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Introduction

Background: Long-acting injectables (LAIs) improve treatment for chronic 

diseases by extending drug release, but development is slow due to complex 

formulation testing. Machine learning (ML) can accelerate this by predicting 

release kinetics.

Challenges: 

• Release profiles are time-series data (harder to predict than single values)

• Small, inconsistent datasets with missing values

Solution:

• Built a database of 1,500+ LAI release profiles 

• Use KNN imputation to fill missing data

• Integrate the mathematical release models into predictive ML model

• Trained CART, Random Forest, and XGBoost models to predict release curves

Identified key release drivers (drug/polymer properties, particle size) and 

created a tool to speed up LAI development.
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Model validation – Retrospective study

F: Fractional drug release

t: Time

k: release constant

Single model:

• Zero order: 𝑭 = 𝒌𝒕

• First order: 𝑭 = 𝟏 − 𝒆−𝒌𝒕 

• Higuchi: 𝑭 = 𝒌𝒕𝟏/𝟐

• Hixson-Crowell: 𝑭 = 𝟏 − (𝟏 − 𝒌𝒕)𝟑

• Korsmeyer Peppas: 𝑭 = 𝒌𝒕𝒏

• Weibull model: 𝑭 = 𝟏 − 𝒆−(
𝒕

𝝀
)𝒌

• Hyperbolic tangent: 𝑭 = 𝒕𝒂𝒏𝒉 𝒌𝒕
𝟏

𝟐 + 𝒃

Additive model: 

𝑭 = 𝒌𝟏𝒕
𝒂𝟏 + 𝒌𝟐(𝟏 − 𝒆−𝒂𝟐𝒕

𝒂𝟑)
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• Prevents Data Loss & Enhances Model Accuracy – Imputation reduces noise and maximizes usable 

data, improving generalization in machine learning models.

• KNN Preserves Data Patterns – The algorithm effectively estimates missing values by leveraging 

similarities between data points, maintaining the underlying structure of the dataset.
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• Better performance is seen with RF model 

• High deviation shown of XGBoost may suggest overfitting 
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• Drug/polymer molecular weight, particle size, and drug load 

significantly influence formulation release kinetics.

• Release study settings also have a notable impact.

P_MW

• The combination of polymer and drug demonstrated a MW trend.

• Univariate analysis results align with most research findings, validating the dataset quality.

• Various dissolution apparatus and separation methods were used.

• The type of dissolution apparatus, along with medium volume, influences the drug release rate.
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• Highly correlated features were removed to prevent the risk of 

overfitting and improves a model’s ability to generalize
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Single model prediction Additive model prediction

This study developed machine learning models to predict drug release 

kinetics from polymeric LAIs, addressing key challenges in formulation 

development. 

✓ Developed a comprehensive database containing 1,500+ LAI release 

profiles with 30+ critical formulation parameters

✓ Established machine learning models for complex drug release 

kinetics prediction

✓ Demonstrated model validity through both retrospective analysis and 

prospective studies

✓ Identified key formulation parameters enabling optimized LAI design
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• The model demonstrated desired predictive accuracy for triphasic release 

profiles but exhibited weaker performance for other release kinetics. This 

discrepancy may arise from class imbalance in the training data or inherent 

limitations of a single-model approach.

• The additive Weibull-Korsmeyer-Peppas model demonstrated superior performance in predicting drug release profiles, 

particularly for diffusion-dominated release kinetics.

• Reduced predictive accuracy was observed when multiple formulation variables exhibited simultaneous deviations, suggesting 

limitations in modeling complex multifactorial release mechanisms.
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