimating the location of the
MTD. If the decision to stop the trial early is influenced by the prior then we will never
collect more data to allow overriding the prior. Finally, the robustness of our proposed
approach to the assumption of conditional independence under various values of correlation
parameter was assessed by additional simulations and our results supported that ignoring the
dependence structure, even when strong, has a negligible impact in terms of the decisions
reached by the proposed tests, or model parameter estimation, which agrees with recent
findings [18, 15]. Although it may be possible to work with models that include terms
quantifying the degree of correlation between the efficacy and toxicity outcomes, this is not
usually helpful. All of the information that we need is contained in the marginal rates of
efficacy and toxicity. Both of these are driven by the dose and it is certainly a reasonable
working assumption that, given dose, the two related outcomes can be treated as though they
were independent.

Finally, our assumption is that there is homogeneity in terms of safety, and thus the data
from patients accrued before or after expansion can be combined in a single likelihood (or
that the toxicity data from the phase | part are exchangeable with those from the cohort
expansion). However, heterogeneity is likely to exist in terms of efficacy if we accrue
multiple cohorts with specific patient characteristics in each cohort. This paper focused on a
cohort specific analysis.

5 Discussion

The trend toward the design and analysis of Phase | studies based on some kind of model
has grown steadily in the past twenty or so years. The standard 3+3 design cannot be used to
address the questions raised by DEC. With recent developments whereby the addition of a
dose expansion cohort has become almost routine we need give more thought to both the
design and analysis of such studies. The methodology described here provides more support
to designing and monitoring expansion cohorts in Phase | oncology trials. Until very
recently the idea of adding DEC was viewed as an add on (ad-hoc) to the dose escalation
design and often the enrollment of a fixed number of patients treated at a single level was
deemed sufficient. Currently, the inclusion of DEC is becoming routine in multicenter Phase
I trials and the clinical aims of DEC are evolving. Given our evaluation here and in other
reports ([15]) we believe the use of a model based SPRT based on efficacy (71) addresses
the aims of DEC while it is simpler than 7, and more efficient than 73. In practice though,
the choice of which statistic to use depends on whether we want to test for both safety and
efficacy (7,) or efficacy alone ( 77).

In common with other sequential adaptive procedures the aim is to make a sharp choice
between concluding in favor of the dose level, rejecting the dose level due to insufficient
activity or to a decision of inconclusiveness whereby we can stop and declare the question
unanswered or we can continue until able to make a more clear cut decision. Such decision
making has very much the flavor of the decision-making process of a Phase Il. The ethical
restrictions of a pure Phase | study indicate that patients be treated as close as we can to the
current estimate of the MTD. However, once we embark on an expansion cohort and we are
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no longer looking at just evidence of tolerability then it is no longer at all clear, nor easy to
justify, that experimentation ought be concentrated at a single level. A higher level may
provide a much better response rate with little increase in toxicity; a lower level may provide
a similar efficacy rate with a noticeable reduction in toxicity. In this sense, the inclusion of
an expansion cohort changes the rationale and, indeed, the goals themselves of the study.

Whether or not a Phase | dose finding study that includes a DEC can be viewed as a
seamless Phase I/Phase Il study, there will certainly be cases in which enough evidence has
been gathered in the DEC to move very quickly to a large scale randomized clinical trial. It
would be premature to argue that the Phase Il study can be supplanted by a more
sophisticated Phase | study plus a DEC but, in terms of gathering all the evidence we can
before embarking on the large scale Phase Il study, it is clear that the DEC provides an
additional tool. Part of the DEC will say something about the potential for treatment effect
and, simultaneously, a part will help us make any adjustments that are needed to a
potentially poor estimate of the MTD from the pre-DEC component of the study as
supported by our simulations.

Biomarkers and targeted therapies have had an impact on the design of all phases of clinical
trial experimentation. They have no less an impact on the early phase studies and, in
particular, those that involve multiple DEC. The structure of the DEC, the number of
subgroups to be studied, the relationships between these groups with toxicity and efficacy
outcomes, can all depend on specific biomarkers and genetic profiles. A carefully designed
Phase | study that includes a DEC has the potential to provide a much more precise setting
in which to proceed to a Phase Il and Phase 11 study. In this way, the addition of a DEC to
the dose finding study should enable us to reduce the number of Phase Il studies that fail to
show any effect. It should also help reduce the number of studies that fail at the Phase 1l
stage as a result of the chosen dose level being poorly tolerated even when there is evidence
of efficacy.
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Figurel.

Distribution of sample size required to make a decision in favor of /; or Hy at any dose
level. Horizontal panels show sequential tests based on 7;(top), 7>(middle), 73 (bottom) for

the 4 scenarios respectively.
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True toxicity and efficacy rates used in simulation study, denoted by R(d}), (d)) respectively.

Dose Levels
Scenario 1
R(d)

Ad)
Scenario 2
R(d)

Ad)
Scenario 3
R(d)

Ad)
Scenario 4
R(a)

Ad)

1

0.10
0.05

0.05
0.01

0.05
0.01

0.02
0.02

0.15
0.09

0.10
0.05

0.10
0.05

0.06
0.06

0.30
0.10

0.15
0.09

0.15
0.09

0.12
0.12

0.45
0.30

0.20
0.10

0.27
0.10

0.20
0.20

0.50
0.40

0.30
0.30

0.33
0.30

0.30
0.30

0.60
0.45

0.60
0.40

0.60
0.40

0.41
0.41
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Percent of trials selecting each dose. Trials followed the 3+3 followed by a model-based dose escalation

Table 2

Page 14

during the expansion phase (with randomization proportional to the distance of the estimated rates to the target

rate, 8= 0.3.). Median of 4 across simulations is given after Jpatients are included in the DEC.

Dose Levels
Scenario 1

3+3 (preexpansion)
J=12

J=25

J=50

Scenario 2

3+3 (preexpansion)
J=12

J=25

J=50

Scenario 3

3+3 (preexpansion)
J=12

J=25

J=50

Scenario 4

3+3 (preexpansion)
J=12

J=25

J=50

0

0.08

0.03

0.02

1
0.10
0.19
0.01
0.00
0.00
0.05
0.09
0.00
0.00

0.05
0.10
0.00
0.00

0.02
0.04
0.00
0.00
0.00

2
0.15
0.40
0.16
0.14
0.11
0.10
0.17
0.02
0.00

0.10
0.17
0.02
0.01

0.06
0.12
0.00
0.00
0.00

3
0.30
0.26
0.44
0.51
0.61
0.15
0.23
0.10
0.06
0.02
0.15
0.36
0.12
0.10
0.05
0.12
0.27
0.04
0.02
0.01

4
0.45
0.06
0.26
0.25
0.20
0.20
0.26
0.28
0.27
0.26
0.27
0.20
0.38
0.40
0.45
0.20
0.28
0.24
0.20
0.18

5
0.50
0.01
0.04
0.03
0.01
0.30
0.20
0.45
0.54
0.63
0.33
0.13
0.38
0.41
0.43
0.30
0.20
0.48
0.56
0.63

6
0.60
0.00
0.01
0.00
0.00
0.60
0.01
0.12
0.10
0.07
0.60
0.02
0.07
0.06
0.04
0.41
0.08
0.23
0.22
0.19

1.04
1.04
1.03

1.61
1.64
1.66

1.48
1.49
1.50

1.75
1.76
1.75
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Percent of trials selecting each dose. Trials followed the 3+3 followed by a model-based dose escalation

Table 3

Page 15

during the expansion phase (with randomization proportional to the distance of the estimated rates to the target

rate, © = 0.2.). Median of 4 across simulations is given after Jpatients are included in the DEC.

Dose Levels
Scenario 1

3+3 (preexpansion)
J=12

J=25

J=50

Scenario 2

3+3 (preexpansion)
J=12

J=25

J=50

Scenario 3

3+3 (preexpansion)
J=12

J=25

J=50

Scenario 4

3+3 (preexpansion)
J=12

J=25

J=50

0

0.08

0.03

0.02

0.00

1
0.10
0.19
0.11
0.09
0.06
0.05
0.09
0.02
0.01

0.05
0.10
0.03
0.01

0.02
0.04
0.00
0.00
0.00

2
0.15
0.40
0.43
0.50
0.55
0.10
0.17
0.12
0.08
0.06
0.10
0.17
0.13
0.12
0.07
0.06
0.12
0.04
0.04
0.00

3
0.30
0.27
0.34
0.30
0.31
0.15
0.23
0.29
0.31
0.30
0.15
0.36
0.37
0.42
0.49
0.12
0.27
0.25
0.24
0.23

4
0.45
0.06
0.04
0.03
0.01
0.20
0.26
0.35
041
0.47
0.27
0.20
0.36
0.36
0.38
0.20
0.28
0.43
0.47
0.55

5
0.50
0.01
0.00
0.00
0.00
0.30
0.20
0.17
0.15
0.14
0.33
0.13
0.09
0.07
0.03
0.30
0.20
0.21
0.24
0.21

6
0.60
0.00
0.00
0.00
0.00
0.60
0.01
0.02
0.01
0.00
0.60
0.02
0.00

0.001
0.00
0.41
0.08
0.05
0.02
0.01

1.10
1.10
1.10

1.60
1.62
1.65

1.48
1.49
1.49

1.74
1.75
1.76
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Table 4

Page 16

Percent of trials selecting each dose. Trials followed a model-based dose escalation design (CRM, with target
rate 6= 0.3) from the beginning including the expansion phase (without randomization). Median of 4 across

simulations is given after Jpatients are included in the DEC.

Dose Levels
Scenario 1

CRM (preexpansion)
J=12

J=25

J=50

Scenario 2

CRM (preexpansion)
J=12

J=25

J=50

Scenario 3

CRM (preexpansion)
J=12

J=25

J=50

Scenario 4

CRM (preexpansion)
J=12

J=25

J=50

1
0.10
0.02
0.01
0.00

0.05

0.05

0.02

2
0.15
0.19
0.19
0.16
0.08
0.10
0.02
0.01
0.00

0.10
0.02
0.01
0.00

0.06
0.00
0.00

3
0.30
0.44
0.55
0.64
0.79
0.15
0.11
0.05
0.06
0.01
0.15
0.17
0.10
0.10
0.04
0.12
0.05
0.02
0.01
0.00

4
0.45
0.24
0.22
0.19
0.13
0.20
0.31
0.31
0.28
0.24
0.27
0.38
0.45
0.47
0.50
0.20
0.27
0.26
0.24
0.18

5
0.50
0.07
0.03
0.02
0.00
0.30
0.46
0.56
0.63
0.71
0.33
0.36
0.39
041
0.44
0.30
0.43
0.52
0.58
0.66

6
0.60
0.02
0.00
0.00
0.00
0.60
0.10
0.07
0.04
0.04
0.60
0.06
0.05
0.02
0.01
0.41
0.24
0.20
0.18
0.15

1.04
1.01
1.01
1.00

1.57
1.61
1.63
1.66

1.45
1.45
1.46
1.48

1.69
171
171
171
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Table 5

Page 17

Percent of trials selecting each dose. Trials followed a model-based dose escalation design (CRM, with target
rate 6= 0.2) from the beginning including the expansion phase (without randomization). Median of 4 across

simulations is given after Jpatients are included in the DEC.

Dose Levels
Scenario 1

CRM (preexpansion)
J=12

J=25

J=50

Scenario 2

CRM (preexpansion)
J=12

J=25

J=50

Scenario 3

CRM (preexpansion)
J=12

J=25

J=50

Scenario 4

CRM (preexpansion)
J=12

J=25

J=50

1
0.10
0.19
0.14
0.10
0.05
0.05
0.03
0.01
0.00
0.00
0.05
0.03
0.01
0.00
0.00
0.02
0.00
0.00
0.00
0.00

2
0.15
0.43
0.49
0.55
0.65
0.10
0.14
0.10
0.09
0.04
0.10
0.16
0.12
0.11
0.05
0.06
0.05
0.03
0.02
0.00

3
0.30
0.29
0.34
0.34
0.29
0.15
0.28
0.32
0.35
0.35
0.15
0.38
0.45
0.49
0.55
0.12
0.30
0.29
0.28
0.22

4
0.45
0.09
0.03
0.01
0.00
0.20
0.35
041
0.42
0.51
0.27
0.30
0.35
0.35
0.38
0.20
0.39
0.48
0.54
0.66

5
0.50
0.01
0.00
0.00
0.00
0.30
0.19
0.16
0.14
0.10
0.33
0.12
0.07
0.05
0.02
0.30
0.21
0.18
0.16
0.13

6
0.60
0.00
0.00
0.00
0.00
0.60
0.01
0.01
0.00
0.00
0.60
0.00
0.00
0.00
0.00
0.41
0.04
0.01
0.00
0.00

1.10
110
111
1.10

1.61
1.62
1.61
1.66

1.48
1.49
1.49
1.49

1.69
171
1.70
1.73
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Table 6

Page 18

Proportion of trials deciding in favor of Hy, Hy, or to continue the trial (inconclusive) when including J=
12,25,50 patients treated at the DEC. The four scenarios represent trials simulated and presented in Table 4
(CRM trials with 6= 0.3).

Ty

T3

7>

T3

J
50
25
12
50
25
12
50
25
12

50
25
12
50
25
12
50
25
12

Hy
0.03
0.03
0.05
0.04
0.06
0.10
0.03
0.02
0.03

Scenariol

Ho
0.90
0.70
0.49
0.85
0.69
0.46
0.81
0.70
0.28

continue

0.08
0.27
0.46
0.12
0.24
0.44
0.16
0.28
0.69

Scenario 3

0.37
0.29
0.26
0.38
0.34
0.29
0.39
0.28
0.21

0.54
0.43
0.29
0.51
0.42
0.29
0.49
0.44
0.15

0.09
0.27
0.45
0.11
0.24
0.42
0.12
0.29
0.64

Scenario 2

Hy
0.77
0.56
0.44
0.78
0.63
0.47
0.79
0.55
0.42

Ho
0.10
0.09
0.10
0.09
0.11
0.14
0.08
0.08
0.04

Scenario 4

0.83
0.66
0.54
0.86
0.72
0.55
0.86
0.65
0.51

0.03
0.04
0.08
0.03
0.06
0.10
0.01
0.04
0.02

0.14
0.30
0.39
0.11
0.22
0.35
0.13
0.32
0.47

continue
0.13
0.35
0.46
0.13
0.25
0.39
0.12
0.37
0.55
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