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Phase | studies are dedicated to establish the safety of a new drug or regimen. Nowadays,
new biological drugs and targeted therapies have a profile very different from chemotherapy,
for which a dose-effect relationship is a rule, and the RP2D is limited only by safety. We
often cannot use MTD as a basis for RP2D with these drugs. There are conventions to
determine starting doses, such as NOAEL or MABEL for non-toxic antibodies, but there are
no criteria for an optimal or maximal dose other than MTD. Therefore, the determination of
RP2D based on safety is arbitrary and supposes that the same relation exists between dose

and efficacy and dose and safety.

Moreover, if it occurs that no MTD is achievable, then the RP2D must be based on efficacy.
This situation can be challenging. For example, Nivolumalb was carefully explored, and its
approved dose in H&N is 3 mg/kg every two weeks (USPI). A recent randomized study with
Nivolumab in H&N patients showed that a 20 mg flat dose (< 1/10 of the USPI dose) every
three weeks was similarly efficacious (Overall Survival HR = 0.545; J Clin Oncol 41:222-232).
In this example, an order of magnitude between two doses does not seem to impact efficacy!

Phase | studies in Oncology:

The dosing issue has always been
challenging in oncology as the studies
are complex and lengthy. Without MTD,
we must find a criterion to select the
optimal dose early. The typical phase 1is
slow to enroll because of the necessary
follow-up to capture safety information.
Further, SRC should review the
accumulated data before recommending

the subsequent dose level escalation.

Backfilling:

Thus, backfilling i.e. enrolling patients in
lower doses deemed safe, is possible and
becoming more common. It has two main

advantages

1 to keep enrollment momentum, a
typical hurdle at this stage

2) to accumulate more data on the

estimate of safety and efficacy.



The issue with RP2D:

At the time of expanding the RP2D, we have several options with these new drugs when no
MTD is a clear limiting factor:

1 To pick a dose and expand based on the escalation part data: The risk is the case
illustrated with Nivolumab: a much lower dose is equally active.

2) Select a range of doses to evaluate the dose-effect relationship: It is where backfilling

can be a good strategy.

Selecting the Optimal Dose Level for RP2D Expansion

In early development, if safety is not an issue, the optimal dose is the dose that is the

most effective. Response rate is generally the preferred criteria. However, how can we

determine the best dose with small sample sizes? The main dilemma is to deliver far
too large dose as long as safety do not stop the escalation.



Optimization of backfilling:

However, how many doses should we backfill, and how many cases should we enroll? We

will focus on these two related issues to see the best path.

First, let us note that we do not have indication about the shape of the dose-effect relationship;

we will only assume that the response rate increases with higher doses.
We will also limit the analysis to 3 or 4 doses for pragmatic reasons.

The question is, therefore: with the same number of enrolled patients in the study, is there

a better number of strata?

To address that question, we will calculate the power of a test for trend across the strata

(Cochran Armitage), that is, a test de detect a dose-effect relationship when we know one.

Figure 1 shows the power as a function of the number of cases per stratum or the likelihood
of correctly identifying the dose effect. Otherwise, the data we have would not indicate any
direction. The analysis is done with 4 strata, and the power is calculated when the number
is 3, 6, 10, etc (see Figure 1.)

We can remark that there is little chance (power 0.2) that 3 patients per cohort conclude

anything, while between 10 and 14, we have a good sample.

We have set the response rates per dose for this scenario as plausible. A higher response
rate would be outstanding, and the evaluation of the data much easier, and it would just
reduce the number of cases, but the general shape and conclusion would be similar (total
sample: 12, 24, 40, 56 and 80).



Figure 1

Power vs n
P=0.01, 0.1, 0.2, 0.3 Alpha=0.1 One-sided Z Test C.C.
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In the following example (figure 2), we have
used 3 strata. The total sample per stratum
is the same as before, but there are 4/3
cases in three strata compared to four. Then,
the lowest sample is 4 instead of 3, 8 instead

of 6, etc.

Surprisingly, even though the number of
cases is higher per stratum for the same

total sample, the power is less.

For example, the group with 4 cases and 3
strata had a power of approximately 0.15,
while previously, the group with 3 cases and
4 strata had a power of almost 0.2. With
more significant sample sizes, the difference

is even bigger.
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Four strata: Power as a function
of sample per stratum. Note that
initially, the gain in power is more
important. (Test with alpha set at
10% one-sided). The response
rate is theoretical and plausible;
the response rate is O, 10%, 20%,
and 30%. On the X-axis is the
number of subjects per stratum.

Figure 2

Power vs n
P=0.01, 0.1, 0.2 Alpha=0.1 One-sided Z Test C.C.
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We can conclude that with the parameter we used, backfilling four strata is, in any case,
better to detect a trend than 3 strata and a narrower range, if the study’s total sample is

identical.

There are, however, a few issues to consider that are not statistics-dependent. In the
model, we have made no hypothesis on the dose levels or the width of the range, and it is a

mathematical observation.

Hypotheses based on pre-clinical or clinical data must estimate the dose level and range,
which should be extensive, as seen in the introduction. As a rule, the pharmacokinetics
of these drugs has a CV of 40%. Thus a 50% dose difference seems a minimum to have a
chance to identify a difference in activity based on dose exposure. We recommend two

standard deviations, i.e., doubling the dose at each step.

Recommendation and Cohort Management:

Depending on the drug, there might be up to 10 dose levels. In that case, we
recommend first using the accelerated titration method, enrolling one patient in each
cohort up to the fourth highest dose. The dose escalation method would then switch
to a 3+3 for the 4 highest doses, with backfilling. The number of patients per stratum
depends on the planned total number of cases. Note that with 10 or more cases per
strata, the expansion strata could be selected with some confidence and that no

expansion is likely needed with more.

Concretely, the dose escalation part would be, as
usual, 3+3 or a variation, and the backfilling will
be based on a randomization list managed by the
project manager. This list should have blocks of 4
for a 4-strata design to maintain the balance

across the groups and at the end of the study.




Discussion:

If, in the antiPD1 study reported initially as an example, we had tested a range extensive
enough with a large sample, we presumably would not have detected a trend. Therefore, we
would have concluded that it is not worth increasing the dose as the lowest dose has the
same impact as the highest.

Integrated dose-finding and phase 1 save time and resources and can give us a clear signal
on the optimal dose and, depending on the cohort sample we have enrolled, design a more
efficient dose-finding study. Early and thoughtful planning to streamline the dose has
become necessary with targeted and biological agents. Many stakeholders are considering
it, and if not properly clarified, the health authorities will request a late dose justification
study which can have severe consequences by invalidating part of the development.

(US Government Payer-Funded Trials to Address Oncology’s Drug-Dosing Conundrum: A
Congressional Call to Action? Journal of Clinical Oncology 41, no. 14 (May 10, 2023) 2488-2492.)

Project Optimus:

The FDA knows the optimal dose issue with biological
and targeted agents. If no proper dose finding is
integrated early, it is inevitable that a phase 2 dedicated
to determining the dose will be requested before phase
3 or a part of phase 3. Testing late the optimal dose can
be an issue if it reveals that most of the development
was conducted with an inadequate dose.

Conclusion:

Backfilling an appropriate number of cases per stratum
can give early signals to choose the best dose level to
expand as RP2D.
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