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Introduction
Biopharmaceuticals, including monoclonal antibodies, therapeutic 

proteins, and gene therapies, have emerged as transformative treatments 
in modern medicine. �ese therapies exhibit intricate mechanisms of 
action that di�er from traditional small molecule drugs, warranting 
specialized approaches to evaluate their immunotoxic potential. 
While ensuring the safety and e�ectiveness of biopharmaceuticals is 
paramount, traditional immunotoxicity testing methods o�en fall short 
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of the immune system [6]. By analyzing structural and functional 
characteristics, these models can o�er insights into potential immune 
reactions, aiding in early decision-making and risk assessment.

However, the accuracy of in silico models depends on the availability 
of reliable data and the quality of algorithms. As biopharmaceuticals 
exhibit diverse mechanisms of action, re�ning these models to 
accurately predict immune responses for di�erent classes of therapies 
remains a challenge. Collaborative e�orts between computational 
biologists, immunologists, and pharmacologists are crucial to enhance 
the predictive power of in silico models.

High-throughput screening

High-throughput screening approaches have gained prominence 
in immunotoxicity assessment due to their ability to rapidly analyze 
a large number of samples. �ese techniques can simultaneously 
evaluate multiple immune parameters, enabling a comprehensive 
understanding of biopharmaceutical interactions with the immune 
system [7, 8].

Micro�uidic platforms, for example, provide a controlled 
microenvironment that mimics physiological conditions. �is 
allows researchers to study immune cell behavior and responses to 
biopharmaceuticals more accurately. However, standardizing these 
platforms and optimizing their predictive capabilities require ongoing 
research and validation.

Organ-on-a-chip systems

Organ-on-a-chip systems o�er a promising bridge between in vitro 
and in vivo models for immunotoxicity assessment. By replicating the 
functions of speci�c organs, including immune compartments, these 
systems provide a more physiologically relevant environment for 
studying biopharmaceutical-immune interactions [9].

Organ-on-a-chip models can o�er insights into both acute and 
chronic immune responses, aiding in understanding the long-term 
e�ects of biopharmaceuticals. However, challenges remain in achieving 
a high degree of complexity in these models and ensuring their 
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