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1. Introduction (by Hongzhang Xie)

Phase I dose-finding clinical trials are conducted to analyze the safety and tolerability of a new drug. This
is a critical step in drug development as it marks the first time the new drug is used in humans. The trials
aim to determine the Maximum Tolerated Dose (MTD) and give a foundation for further drug development
and clinical trials.

Because we are not fully understood the actions and side effects of new drugs in the human body, there is
a potential risk to the trial participants. Also, experimenting with new drugs at low doses level may delay
patients’ chances of treatment. On the other hand, Phase I trials typically require close health monitoring of
participants, which requires substantial medical resources and specialized personnel. Therefore, considering
ethical and cost factors, phase I dose-finding trials often have a small sample size, with each dose-level cohort
comprising only around three participants.

Why frequency not suitable for phase I dose-finding trials?

The traditional frequency method presumes a fixed coefficient for the Dose Limiting Toxicity (DLT) distri-
bution under the same dose level. Each sample point is an independent draw. Given a large enough sample
size, the sampling mean will finally equal the actual coefficient. Hence, we can make a hypothesis test for
finding the MTD (such as the assumption that DLT at a particular dose level smaller than 0.33). If we
observe enough extreme data based on the null hypothesis, we can reject this hypothesis. However, as the
frequency hypothesis test is based on the law of large numbers, there will be a huge variance in phase I
dose-finding trials because of the small sample size. In such cases, the likelihood of a type II error (accepting
an incorrect null hypothesis) would be very high. The results of the hypothesis test are not robust.

On the other hand, in the process of drug research and development, we often have some prior information
about the drug (such as the results of animal experiments). This information is of great help in determining
the MTD. However, the frequency method cannot make good use of this information.

Finally, the conclusion of the hypothesis test only rejected or failed to reject. Even if we reject the null
hypothesis (e.g. H0: DLT < TTL), the hypothesis test still says nothing to the H1. In other words, rejecting
the null hypothesis (H0) just means that the probability of observing the current data is extremely small
when H0 is true. It does not give us any evidence for H1 (e.g. DLT >= TTL). We do not know the degree
of confidence for DLT >= TTL. But in phase I dose-finding trials, clinicians need this information to decide
the following trial strategy. Therefore, it is not suitable for the frequency method in phase I dose-finding
trials.

Traditional 3+3 method

Currently, traditional 3+3 method is the mainstream method for determining MTD in phase I dose-finding
trials. By the literature review from Tongtong Jin, more than 90% of phase I dose-finding trials use rule-based
designs such as traditional 3+3.
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The 3+3 method is intuitive, easy to operate, and provides a clear and repeatable method to confirm the
MTD, which can be more easily understood and accepted by clinical researchers, approval agencies, and
ethics committees with non-statistical backgrounds. At the same time, the 3+3 method is cautious about
increasing the dose level and has been tested by many previous studies, which shows that 3+3 has good
safety.

However, a large number of studies have pointed out that the 3+3 method also has some disadvantages.

a. The 3+3 method cannot efficiently utilize all the information in the trials. The decision at each dose
level depends only on the information of the three (or six) experimental participants at the current
dose level. The 3+3 method does not consider the information outside this dose level.

b. In the process of increasing the dose level, at least three subjects are required for each dose level, and
the clinicians should wait for the result in the current dose level to make the decision to increase the
dose level. Even if the current results show that the preset measurement increases too slowly, it is hard
to adjust the dose level during the experiment according to the new information. This may expose
more patients to ineffective low doses level treatment and may also delay the overall trial period. (This
also shows that the 3+3 method lacks flexibility).

c. When determining MTD, the percentage of DLT is fixed at 33%. The TTR (Target toxicity rate)
cannot be set flexibly.

d. Unable to establish a dose-response curve: The 3+3 method can only find a fixed MTD, but cannot
build a model to show the relationship of the toxicity in different dose rate.

CRM method

After each trial in a certain dose level, CRM will update the model based on all the data (posterior) and then
use this updated model to predict the toxicity risk of each dose level. Based on these results, the clinicians
will decide on the next dose level and continue the trial until meeting the stopping rules. Compared with
the traditional 3+3 method, CRM has the following advantages:

a. Compared with 3+3 methods, CRM makes better use of all the data that has been collected during
the phase I dose-finding trials. In other words, CRM is not only considered the information in the
current dose level (3+3) but also considers the DLT information of all previous doses. So CRM can
estimate MTD more accurately.

b. In the process of phase I dose-finding trials, CRM can easily adjust the subsequent test design and
dose level according to the existing experimental information. Therefore, CRM can reduce the sample
size and time wasted during the low-dose level (or reduce the risk of severe toxic reactions by reducing
the dose level in the next trial), thereby reducing the risk of patients’ exposure to extremely high or
low dose levels (high DLT risk or the risk of delayed treatment).

c. CRM can analyze the complex relationship between dose and toxicity by constructing different Dose-
toxicity skeleton models and can adapt to different situations by changing the model’s parameters. For
example, suppose there are two drugs, the DLT probability of the first drug is linearly related to the
dose level. The DLT probability of the second drug is extremely low at low dose levels, and the DLT
probability increases rapidly after a certain dose level. In the 3+3 method, the strategies of the two
drugs are exactly the same, while in the CRM, we can use the power model for the first drug and the
logistic model for the second drug for a better fit of the model.

d. The CRM method uses the Bayesian method to construct a dose-response curve, which can better
reflect the relationship between toxicity and dose, and can be used to estimate the MTD at any TTR
level.
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Why our final project important?

Although the continuous reassessment approach (CRM) has many advantages, it also has some potential
disadvantages and limitations:

a. CRM is a relatively complicated method, and there is no mature SOP (standard operating procedure).
This means that the experiment needs a statistical expert for inference and decision-making, and the
model may be too complex for the clinical team and the SMC (Safety Monitoring Committee or Data
and Safety Monitoring Board) member. This has become one of the main barriers to the uptake of
CRM methods in phase I dose-finding trials.

b. The dose level in the CRM method increases rapidly under some models (especially single-parameter
models), which may increase the risk of the number and severity of DLT while improving the efficiency
of the experiment. For this reason, some ad-hoc rules may be needed to control the risk of overdose.

c. The implementation of CRM requires the clinical team to choose appropriate models and parameters.
Improper selection or setting may affect the results of CRM. Especially in the early stages of the trial,
due to the lack of data, the results of CRM may have large fluctuations in the different prior models.

It should be noted that the development of a drug often has a large amount of research investment and
potential marketing profits. Due to the high flexibility of CRM, the clinical team may modify the model
base on their personal profits but not based on statistics and medical theory, even though this may put
patients at a higher risk of DLT. Therefore, we need to further analyze the effect of models and parameters
setting on CRM inference and then establish a complete SOP and avoid the problem of that events.

In our final project, we first conducted a literature review on Wheeler et al. l (2019) and twenty relevant
studies. Subsequently, we use the R-studio to make simulations to find the difference between two scenarios
with different true toxicity probabilities ((0.25, 0.3, 0.5, 0.6, 0.7) vs (0.01, 0.05, 0.2, 0.3, 0.5)) on the estimated
MTD in the CRM model. Finally, we discussed why this difference happens and how to avoid this problem.

We believe that our final project research can help us better understand the impact of toxicity probabilities
difference on the MTD results in the CRM model. This finding can help the clinical team estimate MTD
more accurately and helps in making the mature SOP of CRM in phase I dose-finding trials.
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