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ABSTRACT:

Background: The Area Under the Curve (AUC) is a critical metric for summarizing longitudinal data in
pharmaceutical research, particularly in areas such as radiopharmaceuticals and pharmacokinetics. This
presentation discusses advanced methods for AUC calculation and deals with the complexities associated with
longitudinal measurements under pre-clinical designs, including small sample size, sparse time points, and
heterogeneous variabilities. These discussions are illustrated with PET-CT imaging example-data from Targeted
Radiotherapies (TRT), representing precision radiopharmaceutical treatments.

Methodology: Individual subject data, following bolus, oral, and infusion patterns in pharmacokinetics, are
simulated based on ranges, peaks, and measured time points derived from a set of real-world TRT data.
Numerical integration methods for AUC calculation, including linear and log trapezoidal, cubic spline (Yeh and
Kwan, 1978), and two hybrid approaches (Purves, 1992), are compared regarding their systematic bias. For the
afterwards calculation of the variance of AUC for a group of subjects two approaches are compared: calculating
(i) the AUC for each individual animal and subsequently determining the variance of these individual AUC values
and (ii) the mean and covariance matrix of the endpoint at each time point before computing the AUC and its
variance based on these aggregated statistics.

Results: The linear-up log-down and cubic-up log-down methods are practical approaches for AUC calculation,
offering relatively smaller systemic bias under the challenge of sparse time points of TRT data. Calculating
individual AUCs before determining variance is straightforward and requires no prior knowledge of the covariance
structure. The alternative approach, being able to link AUC calculation to mixed models, is effective when no
data transformation is needed or the covariance structure is known from prior knowledge, offering robustness
against missing values. However, when these conditions are not met, only upper and lower bounds for AUC
variance can be estimated.

Conclusion: In summary, this work proposes practical approaches for AUC estimation in longitudinal imaging
data with small sample size and sparse time points. By addressing the inherent challenges of data analysis in
pre-clinical settings, our findings underscore the need for robust statistical methods to enhance the clarity and
reliability of AUC calculations.
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