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Good afternoon everyone and thank you for sticking around with us for the after lunch sessions. So far today you’ve heard from our colleagues about the diseases of pJIA and RA, the current treatment paradigm, prior study experiences, and the existing drug development landscape. In my talk today, I hope to highlight a few potential alternative approaches that have been used and proposed in pediatric drug development and discuss their potential applicability to pJIA, as well as the existing hurdles that remain.


FODA
General Issues in Designing Pediatric Trials .

* Difficulty recruiting and enrolling pediatric patients
— Smaller disease population
— Logistical issues
— Study palatability issues

* Additional ethical requirements

— Differences in acceptable trial designs
* Differences between pediatric and adult endpoints
* Differences between pediatric and adult disease course
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As we’ve heard from many of the presenters today, drug development in pediatric indications poses some unique challenges. First, enrolling and recruiting for such trials can be more difficult than for their adult counterparts. With many pediatric diseases being rare disorders, enrolling an adequate number of patients to meet the statistical needs of a traditional study can be a huge challenge. Furthermore, there a logistical issues including scheduling with parents and children, finding age appropriate formulations, and study palatability issues. 
In addition, there are often different ethical requirements for studying drugs in pediatrics, potentially restricting what we consider to be acceptable trial designs.

To varying degrees, there may also be differences in the appropriate endpoint for the pediatric and adult populations. For instance, in a very young population, patient-reported outcomes which are appropriate for assessing disease in adults, may not be applicable. 

Differences between the pediatric and adult disease course can further create challenges and require adjustments. These are additional considerations we have to take into account when designing a pediatric drug development program.


Current Approach in pJIA

 Randomized-withdrawal trial designs

Responders at Week 16, randomized
into double-blind period
I

Treated until disease flare or end of
0 16 . , 48
period, then enter open-label extension
Open label lead-in Double-blind period Open-label extension
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The most common current approach to conducting a clinical trial in pJIA is a randomized-withdrawal design. As shown in this figure, this design begins with an open label lead-in phase, in which all enrolled subjects receive the experimental treatment. After an initial period of time, usually somewhere in the 16 week range, subjects who are considered responders are randomized to either remain on experimental treatment or begin receiving placebo, typically in a double-blind manner. Subjects are then monitored for disease flare and immediately rescued to active treatment. The endpoint of interest is often the proportion of subjects who experience flare on treatment vs. placebo. Many studies will also include an additional open-label extension period after this double-blind period has ended.


Randomized-Withdrawal Designs

e Benefits

— Mitigates concerns of long-term exposure to ineffective treatment (i.e.,
placebo) due to immediate rescue after flare

* Disadvantages:
— Carryover effects
— Difficulties assessing whether underlying disease process is still active
— Long lag times to adverse events
— Answers a fundamentally different question than parallel-group designs
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Randomized-withdrawal designs are appealing to pediatric drug development because they mitigate concerns of long-term exposure to ineffective treatment (i.e., placebo) due to immediate rescue after flare. This can help improve the appeal of the study, encourage enrollment, and ease ethical concerns. These studies also provide some evidence of effectiveness in a controlled manner.

However, there are also several disadvantages with this approach. First, there can be a carry-over effects from the open-label treatment period, if the treatment effect is still present, sometimes reducing the interpretability of early timepoints. This can also complicate assessments of safety, particularly for adverse event with longer lag times. With this trial design, it can be difficult to assess if the underlying disease process is still active or if only the preliminary symptoms resulting in the flare assessment are under control. Furthermore, the treatment effect may be overestimated or overinterpreted since only responders are included in the double-blind treatment period. It is important to remember that this design answers a fundamentally different question than parallel-group designs, targeting flare rather than response.


Potential Alternative Approaches in Pediatrics

* Borrowing of data
— Adult and/or historical data

— Using Bayesian analyses

— Can be used in combination with PK/PD information to support decision
making

e Active-controlled trials

— Randomization and non-inferiority comparison to an active comparator

e Others (e.g., matching approaches using external controls)
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Okay, so with this understanding of the current state of pediatric drug development, let’s discuss a few potential alternative options. I will focus primarily on two approaches today. The first is borrowing of data, such as from adult or historical programs, specifically using a Bayesian paradigm though frequentist approaches also exist. This may be used to supplement or in combination with PK/PD information to support decision making. I will also discuss the use of active-controlled trials, involving randomization and a non-inferiority comparison to an active comparator. I’ll note that this shouldn’t be considered an exhaustive list and other methods exist and are worth further exploration, such as matching approaches using external controls as well as combinations of these approaches.


FOA
Bayesian Borrowing— Conceptual Overview .

1. Evaluate the prospective source studies to establish
compatibility (check endpoints, inclusion/exclusion, course of
disease)

2. Summarize the information on the treatment effect from the
historical (e.g., adult) studies.

3. Use that information to construct a prior for the treatment
effect distribution. This will typically involve “discounting”
(multiple possible methods).
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Let’s begin with a conceptual overview of the Bayesian borrowing approach. The first step in such an approach is to evaluate the prospective source studies from which you plan to borrow to establish compatibility with the planned study. Important things to check for include endpoint similarity, inclusion/exclusion criteria, course of the disease, and trial design. Once you have determined that the current and historical studies are compatible, you will need to summarize the information on the treatment effect from the historical sources (for example, performing a meta-analysis of the existing adult studies). There are also methods which can utilize patient-level data but I won’t discuss those here. Finally, you will use that information to construct what we call a “prior” for the treatment effect distribution. Depending on our confidence in the historical data and its relevance to the current study, we can use various methods to discount the impact of the historical data in the prior. 


Considerations for Borrowing

* |s borrowing appropriate?
— How similar is the disease to that in the source (adult) data?
— Is the natural history similar?
— Can we use the same endpoints?
— Are the trial designs amenable to borrowing?
* Second, determine the level of discounting in the prior which
controls how much we rely on the borrowing
— Often based largely on clinical judgement
— Can we pre-specify?
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Before diving into the details, let’s first talk a bit more about considerations for approaching borrowing. When considering using a borrowing approach there are two questions we have to ask: one, is borrowing appropriate. We have touched on this before when discussing compatibility but I think it is key to this discussion and worth emphasizing again. The second question is how much borrowing is appropriate. For this, we often rely on our clinical colleagues to judge. Ideally, this can be pre-specified, requiring an early and open dialogue between the statisticians and the clinicians and a willingness to explain methods and ask questions. 
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Now that we’ve determined when this approach is appropriate, we can discuss constructing our prior for the treatment effect distribution.

One possible approach to constructing our prior distribution and apply various levels of discounting the historical data, is to you a mixture prior. In this figure we see the distribution of the treatment effect from a historical adult study shown in black. If we are entirely convinced that the historical study is fully relevant to the current pediatric study, we would simply rely on this distribution as our prior. However, this is generally not the case, due to the potential differences we’ve discussed. Therefore, we incorporate some level of skepticism. In the red, we see what we refer to as a “skeptical prior.” Skeptical priors will typically be centered on a “null” value for the treatment effect with the spread reflecting plausible but small effects. Now we can use a mixture of the skeptical prior and the adult prior, to essentially discount the amount information that the adult trial will contribute. Shown in green and blue are two different weightings of this mixture. In the blue, heavier weight is placed on the adult study, resulting in more confidence around the adult study treatment effect. In the green, we have a 50% weight on the adult study and 50% weight on the skeptical prior. Using such an approach, we can pre-specify and justify, with clinical assistance, what sort of weighting (or level of borrowing/discounting) is appropriate and incorporate this information, using a prior distribution and Bayesian analysis, into the analysis of the current study.

I do think that it is important to emphasize here that this is simply one example of the way to incorporate discounting or borrowing. A mixture prior may not always be the most appropriate approach across all programs. In fact, the more data we have (either through the number of studies, number of products), the better our options become in terms of choices of prior. However, it is intuitively simple to understand so we will stick with this scenario here.


Tipping Point Analyses

* Apply a Bayesian mixture prior which borrows information for
the primary endpoint from adults at a range of different
weights (different levels of discounting) and assess the impact
on the posterior probability

Treatment effect prior: , ~n(5,,s2)
6p~(1—a) x N(0,m =s3) + a X N(Y,,s3),

Where: Y, is the adult treatment effect estimate
s% is the adult variance
a is the prior weight (how much rely on borrowed info)
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Determining and pre-specifying the weighting or discounting a priori is a challenge, requiring clinical input. In some scenarios, it may be easier to conceptually consider what level of borrowing is implausible or would be considered inappropriate.

In this setting, we may consider a Bayesian approach as a supportive analysis. We can apply a mixture prior which borrows information for the primary endpoint from adults at a range of different weights (different levels of discounting), and seeing how the results are impacted. Ultimately, we are asking the question of how much borrowing is necessary to achieve a statistically significant result in the pediatric trial and if we believe that such a level of borrowing is appropriate. 

These equations show more explicitly how this can be done. As we discussed with the previous graphs, we can use the distribution of the adult data (indicated with this subscript A), combined with a skeptical prior (indicated by the subscript s), using a prior weight a to determine how much information was borrowed.


Bayesian Tipping Point Results

Pediatric Case Study
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The resulting outcomes may look something like this. This plot shows a hypothetical example. On the horizontal access the full range of possible weighting values, interpreted as applicability or the amount of borrowing of the data. The vertical axis shows the resulting posterior probability of efficacy. The red lines indicate which weightings result in exceeding specific high thresholds, including 95%, 97.5%, and 99% posterior probabilities. We can then say that when we utilize a weight of a (in this toy example about 0.6), we attain a 97.5% posterior probability. This is analogous to a rejection of the null hypothesis with a one-sided type I error of 0.025 in the frequentist framework.


D JAN
Conclusions Using Bayesian Borrowing .

* Such an analysis may be considered supportive, with reliance on
PK data to draw overall conclusions

* |tis important to still assess the key baseline disease

characteristics and PK similarity between the pediatric and adult
study populations

* Further support may be provided by secondary efficacy
endpoints and safety

11
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Such an analysis may be considered supportive, especially when used as a tipping point analysis, with reliance on PK data to draw conclusions
It is important to still assess the key baseline disease characteristics and PK similarity between the pediatric and adult study populations in such a scenario
And further support may be provided by secondary efficacy endpoints and safety, therefore considering the totality of evidence in our decision making.



.

Considerations of Bayesian Borrowing in pJIA

* |s borrowing appropriate?
— How similar is the disease to that in the source (adult) data? \/
— |s the natural history similar? \/
— Can we use the same endpoints? Same trial design? ?
— Are the trial designs amenable to borrowing? ’P
* Second, determine the level of discounting in the prior which
controls how much the borrowed information is relied on.
— Largely based on clinical judgement rp
— |deally pre-specified *

12
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Now, a question for this workshop then is if such an approach could be applied for pJIA. Let’s go back to our original questions for considerations of Bayesian borrowing. First, Is borrowing appropriate? Let’s see.
How similar is the disease to that in the source (adult) data? Based on what we’ve seen today, we seem to have confidence in this similarity.
Is the natural history similar? Again, we seem confident that the comparison is appropriate here
Can we use the same endpoints? Same trial design? This becomes more difficult. The current endpoint of choice for adult trials, ACR20, differs in its components from the one used in pediatric trials, ACR30. While it is possible that adjustments could be made if the appropriate data was collected, this is a challenge.
Are the trial designs amenable to borrowing? This is potentially the largest hurdle at the moment. As we’ve discussed, many pediatric programs use a randomized-withdrawal trial while the adult RA programs use a parallel-group design. How to combine these designs in an appropriate way is not clear.
Second, we need to determine the level of discounting in the prior which controls how much the borrowed information is relied on.
At this point, it is not clear what sort of discounting is appropriate and will likely vary from program to program. We will need to continue to have open dialogue with out clinical colleagues to come to a determination.



Active-Controlled Trials

 Randomize subjects to receive either active control or

experimental treatment

 Comparison based on non-inferiority

Sufficiently
CI_ose

Placebo Active
_ Control

I i |
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* Goal: demonstrate that the test drug

has an effect by showing sufficiently
close to the effect of active control

NI margin is based on estimates of
treatment effects from historical
placebo-controlled studies of the

active control
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I now want to move on to our second topic: active-controlled trials. In an active-controlled trial, we would randomize subjects to either an active control or the experimental treatment. Generally, the comparison for efficacy is based on non-inferiority, rather than the traditional superiority test to placebo. In this non-inferiority test, the goal is to demonstrate that the test drug has an effect by showing that its effect is sufficiently close to the effect of the active control. By demonstrating that the difference between the effect of the test drug and the effect of the active control is smaller than some pre-defined margin, the test drug is considered effective. The margin selection can be informed by data from historical placebo-controlled studies of the active control.



Benefits of Active-Controlled Trials

* Eliminates issue of exposure to ineffective treatment
(e.g., placebo control arm)

* Allows for long-term, reliable, controlled data
(including safety data)

* Cleaner comparisons unconfounded by treatment
switching

* May provide a more informative comparison

14
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There are several benefits of active controlled trials. First, this design eliminates the issue of exposure to ineffective treatment, mitigating potential ethical and enrollment difficulties. This approach also allows for long-term, reliable controlled data which is critical not only for efficacy but also for safety. Active-controlled trials have the further benefit that there are clean comparisons, unconfounded by treatment switching. And ultimately, such trials may provide a more informative comparison relevant to public health.


Existing Hurdles in pJIA

* Defining an NI margin

— Traditionally informed by conservative estimate of the effect of the
active control from parallel-group, placebo-controlled trials

— Very few placebo-controlled trials exist for pediatrics, requiring
1. reliance on adult data and 2. clinical judgement

* Powering this study

— Depending on margin, may require substantially larger numbers of
patients

— May be mitigated by combining with borrowing approaches

15
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Now while there are several benefits to active-controlled studies, there are also several remaining existing hurdles for application in pJIA. The first is in defining a non-inferiority margin. As mentioned, we traditionally inform the margin by using a conservative estimate of the effect of the active control from parallel-group, placebo-controlled trials. However, we have VERY few placebo-controlled trials historically in pediatrics meaning we would need to rely on adult data and some level of clinical judgement. This is not an impossibility, but certainly a challenge. 

The second issue is powering this study. Depending on margin, may require substantially larger numbers of patients than a placebo-controlled study. We note that we may be able to mitigate these concerns by combining the trial with the borrowing approaches we’ve discussed.




-
Summary and Conclusions

* |ssues exist with the current approaches to pJIA efficacy trials

* Alternative options may include borrowing from other data sources
(e.g., adults) and active-controlled trials, or some combination

* Other approaches exist and could be investigated (e.g., matching,
historical/external controls)

* Implementation of alternative approaches will require additional
consideration and development

e Additional discussion of the subjective judgements may be needed
with input from clinical colleagues (e.g., disease similarity, established
efficacy in adults, knowledge of drug class, etc.)

16
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I want to conclude by re-iterating a few points. One, as we’ve seen throughout the day, issues exist with the current approaches to pJIA efficacy trials. There are alternative options that exist including borrowing form other data sources or conducting active-controlled trials, or some combination of these. As I mentioned, other approaches also exist and can be investigated further such as matching methods. Regardless of the approach chosen, implementation will require additional consideration and development. We highly encourage early and open communication to facilitate the subjective judgements, requiring input from clinical colleagues.
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With that, I will close with some acknowledgements- James Travis, Mark Rothmann, Greg Levin, and Nikolay Nikolov as well as the rest of the DPARP rheumatology team.
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