Future Developments and Alternative E mbodiments

The systems described herein are subject to continuous improvement, and the inventors anticipate
multiple future developments, including but not limited to:

1.

E xpanded C ytokine L ibraries — Future implementations may include additional or alternative
cytokines such as IL-18, IL-27, or checkpoint agonists depending on evolving immunotherapy
protocols.

Sensor Diversification — A dditional inline sensors (e.g., real-time proteomics, nanofluidic
sensors, or Raman spectroscopy) may be integrated to capture expanded biochemical markers,
including epigenetic changes or post-translational modifications.

M ulti-L anguage Al M odels — Future Al engines may incorporate reinforcement learning,
federated learning for cross-site optimization, or multi-omic integration from transcriptomic,
proteomic, and metabolic inputs.

Alternative Cartridge Designs — Future buffer and cytokine cartridges may incorporate NFC,
blockchain-based traceability, temperature history logging, or embedded sterilization records.
Cross-Product O ptimization — I ntegrated batch analysis across both immune and plasma
systems may enable personalized production of immunoglobulins from patients’ own plasma
following immune education procedures.

Regulatory A daptation — Regional variations in GM P requirements (e.g., EMA Annex 1, WHO
TRS 1025, PIC/S standards) may be addressed through cloud-based SOP branching logic.

These embodiments are illustrative and non-limiting, and the underlying architecture supports rapid
modular adaptation to accommodate clinical, regulatory, or commercial needs.

Use Cases & Applications

The disclosed systems may be deployed in a wide range of clinical and manufacturing settings:

1. Hospital-Based C ell Therapy Suites

Hospitals with GM P cleanroom capacity can install the immune cell manufacturing unit for:

Personalized adoptive cell therapy (ACT)
Tumor-infiltrating lymphocyte (TIL) expansion
Treg modulation for autoimmune diseases

Ex vivo immune education for PIDs

2. Contract Development and M anufacturing O rganizations (CDM Os)

CDM Os can implement either or both platforms to:

M anufacture IV 1G, albumin, Factor IX, or antithrombin at scale
U se adaptive logic to optimize protein recovery from diverse plasma lots
Offer decentralized biomanufacturing with cloud-synced QA oversight



3. Emerging M arkets and Remote Biologic Production

The platform's modular design and cartridge-based inputs allow deployment in remote or under-resourced
regions for:

o Rapid-response plasma drug production
e On-demand immune modulation during epidemics (e.g., COVID-19, Dengue, Ebola)
o Personalized therapy using locally collected plasma and immune cells

4.V eterinary and Non-H uman A pplication

The system can be modified for veterinary plasma-derived therapeutics (e.g., canine IVIG) or ex vivo
expansion of immune cells for companion animals and livestock.
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